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WJ-8718-17 SUPPLEMENT

GENERAL DESCRIPTION

The WJ-8718-17 is a modified version of the standard WJ-8718 HF Receiver. It
includes, as standard equipment, a Microprocessor Front Panel Option (WJ-8718/MFP), and
incorporates all the regular features and reliability of the standard WJ-8718 Receiver and
MFP Option, with the added features of scan interrupt capability and a slower scan time.
Modifications have been made to both the standard WJ-8718 main chassis and the
WJ-8718/MFP circuitry. The information contained in this section is supplemental to both the
WJ-8718 Instruction Manual and the WJ-8718/MFP Instruction Manual.

OPERATION

When operated in scan mode the WJ-8718-17 scans the selected memory channels
as a rate of approximately 100 msee per channel. Scanning may be interrupted at any time by
applying +5 V to the SCAN STOP input J14 located on the rear panel of the receiver. The
receiver will continue to operate in the fixed mode selected by the memory channel being
scanned at the time of interrupt. When the level at J14 returns to 0 V the receiver will
resume scanning automatically.

CIRCUIT DESCRIPTION

The SCAN STOP line is routed from rear panel jack J14 to pin Al0 of IF Interface
MFP-A3, and from there to the previously unused serial data input of the microprocessor (U1,
pin 5) on MFP-A3.

The software associated with U25 and U26 of Synthesizer Interface MFP-A4 has
been modified to include a program step (during scanning operation) in which the DC voltage
level at Ul pin 5 is detected. If a level of 0 Vde (TTL "low") is detected at pin 5 scanning is
not interrupted. If a level level of +5 V (TTL "high") is detected at pin 5 the receiver stops
scanning and continues to operate in mode selected by the memory channel presently being
scanned. The processor continues to look at pin 5 periodically during its regular program cycle
and when a return to 0 V is detected the receiver continues the previously interrupted scan
operation.

The software of U25 and U26 of the Synthesizer Interface has also been modified
in order to change the scan time from 50 msec to 100 msec per memory channel.

REPLACEMENT PARTS LIST

The following changes should be made to the Replacement Parts List sections of
the WJ-8718 HF Receiver and WJ-8718/MFP Option Instruction Manuals.

The Main Chassis Parts List (paragraph 5.5 of WJ-8718 Instruction Manual) should
have added: REF DESIG J14, Same as J12. The QTY. PER ASSY for REF DESIG J11 should be
changed from 2 to 3.

The listings for ICs U25 and U26 on the Synthesizer Interface Parts List
(paragraph 1.14.4 of the MFP Manual) are unchanged. It should be noted however that when
ordering replacement ICs SCAN STOP software should be specified.
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WARNING

This equipment employs dangerous voltage which
may be fatal if contacted. Exercise extreme cau-
tion in working with this equipment with any of the
protective covers removed.

CAUTION

Leakage of the Nickel-Cadmium battery (A6AIBT1)
supplied with Type 791575 Manual Tuning Up/Down
Counter (A6Al) has been reported, and the probable
causes are being investigated. If the battery is in-
stalled, it should be removed to prevent possible
damage to the equipment from corrosion.
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Page 1 of 2 January 29, 1980

ERRATA

The following corrections to the W]-8718 Instruction Manual (Revision V, 01/80)
should be noted and incorporated in the text,

1) Page 2-4, Paragraph 2.3.11, 3rd line; change "Figure 6-18" to "Figure
619,

2) Page 3-3a, Paragraph 3.2.2a, 2nd line; change "Figure 6-3a" to "Figure
6-la".

3) Page 3-40, Paragraph 3.3.7.3, 2nd line; change "Figure 6-14" to "Figure
G5t

4) Page 3-47, Paragraph 3.4.2, 5th line; change "Figure 6-20" to "Figure
6-23".

5) Page 3-51, Paragraph 3.4.9, 4th line; change "Figure 6-20" to "Figure
6=21".

6) Page 3-51, Paragraph 3.4.10, 2nd line; change "Figure 6-20" to "Figure
6-21"<

7) Page 4-56, Paragraph 4.7.16.2, item l; change "Figure 6-13" to "Figure
6-23".

8) Section V,Replacement Parts List, page 5-52, Paragraph 5.5.5, TYPE
791570 SYNTHESIZER MOTHERBOARD; add listing for Ul and U2, Integrated
Circuits, Part no. 7805 UC, Mfr. Code 07263.

9) Section V, Replacement Parts List, page 5-53, Figure 5-52, Type 791570
Synthesizer Motherboard (A5);

a) Add capacitor C6l between L3 and Ll.

b)  The labeling on the side view detail should be changed as shown on
the following page.
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January 18, 1980
Page 1 of 3 ADDENDUM I

This addendum provides maintenance and repair information for type 791616 RF
Filter assemblies containing a 30 MHz Low Pass Input Filter PC board, part no. 280093.
Type 791616 RF Filter is a subassembly (A2) of the W]-8718 HF Receiver. Included in
this addendum is testing and troubleshooting information which replaces paragraph 4.7.4
in the W]-8718 Instruction Manual, as well as a new RF Filter alignment procedure.

RF FILTER TESTING AND TROUBLESHOOTING

RF Filter Testing and Troubleshooting includes a checkout procedure and fault isolation
information. A Signal Generator and an RF Voltmeter (refer to Table 4-2 in the W]-8718
Manual) are required to perform the procedures given below.

A. RF FILTER CHECKOUT PROCEDURE

Perform the following procedure in the sequence given. If any specified result is not
obtained, refer to paragraph B below for fault isolation information.

1. Disconnect A2P1 from A3AlJl on the Input Converter (A3).

2., Connect the Signal Generator RF output to A2]Jl on the receiver rear panel.
Set the Signal Generator output frequency to 1.0 MHz and output level to 0 dBm.

3. Connect the RF Voltmeter and 50 € adapter to A2Pl. Set the RF voltmeter to
the 0 dBm range.

4, The RF Voltmeter should indicate between O and -2 dBm.

5. Manually sweep the Signal Generator output frequency from 1 MHz to 30 MHz,
maintaining output level at 0 dBm. The filter output level should not be less
than -2 dBm between 1 MHz and 30 MHz.

6. Disconnect the test equipment from the receiver.

7. Reconnect A2P1 to A3Al]Jl.

B. RF FILTER FAULT ISOLATION

The following list of supplementary troubleshooting data is used as an aid in fault isolation.
Use the troubleshooting data to trace the fault to a defective component or connection.
After the fault has been corrected, check the RF Filter for normal operation by repeating
the checkout procedure given in paragraph A above.
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I Figure 6-la. RF Filter Schematic Diagram

2: Paragraph 3.2.2a. RF Filter Circuit Description

3. Figure 5-6a. RF Filter Location of Components
4. Paragraph 4.7.23. Parts Replacement Guidelines

S. Addendum I RF Filter Alignment procedure

RF FILTER ALIGNMENT

The following alignment procedure is intended to be used only if necessary, not on a
periodic basis.

15 Deenergize the receiver.
2 Connect the test equipment to the receiver as shown in Figure 1.

3. Set up the Sweep Generator as follows:

a. Power = ON

b. CW/Sweep - SYM

¢.. . Trig/Line/Eree = line

d. Fast/Slow/Manual - Fast

e Crystal Cal. = O

it Range = Y

g. Sym Sweep Width - 10 MHz
Vernier

h. 1 kHz Mod. = Qf

i. Output Level - 10 dBm

e Frequency == 20 MHZ

4, Set the Marker Generator for a 30 MHz output, unmodulated, at -10 dBm.

55 Adjust L1, 12, 13, L4, and LS5 for minimum insertion loss and minimum
ripple out to 30 MHz. Insertion loss should typically be less than 2 dB.

6. Disconnect the test equipment from the receiver.

7o This completes the RF Filter Alignment procedure.
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Figure 1. Test Setup, RF Input Filter Alignment.
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January 25, 1980
ADDENDUM II

The following component changes should be incorporated in the instruction manual
for the WJ-8718 HF Receiver.

i

Paragraph 5.5, Receiver Main Chasis Parts List:
Change TI1 from Part 34518 to Part 380083.

791616 Input Filter (A2), Schematic Diagram 380082:
Add components to the Input Filter as shown in the drawing below

30 MHz LOW PASS
INPUT FILTER (Al)
PART NO. 280093

% Denotes added components

791596 USB Filter Switch (A4A4), Schematic Diagram 480102:
Change C6 from 270 pF to 0,1 uF ( 34475-1, Vendor 14632)
Change L1 from 470 pH to 1.0 mH ( 2500-18, Vendor 99800)
Change R23 from 2k € to 500 € ( 62PR500, Vendor 73138)
Change R24 from 220 @ to 100 & ( RCR07G101J8, Vendor 81349)

791597 ISB/ LSB Filter Switch (A4A5), Schematic Diagram 480105:
Change C6 from 270 pF to 0.1 uF ( 34475-1, Vendor 14632)
Change L1 from 470 pH to 1. 0 mH (- 2500-18, Vendor 99800)
Change R32 from 2k Q to 500 € ( 62PR500, Vendor 73138)

Change R5 from 220 @ to 100 £ ( RCR07GIl01JS, Vendor 81349)

791599 FM/CW/SSB Detector (A4A9), Schematic Diagram 43198:
Change C16 from 0.47 uF to 1. 0 uF ( 8131-050-651-105m, Vendor 72982)

7459 Audio Amplifier (A4Al0), Schematic Diagram 43230:
Change C7 from 0.47 4 F to 1. 0 uF ( 813-050-651-105M, Vendor 72982)

Change C8 from 0.1 uF to 0.47 uF ( 34452-1, Vendor 14632)
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Change R6 from 2.0k @ to 20k € ( RCR07G203]JS, Vendor 81349)
Delete 1%, 0.1W at R9 and R10.

Ts 791600 lst and 3rd Lo Synthesizer (A5A1A2), Schematic Diagram 61247:
Change Q6 and Q7 from 2N2222A to 2N706 (Vendor 80131)
Delete C40.

8. 791601 2nd Lo Synthesizer (A5A2), Schematic Diagram 61256
Change C59 from 22pF to 33pF (' 308-000C0G0-330], Vendor 72982)
Change C66 from 5. 6pF to 2. 7pF ( 301-000C0J0-279C, Vendor 72982)
Change C67 from 6. 8pF to 5. 6pF ( 301-00U2]J0-569D, Vendor 72982)

i 791575 Manual Tuning Up/Down Counter (A6Al), Schematic Diagram 51180:
Change R4 from Ik @ to 10k & ( RCR07GI103]JS, Vendor 81349)

10. 791598 ISB Detector/Audio (A4A8), Schematic Diagram 43231:
Change R58 and R59 from 270 € to 150 € ( RCR07GI51]S, Vendor 81349)
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This addendum contains precautionary information concerning possible leakage of
nickel-cadmium battery A6AIBTI in the W]-8718 HF Receiver. Battery A6AIBTI is used
for memory retention of the tuned frequency in the event of power interruption. At pre-
sent, the cause of leakage has not been identified. Potential causes range from defective
batteries to discharge during receiver storage. It is recommended that users of the W]-
8718 HF Receiver remove type 791575 Manual Tuning Up/Down Counter (A6Al) from the
receiver and inspect battery A6AIBTI and surrounding surfaces for evidence of leakage
and/or corrosion. Some cases of corrosion have been reported to be severe enough to
cause the Manual Tuning Up/Down Counter to malfunction.

If evidence of corrosion is discovered, remove battery A6AIBTI from the Manual
Tuning Up/Down Counter and clean the A6Al printed circuit assembly as described in the
Recommended Procedure given below. If no evidence of corrosion is discovered, battery
A6AIBT1 may be left intact on the Manual Tuning Up/Down Counter. It is recommended
that periodic inspection of battery A6AIBT1 and surrounding surfaces be made to preclude
any damage to receiver components as a result of leakage and/or corrosion.

RECOMMENDED PROCEDURE

1. Using Figure 1, locate and remove battery A6AIBTI (part no. KO2AI1ISPl) by cutting
leads. Remove battery A6AIBT1 (model no. DS25D) by removing solder from bat-
tery-to-assembly connections on the rear of Manual Tuning Up/Down Counter A6Al
board.

2ot Inspect Battery A6AIBTI and surrounding surfaces for evidence of leakage and/or
corrosion. If evidence is discovered, rinse the A6Al printed circuit assembly with
lukewarm water and mild soap solution to remove any battery electrolyte and cor-
rosion.

3. Dry the A6Al printed circuit assembly thoroughly in an oven for approximately 10 to
15 minutes at 50° C (122° F). A heat gun may also be used; however, care must be
exercised so that components are not damaged by excessive heat.
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CUT LEAD

ASSEMBLY A6A! \

oY

BATTERY (P/N KO2A11ASP1)

UNSOLDER CONNECTIONS
FROM REAR OF ASSEMBLY

ASSEMBLY A6A1 -\

)

'

DataSentry

BATTERY (MODEL No.DS25D)

Figure 1. Battery A6AIBT1 Removal
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This addendum provides maintenance information for type 791601 2nd LO Synthesizer,
designated as subassembly ASA2 of the W]J-8718 HF Receiver. Reported incidents of
frequency shift in some WJ]-8718 units have been attributed to loss of lock in the 2nd LO
phase lock loop (PLL) which contains adjustable capacitor A5SA2 C6l. Aging of one or more
components in the 2nd LO circuitry is believed to cause a decrease in the dynamic range
of the PLL tuning voltage which, in turn, results in loss of lock. This problem is most
likely to occur in WJ-8718 units on a maximum yearly maintenance cycle, or in WJ-8718
units that are not periodically realigned during normal preventive maintenance. The align-
ment procedure and performance test given below should be conducted if the previously
described problem is encountered.

ALIGNMENT PROCEDURE

Follow the general requirements for test and alignment procedures as outlined in the
WJ-8718 Instruction Manual and proceed as follows:

It Energize the receiver and tune to 15, 00499 MHz.

2% Connect a DVM to test point El, or module pin B57 on type 791570 Synthesizer
Motherboard (AS5), and adjust C51 for a 3.0 Vdc reading.

3.  Connect a DVM to test point E3, or module pin A5l on type 791570 Synthesizer
Motherboard (AS5S), and adjust L8 for a 4.0 Vdc reading.

4. Connect a DVM to test point E2, or module pin A55 on type 791570 Synthesizer
Motherboard (A5), and adjust C6l for a 3.0 Vdc reading.

S Connect a DVM to test point El and ensure that C51 is adjusted for a 3.0 Vdc reading.

PERFORMANCE TEST

L Connect a frequency counter to the 2nd LO output that connects to A2]J1 of type 791592
Input Converter (A3).

2 Tune the receiver to 15. 00000 MHz and verify a reading of 32.21000 MHz. *
3. Tune the receiver to 15. 00500 MHz and verify a reading of 32.20500 MHz. *

4, Tune the receiver to 15. 00999 MHz and verify a reading of 32.20001 MHz. *
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* This frequency will be shifted by thirty-two (32) times any 1 MHz time base error
(counter or receiver time base); e. g., if the 1 MHz output is read as 1. 000001, then
the reading in performance test step 2 will be 32.21000 MHz+32 Hz or 32. 21003 MHz.
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This addendum provides precautionary information concerning reported failure of
certain integrated circuit (IC) components used on type 791600 1lst and 3rd LO Synthesizer,
a subassembly (A5A1A2) of the W]-8718 HF Receiver.

In early 1978, an abnormally high failure rate was reported for four (4) N8292A IC's
used in the lst and 3rd LO Synthesizer. To date, the cause of failure has not been identified.
The four N8292A IC's designated as UlS5, Ul7, Ul8, and Ul9, have since been replaced by
SN74LS196N IC's in the manufacture of the lst and 3rd LO Synthesizer. Part no. N8292A
is manufactured by Signetics Corporation and part no. SN74LS196N is manufactured by
Texas Instruments Inc.

The increased power consumption of SN74 LSI96N IC's over that of N8292A IC's neces-
sitated a change of value for R64 from 10 € to 3.3 € and the addition of heat sink RAI to re-
gulator VRI on the Ist and 3rd LO Synthesizer. N8292A IC's which have functioned properly
for more than six (6) months in W]-8718 HF Receivers should continue to do so, therefore,
no wholesale replacement of the N8292A IC's is necessary. N8292A IC's used on the 1st
and 3rd LO Synthesizer should only be replaced, after referring to the Replacement Infor-
mation given below, if an actual failure occurs.

REPLACEMENT INFORMATION

If two (2) or more N8292A IC's must be replaced with SN74 LS196N IC's on the Ist and 3rd
LO Synthesizer, it is also necessary to change the value of R64 from 10 € to 3.3 Q and to
install heat sink RAl on regulator VR1l. The recommended heat sink for use is part no.
2251B, manufactured by the Thermalloy Company. Refer to Figure 5-26 in the W]-8718
Instruction Manual for location of parts on type 791600 1st and 3rd LO Synthesizer.
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FIELD BULLETIN

GENERAL:

A problem has become apparent in the battery backup circuit of the W]-8718 Type
791575 A6Al logic card. Due to the nature of the nickel-cadmium battery used, there
exists a possibility for the battery to become fully discharged, reverse polarity, and
leak, causing harm to the printed circuit board. Prior to shipping or an extended period
of shelf storage it is necessary to remove the battery from the printed circuit card and
store it separately from the radio. Also, during normal use of the equipment it is neces-
sary to check the condition of the battery and to perform preventive maintenance steps to
insure the reliability of the unit and safety of the printed circuit components.

TESTING BEFORE INSTALLING A NEW BATTERY:

Sealed cell batteries are normally shipped in a discharged condition. Prior to in-
stallation nickel-cadmium sealed cells may be checked as follows:

Measure the open circuit voltage. If the measurement is equal to or greater than
one volt, the cell is acceptable. If the voltage is less than one volt, the cell may be de-
fective or inadvertently shorted down during shipping or handling. To determine if the
cell is defective, follow the procedures below:

1. Apply a charge voltage of 5V through 240 @ for 30 seconds.

2. Discharge through the same load for same time.

3. Measure open circuit voltage, if less than one volt cell is defective.
If above one volt, cell is acceptable.

PREVENTIVE MAINTENANCE:

No maintenance of the battery itself is required, but it is recommended that the
battery voltage be monitored for its ability to hold a charge. Also, the A6Al printed
circuit card should be periodically inspected for signs of battery deterioration such as
a build up of residue on battery terminals or a sign of battery leakage in and around the
seals. If any of these conditions exist, the battery should be discarded.
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The battery supplied in this bag is for installation on Type 791575 A6A1 logic cards
used in some WJ-8718 HF Receivers. Refer to the attached Field Bulletin, dated February 5,
1980 (Addendum VI ) for a technical discussion and precautionary information about testing
and preventive maintenance, Figure 1 below, illustrates installation procedures.

As an option, a field modification kit (WJ-8718/BAT) is available which will provide for
mounting the battery and a switch on the rear panel MONITOR OUTPUT position.

If problems or questions arise about battery installation or the WJ-8718/BAT option,
contact your local Watkins-Johnson Field Sales Office or the CEI Division directly.

ASSEMBLY A6A1

{
BATTERY (P/N KO2A11ASP1)
SOLDER
ASSEMBLY A6A1—\ [ CONNECTIONS

)
S

/

a5

& I: DataSentry

/ - :
BATTERY (MODEL No.DS25D)

Figure 1. BATTERY A6A1BT1 INSTALLATION
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REVISION A

The illustration below clarifies the standard wiring to the I/O connector
used in the WJ-8716 and WJ-8718 series HF Receivers.

INDUSTRY STANDARD RECEIVER STANDARD
WIRING TO PLUG WIRING TO PLUG

( Mfg.Part No.609-375)

Ir%20 |9%37

5 ©° 5 ©°

o o
oo ° o
¢ oo
) )

oo

3 20

©

o
000

000
ooo

Used on : MCM-2, COM, and B-18 Options,
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FIELD BULLETIN

It has been reported that some WJ-8718 HF Receivers in the field have developed
feedback, hum, and/or noise problems in the line audio output at the front panel phones jack.
The modification deseribed below is recommended for receivers experiencing these problems.
The modification is especially effective if problems are more apparent in the AM detection and
manual gain modes, with reduced RF gain. Tests have proven the modification results in a noise
reduction of 20 dB or more.

NEW PARTS REQUIRED (1 each):

Resistor, RFC: 470 Q, 5%, 1/4 W, Part No. RCR07G471JS, MFR
Code 81349

Capacitor, Mica, Dipped: 2700 pF, 2%, 500V, Part No.
CMO06FD272G03, MFR Code 71279

Capacitor, Electrolyti¢c, Tantalum: 18 uF, 10%, 20 V, Part No.
196D186X9020KE3, MFR Code 56289

MODIFICATION INSTRUCTIONS:

1L Locate and remove the Type 791599 FM, CW, and SSB Detector
(A4A9).

2: Remove coil L2 and replace with the 470 Q resistor.

3 Remove capacitor C17, 3300 pF, and replace with the 2700 pF
capacitor.

4, Remove capacitor C13, .47 uF, and replace with the 18 puF
capacitor.
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The information in this addendum should be incorporated into the WJ-8718 HF
Receiver Instruction Manual. The purpose of the addendum is to provide the manual user with
information concerning a modification to reduce audio feedback and noise problems in the
receiver.

1.0 MODIFICATION INSTRUCTIONS

il Replace coil L2 on the Type 791599 FM, CW, SSB Detector
(A4A9) with the 470 @ resistor described in paragraph 1.2.1
below.

25 Replace capacitor C17 (3300 pF) on the Type 791599 FM, CW,
SSB Detector with the 2700 pF capacitor described in paragraph
1.2.1 below.

3 Replace capacitor C13 (.47 uF) on the Type 791599 FM, CW,
SSB Detector with the 18 yF capacitor described in
paragraph 1.2.1 below.

1.1 MODIFICATION RESULTS

Tests have proven the modification results in a noise level reduction of 20 dB at
the front panel phones jack line audio output.

1.2 MANUAL CHANGES

1220 Parts List, paragraph 5.5.4.9, Type 791599 FM, CW, and SSB Detector (A4A9)

1. From: L2, Coil, Fixed, 47 mH, QTY 2, Part No.
553-3635-57, MFR Code 71279

To: L2, Not Used
O From: L3, Same as L2
To: L3, Coil, Fixed, 47 mH, QTY 1, Part No.

553-3635-57, MFR Code 71279
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3. Add: R39, Resistor, RFC, 470 @, 5%, 1/4 W, QTY 1, Part
No. RCR07G471JS, MFR Code 81349

4, From: Cl7, Capacitor, Mica, Dipped, 3300 pF, 2%, 500 V,
Part No. CM06FD332G03, MFR Code 81349

To: C17, Capacitor, Mica, Dipped, 2700 pF, 2%, 500 V,
Part No. CMO06FD272G03, MFR Code 81349

5. From: C13, Same as C1
To: C13, Capacitor, Electrolytic, Tantalum, 18 uF, 10%,
20V, QTY 1, Part No. 196D186X9020KE3, MFR
Code 56289

6. Change C1, QTY 9 to C1, QTY 8

Location of Components Diagram, Figure 5-20, Type 791599 FM, CW, and SSB
Detector (A4A9)

15 Delete L2 and add R39 as shown.

FRom: To:

C15)

{Rraa} Ro% @ ‘
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1.2.3 Schematie Diagram, Figure 6-11, Type 791599 FM, CW, and SSB Detector (A4A9)

il Delete L2, add R39, and change C17 as shown.

FROM: To:
L2
47mH A 'i:-??,
\____mn__r.; I yry I—-f
(el b | 17
I 3300 PF I 2709 ‘ F

2s Change C13 as shown.

FRom: To:

R16 RI6
1o/% 1o Kk
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ADDENDUM IX

The corrections listed in this addendum should be incorporated into the WJ-8718
HF RECEIVER Instruction Manual, Revision V, dated 01/80.

it Figure 5-30, Type 791575-2 Manual Tuning Up/ Down Counter (A6A1) should show

a jumper wire from E41 to E42 and show J1 ( rear panel REMOTE INPUT ) connected through
a ribbon cable to terminals E1 through E40, as illustrated below.

[
el s e
e =

Eve o ooe =
| |
Fuiw 9 ve ¢ o7} E \ A
o 25 4| O=0 il

Ba2
2% Figure 6-19, Type 791575-2 (A6A1) schematic diagram , should be corrected to as
shown below,

a.

Change connection of REM FREQ LOAD line as shown below:

FROM : -~JE42 TJO:
=2 E42
u3 pe

b, Change B56 to A56 as shown below,

e oo L e
| 4] AGO T o Bil A&O -

e; Change references 2, 2 , 2 on the Q outputs of U5, U6 , and U7 to : 10" ,

105, and 106 :
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ADDENDUM X

The corrections listed in this addendum should be incorporated into the
WJ-8718 HF Receiver Instruction Manual, Revision V, dated 01/80.
1. Change Figure 4-1la, Corrective Maintenance Flowchart on page 4-8, row 5, block 3
from: ' Reinstall A4A1, Inject Signal 4 at W16P28 "' .,
to: " Reinstall A4A1, Inject Signal 3 at Wi6P28 " .

REFER TO CORRECTED ILLUSTRATION BELOW:

TROUBLESHOOT MAN TROUBLESHOOT
TUNING UP/DOWN INPUT CONVERTER
COUNTER PARA 4.7.5

o IS 3RD LO
H
TROUBLES NO -6 dbm (0.112 VRMS)
3RD LO, AT 11.155 MHZ
PARA. 4.7.20 AT W6T10 ?
IS IF OUTPUT

REINSTALL A4Af
Y

INJECT SIGNAL 3 fem—ES

AT WIEP28.

-21 dbm 1 2 dbm FOR
ALL BW SETTINGS
?

lYES

IS IF OUTPUT
RECONNECT Wi6P28
- -21dbm *2 dbm FOR NO
IGNAL
BECH T ALL BW SETTINGS
AT A31J1. -

lYES

RECONNECT A2Pf{.
INJECT SIGNAL 6
AT A2J1.
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WJ-8718 HF RECEIVER GENERAL DESCRIPTION

SECTION 1|
GENERAL DESCRIPTION

1.1 ELECTRICAL CHARACTERISTICS

The WJ-8718 HF Receiver is designed to receive AM, FM, CW, USB, LSB, and ISB
emissions over the frequency range of 5 kHz to 29.99999 MHz. Manual control of the receiver
is provided by selection of either MCM or MCM-2 options. In the manual mode, operating
parameters are selected by pressing appropriate pushbutton/indicators. The depressed button
indicates the selection of the operator by the appearance of a brightly colored display behind
the clear front surface. Seven digits composed of light emitting diodes (LED's) indicate the
tuned frequency to a resolution of 10 Hz. The large tuning knob and four tuning rate
pushbuttons provide frequency tuning eapability. A tuning disable pushbutton locks the receiver
to a specific frequency, thereby preventing accidental operator frequency changes. The
optional remote control mode is enabled by one of two methods: depressing the TUNING
DISABLE pushbutton, or a control change activated by the remote device. A jumper wire on
the Manual Tuning Up/Down Counter card determines the method employed. In the remote
mode, the receiver will respond to parallel input data, consisting of frequency and bandwidth
information, and is compatible with buffered CMOS levels.

Pushbutton-selectable parameters in addition to the operating modes are IF
Bandwidths, Gain Mode, and Meter Select. Selectable IF bandwidths of 0.3 kHz, 1.0 kHz,
3.2 kHz, 6 kHz, and 16 kHz operate in conjunction with the AM, FM, or CW detection modes.
When the optional ISB, LSB, or USB detection modes are chosen, IF bandwidth selection is
ineffective due to the automatic override by the detection mode control. RF gain may be
controlled manually or by Fast or Slow AGC. A dual-purpose meter indicates Signal Strength or
Line Audio level.

Internal frequency tuning circuitry of the basic receiver includes the 1st, 2nd, and
3rd LO Synthesizers, and a BFO Synthesizer. The phase lock loop frequency synthesizers
determine tuned frequency to a resolution of 10 Hz. The synthesized BFO tunes +8.9 kHz from
455 kHz in 100 Hz and 1 kHz steps. A non-volatile memory stores the tuned frequency for a
minimum of 48 hours after power interruption (i.e., power failure or manually turning power
off).

Rear panel features include BNC connectors for a 50 @ RF input, a 455 kHz IF
output, and a 1 MHz reference input/output selectable by a related slide switech. Two five-lug
terminal boards provide audio outputs that include: a 600 @ floating center-tapped ISB output
(for the lower sideband), a single-ended phone output, a center-tapped line audio output, and an
FM/CW/SSB detector output for monitoring. Line voltage selection for high and low voltage
conditions may be accomplished in a few seconds by inserting the printed circuit (PC) wafer in
one of four positions in the line cord assembly.

Maintenance operations are straightforward due to the clean mechanical packaging
and the placement of nearly all components on plug-in circuit boards. These circuit boards
mount on motherboards having all pins accessible from the bottom of the receiver. Adjust-
ments and alignments have been kept to a minimum. Removing the top cover exposes the
assemblies, all of which may be unplugged from their sockets or freed from the main chassis by
quick disconnect plugs. The de power supplies are thermal and short circuit protected, require
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no adjustments, and can easily be replaced. A printed circuit wafer, accessible on the rear
panel, makes possible the matching of the power transformer to line voltages of 110 Vac (£15%)
and 220 Vaec (£15%).

1.2 MECHANICAL CHARACTERISTICS

The receiver mounts in a standard 19-inch equipment rack, occupies 5.25 inches of
vertical space, and extends 19.6 inches into the rack. The main chassis, front, rear, top,
bottom, and internal compartment panels are constructed of aluminum. Side panels are cast
aluminum, the front panel is a 0.19-inch thick aluminum plate, and the rear panel, main deck,
and internal partitions are stamped aluminum. The side panels and top and bottom covers are
perforated to allow for flow-through ventilation. All operating controls and indicators are on
the front panel, while all input and output cables are connected to the rear panel (except for
the phone jack). This package meets the radiation specification of MIL-STD-461A.

The front panel is overlaid with a black bezel etched with control markings. All of
the pushbuttons are mounted on a printed circuit card positioned behind the front panel, and
extend through cutouts in the front panel. All of the remaining controls and line audio/signal
strength meter are mounted directly on the front panel. The tuned frequency numeric display is
mounted on a card positioned behind a cutout in the front panel, over which a polarized filter is
installed. The audio phones jack, RF gain control, and phone level control are also mounted on
the front panel.

The rear panel mounts all input, output, and accessories, with the exception of the
above mentioned phones jack. BNC connectors are supplied for the RF input, IF output, and
1 MHz reference input/output. The INT/EXT clock switch for selecting internal or external
timebase reference is located next to the 1 MHz reference input/output. Two terminal blocks
supply an output for Line Audio, Phone Audio, ISB Audio, and FM Audio. Two fuseholders are
found on the rear panel. The circular fuseholder is used to hold the alternate line voltage fuse,
while the rectangular fuseholder has the additional functions of line filter, voltage selection,
and ac line cord receptacle. Also on the rear panel are +15V, -15V, and +5 V heat sinked
regulators, a Line Audio potentiometer, and optional 37-pin female connectors for remote
control.

Loosening 34 quarter-turn fasteners allows the top cover to be lifted from the
receiver thus exposing four main compartments. A power distribution circuit, input converter,
and optional preselector mount in one compartment and three synthesizer boards mount in
another. The IF modules and the digital control circuits are also in separate compartments for
mechanical support and shielding purposes.

Removing the bottom cover, also held in place by 34 quarter-turn fasteners,
exposes three motherboards that mount a total of 27 modules and the components mounted on
the front panel. All connections to the motherboards are made with push-on plugs so that
replacement of a motherboard consists of removing less than 10 screws and the plugs.

1.3 EQUIPMENT SUPPLIED

The equipment supplied consists of the receiver and a detachable line cord.
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1.4 EQUIPMENT REQUIRED BUT NOT SUPPLIED

Select equipment from the following general classifications to obtain full use of

the receiver.

L Antenna, 50

2. Audio monitoring equipment such as the following: (for moni-
toring ISB signals, two units will be required except for
headphones, which monitors both sidebands.)

a)  Speaker panel, 600 Q
b)  Stereo headphones, 600 Q
e¢)  Tape recorder

3. Wideband tape recorder for 455 kHz IF amplifier predetection
output.

4. IF-to-tape converter for 455 kHz-to-video signal conversion.

5. Remote Input Interface - for receivers utilizing remote control
operation. Refer to the Installation Section of this manual for
definitions of the input lines.

6. Two extender cards are required (available from Watkins-
Johnson) for troubleshooting to the component level.

1125 OPTIONAL EQUIPMENT

The following optional equipment is available for use with the WJ-8718 HF
Receiver. For additional information concerning these options and others, contact Watkins-
Johnson Company, Gaithersburg, Maryland, or your Watkins-Johnson representative.

1.

2.

10.

Manual Control Module WJ-8718/MCM *
Remote/Manual Control Module WJ-8718/MCM-2*
Independent Sideband (ISB) WJ-8718/ISB* *
Sub-Octave Preselector WJ-8718/PRE
IEEE-488 Bus Interface (Listen Only) WJ-8718/488-1
IEEE-488 Bus Interface (Talk/Listen) WJ-8718/488-2

10 Hz BFO Synthesizer WJ-8718/B10
Signal Monitor Output WJ-8718/SMO
Indicating Front Panel WJ-8718/IFP

Red LED Freqﬁency Display WJ-8718/RED
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fifis Green LED Frequency Display WJ-8718/GRN
12 Microprocessor Front Panel WJ-8718/MFP
13.  RS-232 Interface (Talk/Listen) WJ-8718/232

14. 1 Hz Tuning WJ-8718/1 Hz
15, Carrier Operated Relay WJ-8718/COR

* Note: Either MCM or MCM-2 is required with main frame for
receiver operation.

** Note: Independent Sideband (ISB) option provides selectable
ISB, LSB, and USB functions.
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Table 1-1. Type WJ-8718 HF Receiver, Specifications

Tuning Range , .. .. cesesesscesanscsssasss dkHz to 29.99999 MHz.
Tuning ResOIULION o « o s « s s as a5 desas s =« weas L0 HZ,
Antenna Conducted Oscillator Radiation - -« - « .« -87 dBm, maximum.

Antenna Input Protection ................. The antenna input will withstand the
effects of RF power to +15 dBm and
static build-up.

Input ImpedanCe .. ....cco0c020.002.0000. 508, unbalanced, nominal.

IF Bandwidths (3 dB) . ..... e . « - Standard: 0.3, 1, 3.2, 6, and 16 kHz.
IE Shape Factor . . « «.ees s % o1 6 ma ) o) 4 e o wiaen IF BW 60 dB: 3 dB, Typical
0.3 kHz 7.0:1
1 kHz 4.5:1
3.2 kHz 2:5:1
6 kHz 2.3:1
16 KkHz 2.0:1
Detection Modes « « « « « « eececcossceeeeeas Standard: AM, FM, CW.
Optional: LSB, USB, ISB.
Gain Control Modes . .. ... e ecoeseaesseeeee Manual, Fast AGC, Slow AGC.
AGC and Manual Range. . . . « « e ¢ o o« « e« - 100 dB, minimum.
AGC Threshold « e e o5 e o ooeonsceees . 3.0 uV, typical.

AGC Attack Time | ., .. .. .. 0o cvovo0ee0. 15 ms, maximum.
AGC Release TiMme€. .o ccco0ccoeesoo.. Fast AGC: 25 ms, maximum.
Slow AGC: 4 sec, maximum.

Erequeney-DIisplayvisis &k o5 o siim e o o loin w % s . « o 1 digit, LED's.

Frequency Resolution/Readout. ....cocc0 ..+ 10 HZ, 6
Frequency Stability . ... cccccccececeeceese 6x10  perday, 2x 10  per year.
Frequency Control. « . « ¢« ¢ o ¢ ¢ ¢ o 0. e s s ... 000 Manual or Remote options.
Synthesizer Lock-Up Time. « ¢ « ¢ « e o e 0o« s+ .+« 3 ms, typical; 10 ms, maximum.

Synthesized BFO . . e s e s s s e s cosocoacansss 455 kHz *+8.9 kHz in 100 Hz steps.

Power Interrupt . . ... cecccceceoeeeeoes.. With the Manual Control Module option,
storage of the frequency data will auto-
matically occur. Upon restoration of
power, the receiver will return to the
previously tuned frequency.

IF RejeCtiony « « e s s s o s o4 6-9%5 o6 & & oo ew Greater than 90 dB:

Image RejeCtion .. ccecocecoeoecooeeesssss Greater than 90 dB.

Sensitivity (0.2-30 MHz, see CW Sensitivity

for extended frequeney range)
AM Sensitivity
(6 kHz IF Bandwidth)., . ........... A 1.7 uVsignal 50% AM modulated at

a 400 Hz rate will produce at least a
10 dB (S+N)/N ratio at the audio output.

FM Sensitivity
(16 kHz IF Bandwidth) « ¢ « o o « « o o o o « A 2,5 uV signal FM modulated at a 400
Hz rate to a 4.8 kHz peak deviation will
produce at least a 17 dB (S+N)/N ratio
at the audio output.
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Table 1-1. Type WJ-8718 HF Receiver, Specifications (Continued)

CW Sensitivity
(0.3 kHz IF Bandwidth)
200kHz-30 MHZ . .....¢c.c2..... A 0.4uVsignal will produce a 16 dB
(S+N)/N ratio at the audio output.
50 kHz-200kHz ........ esoeee. A0.63uVsignal will produce a 16 dB
(S+N)/N ratio at the audio output.
15 KHZ-50 KHZ 5% % 155051 5 a7 a & 0o & 3 A 1.4 yV signal will produce a 16 dB
(S+N)/N ratio at the audio output.
O KHZ=19 KHZ % s 5io: 5 o 5 5 %% o o & ol o o A 63 pV signal will produce a 16 dB
(S+N)/N ratio, typically at the audio
output.
ISB, (USB, LSB) Sensitivity
(3 kHz SSB Bandwidth) « « « « « ¢« oo oo™ A 0.56 pV signal will produce a 10 dB
(S+N)/N ratio at the audio output.
Audio Outputs:
ISB OUtDULs. & % os o5 ol & i fovsr.o 574 Y & 5 5 .. 100 mW, maximum across 600 Q.
Eine JANAI07s; o k5260wl i 2wl ot te 6o le: ai .. 2 W, minimum, across 600 @ for an input
' signal of 3 uV, 30% AM modulated at
a 400 Hz ratio.

Headphone Output*...........c¢. ... 30 mW, minimum, for an input signal
of 3 uV, 30% AM modulated at a 400 Hz
rate.

Audio Distortion. . « e v e c oo e aeveeceess.00. Lessthan 5% at rated audio output.

Audio Frequency Response +1.5 dB from 100 Hz to 8 kHz, 1 kHz
reference frequency.

Fingl IF OUPUL « s v s s v oo o 6o o's s +4 ¢ s 20 mMVy minimum, into 50 § for input
signals greater than 3.0 pV.

Intermodulation Distortion:
3rd Order Input Intercept Point ......... +20 dBm, minimum for signals separated
by 30 kHz, (performance may degrade
below 3 MHz).

Unwanted Sideband Rejection « « « 6 e 6 6 6 6o+ .. 50 dB at 350 Hz into unwanted sideband.

Signal Meter. . . v . e o eeeececsseoses.ssass Indicates carrier level or line audio level.

Reciprocal MiXing. . c . c e e e o oo coee0ss00... Witha desired signal of 25 uV in the
3.2 kHz IF bandwidth, the desired signal-
to-noise ratio will be greater than 20 dB,
when an undesired signal 70 dB higher
in amplitude and 30 kHz removed in fre-
quency is present.

Cross Modulation « ¢« .. .. ceocsecocss.sos With a desired signal of 10 uV an unde-
sired signal 70 dB higher, 30% AM modu-
lated will produce less than 10% cross
modulation for frequency separation of
greater than 50 kHz in the 1 kHz IF
bandwidth.

Operating Temperature Range** .. .......... 0°C to 50°C,

Power Consumption. . ......cccc0c0.00.0. 0.6 Aat1l5 Vae, approximately.
Power Requitements & . . ¢« c s s a o s a6 o s o4 o0 .. 110/220 Vac £15% 48-420 Hz.
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WJ-8718 HF RECEIVER TABLE 1-1

Table 1-1. Type WJ-8718 HF Receiver, Specifications (Continued)

SIZEs o a1 % 3 oy 00w w0 0 0 0 B0 W) B R G R ) e 5.25 inches high, 19 inches wide and 19.4
inches deep.

Weight « = -« o 0 it ettt ittt teiennnaanas 35 pounds (15.75 kilograms),
approximately.

* Note: The stereo headphone output will provide 30 mW for each sideband in
the ISB mode; USB output available on the stereo phone '"tip", LSB
output available on stereo phone "ring".
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FIGURE 2-1 WJ-8718 HF RECEIVER
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Figure 2-1. WJ-8718 Receiver, Critical Dimensions



WJ-8718 HF RECEIVER INSTALLATION AND OPERATION

SECTION 1i
INSTALLATION AND OPERATION

2.1 UNPACKING AND INSPECTION

Examine the shipping carton for damage before the WJ-8718 is unpacked. If the
carton has been damaged, try to have the carrier's agent present when the equipment is
unpacked. If not, retain the shipping cartons and padding material for the carrier's inspection if
damage to the equipment is evident after it has been unpacked.

See that the equipment is complete as listed on the packing slip. Contact Watkins-
Johnson Company, Gaithersburg, Maryland, or your Watkins-Johnson representative with details
of any shortage.

The unit was thoroughly inspected and factory adjusted for optimum performance
prior to shipment. It is, therefore, ready for use upon receipt. After uncrating and checking
contents against the packing slip, visually inspect all exterior surfaces for dents and scratches.
If external damage is visible, remove the dust covers and inspect the internal components for
apparent damage. Then check the internal cables for loose connections, and plug-in items such
as printed wiring boards, which may have been loosened from their receptacles.

2.2 PREPARATION FOR RESHIPMENT AND STORAGE

If the WJ-8718 must be prepared for reshipment, the packaging methods should
follow the pattern established in the original shipment. If retained, the original materials can
be reused to a large extent or will at a minimum provide guidance for the repackaging effort.
Conditions during storage and shipment should normally be limited as follows:

Maximum humidity: 95% (no condensation)

Temperature range: -30°C to 85°C

2.3 INSTALLATION

The receiver is designed for mounting in a standard 19-inch equipment rack. It
occupies 5.25 inches of vertical rack space and extends approximately 19.62 inches into the
rack to the tips of the rear protective handles. Critical dimensions are shown in Figure 2-1.
Do not rely solely on front panel mounting hardware to support the receiver. A brace extending
along the sides from the front panel to the rear panel is preferred. The rack should allow a free
flow of air through top and bottom covers and side panels, as well as around the outer surfaces
of the receiver.

Access to the rear panel should be allowed so that input and output connections can
be conveniently made or changed if desired. Figures 2-2 and 2-3 are photographs of the front
and rear panels showing the locations of the connectors. Described below are the functions and
input/output parameters of each connector.
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FIGURE 2-2 WJ-8718 HF RECEIVER
FIGURE 2-3
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Figure 2-3. WJ-8718 HF Receiver, Rear Panel View
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WJ-8718 HF RECEIVER INSTALLATION AND OPERATION

2.3.1 VOLTAGE SELECTOR/FUSE BLOCK AND LINE CORD RECEPTACLE (FL1J1)

This assembly should always be inspected before installation of the receiver in a
new location. With the line cord unplugged, the clear plastic window can be slid over the three
male power receptacle prongs. This exposes the line fuse and a hinged, plastic FUSE PULL
lever.

Swinging of the FUSE PULL lever to the left ejects the fuse from the holder and
frees a line-voltage-select PC wafer found at the bottom of the assembly. Looking down on the
PC wafer at a slight angle on the left side shows the selected line voltage for the receiver,
either 100, 120, 220, or 240 Vac. If the voltage shown does not match the available line
voltage, remove the PC wafer and reinstall it so that the closest line voltage is visible with the
PC wafer in position; the PC wafer should be set in the voltage position closest to the line
voltage being used. Then install the fuse suitable for the line voltage: 1 A, slow-blow for
100 Vac and 120 Vae, or 1/2 A, slow-blow for 220 Vac and 240 Vac. Install the other fuse in the
alternate fuseholder.

Slide the clear plastic window back over the fuse and PC wafer portion of the
assembly holder and insert the line cord in the receptacle.

2.3.2 RF INPUT (A2J1)

This BNC connector is the RF signal input for the receiver. Nominal input
impedance is 50 Q. The input is protected against signals exceeding +15 dBm (1.25 V rms) and
static build-up.

2.3.3 ALTERNATE FUSEHOLDER (XF2)

This fuseholder provides convenient storage of the fuse for the line voltage not in
use. There is no electrical connection to the fuseholder.

2.3.4 IF OUTPUT (J12)

This BNC connector supplies a 455 kHz IF output. The level will be 20 mV,
minimum, into 50 £ in AGC mode, for RF input signals greater than 3 uV.

2.3.5 TERMINAL BOARD (TB1)
Two audio outputs are available on this board. They will be described separately.

1. LINE AUDIO. These three terminals provide a floating, 600 Q,
center tapped audio output. This output will drive a 600 2 load
from zero (0) W to at least 2 W (0 V to 34.6 V rms) depending on
the setting of rear panel LINE AUDIO LEVEL potentiometer
R1. This line voltage is monitored by the front panel meter
when the LINE AUDIO METER switeh is engaged.

2 PHONE AUDIO. This single ended output is in parallel with the
front panel PHONES jack and is meant to drive a 600 £ load.
Output level is controlled by the front panel PHONE LEVEL
potentiometer and will typically be a maximum of 7.8 V rms.
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INSTALLATION AND OPERATION WdJ-8718 HF RECEIVER

2.5.6 TERMINAL BOARD (TB2)
These outputs will be deseribed separately.

1. ISB AUDIO. Three of the terminals on this board provide a
floating, center tapped, balanced output for driving a 600 Q
load. When in the ISB mode, only the LSB signal is available
from this output. No other signal is available from these
terminals. Audio level may be set to a maximum of 100 mW
(7.75 Vrms) using a potentiometer on printed circuit card
A4A8. The USB signal for the ISB mode appears at the LINE
AUDIO terminals of TBI.

2. FM AUDIO. This is a de-coupled monitor voltage from the
diseriminator. Measure with a high impedance voltmeter.

2.3.7 LINE AUDIO LEVEL (R1)

This potentiometer adjusts the level of audio signals appearing at the LINE AUDIO
terminals of TB1. The front panel meter monitors this output when the related LINE AUDIO
switch is engaged. Rotating this control fully clockwise will provide at least a 2 W audio output
(34.6 V rms/+33 dBm) into 600 Q.

2.3.8 CLOCK SWITCH (S2)

Setting this switch to the INT position selects the internal time base for the
receiver and provides the internal 1 MHz reference output at J11. Setting this switch to the
EXT position deactivates the internal reference so that an external signal may be applied to
J11.

2.3.9 1 MHz REF (J11)

When the CLOCK switeh is in the INT position, this BNC connector provides a
1 MHz, 100 mV rms output into 50 Q. When the switch is set in the EXT position, a 1 MHz
reference signal of at least 50 mV rms into 50 @ must be applied to J11 to provide a time base
for the receiver.

2.3.10 PHONES JACK (J13)

This output is intended to drive a 600 @, or greater, stereo headphone set. When
operating in the (optional) ISB mode, both USB and LSB information can be monitored
simultaneously through the headphones. Mono headphones, however, may be used with loss of
LSB when operating in the ISB mode. In all other modes, both stereo and mono headphones will
provide essentially the same results.

2.3.11 REMOTE INPUT OPTION (A6A1J1)

When this 37-pin input connector is provided, remote tuning is enabled by manually
pressing the TUNING DISABLE pushbutton, or internally by connecting a jumper wire in Manual
Tuning Up/Down Counter A6A1, as described in Note 4 of Figure 6-18. Frequency tuning and IF
bandwidth can be remotely selected in AM, FM, or CW modes. Other modes automatically
determine IF bandwidth. Identification of the Remote Input lines is shown in Table 2-1.
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WJ-8718 HF RECEIVER

Table 2-1. Remote Input Lines Identification

Remote Input A6A1J1

Up/Down Counter Board A6A1
E20
E12
E32
E24
E28
E16
E39 gD
E29
E30 g
E38 2
E37 90
E34 I
E33 .
E35 2
E26 90
E13
El4 .
E25 2
E22 90
E18
E17 3
E21 2
E10 90
E08 I
E04 g
E09 2
E06 90
Ell I
E15
E5 93
E36 22
E40 2
E7
E19
E23
E27

Pin- 9
Pin- 5
Pin-15
Pin-11
Pin-13
Pin- 33

~
Pin- 37
Pin- 32
Pin- 14
Pin-18
>

-

=
Pin- 36
Pin- 16
Pin- 34
Pin- 35

Pin-12 |
Pin- 24
Pin- 6
Pin- 30
-

A 2

Pin-10 |
Pin- 8 L
Pin- 26
Pin- 28

Pin- 4 )
Pin- 3
Pin- 1
Pin- 22

o
Pin- 2
Pin- 23

Pin- 25
Pin- 20
o

Pin-17
Pin-19
Pin- 21
Pin- 27

Pin- 29
Pin- 31

N

3.2 kHz
0.3 kHz
1.0 kHz
6.0 kHz
16 kHz
BW enable

10t

Load

Ground
lines

TABLE 2-1
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INSTALLATION AND OPERATION WJ-8718 HF RECEIVER

2.4 OPERATION

All front panel controls and indicators are described here. The pushbuttons have a
mechanical interlock arrangement so that only one button of any group may be in at a time.
Partial depression of a button in the out position releases any button previously depressed. A
depressed button will be indicated by a brightly colored display behind the clear front surface.
If no button has been depressed in any functional grouping, that particular mode will be
inactive. For an explanation of front panel features, refer to the following paragraphs.

2.4.1 PUSH ON/OFF POWER (S1)

Press this button in to energize the receiver. During initial installation, be sure
the line-voltage-select PC wafer on the rear panel matches the available line voltage before
energizing the receiver. Refer to paragraph 2.3.1 for the voltage selection procedure.

2.4.2 METER (M1)

The meter contains two scales of which one is a signal strength scale with a range
of 0 to 110 dB. This signal strength scale contains a MAN SET mark on the scale to indicate
proper signal strength in the MAN gain mode. The other scale on the meter indicates the audio
level of the LINE AUDIO output in dB above 1 mW, referenced to 600 .

2.4.3 METER SWITCHES

The two switeches, LINE AUDIO and SIGNAL STRENGTH, determine what function
the meter will indicate. Both of these functions are explained below.

1. LINE AUDIO. With this switech engaged, the rear panel LINE
AUDIO terminals can be set for 0 to 2 W output (0V to
34.6 Vrms). Rear panel LINE AUDIO LEVEL potentiometer R1
establishes the level.

2 SIGNAL STRENGTH. This indication is related to the AM
detector voltage. In AGC modes it provides a logarithmie
indication of signal strength; in the manual gain mode it
represents a near linear indication of AM detector voltage.

2.4.4 GAIN MODE
The following switches establish the receiver gain mode.

1. FAST AGC. The 15 ms response time provided in this mode is
useful for AM and FM signals.

2. SLOW AGC. The 15 ms attack time and 2 sec decay time
provided in this mode is suitable for CW, ISB, and SSB signals.

3. MAN GAIN. This mode activates the RF GAIN control which
otherwise has no effect. If the AM detector is overloaded in
the MAN gain mode, switching to the SLOW AGC mode may
result in a recovery time several times longer than expected for
the SLOW AGC mode.
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WJ-8718 HF RECEIVER INSTALLATION AND OPERATION

2.4.5 RF GAIN CONTROL

When in the MAN gain mode, rotating the RF GAIN control clockwise approximates
a logarithmic inerease in receiver gain. With the METER switches in the SIGNAL STRENGTH
mode, this control should be set for an indication at the MAN SET mark on the meter.

2.4.6 DETECTION MODE

One of the following six detection switches must be depressed to establish a
detection mode. If the AM, FM, or CW switch is selected, an IF BANDWIDTH kHz switch also
must be selected. Selection of optional ISB, USB, or LSB switches automatically activates
other bandwidth filters related to these modes of operation.

1 AM MODE. The LINE AUDIO, PHONE AUDIO, and front panel
PHONES audio are taken from the AM detector in this mode.

24 FM MODE. The LINE AUDIO, PHONE AUDIO, and front panel
PHONES audio are taken from the FM detector in this mode. A
de-coupled monitor voltage from the detector appears at the
FM AUDIO terminals of TB2 for test purposes.

3s CW MODE. Selection of this mode enables the BFO and the
BFO offset switch. The LINE AUDIO, PHONE AUDIO, and
front panel PHONES audio are taken from the CW/SSB product
detector in this mode.

4. USB MODE (Option). Selection of this mode overrides the front
panel IF bandwidth switches and activates the independent IF
filter for upper sideband reception. Audio will be available at
the front panel PHONES jack, and at the AUDIO LINE ter-
minals and PHONE AUDIO terminals of TB1 on the rear panel.
The BFO is enabled but fixed in frequency at 455 kHz. The
frequency readout indicates the corresponding suppressed
carrier frequency.

5. LSB MODE (Option). Except for the sideband selected, this
mode is functionally identical to the USB mode.

6. ISB MODE (Option). Selection of this detection mode auto-
matically activates separate IF filters independent of the front
panel IF bandwidth selection. Both upper and lower sidebands
are separately and simultaneously demodulated.

The stereo PHONES jack provides the USB component of the
signal on the tip contact and the LSB component of the signal
on the ring contact. With mono headphones, only the USB
component of the signal will be heard.

On the rear panel, lower sideband information will be available

at the ISB AUDIO terminals of TB2. Upper sideband informa-
tion will be available at the AUDIO LINE terminals of TB1.
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INSTALLATION AND OPERATION WdJ-8718 HF RECEIVER

2.4.7 IF BANDWIDTH (kHz)

One of the following IF bandwidth switches must be selected when in the AM, FM,
or CW detection modes; in the other three detection modes IF bandwidth switches are
inoperative. Available bandwidths are: 0.3 kHz, 1.0 kHz, 3.2 kHz, 6 kHz, and 16 kHz.

2.4.8 BFO OFFSET

These thumbwheel switches are activated only in the CW detection mode. The
BFO offset is 8.9 kHz (from 455 kHz) in steps of 100 Hz. The BFO signal is injected after the
IF bandwidth filters, thus ensuring that the pitch is independent of IF bandwidth. Switching to
"0" of the "+, 0, -" section of the switech automatically tunes the BFO to 455 kHz, regardless of
the setting of the numerical sections.

2.4.9 TUNED FREQUENCY READOUT

This seven-digit readout displays the tuned frequency of the receiver. Each digit is
a seven-segment LED with intensity controlled by a single potentiometer located inside the
receiver. The least-significant digit, at the far right, indicates 10's of Hz. Tuned frequency is
displayed for both local and remote control of the receiver.

2.4.10 MANUAL TUNING MODULE (A7)

The tuned frequency of the receiver is controlled from the front panel. On
versions of the receiver not including the Manual Tuning Module, remote inputs on the rear
panel establish tuned frequency. For these remote control receivers, the IF bandwidths may
also be selected from the remote location.

1. TUNING KNOB. Rotating the knob clockwise increases tuned
frequency; counterclockwise rotation decreases tuned fre-
quency. Continuing to tune past the end of the range causes
the receiver to step to the opposite end of the band and to
continue tuning in the same increasing or decreasing frequency
direction. The receiver tunes from 00.00000 MHz to 29.99999
MHz, useable above 5 kHz.

2. TUNING DISABLE. Engaging this button locks the receiver to
the frequeney currently being displayed. Any other tuning-
related button engaged will be released and the tuning knob
disabled. Also, by engaging this button, the receiver may be
tuned remotely, if this option is installed. Depressing any
tuning button slightly releases all buttons and also disables
tuning.

3. 10 kHz BUTTON. With this button engaged, only the four most-
significant digits of the readout can be varied by the tuning
knob. The 1 kHz, 100 Hz, and 10 Hz digits will be locked to the
frequency indicated when the 10 kHz button was engaged.

4, 1 kHz BUTTON. With this button engaged, the five most-
significant digits of the readout can be varied by the tuning
knob. The two least-significant digits will be locked to a fixed
frequency.
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WJ-8718 HF RECEIVER INSTALLATION AND OPERATION

5. 100 Hz BUTTON. With this button engaged, only the 10 Hz
digit is locked to frequeney. All others are available for tuning.

6. 10 Hz BUTTON. With this button engaged, all digits are
available for tuning.

2.4.11 PHONE LEVEL CONTROL

Rotating the front panel PHONE LEVEL control clockwise increases the output of
both the PHONE AUDIO terminals at TB2 and the stereo PHONES jack on the front panel.
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WJ-8718 HF RECEIVER CIRCUIT DESCRIPTION

SECTION 1l
CIRCUIT DESCRIPTION

3.1 GENERAL

This section describes the various circuits of the WJ-8718 HF Receiver. For co-
herence in description, the receiver is divided into four functional sections: receiver, synthe-
sizer, digital control, and power supply. A functional description precedes detailed descriptions
of the four functional sections. The discussions of the receiver, synthesizer, digital control, and
power supply sections consist of circuit descriptions introduced by detailed functional descrip-
tions. Functional block diagrams are included where required. This section is arranged in a
functional sequence rather than a numerical sequence to facilitate progressive reading. The
table of contents should be consulted for locating desecriptions of specific circuits. It is
assumed that the reader of this section is familiar with the preceeding sections of this manual.

The unit numbering method is used for identification of electrical components in
this receiver. Each circuit board or assembly part carries a prefix before the usual class letter
and item number. For example, the full designation for R1 on circuit board A4 is A4R1.
Paragraph 5.1 should be consulted for further understanding of the unit numbering method.
These prefixes are omitted on illustrations and in text except where necessary to avoid confu-
sion.

3.1.1 OVERALL DESCRIPTION

The WJ-8718 Receiver, shown in Figure 3-1, is a triple-conversion, super-
heterodyne receiver which operates in the frequency range from 5 kHz to 30 MHz. It has
selected bandwidths between 0.3 kHz and 16 kHz and demodulators for AM, FM, and CW
signals. Sideband reception (ISB, LSB, and USB) is available as an option. Tuning is in discrete
10 Hz steps, locked by frequency synthesizers to an internal or external frequency standard for
accuracy and stability. The power supply section provides regulated voltages of +15V, -15V,
and +5 V.

3.2 RECEIVER SECTION

3.2.1 FUNCTIONAL DESCRIPTION

Refer to the receiver functional block diagram, Figure 3-2. Signals enter the
receiver via the RF IN connector on the rear panel. The RF Filter accepts signals between
5 kHz and 30 MHz. These signals are passed to the Input Converter, which includes the 1st
Mixer, 1st IF Amplifier, 2nd Mixer, and a portion of the 2nd IF Amplifier. The 16 kHz band-
width of the Input Converter is determined by a crystal filter in the 2nd IF Amplifier. The
signals within this bandwidth enter the 10.7 MHz Filter Switeh which contains two ecrystal
filters and a wide bandwidth signal path, all of which are selectable. In the 10.7 MHz/455 kHz
Converter, the signal is converted to the 3rd IF frequency. This signal is then applied in
parallel to the 455 kHz Filter Switch, and (if they are installed) the optional USB Filter Switch
and optional ISB/LSB Filter Switech. In the 455 kHz Filter Switch are two more crystal filter
paths, 1.0 kHz and 0.3 kHz bandwidth and a wideband path to the 455 kHz Amplifier and AM
Detector. In the optional USB Filter Switch is a 2.95 kHz wide crystal filter centered above
455 kHz for upper sideband reception. The optional ISB/LSB Filter Switch has a similar filter
centered below 455 kHz for lower sideband reception. Table 3-1 shows how these filters are
used to control the receiver bandwidth when various bandwidths and detection modes are
selected.
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Table 3-1. Receiver IF Bandwidth Relationships

Selected Selected 10.7 MHz IF 455 kHz IF

Detection Mode Receiver Bandwidth Filter Bandwidth Filter Bandwidth

16 kHz 16 kHz 16 kHz

6 kHz 6 kHz 16 kHz

AM, FM, or CW 3.2 kHz 3.2 kHz 16 kHz

1.0 kHz 16 kHz 1.0 kHz

0.3 kHz 16 kHz 0.3 kHz
USB BANDWIDTHS 16 kHz USB (2.95 kHz)
LSB ARE FIXED IN 16 kHz LSB (2.95 kHz)

ISB THESE MODES 16 kHz USB + LSB

NOTE: The Input Converter Bandwidth is 16 kHz.

From the output of the 455 kHz filters, the signal flow and circuit operation are
controlled by the Detection Mode switches, whose functions are summarized in Table 3-2. For
all detection modes, a filtered 455 kHz signal is sent to the 455 kHz Amplifier/AM Detector. In
all detection modes the AM detector output is processed by the AGC and used for Signal
Strength Meter voltage and, in AGC mode, used for RF and IF gain control.

In the AM mode, the AM detector supplies AM audio through part of the Audio
Amplifier (to the Phone Level Control) and the Line Audio Level control on the rear panel.

In the FM mode, the limiter and discriminator portion of the FM/CW/SSB Detector
energizes and receives an amplified 455 kHz signal from the 455 kHz Amplifier. FM audio then
passes through the Audio Amplifier, as well as the Phone Level and Line Audio Level controls.

In the CW mode, and optional USB and LSB modes, the BFO and the product
detector portion of the FM/CW/SSB Detector are enabled and use the amplified 455 kHz signal
as indicated in Figure 3-2. The product detector audio output passes through the Audio
Amplifier to the phone level and line audio level controls.

In the optional ISB mode, the circuits described above operate the same as for the
USB mode. In addition, the LSB signal is fed to the ISB Detector and Audio which duplicates
portions of the 455 kHz amplifier, product detector, AGC, and audio amplifier circuits. LSB
audio is applied to the ISB audio level control and one section of the phone level control. The
other section of the phone level control is still supplied with USB audio. As a result, the
PHONES jack on the front panel, which is a three-conductor type, will have both USB and LSB
audio available in the ISB mode if suitable headphones (i.e., 600 Q, "stereo" type) are used. For
all other detection modes the Phone Audio will be available at the PHONES jack.
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Table 3-2. Detection Mode Output Signal Relationships

DETECTION CW DET LINE AUDIO ISB AUDIO

MODE AM DET FM DET & BFO SIGNAL SIGNAL
AM ON OFF OFF AM OFF
FM ON ON OFF FM OFF
CW ON OFF ON CW OFF
USB ON OFF ON USB OFF
LSB ON OFF ON LSB OFF
ISB ON OFF ON USB LSB

3.2.2 TYPE 791616 RF FILTER (A2)

The first module in the receiver's signal path is a 15-pole, low-pass RF Filter,
whose schematic is shown in Figure 6-1. It restricts the signals entering the receiver to the
intended frequency band of 5 kHz to 30 MHz. Over this frequency range, its attenuation is less
than 1 dB, rising slightly at the ends of the range. Above 30 MHz, the attenuation increases
rapidly. This stopband attenuation determines the image rejection and the conducted LO
leakage of the receiver. Without this attenuation, the receiver would have full sensitivity to
signals in the image frequency band between 85.8 MHz and 115.8 MHz. Also, the 1st LO, which
tunes from 42.9 MHz to 72.9 MHz would have an easy path from the 1st Mixer, which follows
the RF Filter, to the RF IN connector where it could become an RFI source. However, over
both of these frequency bands, the filter attenuation is greater than 80 dB. The RF Filter also
protects the rest of the receiver from damage due to excessive signal levels in the filter
passband. Diodes CR1, CR2, VR1, and VR2 conduct when signals greater than +15 dBm enter
the RF IN connector, shunting the excessive energy away from the receiver. Resistor Rl
provides a de path to discharge any static electric charge which might exist at the RF input.

The values of inductors and capacitors are critical to the filter performance and
close tolerance parts are used. Care must be taken if it becomes necessary to open the RF
Filter enclosure since the physical orientation of the parts, particularly the inductors, affect
both its passband and stopband response.

3.2.3 TYPE 791592 INPUT CONVERTER (A3)

All signals entering the Input Converter from the RF Filter are converted up in
frequency and filtered. Signals passed by the 1st IF Filter are amplified and converted down in
frequency to 10.7 MHz. Here they are further amplified and filtered. The overall net gain of
the Input Converter is roughly +12 dB when zero gain control current is applied. The schematic
diagram of the Input Converter is shown in Figure 6-2.

Signals reaching the 1st Mixer, A1Ul, may be any frequency from 5 kHz up to
slightly above 30 MHz and any level from the noise floor to +30 dBm. In general, many signals
will be present covering a wide range of levels. The role of the 1st Mixer is to handle these in
such a way that the balance of the receiver can select the desired signal and reject all others.
To accomplish this, a high level mixer is used and relatively high (+20 dBm) local oscillator
power is applied. The conversion loss of the 1st Mixer is approximately 6 dB. Therefore, the
1st Mixer is followed by an amplifier to restore the signals to their original levels. This
amplifier uses a grounded gate FET, Al1Q2, to obtain a low noise figure, a good terminating
impedance for the mixer, and a large signal handling ability. To set the operating point of
AlQ2, a constant current source, AlQ1l and its associated circuitry, is used. Due to the
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3.2.2a TYPE 791616 RF INPUT FILTER (A2)

Within this assembly is a Type 280093 P C board which contains the circuitry
of the RF input filter. The schematic diagram for this circuit is Figure 6-3a. The circuit
is a 10-pole, elliptic function low-pass RF filter, with an insertion loss of less than L. 5 dB
over the normal input range of 0.5 to 30 MHz. Above 30 MHz, the attenuation increases
rapidly. This attenuation improves the image rejection and reduces the conducted LO leak-
age of the receiver. Over the range of LO and image frequencies, the attenuation of the in-
put filter exceeds 80 dB. Resistor Rl provides a dc path to ground to bleed off any accumu-
lated static charge at the RF input. Diodes CRI through CR4 use the Zener breakdown po-
tential to protect the rest of the receiver from input signals in excess of +15 dBm. CIl2 and
L6 provide a high frequency trap to prevent radiation of harmonics of the Ist LO. The no-
minal input impedance of the filter is SOS.
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variation between FET's, the effects of temperature, and other conditions of the circuit, the de
voltage at the collector of A1Q1 and the source of A1Q2 may range from about 0.5 V to greater
than 3 V.

The output load for A1Q2 is transformer A1T1 which is broadly tuned by A1C3 to
ensure a proper driving impedance for the 1st IF crystal filter A1FL1. This filter requires a
50 Q source and load and has a center frequency of 42.905 MHz and a 3 dB bandwidth of 28 kHz.
The primary function of A1FL1 is to reject unwanted signals which are passed by the RF Filter
and 1st Mixer and to establish the initial IF bandpass.

Signals passed by AlFLl1 are coupled to a second amplifier, A2Q2, through a
coupling network consisting of L1 and A2C11. This amplifier is very similar to A1Q2 and has a
similar constant current source biasing it. Its output circuit is also a broadly tuned
transformer, but is shunted by gain control diode A2CR2. As the current through the diode
increases, its RF impedance decreases and the net gain of A2Q2 is decreased. Current to
A2CR?2 is supplied by the RF Gain portion of the AGC, A4A6. As the current varies from zero
to maximum, there is approximately 30 dB of gain reduction.

The output signal of A2Q2 is down converted by the 2nd Mixer, A2Ul. The 2nd LO
signal enters the Input Converter via A2J1 at a level of approximately 0 dBm. Common emitter
amplifiers, A2Q5 and A2Q6, provide enough gain to bring the 2nd LO signal to a nominal level
of +17 dBm. Each of these stages is broadly tuned transformer-coupled and each has some
unbypassed emitter resistance to preserve a relatively low harmonic content in the 2nd LO
signal.

The 2nd Mixer is followed by a bipolar cascode amplifier. It consists of common
emitter stage A2Q4 and common base stage A2Q3. These provide relatively high gain with good
stability and low noise contribution. Transformer A2T2 couples the output of A2Q3 to crystal
filter A2FL1. This filter has a center frequency of 10.7 MHz, a bandwidth of 16 kHz, and
requires 50 Q terminations.

The received signal frequency which corresponds to the center of the 2nd IF at
exactly 10.7 MHz depends on the frequencies of both the 1st and 2nd LO's. The control of these
two oscillators is described in the Synthesizer Section 3.3.

3.2.4 TYPE 791569 IF MOTHERBOARD (A4)

The schematic diagram of the IF Motherboard can be found on the main chassis
schematic diagram, Figure 6-22. The IF Motherboard has 11 positions for plug-in circuit cards.
With the ISB option installed, a total of 10 positions are used and the eleventh is a spare.

3.2.5 TYPE 791594 10.7 MHz FILTER SWITCH (A4A1)

The 10.7 MHz Filter Switch has two basic functions: it selects one of three signal
paths as part of the overall receiver bandwidth determining scheme and it provides additional IF
amplification. The schematie diagram of this module is shown in Figure 6-3.

All six transistors, Q1 through Q6, act as switches and amplifiers. Only two will be
on at a time. When Q1 and Q2 are biased on, the 3.2 kHz crystal filter FL1 is engaged,
restricting the receiver bandwidth to that value. When Q3 and Q4 are on, FL2 is active, giving
the receiver a 6.0 kHz bandwidth. The path through Q5 and Q6 is quite broad, so when they are
selected, the receiver bandwidth through at least the 2nd IF is controlled by the Input
Converter at 16 kHz. The pair of transistors switched on is determined by the voltage on the
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3. 2. 5a TYPE 791594 10.7 MHz FILTER SWITCH (A4Al) (REVISION E)

The schematic diagram for this circuit board is Figure 6-3a. The 10.7 MHz
Filter Switch receives the 10.7 MHz IF signal output from the Input Converter, A3. A
block diagram of the IF section is shown in Figure 3-2. At this point, the IF bandwidth has
been set at 16 kHz by a filter in the Input Converter. The 10.7 MHz Filter Switch contains
bandpass filters of 6 kHz and 3.2 kHz bandwidth. The purpose of this circuit is to route
the IF signal through one of these filters, or through a wideband path which allows the full
16 kHz bandwidth to pass. The selection of the filter path is made by application of a logic
high level to one of the three control terminals.

In any IF bandwidth, a logic high is applied to one of three control lines from the
I/0 motherboard, at pin 15, 17, or 19. These lines are connected to the non-inverting in-
puts of UlA, UIB, and U2A. The inverting inputs are held at approximately 0.8 V by voltage
divider R52-R53. The output voltage of the selected op-amp swings positive, turning on
one pair of common-emitter IF amplifier stages. For example, if UlA is selected, Ql
and Q4 are turned on.

The 10,7 MHz IF signal is input at pin 13 and coupled through CI to the base
circuits of Ql, Q2, and Q3. If Ql is on, the signal is amplified and coupled to FL1. This
filter has a 50 € input impedance and a 3 dB bandwidth of 3.2 kHz. The filtered IF signal
is applied to amplifier Q4 through level-adjust potentiometer R26. The amplified IF signal
is output at pin 57. If 6 kHz bandwidth is selected, the IF signal is routed through Q2, FL2,
and Q5. If any other bandwidth is selected, the IF signal is routed through Q3, attenuator
R22, R23, R24, and Q6. The gain of the three signal paths is equalized by R26, R28, and
R30 to approximately 14 dB. The circuit has nominal input and output impedances of 50%.
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three control lines: pins 15, 17, and 19 of this module. Zero volts turns off a signal path while
+5 V turns it on. The source of these control voltages will be discussed in the Digital Control
Section 3.4.

A signal entering this module from the Input Converter will pass through a reactive
impedance transformer consisting of C31 and L2 which provides the required 50 Q@ termination
for the output filter of the Input Converter. The signal is applied in parallel to the inputs of
Q1, Q3, and Q5. If Q1 or Q3 is on, the signal will be amplified and transformer coupled to the
corresponding crystal filter. If Q5 is on, the signal is amplified but not filtered. Potentiom-
eters R7, R22, and R39 serve to equalize the gain (approximately 14 dB) of the three signal
paths. The signal passes through the corresponding output transistor, Q2, Q4, or Q6, whose
output feeds another reactive impedance transformer consisting of L.3 and C32.

In normal operation, one pair of transistors is always on. The transistors with +5 V
applied to their control gate (pin 2) will conduct, causing approximately 2 V drop across R34 and
R45 which serves to cut off the transistors with zero pin 2 voltage. In the event that no
bandwidth selection is made, all three control voltages will be zero and some signal may leak
through these paths, but the receiver will appear dead due to further switching which occurs in
the 3rd IF.

3.2.6 TYPE 71430 10.7 MHz/455 kHz CONVERTER (A4A2)

The schematic diagram for this converter is shown in Figure 6-4. The 3rd Mixer
converts signals from 10.7 MHz to 455 kHz. The 3rd LO signal is input at the fixed frequency
of 11.155 MHz and a level of approximately -6 dBm, and is amplified by transistor Q1 and its
associated circuitry to roughly +7 dBm before entering the mixer. The amplifier operates as a
common emitter stage with some unbypassed emitter resistance to stabilize its gain and reduce
distortion. The pi-network, C7-L2-C8, serves as an impedance transformer and low-pass filter,
further reducing distortion of the LO signal.

Low-pass filter C9, L3, C10, L4, and C11 filters out undesired components above
500 kHz from the mixer output and mateches impedances between the mixer and the following
circuits. The sideband structure of the 455 kHz signal is a replica of those which entered the
receiver at the RF IN connector. This is not true of the 1st and 2nd IF signals. When a mixer
generates an IF frequency which is the difference between an input signal frequency and local
oscillator of higher frequency than the input signal, the output has a sideband spectrum which is
reversed from the input. Therefore, if a single sideband signal is received which is transmitted
as upper sideband, upon reaching the 1st IF the signal would appear to be a lower sideband one.
In the 2nd Mixer, the LO is below that mixer input frequency, no additional spectral reversal
occurs and the 2nd IF signal would also appear to be a lower sideband one. Finally, in the 3rd
Mixer, another spectral reversal occurs and the signal again appears as an upper sideband one.
This matters primarily when troubleshooting by injecting IF test signals. When a signal is
injected into the 1st or 2nd IF, if its frequency is increased, the frequency of the 3rd IF signal
will appear to decrease. Remember, however, there is no apparent reversal from the RF input
to the 3rd IF.

3.2.7 TYPE 791595 455 kHz FILTER SWITCH (A4A3)

The schematic diagram for this circuit is Figure 6-5. The 3rd IF signal from the
10.7 MHz/455 kHz converter is fed in parallel to the 455 kHz Filter Switch, A4A3, the optional
USB Filter Switch, A4A4, and the optional ISB/USB Filter Switch A4A5. The USB Filter Switch
and ISB/LSB Filter Switch have relatively high input and output impedances. Therefore, there
is no change in the operation of the 455 kHz Filter Switch if the options are not installed.
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The 455 kHz Filter Switch is similar in function to the 10.7 MHz Filter Switch.
Both contain three possible signal paths, two with crystal filters and one with broad bandwidth.
There are, however, several important differences between the two filter switches. The
455 kHz bandwidth is 0.3 kHz when Q1 and Q2 are activated, and 1 kHz when Q3 and Q4 are
activated. When Q5 and Q6 are activated the broad bandwidth path is energized, thus allowing
the overall receiver bandwidth to be controlled by the 10.7 MHz Filter Switeh or the Input
Converter. In the 455 kHz Filter Switch it is possible for all paths to be off when the USB or
LSB filters are selected.

The input signal connects in parallel to Q1, Q3, and Q5. When Q1 is biased on, the
signal passes through Q1 and is fed through the 0.3 kHz crystal filter (FL1). The biasing of Q1
and Q2 is controlled by the voltage on pin 19. When this voltage is high (+5 V), the output of
U1D will be +12 V to +15 V, thus biasing Q1 and Q2. When this voltage is low (0 V), the output
of U1D will be -12 V to -15 V which will cause an approximate 1 V reverse bias to the bases of
Q1 and Q2, and thus they are turned off.

When the 1 kHz bandwidth is selected, module pin 17 is high, and UlA turns on Q3
and Q4. When the 3.2 kHz, 6 kHz, or 16 kHz bandwidths are selected, module pin 15 is high and
U1B turns on Q5 and Q6. When ISB, LSB, or USB are selected, all three control lines to this
card are low and all three signal paths are inhibited.

All transistors, Q1 through Q6, are operated as common emitter amplifiers with
unbypassed emitter resistors to control their gain. Through any of the three signal paths there
is a net voltage gain of approximately 9 dB from the input to the output of the module. OP
AMP section UlC is not used and is as shown in the schematic connected in an inoperative
condition.

3.2.8 TYPE 791596 USB FILTER SWITCH OPTION (A4A4)

The schematic diagram for this circuit description is shown in Figure 6-6. The USB
Filter Switch is connected in parallel with the 455 kHz Filter Switch at both the input and the
output. It functions like a single channel of the other Filter Switch modules previously
mentioned. The USB Filter passes signals between 455.25 kHz and 458.2 kHz and amplifies with
a net voltage gain of approximately 9 dB. Because the passband of the filter is offset above the
center of the 3rd IF, this filter passes only the upper sideband information when the receiver is
tuned to a signal's carrier frequency. This signal path is enabled when either the USB or ISB
detection mode is selected. The USB or ISB detection mode inhibits the operation of the
455 kHz Filter Switch.

The input signal is applied to Q1, which either amplifies it or blocks it depending on
the voltage on gate 2. The sources of Q1 and Q2 are both connected to a stable +1.5 V supplied
by diodes CR1 through CR3. When pins 49 or 51 are high, gate 2 of both transistors have
approximately +4.5 V applied, turning them on. When these control voltages are low (0 V), both
transistors are off. Potentiometer R11 is used to adjust the net gain of the signal path for
equalization with the gain of the 455 kHz Filter Switch.

3.2.9 TYPE 791597 ISB/LSB FILTER SWITCH OPTION (A4A5)
The schematic diagram for this circuit description is Figure 6-7. The ISB/LSB
Filter Switch conneets in parallel with the 455 kHz Filter Switch although the ISB/LSB Filter

Switech has an additional output. This output feeds into the ISB Detector/Audio module. The
LSB filter is offset below the center of the 3rd IF, passing signals between 451.8 kHz and
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3.2.8a TYPE 791596 USB FILTER SWITCH (A4A4) (REVISION G)

The schematic diagram for this circuit board is Figure 6-6a. The USB Filter
Switch connects into the 455 kHz IF signal path, in parallel with the 455 kHz Filter Switch.
A block diagram of the IF section is shown in Figure 3-2. When the receiver is operating
in either the USB mode or the ISB mode, the upper sideband modulation is passed in this
circuit and sent to the 455 kHz Amplifier/AM Detector (A4A7). The upper sideband filter
(FLl) has a bandpass extending from 455.25 kHz to 458. 2 kHz.

When either the USB or ISB detection mode is selected, a logic high is applied
to the non-inverting input of UlA. This causes its output voltage to swing to near +15 V.
The switching threshold (approximately 1. 6 V) is set by R17 and R18. The positive output
voltage supplies bias current to amplifiers Ql and Q2, turning them on. The 455 kHz IF
signal, with 16 kHz bandwidth, is amplified by QI and applied to the upper sideband filter,
FLl. The upper sideband is amplified by Q2 and output via pin 57. Potentiometer R23
provides gain adjustment for equalizing the USB signal level with the other filtered IF
signals. Resistors R7 and R8 provide impedance matching for the filter input and output,
respectively.

3.2.9a TYPE 791597 ISB/LSB FILTER SWITCH (A4A5) (REVISION E)

The schematic diagram for this circuit board is Figure 6-7a. The ISB/LSB

Filter Switch connects into the 455 kHz IF signal path, in parallel with the 455 kHz Filter
Switch. A block diagram of the IF section is shown in Figure 3-2. The circuit has two
signal outputs, one to the 455 kHz Amplifier/AM Detector (A4A7), and one to the ISB De-
tector and Audio (A4A8). When the receiver is operating in the LSB detection mode, the
lower sideband modulation is output to the 455 kHz Amplifier/AM Detector (A4A7). When
the receiver is in the ISB detection mode, the lower sideband modulation is output to the
ISB Detector and Audio board. The lower sideband filter (FLl) has a bandwidth extending
from 451. 8 kHz to 454. 75 kHz.
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When the LSB Detection mode is selected, a logic high is applied to the non
inverting input of UlA. This causes the output voltage to swing to near +15 V. The switch-
ing threshold (approximately 2.5 V) is set by R23 and R24. Diode CRI1 conducts, supplying
bias current through R15 to turn on IF amplifier Ql. Output amplifier Q2 is also biased on,
by current flow in R21 and R9. The 455 kHz IF signal, with 16 kHz bandwidth, is amplified
by Ql and applied to the lower sideband filter, FLI. The lower sideband is amplified by
Q2 and output via pin 57.

When ISB detection mode is selected, Ql is biased on by UIB and CR2, as pre-
viously described. Output amplifier Q3 is also biased on by current flow in R26 and R27.
The lower-sideband information is amplified by Q3 and output via pin 53. Notice that only
one output amplifier is operating in either mode. Potentiometer R32 allows gain adjust-
ment for equalizing the filtered IF signal levels. Resistor R8 provides input impedance
matching for the filter, and the output impedance is matched by R9 and R27.
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454.75 kHz. This corresponds to the lower sideband information of a signal whose carrier
frequency equals the receiver's dial frequency.

When the LSB detection mode is selected, the signal path through Q1, FL1, and Q2
is enabled and the LSB output flows to the same point as does the signal from the USB Filter
Switch or the 455 kHz Filter Switch. When the optional ISB detection mode is selected, the
enabled signal path consists of Q1, FL1, and Q3. In this case the LSB signal is sent instead to
the ISB detector. Therefore, in ISB operation the USB Filter Switch and LSB Filter Switch act
as active signal splitters. Both receive the same composite signal and filter it, sending the
selected information to their respective paths for amplification and demodulation. The
operation of the FET switch circuits is essentially identical to that described for the USB Filter
Switch. Potentiometer R11 equalizes the LSB signal gain (approximately 9 dB).

3.2.10 TYPE 72488 455 kHz AMPLIFIER/AM DETECTOR (A4A7)

The schematic diagram for this circuit description is Figure 6-9.  Although
received signals are amplified by most of the circuits in the receiver, the majority of the
amplification of weak signals takes place in the 455 kHz amplifier of A4A7. Following a two-
stage gain controlled amplifier, the input signal is split to provide three outputs: the IF sample
which operates the FM/CW/SSB Demodulator, the IF output for the rear panel, and the input to
the AM Detector. The AM Detector, which operates at a relatively high level for good
linearity, has its output directly coupled to the AGC module and the Audio Amplifier.

FET's Q1 and Q2 operate as common source amplifiers with their gains controlled
by a variable voltage applied to gate 2 of each transistor. Inductor L1 broadly tunes the output
of Q1 by cancelling any stray capacitance, but the network consisting of L2, C9, C10, C11, and
L3 forms a double-tuned bandpass filter of approximately 35 kHz bandwidth. This filter is
narrow enough to suppress any broadband noise contributed by earlier stages of the receiver,
but at the same time is wide enough not to restrict the receiver's bandwidth. Potentiometer R7
between the first and second amplifiers adjusts the maximum gain of the amplifiers and hence
of the whole receiver.

Transistor Q3 serves as a buffer between the 455 kHz amplifier and its three
outputs. For signals fed to the FM/CW/SSB Detector (pin 13), Q3 acts as an emitter-follower
stage. For the rear panel IF Output, Q3 feeds the signal to Q4, which acts as a power amplifier.
Transformer T1 supplies a 50 Q IF output to the rear panel, providing a nominal 20 mV IF output
for RF inputs greater than 3 uV. For the AM detector, Q3 and Q5 both act as common-emitter
amplifiers to raise the IF signal to a level of several volts which will permit the detector diode,
CR3, to perform linearly. Diodes CR4 and CR5 provide a de-bias to operate the AM Detector
and emitter-follower (Q6) above ground to establish the proper de level for the AGC circuit.
The low-pass filter of L7 and C28 suppresses any residual IF signal.

3.2.11 TYPE 78112 AGC (A4AB6)

The primary function of the AGC module is to generate control voltages which
adjust the amplification of signals passing through the receiver. When the Fast AGC or Slow
AGC gain mode is selected, this module attempts to adjust the receiver's amplification (gain) to
maintain a constant output from the AM Detector. If the desired signal entering the receiver
should fade in amplitude, the receiver gain would increase just enough to compensate for the
fade. When the Manual gain mode is selected, the receiver's gain is fixed at a level which
depends on the setting of the RF Gain potentiometer on the front panel. This module, as a
secondary function, provides voltage to operate the signal strength meter.
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The differences in decay times of Fast AGC and Slow AGC make them useful for
different kinds of signals. In the Fast AGC mode, the gain of the receiver adjusts about as
quickly for a rise in signal strength as it does for a fall in signal strength. The time taken to
respond to a rise is referred to as attack time, and the time taken for a fall is known as decay
time. The response to rising signals remains fast in the Slow AGC mode, but when the signal
strength falls the change in gain occurs much more slowly. For AM and FM signals, the total
power contained in the carrier and sidebands does not vary much with time at the transmitter.
With these types of signals, the main purpose of the AGC is to compensate for atmospheric
losses between transmitter and receiver. These changes may occur very slowly or as rapidly as
several rises and falls per second. For signals of this sort, the characteristics of the Fast AGC
mode will usually serve best. However, for pulsed signals such as telegraphy (Al emission) and
for SSB voice signals (A3J emission) there are rapid fluctuations in transmitted power with
recurring peaks. When this type of signal is received, it is usually desirable that the AGC have
a sort of memory for the peaks but still be able to respond quickly if there is an abrupt increase
in signal level. Hence, the fast attack and slow decay times of the Slow AGC will usually be
desired for these cases.

There will also be instances where it is desirable to fix the gain of the receiver at
some value to make critical comparisons of signal strength or to eliminate signals or noise
below a particular amplitude. For these cases, the Manual gain mode is useful. When using this
mode, it is desirable to adjust the RF GAIN control so that the signal strength meter reads at
the MAN SET line for the average signal to be monitored, to obtain the greatest latitude for
signal level change.

In the following discussions, it may be helpful to consider the simplified AGC
circuit Figure 3-3 and the schematic Figure 6-8. In the AGC module, the direct coupled output
of the AM detector is filtered by R5 and C3 to limit the speed of response of the Fast AGC. In
the Fast AGC Mode, Q7 is biased off, disconnecting C4, so Q1 operates simply as an emitter
follower. QT is biased on when Slow AGC is selected, grounding the negative end of C4. In this
case Q1 can charge C4 quickly if there is a rise in input from the AM Detector, but when the
input falls below its peak value Q1 is turned off by the charge stored in C4. Q1 continues to be
off until C4 is discharged by R3. This action gives the fast attack response and slow decay
response of the Slow AGC mode. Zener diode CR2 acts as a limiter to prevent short bursts of
signal from overcharging C4 (which might cut off the amplifiers for many seconds).

OP AMP U1lA acts as a buffer between C4 and the following circuits. A general-
purpose diversity AGC output is provided at pin 16. Transistor Q2 acts as a threshold detector,
blocking AGC action for weak signals. This is desirable to allow a maximum signal-to-noise
ratio to be obtained in all stages of the receiver before any gain reduction is permitted. The
base of Q2 is biased to approximately +0.2 V. If the emitter of Q2 is lower than about +0.8 V,
Q2 will be turned off and no AGC action can occur. When the output of UlA is greater than
+0.8 V, Q2 conducts and a gain control voltage appears across R13. When the Manual gain mode
is selected, Q3 and Q6 will be turned on and will clamp the voltage on R13 to ground, and +5 V
will be applied to the RF Gain potentiometer on the front panel. OP AMP U2B acts as an
inverting summing amplifier for the voltage at R13 (which will be zero in Manual gain mode)
and the voltage on the RF GAIN control (which will be zero in FAST or SLOW AGC modes).

The output of summing amplifier U2B is buffered by OP AMP U1D and fed to the
455 kHz amplifier on A4A7. Zero volts from UlD allows the 455 kHz amplifier to operate at
maximum gain while a negative output from U1lD causes the gain of the IF amp to be reduced.

A sample of the IF gain control voltage from U2B is also applied to RF AGC
threshold detector Q5. This threshold detector causes the gain reduction to occur only in the
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Figure 3-3. Simplified AGC Circuit

3rd IF amplifier, unless the signal at the RF input of the receiver and in the early stages of the
receiver is great enough to ensure a good signal-to-noise ratio even in the early stages. The
operation of the threshold detector is the same as that of Q2, except with polarities reversed to
allow for the inversion which occurs in U2B. The base of Q5 is biased around -2.7 V so the IF
gain control voltage must be more negative than -3.3 V for Q5 to conduet. When the ISB
Detector and Audio module (A4A8) is installed and energized (ISB mode only), a similar AGC
circuit in that module supplies a corresponding sample of its IF gain control voltage to Q4. This
allows the RF gain control to respond to either the USB component, amplified by A4A7, or the
LSB component, amplified by A4A8. This combined action is necessary to protect against
possible overload of the 1st and 2nd IF's which are common to both USB and LSB. Q4 duplicates
the operation of Q5. When the ISB module is not installed or not selected, Q4 does not conduct
and may be ignored.

As stated in the description of the Input Converter, the gain control in the 1st IF
amplifier is accomplished by varying the RF impedance of a diode that shunts the load circuit
of one stage. The impedance of this diode is approximately inversely proportional to the de
current through it. Therefore, to obtain a 6 dB gain reduction requires a certain current, an
additional 6 dB reduction requires doubling the current and another 6 dB reduction requires four
times the original current and so on. To achieve the desired relationship between AM Detector
output and RF gain reduction requires that the control diode current rise slowly at first, then
more rapidly as the received signal strength increases further (exponentially). This current/
voltage relationship is obtained through a shaping network comprised of U2D, R27, R28, CR5,
and R31. The actual current for the control diode is supplied by buffer U2A.
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The relationship between signal strength and the voltage out of UlA make this
voltage suitable for operation of the signal strength meter. In the-Manual gain mode, this
voltage is proportional to the RF input signal voltage. Its polarity is inverted by OP AMP U1C
and it is applied through R49 and front panel switches A10A1S1B and S2C to the meter. This
allows the receiver to act as a tuned voltmeter whose calibration depends on the setting of the
RF GAIN control.

In the AGC modes, the voltage out of UlA increases approximately linearly with
signal voltage up to the AGC threshold level of 3 uV (RF input). Above this level the UlA
output is compressed by AGC action to be nearly proportional to the logarithm of the RF input
voltage. By using a shaping network composed of R41, R50, R51, CR6, CR7, and CRS8 to
suitably compress the output of UlC at low signal levels, the signal strength meter is made to
be approximately linear in dB over a greater than 100 dB range. Resistors R50 and R51 control
the amount of compression and the exact fit of the meter scale with signal strength. If an
accurate source of variable signal level is available, these fixed resistors may be replaced with
variable ones which may be adjusted for best tracking of the meter. The variable resistors may
then be removed, measured and replaced with fixed resistors of the same value.

3.2.12 TYPE 791599 FM/CW/SSB DETECTOR (A4A9)

For FM reception, this module contains a limiter and discriminator. Power for
these circuits is supplied when the FM detection mode is selected. For CW or SSB reception,
there is a product detector which has its power applied when the CW, USB, LSB, or ISB
detection modes are selected. Also, when the product detector is energized, the BFO
Synthesizer is enabled and its output is applied to the product detector. The schematic diagram
for the following circuit discussion is Figure 6-11.

The IF output sample of approximately 10 mV from the 455 kHz amplifier of A4A7
is the input signal for this module. It is applied to both demodulators although only one is
actuated at a time. When FM is selected, the control input at pin 41 is high (+5 V) and Q2 and
Q1 are turned on. This applies approximately +9 V to limiter Ul. The input signal is amplified
and clipped by cascaded stages within Ul, so its output is free of any amplitude variations. The
extent to which the amplitude variations are removed contributes to the AM rejection of the
receiver when receiving FM. The output of the limiter drives the Foster-Seeley discriminator.
Diodes CR1 and CR2 rectify the composite signals fed to them by C7 and T1l. When the signal
from the limiter is at exactly 455 kHz, T1 is tuned so that equal and opposite voltages are
produced across load resistors R6 and R7, giving a net output of zero to buffer U3A. For inputs
slightly off 455 kHz, the voltages of R6 and R7 do not cancel causing a positive output for
inputs above 455 kHz and a negative for those below 455 kHz. (Note that these polarities are
reversed by U3C, so the output of the module will go negative when the signal frequency
increases.) Proper adjustment of L1 will make the output voltage vary linearly with input
frequency over =8 kHz from 455 kHz. At the output of U3A, a low-pass filter, L3 and Cl11,
reduces higher frequency noise components which are present in the discriminator output.

When the CW mode or any of the sideband modes is selected, the control input on
pin 43 is high (+5 V). This turns on Q4 and Q3, applying +9 V to balanced modulator U2. The
BFO is also applied to U2 (approximately a 40 mV level). This allows U2 to act as the 4th mixer
in the signal path as described in the Synthesizer Relationships section. Its action may be
considered to down-convert IF signals to the audio frequency range. For sideband signals,
proper tuning of the receiver places the center of the IF signal at the frequency corresponding
to the carrier frequency of the received signal. This causes the audio components out of U2 to
reconstruct those of the original signal transmitted. For CW signals, the BFO is offset from the
signal either by use of the BFO offset control on the front panel or by shifting the tuned
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frequency slightly. Either method will cause an audible tone at the audio output when a signal
is present. When the narrowest IF bandwidth is used, however, the receiver tuning may only be
offset a small amount without foreing the signal out of the passband, so the BFO offset must be
used to produce a tone in the middle of the audio range where hearing is most acute.

The output of U2 goes through low-pass filter L2 and C17, which reject higher
frequency noise components, to buffer U3B. OP AMP U3C acts as a summing amplifier for the
outputs of the FM discriminator or product detector when either is present. It gives different
amplifications to these two signals to bring them up to approximately equal levels. The audio
output of this module goes to both the Audio Amplifier and the FM Audio terminal of TB2 on
the rear of the receiver.

3.2.13 TYPE 7459 AUDIO AMPLIFIER (A4A10)

The Audio Amplifier combines the audio outputs of the AM detector and
FM/CW/SSB Detector and feeds them to the LINE AUDIO LEVEL control on the rear panel and
the PHONE LEVEL control on the front panel. The signal returned from the wiper of the LINE
AUDIO LEVEL potentiometer drives the line audio amplifier. The signal returned from the
PHONE LEVEL control drives the auxiliary phone amplifier which feeds the PHONE AUDIO
terminals on TB1. A rectifier which samples the output of the line audio amplifiers supplies de
to operate the front panel meter in the LINE AUDIO setting.

When the AM detection mode is selected, the control input to pin 47 is high (+5 V).
The output of UlA is roughly +14 V, which reverse biases CR1. The gate of FET Q1 will then
assume the same potential as its source and Q1 will be on, acting as a closed switch for AM
audio. Both demodulators of the FM/CW/SSB Detector will be off so the output of U1D will be
AM audio only. When any other detection mode is selected, the control input to pin 47 will be
low (0 V) and the output of UlA will be approximately -14 V. This will tend to forward bias
CR1 and will cause gate of Q1 to be similarly negative, cutting off all signal flow through Q1.
The audio signal from the FM/CW/SSB Detector will appear at the output of UlD.

The signal into line audio amplifier U2 is the output of UlD attenuated by the LINE
AUDIO LEVEL control, R1, on the rear panel. The two sections of U2 act as a push-pull bridge
amplifier, driving output transformer T2 located on the inside of the rear panel. To permit
maximum power output, the amplifier uses the full voltage of the positive power supply
rectifier which will be approximately +22 V at normal line voltage. The power supply to U2 is
separately filtered by the circuit of Q2, CR4, R28, and C20. A circuit within U2 provides a bias
voltage at pin 1 which is equal to one-half the supply voltage. This is connected to the non-
inverting inputs of both amplifier sections of U2. Both amplifiers use unity feedback at de, that
is, the only dec path to the inverting inputs is from the outputs, so there is very little dec
difference between their outputs at pins 2 and 13.

The input signal is applied to the non-inverting input of U2B, pin 9. Although pins 6
and 9 are at the same dec potential, pin 6 is bypassed so no ac signal appears there. The
operation of amplifier U2B will be clear if pin 7, the inverting input of U2A, is considered to be
at ac ground. With this assumption, U2B simply appears as a non-inverting amplifier with a
closed-loop ac gain of 50. Its ac gain is determined by the ratio of feedback resistors R20 and
R19. On the other hand, U2A may then be viewed as an inverting amplifier with an ac gain of
nearly one. Its input is the full output of U2B and its gain is determined by R20 and R19 acting
as input resistors and R21 as feedback resistor. As with inverting OP AMPs, extremely little
signal voltage appears at the amplifier inverting input terminal, thus satisfying the assumption
made to explain the behavior of U2B. The net gain of the combined amplifier is 100
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and its outputs are balanced with respect to ground. Due to the high current U2 can pass, it is
grounded separately from the other circuits on the Audio Amplifier module to prevent ground
current coupling which might lead to instability and parasitic oscillations.

The output signal of U2A is rectified and filtered to indicate LINE AUDIO level on
the front panel meter. The rectifier is a voltage doubler consisting of CR2, CR3, C12, and C13.
It responds to peak-to-peak input voltage and is calibrated by resistors R22, R23, and R24 to
indicate the RMS value of a sine-wave at the LINE AUDIO terminals of TB1 on the rear panel.
Its calibration is therefore most accurate for sine-wave voltages.

The auxiliary phone amplifier UlB and U1C is a low power bridge amplifier and is
therefore similar to U2. It operates from both +15 V and -15 V supplies and has its inputs
biased at ground. Comparing its circuit with that of U2 it should be apparent that it also uses
unity de feedback and has a closed loop gain of 100 for ac signals. Its output current capability
is much lower than U2, so it can only supply slightly over 100 mW compared to over 2 Watts
from U2.

If it should be desired to control the Line Audio level from the front panel, it is
possible with a simple modification to the IF Motherboard. If the lead from J1 pin 14 at the
rear end of the IF Motherboard to XA10 pin 17 is disconnected, and XA10 pin 17 is connected to
XA10 pin 19, the LINE AUDIO level will be controlled by the PHONE LEVEL control on the
front panel. In some receivers this will require cutting the printed circuit track from J1 to
X A10. If this must be done, use a sharp knife and some care to see that a small gap is made all
the way through the copper track.

3.2.14 TYPE 791598 ISB DETECTOR/AUDIO OPTION (A4A8)

The schematic diagram for this circuit description is Figure 6-10. For ISB
operation, two independent single sideband signals must be demodulated. Since they share the
same carrier frequency, they may be processed together up to a certain point. In this receiver,
ISB is handled as a single composite signal through the 3rd Mixer. At that point it is split, the
USB component being filtered and passed through the main signal path, the LSB component
filtered and separately amplified and demodulated by the ISB Detector and Audio module.

The ISB Detector and Audio module is therefore a combination of circuits from
other modules previously discussed. There is a 455 kHz amplifier similar to part of A4A7, a
product detector similar to that on A4A9, an AGC circuit like part of A4A6, and an ISB line
audio amplifier similar to the auxiliary phone amplifier on A4A10. A sample of the AGC
voltage developed in this module is sent to the main AGC module to produce a combined RF
AGC. If this module is not installed in the receiver, operation in any mode except ISB will not
be affected.

Common source FET amplifiers Q1 and Q2 have variable gain depending on their
gate 2 voltage. This voltage is derived from the module's AGC section. Potentiometer R8 is
used to set the maximum gain of the amplifier to give the same input level to balanced
modulator Ul as is received by A4A9U2 at low signal levels. To adjust maximum gain, tune to
an AM signal of about a 1 uV level and set R8 so that equal USB and LSB outputs appear at the
front panel PHONES jack.

Balanced modulator Ul uses the BFO to act as a 4th Mixer and converts the LSB

signal to audio. When the ISB mode is selected, +5 V is applied to pin 49 and U2A switches on,
supplying power to Ul. Its output is low-pass filtered and then amplified by U3A. The output
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Figure 3-4. Frequency Synthesizers Functional Relationship
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of U3A splits three ways. It leaves the module to go to the front panel which provides LSB
phone audio in the ISB mode. It also feeds the ISB Line Audio amplifier through level control
R36, and drives the AGC circuit.

The AGC is a simplified form of the one on A4A6. It always acts in the Slow AGC
mode. Peak detector Q4 charges C19, which discharges through R52. Buffer U2D drives AGC
threshold detector Q3. The output of Q3 is amplified by U3D to supply the IF AGC to
amplifiers Q1 and Q2 via buffer U3C, and the sample to the RF AGC circuit on A4A6. When
the ISB mode is selected, Q5 is turned off by the positive output from U2A. No meter outputs
are supplied by this module.

The ISB Line Audio amplifier (U2B and U2C) is identical, except for component
values, to the auxiliary phone amplifier on A4A10.

3.3 SYNTHESIZER SECTION

3.3.1 SYNTHESIZER RELATIONSHIPS

Figure 3-4 shows the relationship of the synthesizers to the receiver signal
processing. Together, three synthesizers translate all RF input signals to 455 kHz. Other
stages of the receiver then demodulate this 455 kHz IF. If the receiver operates in the CW or a
sideband mode, a fourth synthesizer signal beats with the 455 kHz IF to produce an audio
output. The tuning process involves the 1st and 2nd LO; the 3rd LO is fixed at 11.155 MHz and
the BFO varies *8.9 kHz from 455 kHz.

The 1st LO tunes from 42.91 MHz to 72.90 MHz, in 10 kHz steps. This range
corresponds to an RF input range of 00.00000 MHz to 29.99999 MHz. Each 10 kHz step of the
1st LO causes a different 10 kHz section of the RF spectrum to be converted to the center of
the 1st IF range (42.90 MHz to 42.91 MHz) by taking the difference products from the 1st
Mixer. A filter follows the 1st mixer which passes signals in this 10 kHz range, plus their
sidebands which extend approximately 9 kHz beyond each end of this range, for a total
bandwidth of 28 kHz.

The 2nd LO tunes from 32.21000 MHz to 32.20001 MHz, in 10 Hz steps. This range
allows conversion of any signal in the 1st IF range to the center frequency of the 2nd IF
(10.7 MHz), by the 2nd Mixer. A 16 kHz bandpass filter follows the 2nd Mixer to set the
receiver's maximum IF bandwidth. As the receiver is tuned upward, the 2nd LO tunes downward
across its entire range, then returns to its starting frequency as the 1st LO steps up to its next
increment. This interlocking sweep action allows any 10 Hz increment of the RF range to be
converted to the center of the 10.7 MHz 2nd IF passband.

The 3rd LO provides an 11.15500 MHz signal to the 3rd Mixer. Signals centered on
10.7 MHz output from the 2nd Mixer mix with the signal from the 3rd LO to produce signals
centered at 455 kHz. The output from the 3rd Mixer passes through another bandpass filter
either to be demodulated by other stages in the receiver or mixed with the BFO output for CW
or Sideband detection.

The BFO Synthesizer produces a signal ranging from 446.1 kHz to 463.9 kHz. This
range centers about 455 kHz (+8.9 kHz) and beats with the 455 kHz signal from the 3rd Mixer to
produce an audio output.

All four synthesizer circuits are synchronized by a common Time Base. Reference

frequencies of 1 MHz, 50 kHz, 40 kHz, 10 kHz, and 1 kHz are supplied from a 2 MHz tem-
perature compensated crystal oscillator (TCXO).
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Table 3-3 provides an example of frequency translation from the RF input to the
output of the 3rd Mixer. This translation begins with an RF input signal of 00.00000 MHz
(column A) and ends with a signal centered at 455 kHz. Columns B and C are tabulated for
input frequencies of 00.00500 and 00.01999 MHz, respectively. In column C, notice that the 1st
LO has stepped up to its second increment (42.92 MHz).

Table 3-3. 1st and 2nd LO Tuning Increments

A B C
RF INPUT (0.00000 MHz) (0.00500 MHz) (0.01999 MHz)
1st 1st LO 42.91000 42.91000 42.92000
MIXER RF INPUT -00.00000 -00.00500 -00.01999
1st IF 42.91000 42.90500 42.90001
2nd 1st IF 42.91000 42.90500 42.90001
MIXER 2nd LO -32.21000 -32.20500 -32.20001
2nd IF 10.70000 10.70000 10.70000
3rd 3rd LO 11.15500
MIXER 2nd IF -10.70000
3rd IF 0.45500
4th 3rd IF 0.455 AM or FM
MIXER BFO -0.455 +8.9 kHz DEMODULATOR
AUDIO +8.9 kHz

The 2nd Mixer translates the signals in the 1st IF range to the 2nd IF frequency of
10.7 MHz. The 9.99 kHz range of the 2nd LO works with the increment sizes of the 1st LO to
provide a translation of all 1st IF signals to 10.7 MHz. The corresponding 2nd LO frequencies
are shown in Table 3-3 along with the resultant 2nd IF of 10.7 MHz. To determine the 1st LO
and 2nd LO frequencies corresponding to a received RF frequency, refer to the examples in
Table 3-4.

The 3rd Mixer converts the 10.7 MHz 2nd IF to 455 kHz. A fixed 3rd LO frequency
of 11.15500 MHz provides the necessary difference frequency for this conversion. The 3rd IF
resultant is shown only in column B. Demodulation of the 3rd IF takes place either in the 4th
Mixer (product detector) or in the AM or FM demodulation stages of the receiver.

In CW detection mode, the product detector combines the 455 kHz signal from the
3rd Mixer with the 455 +8.9 kHz variable BFO signal. The resultant signal is an audible tone for
monitoring. For single sideband demodulation, the BFO signal is fixed at 455 kHz, and is mixed
with the filtered 3rd IF sideband to produce an audio signal.

3.3.2 PHASE LOCK LOOPS
3.3.2.1 General
The phase lock loop is the method used in this receiver to provide accurate

numerical control of the local oscillator frequencies. This technique allows the oscillators to be
controlled by any appropriate source of BCD digital data, including remote control sources.
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TABLE 3-4
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Table 3-4. 1st and 2nd LO Frequencies Versus Tuned Frequency

To Obtain 1st and 2nd LO Frequencies for Any Tuned Frequency
Example Frequency 15.75635 MHz
TO OBTAIN TO OBTAIN
1st LO 2nd LO
FREQUENCY FREQUENCY
Use 4 Most Significant Use 3 Least Significant
Digits From Readout Digits From Readout
15.75000 00.00635
Add 42.91 to these Digits Subtract them from 32.21000
Add 15.75 Subtract 32.21000
42.91 .00635
58.66 = Frequency 32.20365 = Frequency
1st LO 2nd LO

The basic phase lock loop is composed of four circuits: a phase detector, a low-pass filter
(sometimes called a lead-lag filter, integrator, or loop filter), a voltage-controlled oscillator
(VCO), and a frequency divider (counter). A basic phase lock loop configuration is shown in
Figure 3-5. Depending on the application, the frequency divider circuit may be fixed (to divide
by a certain number), or may be programmable to divide by any number in a specific range (20
to 29, for example). The frequency divider may consist of several counters cascaded together,
to provide division by a large number. The operation of the basic phase lock loop requires a
stable fixed frequency source, to be used as the reference frequency. This receiver contains a
temperature-compensated crystal oscillator (TCXO) to provide the basic reference frequency,
and may also be operated using an externally supplied 1 MHz reference signal. Both fixed and
programmable loops are discussed in the following paragraphs.

VOLTAGE oOuUTPUT
CONTROLLED Eveon
0SCILLATOR veouN [ Frer)

REFERENCE
FREQUENCY Fref

PHASE
DETECTOR

DIVIDER
=N

Figure 3-5. Basic Phase Lock Loop Configuration
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3.3.2.2 Basic Phase Lock Loop

The basic phase lock loop technique compares the frequency and phase of an
incoming reference signal to the output of the voltage controlled oscillator (VCOQ). If the two
signals differ in frequency and/or phase, an error voltage is generated by ‘the phase
detector/filter and applied to the VCO, causing it to correct in the direction required for
decreasing the frequency/phase difference. The phase detector produces output pulses which
are related to the frequency/phase difference. The filter circuit averages (integrates) these
pulses into a proportional error correction voltage. This voltage is applied to control the
capacitance of a varicap diode in the VCO circuit, and thus tune the VCO toward the correct
frequency. The correction procedure continues until lock is achieved, after which the VCO will
track the incoming reference signal.

Dividing a VCO output by two before applying it to the phase detector results in an
error voltage that drives the VCO to twice the reference frequency. A divide-by-3 action
results in an error voltage that drives the VCO to three times the reference frequency. Thus,
the reference frequency is always multiplied by the divider ratio to give the VCO output
frequency. From this, the following relationship can be given:

Fveo = N (Fref)

An example of the basic phase lock loop technique, using numbers, will provide an
understanding of its actual operation. Referring to Figure 3-6, the desired frequency is
obtained by programming the variable divider through selectable inputs. Assuming the VCO is
locked at the desired frequency of 25 MHz, this signal enters the input of the (in this case)
divide-by-25 counter (divider). The counter emits a pulse at its output each time 25 pulses
enter its input. Therefore, the 25 MHz input results in an output of 1 MHz. This 1 MHz signal
is compared to the reference frequency of 1 MHz, indicating a locked situation. If the divider's
output had been less than 1 MHz, the phase detector would have produced pulses to drive the
VCO to a higher frequency. Similarly, if the divider's output had been greater than 1 MHz, the
VCO would have been driven to a lower frequency. An important concept to be noted here is
that the phase lock loop's output frequency is dependent upon the selectable inputs of the
variable divider. :

_ —— VOLTAGE
| MHz FILTER CONTROLLED '—f—>25 MHz
DETECTOR OSCILLATOR
DIVIDER 25 MH:z
=N

2 5 (MHz)

Figure 3-6. Programmable Phase Lock Loop
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3.3.2.3 Phase Lock Loop Prescaling Technique

A variation of the basic phase lock loop, shown in Figure 3-7, is utilized in the 1st
and 2nd LO Synthesizers. The divider portion consists of a two modulus prescaler and two
programmable counters. The two-modulus (divider) prescaler accepts the output from the VCO
and divides it by one of two numbers (P or P+1). The prescaler in the 1st LO is a divide-by-
50/51 counter and the 2nd LO prescaler is a divide-by-100/101 counter. The swallow counter
controls the number of times the prescaler divides by P+1. The programmable counter counts
the number of pulses from the prescaler. Totally, these three components provide for coarse
(N) and fine (A) tuning of the VCO.

REFERENCE PHASE VCO @ F?\lIJcT(-)P'UT
;BeEfQUENCY DETECTOR (NP+A)(Fref)

2 MODULUS
— PRESCALER

P, P+l ‘T

PROGRAMMABLE SWALLOW
COUNTER le—®+>{ COUNTER
+N —A

Figure 3-7. Two-Modulus Prescaling in the Phase Lock Loop

In operation, the prescaler divides by P+1, A times. For every P+1 pulse from the
prescaler, both the swallow counter and programmable counter are decremented by 1. The
prescaler divides by P+1 until the swallow <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>