WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

SECTION IIf
CIRCUIT DESCRIPTION

3.1 GENERAL

This section describes the various circuits of the WJ-8718 Series HF Receiver. A
brief overall description of the four functional sections of the receiver is followed by a module
level functional deseription. An overall functional block diagram is included to show funectional
signal flow through the receiver. The receiver functional description is followed by detailed
circuit-level descriptions of each receiver module. The circuit descriptions are arranged in
numerical order to facilitate ease of location.

The WJ-8718 Series Receiver, shown in Figure 3-1, is a triple-conversation, 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, CW, ISB, LSB

and USB. 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 +15 V, +12 V (WJ-8718A/8718-9 only), and +5 V.

3.2 OVERALL RECEIVER DESCRIPTION

The receiver is divided into four functional sections: receiver, synthesizer, digital
control and power supply. Refer to Figure 3-1, Receiver Overall Block Diagram, as an aid in
understanding the Overall Receiver Description.

3.2.1 RECEIVER SECTION

Signals enter the receiver via the RF input connector on the rear panel. The RF
Filter (A2) limits the input frequencies to a range of 5 kHz to 30 MHz. These signals are passed
to the Input Converter (A3) where the receiver tuned frequeney band is mixed with the 1st and

" 2nd LO signals and converted to the 10.7 MHz 2nd IF. The IF bandwidth at this point is fixed at

16 kHz by the Input Converter. The 10.7 MHz IF is applied to the IF section (A4) where it is
mixed with the 3rd LO and converted to the 3rd IF, 455 kHz. The IF bandwidth within A4 is
selectable from the front panel. In the AM, FM or CW modes, the IF bandwidth is selected
from 0.3, 1.0, 3.2, 6 or 16 kHz. In the USB, LSB and ISB modes, the 455 kHz IF is automatically
fixed at 2.95 kHz. The 455 kHz IF is demodulated in the AM, FM, Cw, USB, LSB or ISB
detection mode as selected via the front panel. Audio from the selected mode is applied
through output transformer T2 which is applied to the LINE AUDIO output connector on the
rear panel. In the ISB detection mode, the detected USB audio is applied to the LINE AUDIO
output while the detected LSB audio is applied to the ISB AUDIO output econnector on the rear
panel. The output from the FM/CW/SSB detector is applied to the rear panel FM MONITOR
terminal. The 455 kHz IF is applied to the rear panel IF OUTPUT jack. Receiver gain is
controlled from the front panel and is selected from manual, AGC Fast or AGC Slow. In
manual mode, the RF Gain knob on the front panel controls the gain.
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FIGURE 3-1 WJ-8718 SERIES HF RECEIVER
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Figure 3-1. Receiver Overall Block Diagram.

3.2.2 SYNTHESIZER SECTION

The Synthesizer Section (A5) contains the 1st, 2nd, 3rd and BFO Synthesizers. A
stable Time Base loeks the four synthesizers to their respective operating frequencies. The 1st,
2nd and 3rd LO signals are used by the Receiver Section to convert the receiver tuned
frequency to 455 kHz. The specific operating frequencies of the 1st and 2nd LO's are
programmed by incremental tuned frequency BCD data from the Digital Control Section. The
drd LO is locked to a fixed frequency of 11.155 MHz. When operating in a CW or SSB mode, the
BFO beats with the 455 kHz IF to produce an audio output. The time base is derived from an
internal crystal oscillator or an external reference source.

3.2.3 DIGITAL CONTROL SECTION

board (A8). The Manual Tuning Up/Down Counter contains the RF frequency data. This

information is sent to the Synthesizer Section and is also encoded for multiplexing to the
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

Frequency Display. Frequency data is changed by the Manual Tuning (A7) on the front panel.
The Manual Tuning is connected to the Manual Tuning Up/Down Counter and controls the

direction and rate of change of the tuned frequency.

The Frequency Display (A8) accepts the multiplexed information from the
Up/Down Counter and displays it on the seven LED's of the front panel located display.

The BFO Switeh (A9) provides a variation of 0.0 +08.9 kHz from 455 kHz. It gives
a direction of offset and a selectable amount. A zero setting in the directional control

automatically returns the BFO to 455 kHz.

3.2.3.2 Front Panel Control

The Front Panel Controls (A10A1) and A10A2) allow manual selection of detection
mode, gain mode, meter mode, IF bandwidth, RF gain, and headphone levels. For all detection
modes except ISB, the front panel phones jack will yield the Line Audio output. In the ISB
detection mode, phones jack audio is selectable between USB and LSB in the WJ-8718A/8718-~9,

and provides USB and LSB simultaneously in the WJ-8718. The front panel Phone Level control
sets the output level. The phone output is sent back through an amplifier in the IF section and
is applied to the rear panel as the Aux. Phone output.

3.2.4 POWER SUPPLY SECTION

The receiver may be operated from either 115 or 230 Vac. The Power Supply
Section of the receiver accepts the input voltage via a filter assembly, the input fuses, a
voltage selector and the power switech. The input voltage passes to the receiver's transformer

* which then supplies two lesser ac voltages to the power distribution board. Through the use of

rectifiers and voltage regulators, these ac voltages are converted to +15V, +12V
(WJ-8718A/8718-9 only), +5 V and unregulated +10 V, which are, in turn, supplied to the various
units of the receiver.

'3.3. FUNCTIONAL THEORY OF OPERATION
3.3.1 GENERAL

This section describes functional signal flow through the Receiver Section. The
signal and econtrol relationships between the Receiver Section and the Synthesizer/Digital
Control Sections are explained where necessary to understand receiver functional signal flow.
Power Supply Section Functional Operation and Distribution will be discussed separately in
Paragraph 3.3.6. Refer to Figure 3-2, Receiver Functional Block Diagram and Figure 3-3,
Receiver Frequency Conversion as an aid in understanding Receiver Functional Operation.
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

3.3.2 INPUT CONVERSION

3.3.2.1 Type 791616-1 RF Filter (A2)

The RF Filter (A2) is a 15-pole low pass filter with a 50 Q characteristic
impedance and a 3 dB nominal loss. RF Input signal are band-limited to 5 kHz to 30 MHz by the
RF Filter and are applied to the Input Converter (A3).

3.3.2.2 791592-1 Input Converter (A3)

The 1st Mixer receives RF Input signals from the RF Filter (A1) and an LO Signal
from the 1st LO Synthesizer (A5A1). The 1st LO is programmed from the four MSDs of
receiver tuned frequency and produces a 1st LO frequency of 42.91 to 72.90 MHz. The 1st LO
and RF Input signals are mixed by the 1st mixer to produce a first IF in the range of 42.50001 to
42.910 MHz (see Figure 3-3 for the relationship between RF Input, 1st LO and 1st IF
frequencies). The 1st IF signal is amplified and filtered by a 28 kHz bandwidth band-pass filter

with a center frequency of 42.905 MHz.

The 2nd Mixer receives the 1st IF signal from the 1st Mixer and an LO signal from
the 2nd LO Synthesizer (A5A2). The 2nd LO is programmed by the three LSDs of receiver tuned
frequency and produces a 2nd LO frequency of 32.21 to 32.20001 MHz. The 2nd LO and 1st IF
are mixed by the 2nd Mixer to produce a 2nd IF of 10.70 MHz (see Figure 3-3 for the
relationship between 1st IF, 2nd LO and 2nd IF frequencies). The 2nd IF signal is amplified and

3.3.3 TYPE 791569-1 IF MOTHERBOARD (A4)

The IF Section, mounted on Motherboard A4 consists of the 3rd Mixer, four IF
Filter Switches, three detector boards, an audio amplifier and AGC cireuit (see Figure 3-2). IF
Section functional signal flow will be correlated with control data from the Front Panel. Signal
flow will be traced through each of the IF Section modules in g functional rather than numerical
sequence.

3.3.3.1 Type 791594-1 10.7 MHz Filter Switeh (A4A1)

The 2nd IF output from A3 drives the 50 Q input of the 10.7 MHz Filter Switeh,
A4A1-13. The signal is routed through one of three voltage-selectable circuit paths within
A4Al. The wideband path, selected by +5 Vde at pin 15, passes the full 16 kHz bandwidth from
AJ through A4Al. The other two circuit paths, selected by +5 Vde at pin 17 or 19, restricts the
bandpass to 6 or 3.2 kHz respectively (see paragraph 3.3.3.9 for complete explanation of
bandwidth selection). The amplified, band-limited output at A4A1-57 drives the 50 O input of
the 3rd Mixer, A4A2-57.




' r WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION
r 3.3.3.2 71430-1 10.

| The amplified 2nd IF output from A4A1-57 drives the 50 Q input of the

B A 10.7 MHz/455 kHz Converter, or the 3rd Mixer A4A2-57. The 3rd Mixer also receives an LO

l . signal from the 3rd LO Synthesizer, A5A1, which is fixed at a frequency of 11.155 MHz. The

3rd LO and 2nd IF are mixed by the 3rd Mixer to produce a 3rd IF of 455 kHz (see Figure 3-3

' for the relationship between the 2nd IF, 3rd LO and 3rd IF frequencies). The 3rd IF output,
] A4A2-19, of the 3rd Mixer is stepped up to an impedance of 1000 §! and drives the paraliel-
‘ connected inputs of the 455 kHz Filtepr Switch, A4A3, the USB Filter Switeh, A4A4 and the

. 3.3.3.3 3rd IF Bandwidth Filtering

| ! . The 3rd IF output from the 3rd Mixer passes through one of five IF filters prior to
. r- final IF amplification and detection. If the AM, FM or CW Mode has been selected, the 3rd IF
1 - will pass through the 455 kHz Filter Switch, A4A3. If a sideband mode has been selected, the
l 3rd IF will pass through the USB Filter Switch, A4A4 or the LSB/ISB Filter Switch, A4AS5.

3.3.3.3.1 Type 791595-1 455 kHz Filter Switch (A4A3)

H The 3rd IF output from A4A2-19 drives the high-impedance input of the 455 kHz
| Filter Switch, A4A3-13. When AM, FM or CW Mode is selected, the signal is routed through
.- r: “ one of three voltage-selectable circuit paths within A4A3. The wideband path, selected by
+5 Vde of pin 15, passes the full bandwidth, determined by A3 and A4Al, through A4A3. The
e other two circuit paths, selected by +5 Vde at pin 17 or 19, narrow the bandpass from that
L determined by A3 and A4A1 down to 1.0 kHz or 0.3 kHz respectively (see paragraph 3.3.3.9 for
- complete explanation of bandwidth selection). The amplified, band-limited output from

] A4A3-57 drives the high-impedance input of the 455 kHz IF Amplifier/Demodulator, A4A7-57.

] 33332  Type791596-1 USB Finter Switch (A4A4)

. The 3rd IF output from A4A2-19 drives the high-impedanee input of the 455 kHz

- ] Filter Switeh, A4A3-13. In USB Mode, selected by +5 Vde at pin 49, or in ISB Mode, selected by

- +5 Vde at pin 51, the IF signal passes through the USB IF Filter within A4A4 (see
Paragraph-3.3.-3...10 for complete explanation of mode selection). This filter restriets the IF

— ] bandwidth to 2.95 kHz (455.25 kHz to 498.2 kHz). The amplified USB IF output at A4A4-57
drives the high-impedance input of the 455 kHz IF Ampl./Demodulator, A4A7-57.

33.3.3.3  Type 791597-1 LSB/ISB Fiter Switch (A4A5)

The 3rd IF output from A4A2-19 drives the high-impedance input of the LSB/ISB

Filter Switch, A4A5-13. In LSB Mode, selected by +5 Vde at pin 49, or in ISB Mode, selected by
*5 Vde at pin 51, the IF signal passes through the LSB IF filter within A4A5 (see
paragraph 3.3.3.10 for complete explanation of mode selection). This filter restricts the
andwidth to 2.95 kHz (451.8 kHz to 454.75 kHz). In LSB Mode, the amplified LSB IF output at

A4A5-57 drives the high-impedance input of the 455 kHz IF Ampl/Demodulator, A4A7-57. In
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CIRCUIT DESCRIPTION | WJ-8718 SERIES HF RECEIVER

13.3.3.4 72488-1 455 kHz Ampl/AM Detector (A4A7)

The amplified 3rd IF output from A4A3-57, A4A4-57 or A4A5-57 drives the high
impedance input of the 455 kHz IF Ampl/Detector, A4A7-57. The signal is amplified by a two-
stage gain-controlled (for AGC purposes) amplifier with an overall bandwidth of 30 kHz.
Following this, the IF signal is split to provide three outputs: the input to the AM Detector, the
third IF output at A4A7-13 which drives the input to the FM/CW/SSB Detector and the 3rd IF
ouptut at A4AT7-17 which drives the rear panel IF Output jack J2. The AM Audio output from
the AM Detector at A4AT-51 contains a DC level proportional to RF Input signal strength and
audio resulting from modulation detection by the AM Detector. This AM Audio output drives
the parallel-connected inputs of the AGC, A4A6-51, and the Audio Amplifier, A4A10-51.

3.3.3.5 Type 791599-1 FM/CW/SSB Detector (A4A9)

The amplified 3rd IF output from A4A7-13 drives the high-impedance input of the
FM/CW/SSB Detector, A4A9-13. In the FM Mode, selected by +5 Vde at pin 41 (see
Paragraph 3.3.3.10), the signal is amplified, limited and drives an FM discriminator. The audio
from the diseriminator is amplified by a summing amplifier and appears as FM Audio at
A4A9-57. In the CW or any of the sideband modes, selected by +5 Vde at pin 43 (see
Paragraph 3.3.3.10), the signal is applied to a product detector. The BFO Synthesizer is also
enabled and supplies a fixed (SSB mode) or variable (CW mode) 455 kHz BFO signal to A4A9-17.
This BFO signal mixes with the 3rd IF signal in the product detector. The audio from the
product detector is amplified by the summing amplifier, and appears as CW/SSB Audio at
A4A9-57. Audio from A4A9-57 drives the input of the Audio Amplifier, A4A10-57 and aiso
appears on the rear panel TB2 as FM AUDIO. |

3.3.3.6 746001-1 Audio Amplifier (A4A10)

The AM Audio output from A4A7-57 drives the input to the Audio Amplifier,
A4A10-57, and the FM/CW/SSB Audio output from A4A9-51 drives the input to the Audio
Amplifier, A4A10-51. In AM mode, selected by +5 Vde at pin 47 (see Paragraph 3.3.3.10), the
AM Audio at pin 57 is gated through a summing amplifier at unity gain and appears at pin 55. In
FM, CW or SSB Modes, pin 47 is 0 Vde, and the FM/CW/SSB Audio at pin 51 is gated through the
summing amplifier and appears at pin 55. Combined Audio at pin 55 has two destinations: the
Headphone Amplifier in A10~A2 and the rear panel Line Audio Level control. The function of
- the headphone amplifier will be explained in Paragraph 3.3.5.6.2. The Line Audio Level control

]

attenuates the audio signal from pin 55 and applies it to the Audio Amplifier via pin 17. A

former T2 on the rear panel matehes to Jow impedance output at pins 11 and 13 to a 600 Q line.
The high level Line Audio signal appears on rear panel TB1l. A rectifier samples the output of
the A4A10 Line Audio amplifier and supplies the front panel meter in the LINE AUDIO setting.
A low level audio signal from the A4A10-53 and drives the Auxiliary Phone amplifier. The
Auxiliary Phone out signal at A4Al 0-19 appears at the rear panel TB1, PHONE AUDIO.

791598-1 ISB Detector/Audio (A4A8) (Optional in WJ-8718/8718-9)

The amplified LSB IF signal from A4A5-53 drives the high impedance input of the
ISB Detector/Audio, A4A8-53. In the ISB Mode, selected by +5 Vde at pin 49 (see
Paragraph 3.3.3.10), the LSB IF signal is amplified by two tuned stages and applied to a product
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

detector. The BFO signal mixes with the LSB IF signal in the product detector. The audio from
the product detector appears at A4A8-41 as ISB Audio and goes through the Mode Switeh to the
Headphone Amplifier in A10A2 (see Paragraph 3.3.5.6.2). The ISB Audio from the product
detector is also amplified by a push-pull amplifier stage. This provides a high level balanced
ISB Line Audio terminals on rear panel TBl. An AGC circuit within A4A8 samples the ISB
Audio from the product detector and adjusts the gain of the two-stage tuned amplifier that
feeds the product detector. A sample of the AGC voltage appears at A4A8-43 and is applied to
the main AGC module, A4A6-43, to produce a combined RF AGC.

Type 78112-1 AGC (A4A6)

The AM Audio output from A4A"-51 drives the input of the AGC, A4A6-51. In
AGC mode, selected by 0 Vde at pin 13, a filter network removes the audio modulation and the
resulting DC level is amplified and output as the IF GC Voltage at A4A6-47. This voltage
adjusts the gain of the IF Amplifier, A4A7. Under very strong input signal conditions, a gate
circuit transfers the IF GC voltage to pin 19, RF GC, permitting a reduction in Input Converter
gain. The ISB AGC signal, entering through pin 43, is summed through this gate to permit the
ISB AGC to reduce the Input Converter Gain. A4A6-41, AGC Signal Strength, is a DC sample
of the IF GC voltage that drives the front panel meter in Signal Strength Mode. In the MAN
gain mode, selected by +5 Vde at pin 13, the IF and RF GC outputs respond to the MAN GAIN,
A4A6-17, signal from the front panel RF GAIN control. A4A6-12, MAN Signal Strength, is a
DC sample of the AM Audio, A4A6-51, signal that drives the front panel meter in the Signal
Strength Mode. | _

3.3.3.8

3.3.3.9 Bandwidth Selection

Bandwidth selection is aceomplished via voltage-selectable filters in the 2nd and
3rd IF amplifiers. The select voltages are TTL compatible (0 Vde = OFF, +5 Vde = ON). In
AM, FM and CW modes, the Front Panel Bandwidth switches are energized. Selection of a
particular bandwidth sends +5 Vde from A10A2S1 to the appropriate filters in A4A1 and A4A3.
In USB, LSB or ISB Modes, the Front Panel Bandwidth switches are disabled. A4A1l is fixed in
the wide position, and A4A4 or A4AS5 is selected, as required. Table 3-1 summarizes the

~ relationship between Detector Mode, Bandwidth and filter selection.

3.3.3.10 Mode Selection

Mode selection is aceomplished via TTL-compatible (0 Vde = OFF, +5 Vde = ON)
select voltages from the Front Panel Detection Mode switches. Selection of a particular mode
sends +5 Vde from A10A1S3 to the appropriate IF section modules. As discussed in
Paragraph 3.3.3.9, the mode switches also determine the 2nd and 3rd IF bandwidth in SSB
Modes. The output of the AM detector, A4AT7-51, is active on all modes sinee it is used to
develop AGC voltages in A4A6. Table 3-2 summarizes the Detection Mode selection rela-
tionships.

3.3.4 TYPE 791570-1 SYNTHESIZER SECTION (A5)

| | The Synthesizer Section, shown in Figure 3-2, consist of the 1st, 2nd, 3rd and BFO
Synthesizers and the Time Base. The synthesizers receive digital commands from the



TABLE 3-1 | WJ-8718 SERIES HF RECEIVER
TABLE 3-2

Man. Tuning Up/Down Counter and set the L O signals to the correct frequencies as dictated
by the receiver tuned frequency. The relation between receiver tuned frequency and L O

frequency is shown in Figure 3-3.

Table 3-1. 2nd and 3rd IF Bandwidth Selection

BW Filter BW Switch Selection (AM, FM, CW Mode) SSB Modes
Select Pin , 16 6 3.2 1.0 0.3 USB LSB ISB

A4A1-15
A4A1-17

A4Al1-19
A4A3-15
A4A3-1T7

| A4A3-19
A4A4-49
A4A4-51
A4A5-49
A4A5-51

(W1)

(6 kHz)
(3.2 kHz)
(W2)

(1.0 kHz)

(0.3 kHz) |

(USB)
(ISB)
(LSB)
(ISB)

[ SRR T AR PR ]

Table 3-2. Detection Mode Selection.

Mode 1
Select Pin

A4A10-47(AM SEL)
A4A9-41 (FM)

A4A9-43 (CW/SSB)
A4A8-49 (ISB)

Detection Mode Switeh Selection
FM CW USB LSB

ISB

. J
e
Ty s M
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

3.3.4.1 Type 791630-1 1st L.O. Synthesizer (A5A1)

The 1st LO receives BCD tuned frequency command data from the four MSDs of
the receiver tuned frequency readout. The BCD numbers range in value of 0000 to 2999
corresponding to receiver tuned frequencies of 00.00XXX MHz to 29.99XXX MHz. The output
of the 1st LO tunes from 42.91 MHz to 72.90 MHz in 10 kHz steps in accordance with the BCD
tuned frequency data. A stable 40 kHz time base signal provides a precise reference for the 1st

LO phase lock loop control circuits.

3.3.4.2 Type 791601 2nd L.O. Synthesizer (A5A2)

The 2nd LO receives BCD tuned frequency command data from the three LSD's of
the receiver tuned frequency readout. The BCD numbers range in value from 000 to 999
corresponding to receiver tuned frequencies of XX.XX000 MHz to XX.XX999 MHz. The output
of the 2nd LO tunes down from 32.21000 MHz to 32.20001 MHz as the BCD data increments
from 000 to 999. Stable 10 kHz and 1 MHz time base signals provide precise references for the

2nd LO phase lock loop control circuits.

3.3.4.3 3rd L.O. Synthesizer (P/O A5A1)

The 3rd LO Synthesizer produces a fixed frequency output of 11.155 MHz. Basic
frequency control is obtained by an 11.155 MHz crystal oscillator. The exact frequenecy of
oscillation is precisely locked to 10 kHz and 50 kHz time base reference signals by a phase
locked loop.

3.3.4.4 Type 791576-1 BFO Synthesizer (A5A3)

The BFO Synthesizer receives BCD offset frequency command data from the MSD
and LSD of the BFO offset switch, A9. The BCD numbers range in value from 00 to 89
corresponding to offset frequencies of 0.0 kHz to 8.9 kHz. Offset control data from the
"+, 0, -" switch section of A9 programs the direction of BFO offset. The output of the BFO
tunes from 446.1 kHz (455 kHz - 8.9 kHz) to 463.9 kHz (455 kHz + 8.9 kHz). In the AM and FM
modes, BFO INH, A4A8-57, is high, shutting off the BFO output at A5-P15, even though the
BFO itself is oscillating. In SSB modes, OFFSET ENABLE, A4A8-43 is low, fixing the BFO
output at 455.000 kHz. A stable 1 kHz time base signal provides a precise reference for the
BFO phase lock loop control eircuits.

3.3.4.5 Time Base (P/O A5A1)

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
Femperature compensated crystal oscillator or from a 1 MHz external source input at rear panel
Jack J11. The rear panel INT/EXT clock switeh S2 allows selection at the internal and external
yefzr;lnce. When in the internal mode, the 1 MHz internal reference is output from rear panel
jac 1. | |

3-11



CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

3.3.5 DIGITAL CONTROL SECTION

The Digital Control section is composed of the Manual Tuning Up/Down Counter;
the Front Panel Interconnect; the Manual Tuning Module; the Frequency Display; the BFO
Switeh, the Upper Panel Control and the Lower Panel Control. Figure 3-2 shows the overall
relationship of these units. |

3.3.5.1 Type 791575-3 Manual Tuning Up/Down Counter (A6A1)

The Manual Tuning Up/Down Counter contains the RF tuned frequency data. This
information is sent to the 1st and 2nd LO Synthesizers and is encoded for multiplexing to the
display board. The frequency data is changed by means of the Encoder on the Manual Tuning
Module on the front panel. |

3.3.5.2 Type 791828-1 Front Panel Interconnect (A6A2)

This module translates information received from the manually controlled front
panel into control information for the receiver. Front panel information entering this module
controls detection mode, gain mode, meter mode, and IF bandwidth, in addition to headphone
and RF gain levels. This information is then decoded, for use primarily in the IF stages of the
receiver. Two output lines from the Front Panel Interconnect, however, control the BFO for
the various detection modes. ~

3.3.5.3 791874-1 Manual ing Module (A7)

The Manual Tuning Module contains the Encoder Ul and Tuning Resolution
Switches A7Al. Switching is accomplished by connecting the desired tuning step to the step

select switch line of the Manual Tuning Up/Down Counter board. Tuning steps available are
10 Hz, 100 Hz, 1 kHz, and 10 kHz. | |

3.3.5.4 791578-1 Fr isplay (A8)

The Frequency Display accepts the ‘multiplexed information from the Manuasl
Tuning Up/Down Counter and dispiays it on the seven front panel LEDs. These are seven-
segment common-cathode displays which are controlled by an IC decoder/driver. The Up/Down

Counter places digit display information in the IC where it is decoded into the proper number
and sent to the display in its proper position. | -

3.3.5.5

| Three thumbwheel switches provide a BFO variation of +8.9 kHz from 455 kHz.
The +, 0, -, thumbwheel provides the direction of offset, the second thumbwheel varies in range
from 0 to 8, and the third thumbwheel varies in range from 0 to 9. A "O" setting of the

direction thumbwheel causes the BFO to return automatically to 455 kHz regardless of the
other thumbwheel settings.
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

3.3.5.6 Type 796053 Front Panel Control (A10)

The Front Panel Control consists of the Upper and Lower Panel Control boards
joined by a 40~-pin ribbon connector. This connector is attached to the Front Panel Interconnect
(A6A2) and controls the manual selection of detection mode, gain mode, meter mode, IF
bandwidth, RF gain, and heaphone levels. Signals for the phone outputs also connect to the
lower panel control through the Front Panel Interconnect.

3.3.5.6.1  Type 791583 Upper Panel Control (A10A1)

The Upper Panel Control allows selection of detection mode, gain mode, and meter
mode. Each gang of switches mechanically operates to allow one pushbutton to be depressed at
any time. All control lines connect to the Front Panel Interconnect card.

3.3.5.6.2  Type 796054 Lower Panel Control (A10A2) (WJ ~-8718A/8718-9)

The Lower Panel Control allows selection of IF bandwidth and variation of RF gain
and phone level potentiometers. This card also contains the amplifier to drive the headphone
output. The amplifier receives the Line Audio signal in all detection modes except ISB. In this
mode, the amplifier switches between the upper sideband and the lower sideband information.

3.3.5.6.3 Type 791826 Lower Panel Control (A10A2) (WJ-8718)

The Lower Panel Control allows selection of IF bandwidth and variation of RF gain

and phone level potentiometers. This card also contains the headphone amplifier. The
amplifier receives the Line Audio signal in all modes except ISB. In ISB mode, the headphone

amplifier simultaneously amplifies the separated upper and lower sideband audio signals.

3.3.6 POWER SUPPLY SECTION

See Figure 3-4 for the power supply block diagram. The receiver may be operated
from either 110 Vae, 120 Vae, 220 Vae or 240 Vae. This voltage feeds Filter Assembly FL1
which contains the input voltage selector. It then passes through fuses F1 and F2 and through
the main power switeh, S1. From the switeh, current is routed through the Voltage Selector and
into Transformer T1. The Transformer has a dual primary and center-tapped secondaries and
produces outputs of 34 and 16 Vae both of which enter the Power Distribution board, (A1).

3.3.6.1

76240 Power Distribution (A1)

The Power Distribution board receives the 34 and 16 Vace inputs and rectifies these
vpltages for various circuits in the receiver. The 34 Vac enters this board, is rectified and
filtered and sent to regulators Ul, U2 and U4. The 16 Vac is rectified by two diodes located on
the rear panel and returned to the Distribution board to be filtered and become a +10V
unregulated supply. |
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FIGURE 3-4 WJ-8718 SERIES HF RECEIVER

3.3.6.2 Power Supply Regulators

Ul and U2 located on the baek of the chassis provide regulated +15 Vde and
-15 Vde, respectively. These two voltages are supplied to most of the cireuits in the receiver.
The unregulated 10 Vde, with its unregulated ground, conneets to U3, a +5 Vde regulator. U3
supplies +5 Vde to the BFO and 2nd LO Synthesizers, the Up/Down counter board, and the Front
Panel Interconnect card. The unregulated 10 Vde also connects through other +5 Vde regulators

to provide this voltage to the 1st and 3rd LO Synthesizers. U4 provides regulated +12 Vde for
the Audio Amplifier (A4A10) in the WJ-8718A/8718~9 receivers.

,% .

VOLTAGE
REGULATONS
Ut/ u2

FUSE
Fi
+18v
Inpt 3 _ —i3v j
ny OLYAGE
AC . _ Rirgie TRANSFORMER
) - e
FL 6ND
UNRE S
+ 10V I
VOLTAGE bt l
+2 v REGULATOR e 48V

U3

Figure 3-4. Power Supply Seection Functional Block Diagram.

3.3.6.3

Figure 3-5 is a simplified block diagram showing the interconnections between
power supply outputs and main chassis subassemblies and modules. o

3.4 4cumcurr1nﬁuzan3ngmms

|
[
[
[
[
[

; This paragraph provides detailed circuit descriptions of the subassemblies and
modules contained in the WJ-8718 Series HF Receiver. All significant ‘components are
identified and supplementary block diagrams are employed to aid in understanding circuit
operation. Modules are discussed in numerical order to facilitate ease of loeation.

1
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WJ-8718 SERIES HF RECEIVER FIGURE 3-6

3.4.1 TYPE 791616-1 RF INPUT FILTER (A2)

Within this assembly is a Type 280093 PC board which contains the circuitry of the
RF input filter. The schematic diagram for this circuit is Figure 6-1. The circuit is a 15-pole,
elliptic function low-pass RF filter, with an insertion loss of less than 3.5 dB over normal input
range of 5 kHz to 30 MHz. Above 30 MHz, the attenuation increases rapidly. This attenuation
improves the image rejection and reduces the conducted LO leakage of the receiver. Over the
range of LO and image frequencies, the attenuation of the input filter exceeds 80 dB. Resistor
R1 provides a de path to ground to bleed off any accumulated static charge at the RF input.
Diodes CR1 through CR4 use the Zener breakdown potential to protect the rest of the receiver
from input signals in excess of +15 dBm. C12 and L1 provide a high frequency trap to prevent
radiation of harmonics of the 1st LO. The nominal input impedance of the filter is 50 Q.

3.4.2 TYPE 791592-1 INPUT CONVERTER (A3)

Figure 3-6 is a detailed functional block diagram of the Input Converter which
should be referred to in the following ecircuit description.  Figure 6-2, Input Converter
Schematic Diagram, may be referred to for greater component level detail, if desired.

IsT P3

LO IN =P

A2J P28 10.7 MMz
jo2o2 &b IFOUT

A2
ZND MIXER & 2ND IF

-

~A3Pi~4 N
Ps
RF AGC ZND LO IN

Figure 3-6. Input Converter Functional Block Diagram.
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

The output load of AlU2 is 50 @, ensuring a proper driving impedance for the 1st IF
crystal filter A1FL1. This filter requires a 50 Q source ang load and has a center frequency of
42.905 MHz and a 3 4B bandwidth of 28 kHz. The primary function of A1FL1 1s to reject
unwanted signals which are passed by the RF Filter and 1st Mixer and to establish the initial IF

Signals passed by AlFL1 are coupled to a second amplifier, A2Q2, through a
coupling network. This amplifier has a similar constant current source A2Q1 biasing it. Its
output circuit is a broadly tuned transformer, but is shunted Dy 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 A2CR2 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, A2U1. The 2nd LO
signal enters the Input Converter via A2J1 at a level of approximately 0 dBm. Common emitter

amplifiers, A2Q5 and A2Q, provide enough gain to bring the 2nd LO signal to a nominal level
of +17 dBm. Erch of these stages is broadly tuned --transfor'm_erecou:pled and each has some

stability and low noise contribution. Transformer A'2T2' couples the output of A2Q3 to crystal
filter A2FL1. This filter has g center frequency of 10.7 MHz, a bandwidth of 16 kHz, and

3.4.3 TYPE 791569-1 IF MOTHERBOARD (A4)
The schematic diagram of the IF Motherboard is Figure 6-3. The IF Motherboard

has 11 positions for plug-in cireuit cards. A total of 10 positions are used and the eleventh is a
spare.
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FIGURE 3-8 . WJ~8718 SERIES HF RECEIVER

3.4.5 TYPE 71430-1 10.7 MHz/455 kHz CONVERTER (A4A2)

Figure 3-8 is a detailed functional block diagram of the 10.7 MHz/455 kHz
Converter whieh should be referred to in the following circuit deseription. Figure 6-5,

10.7 MHz/455 kHz Converter Schematic Diagram, may be referred to for greater component
level detail, if desired.

3.4.5.1 Cireuit Description

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 +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
200 kHz from the mixer output and matches impedances between the mixer and the following

circuits. The nominal input impedance of the 3rd Mixer is 50 Q and the output impedance is i
1000 Q.

458 kH2 I
IFOUT

Figure 3-8. 10.7 MHz/455 kHz Converter Functional Block Diagram.

3.4.6 TYPE 791595-1 455 kHz FILTER SWITCH (A4A3)
Figure 3-9 is a detailed functional block diagram of the 455 kHz Filter Switch

which should be referred to in the following circuit description. Figure 6-6, 455 kHz Filter W
Switeh Schematic Diagram, may be referred to for greater component level detail, if desired. -
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.,._,'.l wJ-8718 SERIES HF RECEIVER FIGURE 3-9

FILTER SELECTION

Figure 3-9. 455 kHz Filter Switch Functional Block Diagram.

3.4.6.1 Circuit Description

] . The 455 kHz Filter Switeh is similar in function to the 10.7 MHz Filter Switch.
Both contain three possible signal paths, two with erystal 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

.....
i ™

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 Switch 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 at pin 13 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 18. When this voltage is high (+5 V), the
output of U1D will be +12 V, thus biasing Q1 and Q2. When this voltage is low (0 V), the output
of UlD will be -12 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 U1lA turns on Q3
and Q4. When the 3.2 kHz, 6 kHz, or 16 kHz bandwidths are selected, module pin 15 is high and
UlB 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
~_ . 1s & net voltage gain of approximately 9 dB from the input to the output of the module. OP

] 3-25



FIGURE 3-10 WJ-8718 SERIES HF RECEIVER

AMP section UlC is not used and is as shown in the schematic connected in an inoperative
condition.

3.4.7 TYPE 791596-1 USB FILTER SWITCH (A4A4) (Optional in WJ-8718/8718-9)
Figure 2-10 is a detailed functional block diagram of the USB Filter Switch which

should be referred to in the following ecircuit description. Figure 6-6, USB Filter Switch
Schematiec Diagram, may be referred to for greater component level detail, if desired.

455kH2
iF IN

As —
use . ¢¢1=4% __,l, et |
US8 _pg {usB/1s8 SELY
158 X -

SEL

Figure 3-10. USB Filter Switeh Block Diagram.

3.4.7.1 Circuit Description

The USB Filter Switeh input, pin 13, connects into the 455 kHz IF signal path, in
parallel with the 455 kHz Filter Switech. When the receiver is operating in either the USB mode
or the ISB mode, the upper sideband modulation is passed in this eireuit and sent to the 455 kHz
Amplifier/AM Detector (A4A7). The upper sideband filter (FL1) 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
switehing threshold (approximately 1.6 V) is set by R17 and R18. The positive output voltage

supplies bias current to amplifiers Q1 and Q2, turning them on. The 455 kHz IF signal, with .

16 kHz bandwidth, is amplified by Q1 and applied to the upper sideband filter, FL1. The upper
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wJ-8718 SERIES HF RECEIVER FIGURE 3-11

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 R§

provide impedance matching for the filter input and output, respectively.

3.4.8 TYPE 791597-1 ISB/LSB FILTER SWITCH (A4A5) (Optional in WJ-8718/8718-9)

Figure 3-11 is a detailed functional block diagram of the ISB/LSB Filter Switch
which should be referred to in the following circuit description. Figure 6-7, ISB/LSB Filter
Switch Schematic Diagram, may be referred to for greater component level detail, if desired.

XAS
4854M2 | ~871.\ _ 458uHs
1 1N _ , [9>=> L8 ouT

TPI4

SKEL XAS

N ~83 |

458 k¥2
" LEE SUT

(188 MOOL)

Q3

188
SEL

Figure 3-11. ISB/LSB Filter Switch Functional Block Diagram.

3.4.8.1 Circuit Description

‘ The ISB/LSB Filter Switch input, pin 13, connects into the 455 kHz IF signal path,
in parallel with the 455 kHz Filter Switch. The circuit has two signal outputs, one to the
455 kHz Amplifier/AM Detector (A4A7), and one to the ISB Detector and Audio (A4A8). When
the receiver is operating in the LSB detection mode, the lower sideband modulation is output to
the 455 kHz Ampiifier/AM Detector (A4A7). When the receiver is in the ISB detection mode,
the lower side modulation is output to the ISB Detector and Audio board. The lower sideband
filter (FL1) has a bandwidth extending from 451.8 kHz to 454.75 kHz.

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 switching
threshold (approximately 2.5 V) is set by R23 and R24. Diode CR1 conducts, supplying bias
current through R15 to turn on IF amplifier Q1. Output amplifier Q2 is also biased on, but
current flow in R21 and R9. The 455 kHgz IF signal, with 16 kHz bandwidth, is amplified by Q1
and applied to the lower sideband filter, FL1. The lower sideband is amplified by Q2 and output
via pin 57. |
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FIGURE 3-12 WJ-8718 SERIES HF RECEIVER

When ISB detection mode is selected, Q1 is biased on by UlB and CR2, as
prewously described. Output amphf:er Q3 is also biased on by current flow in R26 and R27

The lower-sideband information is ﬁ‘i‘lpnuéﬁ Dy Q9 and cutput via ,,un 53. Notice that o nly one
output amplifier is operating in either mode. Potentiometer R32 allows gain adjustment 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.

3.4.9 TYPE 78112-1 AGC AMPLIFIER (A4A6)

Figure 3-12 is a detailed functional block diagram of the AGC Amplifier which
should be referred to in the following circuit description. Figure 6-9, AGC Amplifier
Schematic Diagram, may be referred to for greater component level detail, if desired.

RE
GAIN Y.
| GAIN
A PEAK | | age T | CONTROL
THRESHOLD ~
_. | %gsc' R LI s“
’1‘22' | | OET | SHAPER CONTROL
SWITCH
MANUAL
GAIN
SWITCH
METER | |
T
SHAPER il
| i | | SS MTR
IS8 MAN
AGC - _

Figure 3-12. AGC Amplifier Functional Block Diagram.
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

2.4.9.1 Cireuit Description

The primary function of the AGC Amplifier 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 adjusts the receiver 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 will increase just enough to compensate for the fade. When
Manual gain mode is selected, the receiver 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.

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 slower. 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 occur slowly or rapidly as several rises and

falls per second. For signals of this sort, the characteristics of the Fast AGC mode will serve
best. However, for pulsed signals such as telegraphy (A1 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 siow decay times of the Slow AGC is 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 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. o |

In the AGC module, the direct coupled output of the AM detector is filtered by RS
and C3 to limit the speed of response of the Fast AGC. In the Fast AGC Mode, Q7 is biased
off, disconneecting C4, so Q1 operates simply as an emitter follower. Q7 is biased on when Slow
AGC is selected, grounding the negative end of C4. In this case Q1 can charge C4 guickly 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 U1A 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 conduets and a gain control voltage eppeers across R13. When the Manual gain mode
1s selected, Q3 and Q6 will be turned on and will eclamp the voltage on R13 to ground, and +5 V
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

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 UlD and fed to the

455 kHz amplifier on A4A7. Zero volts from U1lD 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
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 geed 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 oceurs 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 conduct. When the ISB
Neteetor and Audio module (A4A8) is installed and energized (ISB mode only), a similar AGC
cireuit in that module supplies a corresponding sample of its IF gain controi voitage 1o 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 which are common {0 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 desecription 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 dc

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 originel current and so on. To achieve the desired relationship between AM Detector

output and RF gain reduction requires that the control diode current rise siowly at iirst, then

more rapidly as the received signal strength increases further (exponentially). This

current/voltage relationship is obtained through a shaping network comprised of U2D, R47, R48,
CR5, and R31. The actual current for the control diode is supplied by buffer U2A.

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 A10A181B 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, CRT, and CRS8 to
suitably compress the output of U1C at low signal levels, the signal strength meter is made to
be approximateiy linear in dB over a greaier 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
aceurate 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.
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wWJ-8718 SERIES HF RECEIVER FIGURE 3-13

3.4.10 TYPE 72488-1 455 kHz AMPLIFIER/AM DETECTOR (A4A7)

Figure 3-13 is a detailed functional block diagram of the 455 kHz
Amplifier/AM Detector which should be referred to in the following ecircuit deseription.
Figure 6-10, 455 kHz Amplifier/AM Detector Schematic Diagram, may be referred to for
greater component level detail, if desired.

P20%!5 412, F
-3 OUTPUT

TP4 ({REAR PANEL)

k AM AUDIO
P T

TPS

_ 455 kHz2
' IFOUT
TPE

Figure 3-13. 455 kHz Amplifier/AM Detector Functional Block Diagram.

3.4.10.1 Circuit Description

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 iwo-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 restriet 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 Qutput, 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 pV. For the AM detector, Q3 and Q5 both act as common-emitter
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and emitter-follower (Q8) a

bove ground to establish the proper dc
The low-pass filter of L7 an

d C28 suppresses any residual IF signal. )

' e I ector/Audio which [
should be referred to in the following.circuit description. Figure 6-11, ISB Detector/Audio

level detail, if desired.

455kHz {xas
IFIN |-53

Figure 3-14. ISB Detector/Audio Functional Block Diagram.
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] WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

3.4.11.1 Circuit Description

“"**T' 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 ecomponent 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.

.}‘1 audic amplifier similar to the auxiliary phone amplifier on A4A10. A sample of the AGC
i voltage developed in this module is sent to the main AGC module to produce a combined RF
_ AGC.

"....] 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 RS is
used to set the maximum gain of the amplifier to give the same input level to balanced
“___T modulator Ul as is received by A4A9U2 at low signal levels.

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

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 aiso feeds the ISB Line Audio amplifier through level control
“_ R36, and drives the AGC cireuit.

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

—-— 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 Gischarges 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 U3 , 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, which will be discussed in detail in
paragraph 3.4.13.

3.4.12 TYPE 791599-1 FM/CW/SSB DETECTOR (A4A9)

Figure 3-15 is a detailed functional block diagram of the FM/CW/SSB Detector
which should be referred to in the following circuit desecription. Figure 6-12, FM/CW/SSB
Detector Schematic Diagram, may be referred to for greater component level detail, if desired.

-
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FIGURE 3-15 WJ-8718 SERIES HF RECEIVER

MODE SELECY MODE SELECT
Fu cw
{uz
e o
XAD~43

o3 - 04
-

455kM2 - XAS
| 1 T rm/cwy
i l _ - $88 AUDIO
ouY

8FO IN

Figure 3-15. FM/CW/SSB Detector Functional Block Diagram.

3.4.12.1 Circuit Description

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 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 cutput of the limiter drives the Foster-Seeley diseriminator.
Diodes CR1 and CR2 rectify the composite signals fed to them by C7 and T1. 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,
reguces higher ifrequency 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
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WJ-8718 SERIES HF RECEIVER FIGURE 3-16

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 ¢f the BFO offset control on the front panei to cause an audible tone at the audio

& ihwrs

output when a signal is present.

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 g 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.
3.4.13 TYPE 746001-1 AUDIO AMPLIFIER (A4A10)
| Figure 3-16 is a detailed functional block diagram of the Audio Amplifier

which should be referred to in the following circuit description. Figure 6-13, Audio Amplifier
Schematic Diagram, may be referred to for greater component level detail, if desired.

MODE SELECT AM AUDIO TRl ¢
AM N ! . r2e LINE AUDIO
__ - :q LEVEL

T (REAR PANEL ON Wi-8718/Wi-8718-9)
(FRONT PANEL ON Wi-8718A)

3 i Ri

XALO |
-8

XAiIO
-&7

COMBINED

FM/Cw/s8n AUDIO

AUDIO -.--<
1 | XA

-37

JAL .Y A1

COMBINED PHONE
AUBIO GUT  AUDIO IN

Figure 3-16. Audio Amplifier Functional Block Diagram.

Lo

.4.13.1 Circuit Descrigi;ion

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.
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

When the AM detection mode is selected, the control input to pin 47 is high (+5 V).
The output of UlA is +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 switeh for AM audio. Both
demodulators of the FM/CW/SSB Detector will be off so the sutput of UlD will be AM audin
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 U1D.

The signal into line audio amplifier U2 is the output of U1D attenuated by the LINE
AUDIO LEVEL control, R1. The two sections of U2 act as a push-pull bridge amplifier, driving
output transformer T2 located on the inside of the rear panel. The amplifier U2 uses a supply
voltage of +12 Vde from U4 on the main chassis. Type 746001 is current-limit protectied by U4
on the main chassis whieh provides the +12 Vde power. 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 dc path to the inverting inputs is from the ocutputs, so there is very little de
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 de potential, pin 6 is bypassed so no ac signal appears there. The
operation of amplifier U2B will be elear 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 U2ZB 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 k
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 and its

outpuils are balanced with respect to ground. Due tc 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 parasitie 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 aceurate for sine-wave voltages.

The auxiliary phone amplifier Ul1B and U1C is a low power bridge amplifier and is
therefore similar to U2. It operates from both +15 V and -15V supplies and has its inputs
biased at ground. Comparing its circuit with that of U2 it should be apparent that it also uses
unity dc feedback and has a closed loop gain of 100 for ac signals. Its output current capability
1s much lower than U2, so it can only supply 100 mW compared to 1 Watt from U2.

3.4.14 SYNTHESIZER CIRCUIT DESCRIPTIONS

The following paragraphs provide detailed circuit deseriptions for each of the four
synthesizers and the time base used in the WJ-8718A HF Receiver. A brief discussion of
synthesizer relationships is found in Paragraph 3.2.2, 3.3.2.2, 3.3.3.2 and 3.3.4.
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WJ-8718 SERIES HF RECEIVER FIGURE 3-17

3.4.15 GENERAL PHASE LOCK LOOP THEORY

Prior to discussing specifie circuit characteristies of the WJ-8718A synthesizer, it
is helpful to review the genersl theory of the cireuits used in phiase lock loop synthesizer.

3.4.15.1

Basic Phase Lock Lo

numerical control of the local oscillator frequencies. This technique allows the osecillators to be
controlled by any appropriate source of BCD digital data, including remote eontrol sources.
The basic phase lock loop is composed of four circuits: a phase detector, a low~-pass filter
(sometimes called a iead-iag fiiter, integrator, or loop filter), a voltage-controlled oscillator
(VCO), and a frequency divider (counter). A basic phase lock loop configuration is shown in
Figure 3-17. Depending on the application, the frequency divider cireujt 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 OUTPUT
FILTER Do CONTROLLED FvecosN (Fref)

OSCILLATOR
DIVIDER
N

Figure 3-17. Basic Phase Lock Loop Configuration

3.4.15.2 Programmable 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 (VCO). 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 puises which
are related to the frequency/phase difference. The filter circuit averages (integrates) these
Pulses into a proportional error correction voltage. This voltage is epplied to control the
capacitance of a varicap diode in the VCO cireuit, and thus tune the VCO toward the correct

PHASE

REFERENCE |
DETECTOR |

FREQUENCY Fref
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FIGURE 3-18 WJ-8718 SERIES HF RECEIVER

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:

Fyeo = N (Fpef)

An example of the basic phase lock loop technique, using numbers, will provide an
understanding of its actual operation. Referring to PFigure 3-18, 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 thlS 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.

PH ASE . VOLTAGE ,e
) MH2 o e FY L TER -~ CONTROLLED P4 MHz
DETECTOR | OSCILLATOR

e e e e e e e —

| MHz m 25 MH2

4 8 (MM2)

Figure 3-18. Program mable Phase Lock Loop

3.4.15.3 Prescaling Technigue

A variation of the basic phase lock loop, shown in Figure 3-19, 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-
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WJ-8718 SERIES HF RECEIVER FIGURE 3-19

50/51 counter and the 2nd LO presecaler 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.

REreRENCE HAs OUTPUT
FREQUENCY - DET vCO Fvco =z
Fref (NP+A) (Fref)

2 moouLUs |
PRESCALER
P, P+l

PROGRAMMA

COUNTER COUNTER

Figure 3-19. Two-Modulus Prescaling in the Phase Lock Loop

In operation, the presealer 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 counter reaches its zero state. At this point, the

At this time the output of the programmable counter emits a pulse while the swallow and
programmable counters are reset. The cycle then repeats.

illustration, a VCO output of 153 MHz is desired. Selected into the programmable counter are
the two most significant digits, 1 and 5. Selected into the swallow counter is the least
significant digit, 3. Under lock eonditions, the divider has an input of 153 MHz and an output of
1 MHz.

To produce a 1 MHz signal from a 153 MHz signal requires a divide ratio of 153.
The table in Figure 3-20 shows a count sequence with 153 input pulses resulting in one output

' T" puise. Similarly, a 153 MHz input results in a 1 MHz output. ‘The programmable counter emits

"}1
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FIGURE 3-20 WJ-8718 SERIES HF RECEIVER

a pulse every time it counts 15 pulses. With the swallow counter set to three, the prescaler

divides-by-11 three times and then switches to the divide-by-10 state. At this point, the

programmable counter needs 12 input pulses before emitting an output pulse. The prescaler
then divides-by-10 twelve times to finish the count sequence. With 3 counts of 11 (3x11=33),
and 12 counts of 10 (12x10=120), one output pulse emits from the programmable counter every
153 input pulses (33+120=153).

The two phase lock loop types described are used throughout the WJ-871i8A
synthesizer section. The 1st LO and part of the 2nd LO utilize the prescaler configuration
while the 3rd LO and another part of the 2nd LO use a fixed divide-by-N ratio. The BFO uses
the basic phase lock loop configuration, utilizing the divide-by-N technique (Fyeo=N Fpef).
Common to all the synthesizers in this receiver is the phase detector used. It will be deseribed

in detail below.

PROGRAM SWALLOW PRESCALER INPUT
COUNTER COUNTER COUNTS PULSES

18 3 L 0
14 2 11 11
13 H 11 22
12 g 11 33
) § | - 10 43
10 - 10 53
9 = 10 8J
8 - 10 73
7 - 10 83
¢ - 10 83
5 - 10 103
4 - 10 113
3 - 10 123
2 - 10 133
| - 10 143
0 - 10 ‘ 153
_ . *
( ' VOLYAGE |
MM2 CONTROLLED 153 Wia
OSCHLLATOR

_ PRESCALER ; N
PROGRAM. | lIl SwALLOW IIII
COUNTER -

COUNTER
$ ] 3 (Me)

Figure 3-20. Prescaler Dividing Technique '

3.4.15.4 Phase Detector

The phase detector used in all of the synthesizers is actually a phase and frequency
detector. The integrated circuit also includes a charge pump and an amplifier. Each of these
three sections will be discussed below. Table 3-3 provides some information about the phase
detectors in these synthesizers. Refer to the 1st and Ird LD schematio diagram, Figure 6-14,
for illustration of typical phase detector operation. -
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-~ WJ-8718 SERIES HF RECEIVER TABLE 3-3

FIGURE 3-21

VCO Output
Range Frequency

Synthesizer

1st LO YES 171.64-291.60 MHz 42.91-72.90 MHz
32M NO 32 MHz
2nd LO4 PROG! U12A, B i0 MHz YES |200-210 MHz |
| OUT | U6A,B 200-210 kHz NO [32.20-32.21 MHz | 32.20-32.21 MHz
T 3rd LO U22A, B 5 kHz NO 11.155 MHz 11.155 MHz
5 BFO YES 4461-4639 kH= | 446.1-463.9 kHz
J,. -
‘L! The phase detector normally receives a fixed reference frequency at one input (R)
_, and a variable frequency at the input (V) from the divider seetion. The output responds oniy to
transitions from the two inputs and has fouyp output states as shown in Figure 3-21. If the

frequency and phase match exactly, outputs U and D remain high. If the variabile input leads in

.]] phase with respect to the reference input, U remains high and D goes low. If the variable input

| lags in phase with respeect to the reference input, D remains high and U goes low. When inputs

| V and R are separated Ly a frequency dif ference, the output at pins U or D varies high and low
| ] at a rate proportional to the difference frequency of the two inputs.

v 3 ' , . ~ FR:FV
- T

} REF :W_Wmmﬁuw
a i  VLAGS R
-I__—_-_-_‘—‘M—__-__

v i '

]
I

REF .

v ! FR> Fy

]

J
! ] . Figure 3-21. Phase Detector Timing Diagram
]

Under lock conditions, when the input of both V and R are identjcal in phase and
frequency, the output pulses from U and D will be extremely narrow and appear on an
o oscilloscope as spikes. For a large difference between the two
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

LO frequency is established, the outputs respond as described above with wide pulses appearing
on the proper outputs.

I'he charge pump accepts both outputs from the phase detector and translates the
voltage levels before they are applied to the loop filter. The input to pin 11 appears as an
inverted output at pin 10. The input to pin 4 appears as an output at pin 5. There will be g
pulsed waveform entering either pin 4 or pin 11 at any given time. The charge pump delivers
voltage commands from 2.25 V on positive swings to 0.75 V on negative swings, with a mean
value of 1.5 V. The charge pump outputs are applied to a low-pass active filter.

The active filter normally uses the amplifier contained in the phase detector IC
plus external resistors and capacitors. In some eases an external transistor will also bhe used, or
an external OP AMP. This filter has a direct influence on loop bandwidth, capture range, and
transient response. Its output is the VCO tuning voltage, which is applied to control the
capacitance of a varicap tuning diode in the VCO tank ecircuit, thereby controlling the VCO
frequency.

3.4.16 TYPE 791600-1 1ST LO SYNTHESIZER (A5A1A2)

The 1st LO Frequency Synthesizer circuits are part of the 1st and 3rd LO/Time
Base circuit board. The 1st LO utilizes a phase lock loop configuration with the prescaling
technique previously described in paragraph 3.4.15.3. The output of the 1st LO tunes in 10 kHz
steps from 42.91 MHz to 72.90 MHz. This tuning range mixes with the 0.0 to 29.99 MHz
receiver tuning range to produce a 1lst IF signal in the range of 42.90 to 42.91 MHz. A block
diagram of the 1st LO is shown in Figure 3-22.

3.4.16.1  Functional Description

The programmable divider, phase detector, and lead-lag filter of the 1st LO
Synthesizer are contained on the main eircuit board (Type 791600); the VCO and tuning voltage
control circuits (Type 791629) are mounted separately, but together with the main circuit
beard, they form a combined assembly. The phase detector (U5), charge pump (U6C), and lead-
lag filter (U7) of the 1st LO will be discussed lightly since a detailed description of these
circuits can be found in paragraph 3.4.15.4 of the phase lock loop section. Refer to Figure 3-22
for the following discussion. |

A two-modulus prescaler (deseribed in paragraph 3.4.15.3) is used at the input to
the divide-by~-N counter to divide down the frequency from the VCO so that it can be handled
by conventional low-power Schottky counters. If the 1st LO is locked on the correct frequency,
the output of the programmable counter will be 40 kHz. This 40 kHz is compared to the 40 kHz
reference frequency from the Time Base in phase deteetor U5. The difference in frequency and
phase of these two input signals produces a series of pulses which the charge pump converts to
positive or negative going voltages. These voltages are integrated by lead-lag filter U7
toprovide the tuning voltage for the VCO. The Notch Filter and Tuning Voltage ground
reference circuits isclate the VCO tuning voltage from any ripple from the 40 kHz reference
frequency. An octal band-switching code, generated by octal encoder Ul3 from the divider
section, switches the VCO to one of eight tuning ranges spaced 16 MHz apart.

The VCO has two inputs and two outputs. The inpbuts to the VCO are a tuning
voltage and a band-switching code. Together they supply the VCO with the necessary
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WJ-8718 SERIES HF RECEIVER

information for tuning

to the correct frequency.
- between 171.64 MHz and 291.80 MHz.

FIGURE 3-22

This range is sent to the programmable divider of the
Since the lst

phase lock loop. The other output of the VCO is applied to a frequeney divider.

LO frequency range is from 42.91 MHz to 72.90 MHz, the VCO frequency range m

In summary, the VCO frequency is four times that of the 1st LO output frequenecy.

Figure 3-22, 1

FILTER T IST LO
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ust be divided
by 4. For this same reason, the eight tuning ranges of the VCO (from the band switching code)
are spaced 16 MHz apart within the VCO and 4 MHz apart (16 MHz +4) for the 1st LO output.
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

| The programmable divider has an input range from 171.64 MHz to 291.50 MHz, in
40 kHz steps, and must divide each of these frequencies down to exactly 40 kHz. This condition
calls for the programmable divider to have a divide ratio from 4291 (171.64 + 40 kHz) to 7290
(291.60 MHz + 40 kHz). |

From the conditions above, the counters within the programmable divider, U8, Ug,
Ul0 and U1l1, must have a divide range from 4291 to 7290. The inputs of the counters are
always preset from the BCD equivalents of the four most significant digits of the tuned
frequency. This range is from 0000 to 2999. One other condition exists at the input to the
counters; Ull is wired to automatically add 8 to its preset. Therefore, the VCO presets have g
range from 8000 to 10999. The external logic circuits connected to the counters ston the
counters from counting when they reach the terminal count number 3709. Since the counters
are wired to count down, the overall divide range needed from the counters is obtained; the

divide range is from 4291 (8000-3709) to 7290 (10999-3709).

3.4.16.2 Circuit Descrigtion

3.4.16.2.1 Counting Cycle

Although the counters have the correct divide range needed to divide the input
frequency down to 40 kHz, the VCO output frequency is too high for the counters to operate
properly. Therefore, a high-speed, two-modujus prescaler is used to divide the input frequency
to a range that can be handled Dy the counters.

The prescaler used in the 1st LO divides either by 50 or 51. In order for the
counters to divide correctly, they must divide in increments of 50 or 51 also. When the
prescaler divides by either 50 or 21, only one pulse is sent to the counters. Therefore, the
counters must interpret this pulse as representing either 50 input pulses or 51 input pulses.

The counter section shown in Figure 3-16 is divided into two parts: a program-
- mable counter and a swallow counter. The programmable counter consists of Uli, Uil, and
part of U9, and the swallow counter consists of U8 and part of US. Both counters receive the
same clock pulse from the prescaler output. By having the swallow counter control the

prescaler, the represented count will decrement by 51 when the programmable counter and the

cycle.

Figure 3-23 shows graphically a typical 1st LO counting cycle. The prescaler
divides by 51 until the swallow counter reaches terminal count. When the outputs of the
swallow counter reach thijs state, they cause the zero detector's Eg output state to become
high. This causes the prescaler to divide by 50 until the end of the count cyele. Since the
programmble counter is Séparately clocked, it continues to count down until its terminal count
is detected by the early decode circuit. When this oceurs, the Fy cutput of the €arly decode
goes high alter the next clook pulse from the prescaler. This is the output pulse supplied to the
phase detector. When the output from the early decode cireuit again goes low, it resets the
counters to the preset number on their inputs. It also causes the reset enable cireuit to reset
the zero detector circuit causing its output to go low so the prescaler can divide by 51 during
the next count eyele, |
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. WJ-8718 SERIES HF RECEIVER FIGURE 3-23
FIGURE 3-24

Refer to the schematic diagram of the 1st LO, Figure 6-17, to aid in understanding
the circuit deseriptions presented below.
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The prescaler input frequency ranges from 171.64 MHz to 291.60 MHz. The

prescailer divides this by 50 or 91, depending on the states of the E inputs of Ul. PFigure 3-24

- illustrates the prescaler's operation. Ul is a divide-by-10/11 ecounter and U2A is a divide-by-5
~ counter. The prescaler divides by 51 when E4 is low and when E5 pulses low once for every five
-pulses from U2A. ES5 is low for only one count out of five so the complete count cvele of U1

and U2A takes 51 counts (4 x 10 + 1 x i1). This count cycle continues until the swallow counter
reaches terminal count. E4 then goes high and U1l divides by 10 only, giving Ul and U2A a

J complete count cyele of 50.

_J 3.4.16.2.2 Prescaler, U1 and U2A
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TABLE 3-4 WJ-8718 SERIES HF RECEIVER

3.4.16.2.3 Digital Code Converter U4 -

U4 is a programmabie ROM (Read Onily Memory) that serves as a decoder or code
converter. It behaves as a look-up table to translate a BCD input, which has bit values of 23,
22, 21 20, to a new code with bit values of 51, 22, 21, 20, Table 3-4 illustrates all possible

inputs and outputs of U4.

[ om———n

Table 3-4. Code Converter U4, Truth Table

BCD INPUTS TO U4 OUTPUTS FROM U4 [
| 23 2 2! 2 51 2 2t 2 [
D C B A Y, Yy Y, Y,
0 0 0 0 0 0 0 v '[
0 0 0 1 0 1 0 0 '
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0 r
0 1 0 0 0 0 0 1 L
0 1 0 1 1 0 0 0
0 1 1 0 1 1 0 0 !
0 1 1 1 1 0 1 1 [
1 0 0 0 1 0 1 0
1 0 0 1 1 0 0 1

U4 serves as part of the programmable counter and part of the swallow counter.
Output Y4 presets the divide-by-2 counter, which is part of the programmable counter. Outputs
Y1, Y9, and Y3 preset the divide-by-5 counter which is part of the swallow counter. The E
function of U4 in each counter section will be discussed below. '

3.4.16.2.4 Programmable Counter U9, U10, U11

The programmable counter is formed by Ull, U10, and part of U9. U1l and U10
count down and U9 counts up. U10 is a divide-by-10 counter (BCD). Ul1l is a divide-by-10
counter (BCD). With the D input of Ul1l tied high (to Vee 3), the counter is always preset with
at least 8 (1000). The divide-by-2 counter within bi-quinary counter U9 is part of the
programmable counter, using preset input A and output QA.

[

Ull, UlU, and U9 are cascaded with a clock input entering U9 at pin 8 (CLK1). US
cascades to Ul0 and clocks U10 on its the 0 to 1 transition. Ul0 cascades to Ull. The

programmable counter counts from its preset values on Ull, U10, and U9 down to a detection
number of 370 (0011, 0111, 0000). A carry condition is the only exception to this count

sequence and will be discussed later.

3.4.16.2.5 Swallow Counter U8, U9 -
The 1st LO swallow counter is formed by decade counter U8 and the divide-by-5 e’

part of bi-quinary counter US. Casecaded, they form a divide-by~50 counter which controls the e
L
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divide mode of prescaler Ul. The counting mode of the swallow counter is unusual, in that U8
counts down and clocks U9, which counts up. Refer to Table 3-5. The terminal count for the
swallow counter oceurs at 09. At this point the Z inputs of control device U3 must all be low.
However, the Zj input is eontrolled by Ul2B, which enables detection of the terminal count.
The Q output of U12B is set high at the beginning of each count ¢ycle, and will not go low until
the most significant swallow counter digit, from U9, steps from 1 to 2. This elocks U12B,
validates the terminal count, and the prescaler mode will be changed when the counter reaches
09. Therefore, for preset values between 29 and 40, the counter eycles past the first 09 count

to the 10 to 29 transition, then terminates at 09.

3.4.16.2.6 Carry Condition U12A, U6B

A carry condition oceurs in the programmable counter when the preset to the
swallow counter falls into the range of 29 to 00. Refer to Table 3-5.

0 G THIS TRANSITION 4
1 9 SETS CARRY CONDITION 3
1 8 (U8 clocks U9) 2
1 7 o 1
1 6 0
1 S 9 U8 clocks U9
1 4 8
1 3 7
1 2 o
. | 1 5!
1 0 SWALLOW COUNTER 4
2 9 VALIDATE (U8 clocks U9) 3
2 8 2
2 7 1
2 6 0
2 5 9 TERMINAL COUN
2 4 8 (U8 clocks 179)
2 3 7
2 2 6
2 1 5
2 0 4
3 9 U8 clocks 179 3
3 8 2
3 7 1
3 6 0 Repeat Cycle
3 5 9 U8 elocks U9
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

If the preset to the swallow counter is 00, the first count will cause the transition to 19. When

this occurs, the U9 output Qg will go high, while QC remains low. The logic of U24B and U24A
produces a logic high to elock U12A. The Q ocutput of UI12A is preset high at the beginning of
each cyele, but if the 00 to 19 transition occurs, it is clocked low. This applies a logic low to
NAND gate U6B, and effectively shifts the actual terminal count of the programmable counter
from 370 to 371. (The actual number detected is 380 or 381, for reasons explained later, in

paragraph 3.4.16.2.8). |

3.4.16.2.7 Count Sequence

Tabie 3-6 iilustrates the count-down sequence of the Ist LO divider for two
example RF input frequencies. In the first example, the receiver is tuned to 00.00XXX MHz
and the 1st LO counter presets are loaded with the value 8000, as explained in
paragraph 3.4.16.1. The two most significant preset digits (8 and 0) are loaded directly into U11
and Ul0. The least significant digit (0) is loaded directly into U8. The § applied to code
converter U4 results in a 0 preset to both sections of U9, as explained in paragraph 3.4.16.2.3.
The swallow counter (U8, U9B) and the programmable counter (U9A, U10 and U1l) are both
decremented by 1 prescaler output pulse for each 51 prescaler input pulses. When the swallow
counter reaches its terminal count (at 09) the prescaler divide mode changes to 50. Sinee the
swallow counter was preset with 00, a carry condition exists and the terminal count for the
programmable counter is 371, as explained in paragraph 3.4.16.2.6. When the programmable
counter reaches terminal count, the cumulative number of pulses into the prescaler equals 4291.
Since the loop reference frequency is 40 kHz, the VCO frequency is 4291 x 40 kHz, or
171.64 MHz. The VCO output to the mixer is divided by 4, resulting in an actual LO output of
42.91 MHz. This is the LO frequency corresponding to a tuned RF of 00.00XXX MHz.

. The second example in Table 3-8 shows the receiver tuned to 29.99XXX MHz and
the 1st LO counter presets loaded with the value 10988. The two most significant preset digits
(10 and 9) are loaded directly into U1l and U10. The least significant digit (9) is loaded directly
into U8. The 9 applied to code converter U4 results in a value of 1 applied to U9A, and a value
of 1 applied to U9B, as explained in paragraph 3.4.16.2.3. Since the swallow counter preset is
19, no carry condition exists and the terminal eount for the programmable counter is 370. When
terminal count is reached, the cumulative number of pulses into the prescaler equals 7290.
With a loop reference of 40 kHz, the VCO frequency is 291.6 MHz, and the actual LO output
(291.6 MHz + 4) equals 72.90 MHz. This corresponds to a tuned RF of 29.99XXX MHz.
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l | WJ-8718 SERIES HF RECEIVER TABLE 3-6
\r Table 3-6. 1st LO Divider Count-Down Cyeles
Pre- Pulses into Prescaler
'] Scaler Prescaler _ Output COMMENTS
Mode Pulses |
___T 0 0 0 0 0 81 0 0 | Preset for Tuned
91 1 1 9 7 9 1 | Freq. of 00.00XXX MHz
| 102 1 1 8 7 9 0 --
‘g "03 510 8 1 0 7 5 0
- 561 1 2 -8 71 4 I | Swallow Ctr. Validation
) I 1530 2091 | 30 0 9 S 9 1 | Swallow Ctr. Terminal
] 2141 1 5 9 0 Count
-, 900 3041 18 5 0 0
1000 4041 20 4 0 0
*] 100 414] 2 3 9 0
- 4191 1 3 8 1 | Early Decode
100 4291 2 3 T 1 | Terminal Count
(Carry Condition)
J 4291 x 40 kHz Divide Ratio = 4291
I 171.64 MHz I
_--! -
=1 +51 0 0 0 1 9 10 9 1 | Preset for Tuned
.. 01 o1 1 1 8 10 9 0 | Freq. of 29.99XXX MHz |
] | 408 450 8 i 0 10 5 0
51 510 1 2 9 10 4 1 | Swallow Ctr. Validation
1530 2040 30 0 9 8 9 1 | Swallow Ctr. Terminal
] +50 1000 3040 20 7 9 1 Count
1000 4040 20 ¢ § i
~ 1000 5040 20 5 9 1
] 1000 6040 20 4§ 9 1
1000 7040 20 3 9 1
150 7190 3 31 8 0 | Early Decode
- 1000 7290 2 3 7 0 | Terminal Count
J (No Carry Condition)
7290 x 40 kHz Divide Ratio = 7290
., = 291.60 MHz
J
|
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FIGURE 3-25 WJ-8718 SERIES HF RECEIVER

-3.4.16.2.8 Divider Section Terminal Count

The terminal counts of both the swallow counter and the programmable counter are
detected by the terminal count control IC, U3. The prescaler mode is controlled by the swallow
counter logic outputs applied to the Z inputs of U3, as described in paragraph 3.4.16.2.5. The
terminal count of the programmable (main) eounter is obtained when the correct logic levels
are applied to the P and B inputs of U3. As previously stated, the actual terminal count ocecurs
at 370 (or 371, with the carry condition). However, because of the relatively high counting
speed, the counters require about two clock pulses to reset at the end of each counting cycle.
Therefore, the divider makes use of a two-pulse "early decode" circuit contained in U3,
Figure 3-25. |

When the terminal count logic conditions are satisfied (at the P and B inputs) U3

counts one clock pulse, then drops the Fg output line low. This resets the flip-flops and presets
(loads) the counters. At the end of the second clock pulse, the Fg output goes high, starting the
count cycle and clocking the VCO phase detector, U5, Therefore, the number detected by 13 is
380 (or 381, in the carry condition) but the actual terminal count is 370 (or 371), because two

more prescaler output pulses occur before the Fg output goes high.

DATA
VALID
» J—
Q Fo
Bl
Pli
PO
ﬂ _
P2

cLx (1)

O(N) N-I N-2

cLoCcKk | | | | | I || I I | | |

DATA ~~1 ' '

VALID __..____J | -
Fo_ J | l '

Figure 3-25. Two-Pulse Early Decode, Count Termination
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3.4.16.2.9 VCO Band Select Code

The VCO Band Select circuits are shown in the lst and 3rd LO Synthesizer
schematic diagram, Figure 6-17. The purpose of U13, Q2, Q3, and Q4 is to transiate the 1st LO
frequency range into eight different bands for the VCO. The band select code causes different
combinations of inductance to be placed across the VCO tuning circuitry, thereby changing the

VCO frequency range.

1st LO frequency word and translates them into a binary coded word on Y3, Y3, and Y4.. The
transistors connected to these outputs supply negative true-code outputs. For example, when

the collector to be off and +15 V to appear at output E1. When Y2 is high, Zener diode CRS
conducts causing Q2 to turn on, resulting in a ~12 V potential at output E1. The relationship of
the band select code to the LO frequency word is detailed in Table 3-7.

Table 3-7. Band Select Coding

. dh 7™

RF Digit _ Band Select Code
(Negative True)

10 MHz 1 MHz L, . 0
(U11) (U10) I 2°®3) | 2@y | 920
0 0 0 0 0
0 4 0 0 1
0 8 0 1 0
1 2 0 1 1
1 6 1 0 0
2 0 1 0 1
2 4 1 1 0
2 8 1 1 i
3.4.17 TYPE 791629 VOLTAGE CONTROLLED OSCILLATOR (A5A1A1)

3.4.17.1 Functional Description

Figure 3-26 is the functional block diagram for the Voltage Controlled Osecillator.
The VCO is an integral part of the ist LO Synthesizer loop, whose inputs are a tuning voltage
and a band select code, and whose output is the 1st LO frequency. The VCO operates at a
frequency four times the desired 1st LO frequency. The band select code and the tuning
voltage combine to tune the oscillator from 171.64 MHz to 291.60 MHz in 40 kHz steps. The
oscillator output is amplified by Q2 and split between the buffer amplifier and the Divide-by-4
Assembly. Buffer amplifier Q3 provides the synthesizer with a sample of the oscillator signal.
The sample is processed and, if required, a correction is made to the tuning voltage. The
amplified osecillator frequency is divided by 4 (by U1) since the oseillator frequency is actually
four times the desired 1st LO frequency. Amplifier Q7 supplies g high-level signal for the 1st

- Mixer. A further explanation of the VCO follows.
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FIGURE 3-26 WJ-8718 SERIES HF RECEIVER

BAND SELECT

A"
B e =1
I L! ! l
R | - -
Ll BUFFER RF OUT TO +N 1ST LO
I 1 m AMPLIFIER | SYNTHESIZER|
YYYY R _ “lo3 | ASAIA2
loscILLATOR] ' T POWER — | - -
o AMPLIFIER>-o={ SPLITTER
Q2 R9,R1I0
- - -o{ DIVIDE-BY-4 _
7Vde ASSEMBLY -8 AMPLIFIER > LSJT';?JT
REGULATOR U1,Q8 Q7

Figure 3-26. VCO Functional Block Diagram

3.4.17.2 Circuit Desecription

Refer to Figure 6-16 for the schemalic diagram of this circuit. This description
follows the same organization as the functional deseription given in the preceding paragraph.

Applying a negative-true-code voltage to the BAND SELECT inputs tunes the
oscillator to one of eight different frequency bands. When the BAND SELECT inputs are all
positive, CR1 through CR3 are off, and L2 through L4 are effectively out of the circuit. This
allows the inductance of T1 to be maximum. When any or all of the BAND SELECT inputs are
negative, the corresponding diode will conduct and the inductance of T1 will be reduced by the
shunting effeet of the inductor (L2, L3, or L4). Varactor diode CR4 fine tunes the oscillator in
response to the tuning voltage input. Common-emitter amplifier Q2 keeps load changes at the
input of power divider R9 and R10 from being reflected back to the output of oscillator Q1. T2
matches the output of the amplifier to the input of the power divider. The signal is coupled to
buffer amplifier Q3, which drives the prescaler of the synthesizer. R9 and C15 couple the
signai irom QZ to ihe input of the divide-by-4 circuit Ul. MECL divider Ul divides the signel
frequency by four and amplifier Q5 isolates its output from load changes. Voltage regulator Q4
provides Ul and Q5 with a -7.0 V power input from the -12 V power supply input to the
assembly. Amplifiers Q5 and Q7 provide the relatively high currents needed to drive the input
of the 1st Mixer. | |
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WJ-8718 SERIES HF RECEIVER FIGURE 3-27

3.4.18 TYPE 791601 2ND LO SYNTHESIZER (A5A2)

3.4.18.1 Functional Deseription

The 2nd LO tunes from 32.20001 to 32.21000 MHz in 10 Hz steps. This synthesizer
utilizes three phase lock loops to produce the 2nd LO output. The functional block diagram of

the 2nd LO is shown in Figure 3-27.

Loor [T ’ ‘ DETECTOR t—et'06 ' -
| MHz | 7\ o U6A,U6B ¢ 2ND LO OUTPUT

| > JUILUZ2,U3A,Q1,05
b I o . g

| 200-210 MHz |
PHASE LOCK

OIVIDER

LOOP + 1000
IOKH2 1 y? THRU ui2, VIe,UI7,ui8 | 200.01 KNz
REFERENCE| uia,u1s.Q7 . 210.00 KMz

Figure 3-27. 2nd LO Functional Block Diagram

) The phase lock loop in the upper left section of the diagram has a reference input
of 1 MHz from the Time Base and a fixed output of 32 MHz. The bottom phase lock loop is
programmable and produces an output from 200 to 210 MHz. This output routes through a
divide-by-1000 stage, resulting in a programmable output from 200 to 210 kHz. The third phase
lock loop depends on the other two phase lock loops to produce the 2nd LO output.

An explanation of the 2nd LO output loop will clarify the overall operation of this
synthesizer. The 2nd LO output routes to mixer U4, where it is mixed with the fixed-frequency
Phase lock loop output of 32 MHz. This mixer produces the difference of its two input
frequencies, resulting in an output within the 200 to 210 kHz range. This output is amplified
and level translated for TTL compatibility. Mixer output and divide-by-1000 output signals are
compared in frequency and phase by U6A, whose output characterizes the difference betweenits
two inputs. Filter U6B integrates the phase detector output into a varying de voltage which
drives the VCO to establish the desired frequency. The VCO output is sent through a buffer
amplifier whose output is the 2nd LO.

3.4.18.2 Circuit Description

The circuit description for the 2nd LO follows the same organization as the
functional description. The 2nd LO will be discussed in the following order: 32 MHz phase lock
loop, programmable phase lock loop, and 2nd LO output loop. The schematic diagram for the

2nd L.O is shown in Ficure §-18.

¢
!

en

&



CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

The 32 MHz phase lock loop utilizes the basic phase lock loop configuration shown o
in Figure 3-17. The VCO output (from oscillator Q5) is applied to buffer amplifier Ql. The

collector output of Q1 routes through a divide-by-2 counter, UU3A, and 2 divide-by-16 counter,
U2, dividing the 32 MHz output down to 1 MHz. This signal and the 1 MHz reference from the
time base are compared in phase detector UlA, and filtered in U1B (these circuits are described
in paragraph 3.3.2.4). The de voltage from U1B varies the capacitance of varactor diode CR3.
@5s oscillation frequency depends on the tuned circuit incorporating CR3. Q1 is a buffer
amplifier which has two outputs isolated from each other. C9 and L9 pass the 32 MHz emitter
signal to the mixer while rejecting any harmonics of 32 MHz or any 1 MHz signals from the
input of U4. The collector output is returned to the counter to close the loop.

The programmable phase lock I00p incorporates a two-modulus prescaler, swailow
counter, divider, phase detector, filter, and VCO. The output of this loop, from Q7, feeds into
Ul5 and Ul16. U14 and U15 form a prescaler whose divide ratios are 100 and 101. Figure 3-28
illustrates the prescaler operation. Individually, U15 is a divide-by-10 or 11 counter and U14 is
a divide-by-10 counter. Cascading the two counters results in divide ratios of 100 and 110.
This needs additional modifications. U15 divides by 11 when both E5 and E4 are at a low state.
This oceurs only during the swallow counting sequence when E4 is held low by Ul11C. U15
divides by 10 for 90 input pulses from the VCO. Because of this, nine input pulses enter U14 at
pin 2. At this point Ul4s ripple clock output, pin 15, goes low for one input pulse. This enables
Uld to divide by 11 once. Therefore, dividing by 10 nine times (9x10) and dividing by 11 once
(1x11) results in a divide ratio of 101 (90+11). This division of 101 oceurs until the swallow
counter (U7 and U8) reaches terminal count. From this point, E4 of U15 remains high until the
divider reaches terminal count, thus dividing by 10. U11B and U11C detect the state of the
swallow counter while U11D detects the terminal count of the divider.

The swallow counter is comprised of U7 (a decade counter) and U8 (a binary
counter). UllA, B, and C form the swallow counter terminal count deteetor. The counter can
be loaded with any number between 00 and 99, inclusive. During a load pulse U7 and U8 are
loaded, and the output of the NAND lateh formed by U11B and U11C is reset. This low signal is

sent to the prescaler control input of U135, causing it to divide by 101. When U8 reaches state
1010, sensed by U11A, the NAND lateh will be set causing the prescaler to divide by 100. As

The main programmable counter consists of binary counters U9 and U10. U11D is
used as the detector. U9 can be loaded with any value between 0 and 9, and U10 is always
loaded with 2. Sinece binary counters are used, the 2 loaded in the second digit is not worth 20
(2x10), but is worth 32 (2x16). U11D senses a high level on the QA output of U9 and the
minimum/maximum output of U10. The first time this occurs while up counting is when U10
and U9 are in states 15 and 1, respectively. Again the 15 in the second digit is worth 240
(15x16), so the terminal count is 240 + 1 = 241. Each count of the programmaocie counter is
equal to 100 counts of the overall divide chain so the actual terminal count for the
programmable counter is 241 x 100 = 24100.

Combining the terminal counts of both counters will vield the overall terminal
counl. The terminal count for the swaliow counter was 100 and for the programmable counter
was 24100. Therefore, the terminal count for the whole chain is 100 + 24100 = 24200. The
programmable counter is always loaded with 32 plus the input to U9 so the overall chain is
loaded with 3200 (32x100) plus the inputs to the three stages.

e |
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FIGURE 3-28

- INPUT

QUTPUT FROM

SWALLOW
COUNTER

SWALLOW COUNTER ON ~» E4 LOW
SWALLOW COUNTER OFF —» Eg HIGH

el

INPUT (10, 0, 10, 10, 10 10, 100 10 40

DIVIDE-BY-100

Figure 3-28. 2nd LO Prescaler Timing Diagram
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CIRCUIT DESCRIPTION WJ-8718 SERIES HF RECEIVER

Suppose 000 is loaded into the 2nd LO. The input to the counters is 3200 + 000 =
3200. The terminal count is 24200, so the divide ratio is 24200 - 3200 = 21000. Suppose 999 is
loaded. The input is 3200 + 999 = 4199. The divide ratio is 24200 - 4199 = 20001. Suppose 500
1s loaded. The input is 3200 + 500 = 3700. The divide ratio is 24200 - 3700 = 20500.

Assuming lock is achieved, a 10 kHz signal should be seen at the output of Ul1D.
This signal is compared to a 10 kHz reference frequency from the Time Base, in phase detector
UlZ2A, and filtered in U12B (these circuits are described in paragraph 3.4.15.4). The de voltage
from U12B varies the capacitance of varactor CR5 which varies the frequeney of oscillator QT.
This signal, ranging from 200.01 MHz to 210.00 MHz, feeds the prescaler and routes to a divide-
by-1000 circuit. U16, U17, and U19 each are divide-by-10 counters. When cascaded, the circuit
provides a division ratio of 1000 (10x10x10). The input to UBA is a signal ranging from
200.01 kHz to 210.00 kHz.

The 2nd LO output loop produces the 2nd LO frequency range of 32.20001 to
32.2100 MHz in 10 Hz steps. This range of frequencies and the 32 MHz signal from Q1 mix in

U4, resulting in a difference frequency range from 200.01 kHz to 210.00 kHz.

Differential amplifier U5 accepts the push-pull output from U4 and amplifies the
signal approximately 10 times into a single-ended output. Q2 translates the output level of U5
to TTL levels for the input to U6A. This signal and the phase locked frequency from the
programmable divider are compared in phase detector U6A, producing de voltages that are
filtered by U6B (these circuits are described in paragraph 3.4.15.4). U6B's output varies the
capacitance of varactor diode CR4 and tunes oscillator Q6. This output enters a buffer
ampiifier, Q3, where the signal is cutput tc mixer U4, and is coupled through impedance
matching voltage divider C22, C23, to become the 2nd LO output.

3.4.19 TYPE 791600-1 3RD LO SYNTHESIZER (A5A1A2)

The 3rd LO is part of the 1st and 3rd LO/Time Base board, Type 791600. The 3rd
LO has an input of two reference frequencies from the Time Base and a fixed output frequency
of 11.155 MHz. The 3rd LO utilizes a basie phase lock loop configuration and a digital mixing
technique. A functional description aiong with a circuit description is provided below.

3.4.19.1 Functional Description

Figure 3-29 shows a functional block diagram of the 3rd LO. Inecluded in the
diagram are reference designations that correspond to the 3rd LO schematic. The 3rd LO is
part of the 1st and 3rd LO/Time Base schematic diagram, Figure 6~17. The VCXO (voltage-
controlled crystal oscillator) for this synthesizer is formed by Q8, Y1, CRY7, and their associated
components. The oscillator is erystal-controlled to 11.155 MHz, and will be driven into proper
phase relationship by the de tuning voltage applied to CR7. The oscillator signal is buffered by
emitter-follower Q9 and is split into two signal paths. One path is to board pin AS§5, the 3rd LO
output. The other path is to flip-flop U21B. The flip~-flop acts as a digital mixer, producing an
output frequency equal to the difference between the VCO frequency (11.155 MHz) and the
frequency that is the nearest integral multiple of the cloek frequency (223 x 50 kHz =
11.15 MHz). The difference equals 5 kHz. This signal is applied to phase detector U22 along

with a 5 kHz reference derived from the Time Base circuit by U21A. The error pulses are

integrated into a eontrol voltage for the VCO.
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Figure 3-29. 3rd LO Functional Block Diagram.

3RD LO OUTPUT
1,193 MMz

3.4.19.2 Circuit Description |

The 3rd LO output, found at pin A55 of the 1st and 3rd LO Synthesizer board
(A5A1A2), is roughly a 100 mV rms sine wave. This signal also couples to Q10, through C37,
where it is amplified to levels applicable for the digital mixer. The 3rd LO signal is compared
to a 50 kHz reference at pin 11 of U21B, to produce a 5 kHz output, when the 3rd LO is locked.
This 5 kHz signal from the mixer is compared to a 5 kHz signal from the time base, via divide-
by-2 U21A, in the phase detector, U22A. The charge pump U22B converts the differences in
phase and/or frequency into positive and negative going dc levels. These levels pass through
filter U22C and bias varactor diode CR7. The 11.155 MHz crystal oscillator is then driven in
the direction to achieve lock. The 3rd LO frequency then passes through buffer amplifier Q9
and TTL driver Q10 to complete the loop.

Although the VCO incorporates an 11.155 MHz crystal, Y1, a phase lock loop is still

needed. The purpose of the phase lock loop is to vary the oscillator frequency for the purpose
of phase-locking it with the Time Base. With the phase lock loop disconnected, the erystal
oscillator can produce a usable output frequency for the 3rd LO but would not be exactly the

correct frequency to mix with the 10.7 MHz output of the 2nd Mixer.

3.4.20 TYPE 791576-1 BFO SYNTHESIZER (A5A3)

3.4.20.1 Functional Description

’ The DBFO Synthesizer produces a 455 KHz #8.5 KHz signal. The BFO therefore
tunes from 446.1 to 463.9 kHz, in 100 Hz steps. This synthesizer utilizes the basic phase lock
loop configuration shown in Figure 3-17. The actual phase lock loop operates at a frequency
range of 10 times the BFO output to allow for the use of a 1 kHz reference frequency.
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A functional block diagram of the BFO Synthesizer is shown in Figure 3-30. Some
‘reference designations are included in the diagram and correlate with the BFO schematic '
diagram, Figure 6-19. The functional block diagram does not include all external connections
and should only be used with this discussion.

The VCO produces a frequency that is distributed to the B¥FO output connection
(via d1v1de-by—-10 counter U10) and to the programmable counter clock inputs. The presettable
inputs, in conjunction with the end of cyele detector, create a divide-by-N eounter. The end of
cycle detector produces pulses which are compared to a 1 kHz reference frequency in the phase
detector. The resultant output is pulses that characterize the difference in frequency and
phase of the two input frequencies. The loop filter takes the output pulses from the phase
detector and integrates them into a varying dc voltage. This varying voltage drives the VCO in
the proper direction to establish the desired frequency.
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Figure 3-30. BFO Functional Block Diagram
3.4.20.2 Circuit Desecription
| The circuit description of the BFO Synthesizer is presented in a sequential manner

to facilitate understanding. The BFO phase lock loop will be discussed in the following order:
programmable divider, phase detector, charge pump, loop filter, and VCO. Integrated circuit
data is supplied where needed. The BFO Synthesizer schematic diagram is shown in
Figure 6-19. )
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enables counting. The direetion of count is determined by the level of the up/down (U/D) input.
When low, the counter counts up, and when high, it counts down. The preset function is
controlled by the state of the load inputs. When a logie low is applied to the load input, the
BCD number at the preset inputs (D, C, B and A) is loaded into the counter, and counting will
begin from that number. |

The programmable divider must produce an output of 1 kHz for any input signal in
the range of 4.461 to 4.639 MHz. Therefore, the divide ratio of the programmable counter must
be from 4461 (4.461 MHz+1 kHz) to 4639 (4.639 MHz+1 kHz). Because counters Ul through U4
are cascaded (by connecting the ripple cloek of one to the enable of another) and have a
maximum count of 10000 (10x10x10x10), additional eireuitry is needed to reduce the divide

ratio.

To reduce the maximum count, an end-of-cycle detector cireuit is used to
terminate the count sequence. The end-of-cycle detector, consisting of U5A, USB, U6A, UGB,
U6C, UTA, and U7B terminates the counting of U4, U3, U2, and U1 at 5450. When this number
is detected, a pulse is sent to the phase detector (U9) and the counters are reset.

Now that s terminal eount has been €slablished, an explanation of the presettable
inputs follows. The preset of U4 is always set (hard wired) to 0000. U3 has two preset inputs

which depend on the direction of counting. These inputs to U3 connect to the plus or minus ()
thumbwheel switch for variable BFO selection. Selecting a negative (-) BFO frequency enters a

* 1001 into U3 and the counters count up. Seleeting a positive (+) BFOQ frequency enters a 0600

into U3 and the eounters count down. U2 has nine possible preset input states from BCD 0000
to 1000. U1 has ten possible preset states from 0000 to 1001. These possible preset states are
determined by the setting of the BFO switch. Selecting a zero BFO offset (+0.0 kHz) grounds
all preset inputs of Ul and U2, loading both counters with 0000. Also, selecting a "0" from the
M+, 0, -" thumbwheel grounds all thumbwheel preset Inputs causing a zero BFO offset. In all
sideband modes, the BFO offset line is grounded, in turn grounding the presets of U1 and U2 and
loading them with 0000. Refer to the BFO Switeh Truth Table, Table 3-9, for further
clarification of the BFO Switch operation.

Knowing the possible input values of the divider and the end-of-cycle detection
number, an example will help explain the count sequence (refer to Figure 6-18). Assume that
counters U4, U3, U2, and U1 are all loaded with 0000. This corresponds to a BFO frequency of
455 kHz, a VCO frequency of 4.55 MHz, and a BFO thumbwheel setting of 0.0 kHz. A "+v
thumbwheel setting initiates down counting. Therefore, counting from 0000 down to 5450
results in a divide ratio of 4550. (Note that the next count down from 0000 is 9999). With a
divide ratio of 4550, the counters will reach a terminal count 1000 times g second with an input

frequency of 4.55 MHz.

Notice that setting the thumbwheel switches to -0.0 kHz indicates the same VCO
frequency, 4.55 MHz, but initiates "up" eounting. A negative "-" setting enters a 1001 (BCD 9)
in U3, making the count start from 0900. With an input of 0900 counting up to 5450 results in
the same divide ratio of 45350,
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Assume a BFO frequency of 460.4 kHz is needed. This corresponds to a thumb-
wheel selection of +5.4 kHz, and a VCO frequency of 4.604 MHz. From the thumbwhee]

selection, a "+" presets U3 with a 0000, a "5" presets U2 with a 0101, and a "4" presets Ul with

a8 0100. Therefore, counting from 0054 down to 5450 results in & divide ratio of 4604. With g -
divide ratio of 4604, the counters will reach terminal count 1000 times a second with an input
frequency of 4.604 MHz. r

it

UBA and U8B have two purposes: to send a pulse to the LOAD input of the
counters for presetting and to extend the width of the end of cycle detector's pulse.

The phase detector, U9A, receives a fixed 1 kHz frequency at its reference input,
pin 1, and a signal from the divider at its variable input, pin 3. These two signals produce an
output that characterizes their differences in frequency and phase. The charge pump, U9B [
receives this pulsed waveform from the phase detector outputs and translates them to fixed
positive and negative-going amplitude levels (centered about 1.5 V).

These levels are filtered and integrated by the loop filter, Q4 and U9C, providing L
the tuning voltage for the VCO. A more complete desecription of the phase detector can be
found in paragraph 3.4.15.4.

Buifer Q4 provides a high~input impedance for the preceeding stage. Positive and
negative going pulses at the gate are developed across the source output and applied to
inverting amplifier U9C. The output of U9C is coupled back to the gate of Q4, through R3 and E

C1, providing the integrating action. Potentiometer R1 establishes zero gate to source voltage
(Vgs) to Q4.

Emitter-coupled oscillator Q1 with its external tank circuit comprises the VCO.
Varactor diode CR1 receives a control voltage from the active filter and adjusts the tank
cireuit's frequency of oscillation to establish lock. The VCO operates from 4.461 to 4.639 MU=,
Hesistors R8, RY, and R10 form the de bias network, and feedback capacitor C7 sustains
oscillation along with tuned circuit C8 and L1. R11 and C9 form a low-pass filter for +15 V
isolation, and the VCO's output is coupled to the next stage by C10.

Q2 and its surrounding components form a tuned amplifier for the incoming VCO
output frequeney. This VCO sine-wave frequency is then coupled to a sine-wave to TTL
converter, Q3. From here, the digital signal returns as the clock input of the programmable
divider, and is divided by 10 in U10 and provided as the BFO output signal.

3.4.21 TYPE 791600-1 TIME BASE CIRCUITS (ASA1A2)

)

The Time Base circuits are part of the Type 791600 board, A5A1A2. The Time
Base circuits have two sources of reference from which to choose. A funetional description is
given along with the funetional block diagram shown in Figure 3-31. Reference designations
are included in the diagram and correlate with the Time Base portion of the 1st and 3rd

i

3.4.21.1 Functional Description -
The Time Base can be controlled internally with a 2 MHz temperature compensated -
crystal oscillator (TCXO) and divide-by-2 frequency divider, or witha 1 MHz external source. .
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This 1 MHz reference is divided down to 50 kHz, 40 KHz, 10 kHz, and 1 kHz. Buffer amplifiers

. Q6 and Q7 are used for isolation purposes. Synthesizers that need certain reference frequencies

are listed below each frequency in the diagram. Refer to the schematic diagram in
Figure 6-17. S2 in Figure 3-31 represents the funetion of U23.

OIVIDER L 40 KMz
UISB,ul? IST LO

! MMz
T ' -
= EXTERNAL T T S
| SOURCE ,
®
oMHz INTCY rl;%wznw v
TCXO Uisa SELECT
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DIVIDER DIVIDER | DIVIDER DIVIDER
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U20A,U208 viag | .. | uioe l I ViBA,Ui9A l
| KMz m—— |0 KMz el 80 KMz
8FO - 2ND LO 3RD LD

'3RD LO

Figure 3-31. Time Base Circuits Functional Block Diagram

accomplish the switching of internal and external reference sources. A truth table of the tpi-
state buffers used is given in Figure 3-32. Getting information from input A to output Y
depends upon the state of input C. Information passes from input A to output Y when the state

of input C is low. Similarly, information is inhibited from the output when the state of input C
is high. -
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When operating with an external source of reference, the external select (EXT
SEL) line is grounded and the internal seleet (INT SEL) is pulled high by R84, and the externally
supplied 1 MHz reference is seen at module pin A17, EXT/INT STD. The internal 1 MHz
reference is inhibited when it reaches tri-state buffer U23B. Therefore, the only source for the
1 MHz signal to transformer T1 is the external one. T1 and C23 resonate at 1 MHz while the
voltage divider of R34 and R35 shifts the 1 MHz signal to a 2.5 Vde level. This signal enters [
U16 which converts the sine wave to TTL levels. The output of U16 passes through tri-state

buffer U23A and on to the rest of the Time Base circuits.

[

SN741258 ' TRUTH TABLE [

' . | INPUTS | QUTPUTS | ]

A v e ATl v |
U23cC M L H

. . |

X H Hi=-2 ['I

c -

Figure 3-32. Tri-State Buffers

Operation with the internal source grounds the internal select (INT SEL) line and
allows the external select line to be pulled up by R85. Tri-state buffer U23 allows the 2 MHz
signal that is divided to 1 MHz to be passed on to the rest of the circuitry. The 1 MHz
reference splits to two parts of the circuit. In one direction, the reference signal passes
through U23C and out the EXT/INT STD connection. The signal does continue to pass through
U16 but is inhibited at U23A. In the other direction, the reference signal passes to pin 3 of

U23A (EXT) or pin 11 of U23B {INT), and on to the rest of the time base circuitry.

For either source of reference, a 1 MHz TTL signal is present at the input of Q6

and U15B. This signal is divided by 25, through U15B and U17, to become a 40 kHz reference
for the 1st LO. The 1 MHz signal also passes through an isclation amplifier Q6 to board pin A9

A %L b b\F A

to be used as a reference for the 2nd LO. The 1 MHz signal also passes through another
Isolation amplifier, Q7, to be divided down to three more reference frequencies.

U18A and U19A form a divide-by-4 network whose input is 1 MHz and whose output be
1s 250 kHz. This 250 kHz divides down to 50 kHz through divider U19B and is sent to U21B, the L
digital mixer of the 3rd LO. The output of U19B also enters U18B, whose output is a 10 kHz
signal. This signal leaves the board to be used as a reference for the 2nd LO, and is divided to -
o kHz by U21A to act as a reference for the 3rd LO ecireuit. The 10 kHz signal also passes |
ih}z('zsél,.zgh a divide-by-10 network, consisting of U20A and U20B, for an output reference signaiof .,
Z. -
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3.4.22 TYPE 791630-1 1ST AND 3RD LO SYNTHESIZER /TIME BASE (A5A1)

This assembly is located in the right-hand side of the receiver and connects the Ist
and 3rd LO/Time Base circuit board to the 1st LO VCO circuijt board. The connections ineclude
three lines for the VCO band select code, two lines for the VCO tuning voltage, and one line
connecting the VCO output to the 1st LO divider seetion. Also on this board is g -12 Vde
regulator that supplies voltage to both the 1st LO Synthesizer and the 1st LO VCO.

low-pass filter (C4, Cs, C8, R4, and 14). CR1, CR2, and CR3 provide a 1.8 Vv potential on the
tuning voltage reference line. A -15 Vde potential from the 1st LO cireuit board enters pin 3 of
the voitage regulator VR1 and is regulated to a -12 Vde output on pin 2. The -12 Vde is
supplied to the VCO, to power its circuits, and to the 1st LO Synthesizer to power lead-lag

filter U7 and the band switching circuit.

3.4.23 TYPE 791575-1 MANUAL TUNING UP/DOWN COUNTER (A6A1)

The Manual Tuning Up/Down Counter contains the RF frequency dats. This
information is sent to the 1s¢ and 2nd LO Synthesizers, and is encoded for multiplexing to the
display board. The frequency data ean be changed in two ways: from the Manua] Tuning
Module via front panel control, or from the Remote Input Jack by an external controller. A
block diagram of the Up/Down Counter is shown in Figure 3~33. The funections of the Up/Down
Counters and the multiplexer are presented below followed Dy an overall eircuit description.

3.4.23.1 Integrated Cireuit Data

The 14510 is g presetable up/down decade counter and is shown in Figure 3-34. Pin
15 is the clock input. The counter will increment for each rising edge of the clock when the
up/down input (pin 10) is high; when pin 10 is low, the counter will decrement. If the parallel

carry input (pin 5) of one counter to the carry output (pin 2) of the preceding counter and by
c¢onnecting the controi inputs (clock, up/down, parallel enable) in parallel. If the carry input is
high, the counter js inhibited from clocking. The carry output, normally high, goes low during a
carry condition. Carry conditions oceur when the counter is in a 0 State during down counting
or when the counter is in g 9 state during up counting. Therefore, any stage in a counter chain

The 14512 is an eight-input data selector and is shown in Figure 3-34. Control
Inputs A, B, and C select which of the datg inputs, Xg to X7, is gated to output Z. The data
input selected is determined by the binary equivalent of the control inputs. When activated, the

fﬂisable line will force a low on the Z output and the inhibit input will cause it to go to the high
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Figure 3-33. Manual Tuning Up/Down Counter Block Diagram
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the counter. U9 is a dual JK flip-flop. U1F, USC, U18B, U10B, and U10D form the logic to
control the states of UQ. During up counting, U9 will elock from 0 to 2 and then back to 0
again. Down counting will produce states in the opposite direction. U11, U1l0C, and U10A form
the logic to preset U9. With the remote frequency load line low, the outputs of U1l will all be
low, having no effect on U9. If the load line is high, USA will reset if the 20 of 107 input is high
and clear if it is low; U9B will reset if 21 of 107 is high and elear if it is low. U8A, U8B, and
U8D are used to gate the carry outputs of the first thres slages to be used for the tuning
resolution select. The tuning resolution switches provide & short to the step select switch

Resistors R5 to R8 are pull-up resistors to provide a high level on the open circuited lines. If
the 101 switeh is selected, counter U2 will be enabled. Since the other lines will all be high, all
AND gates will be enabled. The resuitant is a normal seven decade counter. If the 104 step
select is chosen, AND gate USD will be disabled. U2 will be inhibited since its carry input will
be high. Since the carry input of U3 is now always low, it will elock for each pulse received on
its clock input. U8B and U8SA will still be enabled allowing for normal carry operation. The
counter now behaves as though counter U2 is no longer in the circuit. If the 103 select is

chosen, both U2 and U3 are disabled:; if the 104 is chosen, U2, U3, and U4 are disabled.

The cloek and direction signals are from the glanual Tuning Module. When up
counting is degired, the clock line lags the direotion line by 80”; when down counting is desired,
It leads by 90”. U1A and U1E are Schmitt triggers to buffer the input signals. Since both cloek

During up counting, the rising edge of the clock will always oceur when the direction line is
high, causing the ecounter to increment. In down counting, the rising edge will always ocecur
when the direction line is low, decrementing the ecounter.

The P inputs of the counters are connected to the Remote Input Jack, J1. When
the remote frequency load line is pulsed high, the levels on the P lines will be transferred to the
outputs of the counter. If the load line returns low the counter will resume cloecking from the
new data. The Remote Input Jack also contains lines from the IF bandwidth select. cireuitry.
This allows remote control/monitor of the IF BW,
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Operation of the data selector is as follows: when the counter U16 has all zeros on -

its outputs, the A, B, and C inputs of Ul2 to U1l5 will be low. This will gate all Xy inputs to
their respective Z outputs. The information sent to the display board via J2 will be:

If Q2 Ql Q0 = 000, then:

23 92 91 90 - 19! pigit

When the oscillator clocks U16 again, the outputs will become 001. This will cause the Xj input
of each multiplexer to appear at its respective Z output. As the counter U16 clocks, all X

inputs will be sent to the Z output in the code shown in Table 3-8.

Table 3-8. Data Selector 14512, Digit Control Codes

MY

0 0 0 10, Digit
0 0 1 103 Digit
0 1 0 10, Digit
0 1 1 10, Digit
1 0 0 10 8 Digit
1 0 1 10.7 Digit
1 1 0 10" Digit
H i i All LOW

4 This information can now be decoded on the display board. The display board
determines which digit is present on the 23,_,. 22, 21, and 20 lines by decoding the Q9, Q1. and Qg
inputs.

During power down, the RF ifrequency is remembered by powering the Up/Down
Counter from BT1 (2.5 V) mounted on the receiver rear panel. Diode CR1 is used to charge the
Nicad battery when power is on and to isolate the battery from the rest of the receiver when
power is down. It is a hot carrier diode, dropping only about 0.4 V when forward biased. When
power is on, Vpp is at 5 V, forward biasing the diode and charging the battery through R9. If
power fails, Vpp drops to 0 V and diode CR1 becomes reverse biased, allowing battery current
to flow only to the chips connected to "?DDZ' |

The purpose of Q1 and its circuitry is to inhibit all counters when power down

occurs. Without it, the counters could clock when power was again applied to the encoder
assembly, because the clock input could go from a low (during power down) to a high (during

power up).

Transistor Q1 controls the step select switeh ground. When power is on, the 10 V
across voltage divider R11 and R12 will turn Q1 on, which will place a low on the step select
common. If the 10 V line drops below 7 V, the base of Q1 will drop below 0.7 V, and the
transistor will turn off placing a high on the step select common through resistor R10. This
high will prevent any of the step select lines from going low. The step select button chosen will
short to ?: ;hi%h lev::lpgow, not a low, and the unchosen switches will still be pulled high by

s o tarcugnh K&,
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3.4.24 TYPE 791828-1 FRONT PANEL INTERCONNECT (A6A2)

\] This module translates information received from the manuallv controlled front
panel into control information for the receiver. Front panel information entering this module
controls detection mode, gain mode, meter mode, and IF bandwidth, in addition to headphone

1 and RF gain levels. This information is then decoded, for use primarily in the IF stages of the
receiver. Two output lines from the Front Panel Interconnect, however, econtrol the BFO. The
schematie diegram for this module is contained in the Front Panel Interconnect Schematic
Diagram, Figure 6-22. I/O Motherboard Schematic Diagram, Figure 6-20, and Receiver Main

1 Chassis Schematic Diagram, Figure 6-25, should be referred to as an aid in understanding Front
Panel Interconnect Operation.

<

l

- input to this module and how it decodes and sends the information to the IF and BFO circuits.
The Front Panel Interconnect board Incorporates two integrated circuits, Ul and U2, whieh will
be discussed below.

As can be seen from the schematic diagrams, most of the lines from the front
‘l panel are simply passed through to the rest of the receiver. For these lines, this module serves

as a patch panel. For the IF bandwidth lines and certain detection mode lines, diode logic is
performed by CR1-3, CR5-10 and U2 to conirol the combinations of IF filters, as described in

.' paragraph 3.3.3.9.

The truth table for analog multiplexers Ul and U2 is shown in Figure 3-35. This IC
performs as three digitally controlied SPDT switches. When control input A is logie low,
terminals X and X are internally connected. When A is logic high, X and X are econnected.
~.—~  Similarly, input B controls Y, Y0, and Y3 and input C controls Z, Zg, and Zi. This circuit

performs most of the logic funetions associated with the front panel pushbuttons for deteetion

‘mode (on A10A1) and IF bandwidth (on A10A2). Refer to Figures 6-20, 6-22 and §-25 for the
] following descriptions. Notice that both A10A1 and A10A2 have their own set of "E" terminals
to A10P1, using some of the same numbers.

SWIiTCH CONTROL ON
M commons ™1 4y ' INPUTS SWITCHES
[ 2y Yo X,
CONTROL Lo, Y. X
INPUTS ZO YO X1
1 0 11 2
Z. Y: X
0 X1 &4
Z. Y- X
1 71 ¥0 30
- zl 0 ¥l
beeee. SWITCHED zl Yl XO
TERMINALS 1 1 1

J
- Figure 3-35. Front Panel Interconnect Integrated Circuit Data
When CW mode is selected, the detection mode switehn connects E4 to E12, and E5
] “~ to E6. This places +5 V on the CW select line to IF Motherboard A4. Input B of Ul is controlled
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by the remote bandwidth control line entering at XA2 pin 11. Since this line is logic low in
local mode, Ul input B is normally low, and Y is connected to Yg. Therefore, when ES5 is
connected to E6, the +5 V at Ul input A causes the +5 V line at X to be connected through X1,
Yg, and Y, to E19 and the IF bandwidth switech common line, enabling these switches.
Therefore, any bandwidth may be selected in CW mode. If "0" is selected on the "+, 0 ,-" BFO

switeh, the switch common (ground) places a low on U1 input C, Z and Zg are connected, Q1 is
turned off, and the resulting low voltage at XA2 pin 58 causes the BFO preset lines to be pulled
10w, producing & rixed 455 kHz BFO frequency. (Refer to paragraph 3.4.20 for a description of
the BFO presets.) If "+" or "-" is selected, the ground is removed and Ul input C is pulled high
by R7, Q1 is turned on and power is applied to the BFO preset pull-up resistors, entering
whatever frequency code is present at the BFO Switch. Therefore, the BFO may be either fixed

or variable in the CW mode.

When AM 'm.ode is selected, the detection mode switch connects E4 to E16, and E5
and E14 to E6. This places +5 V on the AM select line (to A4) and allows +5 V on the bandwidth

switech common line, enabling these switches. This also places +5 V on XA2 pin 60, which
inhibits BFO operation. |

When FM mode is selected, the detection mode switch connects E4 to E15, and E5
and E14 to E6. This places +5 V on the FM select line (to A4), enables the bandwidth switches
and inhivits the BFO, as previously described.

When USB mode is selected, the detection mode switch connects E4 to E8 and
grounds E5 and E14. This places +5 V on the USB select line (to A4) and places a low at Ul
input A. This disables the IF bandwidth switches and turns off Q1, fixing the BFQ at 455 kHz,
as previously described.

When LSB mode is selected, the detection mode switeh connects E4 to E7 and

‘grounds ES and E14. This places +5 V on the LSB select line, disables the IF bandwidth switches
and fixes the BFO at 455 kHz. -

When ISB mode is selected, the detection mode switch conneets E4 to E11l, E9 to
E10, and opens the normal connection between E10 and E13. Connecting E4 to E11 places +5 V
on the ISD select line to A4. In all other modes, the combined audio line is supplied to both
audio amplifiers on A10A2, via E9 and E3. In ISB mode, the combined audio line to A10A2E9 is
replaced by the ISB/LSB audio line, via the E9-E10 connection. Therefore, the USB audio is

supplied to A10A2 headphone amplifier UlA via the combined audio line, and the LSB audio is
supplied to amplifier U1B. -

Integrated circuit U2 acts to control the routing of Bandwidth Select Voltages (see
paragraph 3.3.3.9) during normal operation of the bandwidth select buttons. If any BW other
than 0.3 or 1.0 kHz is selected, the A and B inputs to U2 are low. This connects X to Xpand Y
to Y, effectively connecting the cathodes of CR7 and CR8. Selection of 3.2 or 6 kHz BW will
automatically select the wide position of A4A3 through CR7 and CR8 and XA2-49. Selection of
1.0 or 0.3 kHz BW brings the A or B input of U2 high, effectively disconnecting CR7 from CRS.
At the same time, the 3.2 kHz position of A4A1l is selected by CRS5 or CR6 through XA2-55.

3.4.25 TYPE 791874-1 MANUAL TUNING MODULE (A7)

The Manual Tuning Module controls the direction and rate of change of the tuned

frequency. This module connects to the Manual Tuning Up/Down Counter (A6A1) and is .
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WJ-8718 SERIES HF RECEIVER CIRCUIT DESCRIPTION

mounted behind the receiver front panel. The Manual Tuning Module consists of two parts: the

- encoder assembly and the Tuning Resolution switches. The schematic diagram of this module
can be found in Figure 6-21.

3.4.25.1  Type 791589 Tuning Resolution (A7A1)

The Tuning Resolution switches select the desired tuning step to be used. The
tuning steps are: 10 Hz, 100 Hz, 1 kHz, and 10 kHz. Switching is accomplished by connecting

When the 10 Hz button is depressed, E2 (10 Hz step line) connects to E16 (+5 V) and
all digits are available for tuning. When the 100 Hz button is depressed, E10 (the 100 Hz step
line) conneects to E16 (+5 V). The 10 Hz digit is locked to the frequency indicated when the
100 Hz button was engaged, while all other digits are available for tuning. When the 1 kHz
button is depressed, E12 conneots to E16, thus the five most significant digits of the readout
can be varied by the tuning knob. The two least significant digits will be locked to the
frequency indicated when this button is engaged. When the 10 kHz button is selected, ES8
connects to E16 and only the four most—< ‘gnificant digits of the readout can be varied by the
tuning knob. The 1 kHz, 100 Hz, and 11/ Hz digits will be 1o¢ked to the frequency indicated
when the 10 kHz button is engaged.

currently being displayed, any other tuning button will be released, manual tuning is disabled,
and remote frequency contro] is enabled through A6A1.

3.4.25.2 Encoder Assembly (A7U1)

This assembly converts tuning knob rotation to digital pulses for the Manual Tuning
Up/Down Counter. When the tuning knob is turned, each of the two output lines from the

encoder will swing repeatedly between approximately +5V and 0 V. If the knob is rotated at
constant speed, these two outputs will appear as trains of square waves. Due to the internal

effect. Therefore, clockwise rotation causes the counter to count up and the tuned frequency
to increase. |
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FIGURE 3-36 WJ-8718 SERIES HF RECEIVER

CLOCKWISE ==
DIRECTION

o L LT LI L L

CLOCKWISE
DIRECTION =

CLOCK N

Figure 3-36. Encoder Assembly Timing Diagram

If the tuning knob is rotated counterclockwise, the sequence of outputs is reversed:
the direction square wave lags the clock square wave. In this case the direction line will be low
when the clock line swings high causing the counter to count down, thus reducing the tuned

frequency.

The two outputs of the encoder go through approximately 120 eycles per revolution Wl

of its input shaft. This causes a tuning step for roughly each 3° of knob rotation.

The encoder assembly uses infrared optics to accomplish its internal functions. It

is not considered a repairable assembly.

3.4.26 TYPE 791578-1 FREQUENCY DISPLAY (A8)

The Frequency Display accepts the multiplexed information from the Manual

Tuning Up/Down Counter via connector J2 and displays it on seven LEDs on the front panel.
The schematic diagram for this cireuit is shown in Figure 6-23.

Ul to U7 are the seven segment common-cathode LED displays. All segments of
each display are connected in parallel to the corresponding outputs of U8, a BCD to seven-
segment decoder/driver. U8 accepts a BCD word on its A, B, C and D inputs, converts it to a
seven-segment equivalent, and places the information on its a to g outputs. The outputs are
internally current-limited to provide about 50 mA so that external resistors are not needed. To
turn a particular digit on, its common cathode input must be logic low. This selection is
provided by U9, a binary to octal decoder. It accepts the Q0 to Q2 data on its A, B, and C
inputs and places a high on the Q output with the equivalent binary value. Ul0 is ai eight-
section buffer inverter, capable of providing up to 500 mA of sink current.

Operation of the circuit is described below. The Up/Down Counter places digit
display information into the A, B, and C inputs of U9. BCD information enters the A, B, C and
U lines of U8, iIn U8, this information is decoded into a seven-segment number and sent to all
the LEDs. U89 enables only one display at a time as commanded by its input information. Since

the rate of change is 2 kHz, each digit is refreshed every 4 msec (2 kHz/8). This flicker rate is
undetectable by the human eye.
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WJ-8718 SERIES HF RECEIVER TABLE 3-9

Transistor Q1 is used for the intensity control. It is connected as a pass transistor
from the unregulated 10 V to the supply voltage of U8. As the supply voltage of U8 is increased
the current delivered to the LEDs will Increase, giving more intensity. R1, R2, and R4 gpre a
voltage divider which bounds the emitter voltage of Q1 between about 4.5 V and 7 v,

The decimal point, CR1, is always on, receiving its current from Q1 through
resistor R3.

3.4.27 TYPE 791827 BFO SWITCH (A9)

The BFO Switch schematie diagram is Piiiii‘é 6-25. Three thumbwheel switches
provide a BFO variation of +8.9 kHz from 455 kHz. The +, 0, -, thumbwheel provides the

direction of offset, the second thumbwheel varies in range from 0 to 8, and the third
thumbwheel varies in range from 0 to 9. A '0' setting of the direction thumbwheel causes the

BFO to return automatically to 455 kHz (regardless of the other thumbwheel settings). The
truth table for these switches is given in Table 3-9.

Table 3-9. BFO Switch Truth Tables

0 X X X X
1 X X X O
) 2 X X 0 X
3 X X 0 O
4 X O X X
5 X 0O X O
6 X O O X
- 7 X O O 0
8 O X X X
9 O X X 8}
X denotes shorted to common
O denotes open
3.4.28 TYPE 796053 FRONT PANEL CONTROL (A1)

The Front Panel Control consists of the Upper and Lower Panel Control boards
Joined by a 40-pin ribbon connector. This connector is attached to the Front Panel Interconnect
(A6A2) and econtrols the manual selection of deteection mode, gain mode, meter mode, IF
bandwidth, RF gain, and headphone levels. Signals for the phone outputs also connect to the
lower panel control through the Front Panel Interconneet. The functions of the IF bandwidth
and detection mode switches are described in paragraph 3.3.3.9 and 3.3.3.10.
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3.4.29 TYPE 791583 UPPER PANEL CONTROL (A10A1)

The Upper Panel Control allows selection of detection mode, gain mode, and meter
mode. Each gang of switches mechanicaily operates to ailow oniy one pushbutton to be
depressed at any time. All control lines connect to the Front Panel Interconnect card. The
schematic diagram for this eircuit is shown in Figure 6-25.

3.4.30 TYPE 796054 LOWER PANEL CONTROL (A10A2)

The Lower Panel Control allows selection of IF bandwidth and variation of RF
GAIN and PHONE LEVEL potentiometers. The schematic for this circuit is Figure 6-25. This
card also contains the amplifiers to drive the headphone outputs. A simplified schematic of the
headphone audio routing is shown in Figure 3-37. This ecircuit provides two new switches at the
receiver front panel, designated ISB AUDIO "LSB" and ISB AUDIO "USB". When the receiver is
operating in Independent Sideband mode (ISB), the upper sideband audio is applied to terminal
E3 of A10A2Z, and the lower sideband audio is suppiied to terminal EY. Switches SZA and 52B
(ISB AUDIO) are interlocked such that only one may be depressed at a time. The switches are
wired to supply the selected sideband audio to one end of both ganged potentiometers, R2A and
R2B. The signal is then fed from the wiper of each potentiometer to the associated audio
amplifier, UlA or U1B. Therefore, the selected sideband audic signal will be heard in both
channels of a stereo headphone connected to the front panel phone jack, J13.

NOTE: The demodulated audio signals are always supplied to terminals E3 and
E9 of the Lower Panel Control board, type 796054, for application to the headphone amplifiers.
UlA and Ul1B. Refer to Figure 3-37. In all detection modes except ISB, the same audio signal
line (COMBINED AUDIO) is connected to both terminals. When the ISB detection mode
pushbutton (A10A1S3D) is depressed, the audio signal routing is changed. Terminal E3 is still
" connected to the COMBINED AUDIO line, but terminal E9 is now connected to the ISB/LSB
AUDIO line. In this mode, terminal E3 receives the USB audio, and terminal EY receives the
LSB audio. The ISB AUDIO pushbuttons allow the operator to select either sideband signal to
drive both headphone amplifiers. However, with a remote-control option installed, it is possible
to remotely select a different detection mode (AM, FM, etc.) while the ISB detection mode
.pushbutton is depressed. In this case, the remotely selected detection mode audio will only
appear on the COMBINED AUDIO line connected to E3. If neither ISB AUDIO pushbutton is
depressed, the remotely selected detection mode audio will drive headphone amplifier UlA, but
no LSB signal is supplied to U1B because the ISB Detector/Audio module is not switched on. If
the ISB AUDIO pushbutton "USB" is depressed, both amplifiers are driven from COMBINED
AUDIO, and the remotely selected detection mode audio will be heard in both phones.
However, if the ISB AUDIO pushbutton "LSB" is depressed, both amplifiers are connected to the
"dead" ISB/LSB AUDIO line, and no audio will be heard. Therefore, both ISB AUDIO
pushbuttons should be left in the "OUT" (non-selected) position unless the receiver is being
manually operated in the ISB detection mode. Also note that when the ISB detection mode 1s
remotely selected, the lower sideband audio signal will not be supplied to the ISB AUDIO
headphone circuit unless the ISB detection mode is manually selected.
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WJ-8718 SERIES HF RECEIVER FIGURE 3-37
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Figure 3-37. Simplified Headphone Audio Routing.

3.4.31 TYPE 791826 LOWER PANEL CONTROL (A10A2)

The Lower Panel Control allows selection of IF bandwidth and variation of RF gain
and phone level potentiometers. The schematic diagram for this ecirecuit is Pigure 6-20. This
card also contains the amplifiers to drive the headphone outputs. The amplifiers operate
independently. They receive the same signal in all detection modes except ISB. In this mode,
amplifier UlA receives the upper sideband information while U1B receives the lower sideband
information. No damage will be done to the amplifiers when using mono headphones; however,
LSB in the ISB mode will not be monitored.

3.4.32 MAIN CHASSIS REGULATOR, U4 (WJ-8718A/8718-9 only)

Main chassis IC voltage regulator U4 supplies +12 V to the line audio amplifier
circuit on Type 746001 Audio Amplifier (A4A10). Regulator U4 is rated at 1 A, and will
automatically shut down if the current exceeds that value.

MAIN CHASSIS BATTERY, BT1
e e eetisuto ot Alirnberirbinstl Mnectloriined

, Battery BT1 is a rear panel mounted 2.5 Volt nickel-cadmium battery connected to
the Mem Tuning Up/Down Counter, A6Al. When AC power is deenergized, BT1 keeps the A§Al
frequency memory alive, so that the receiver remembers the frequency it was tuned to prior to
power interruption.



