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WJ-8388 CIRCUIT DESCRIPTION

SECTION IV
CIRCUIT DESCRIPTION

4.1 GENERAL

The following paragraphs describe the various circuits of the WJ-8888 Re-
ceiver, The receiver is, for purposes of description, divided into four func-
tional sections, these being the receiver section, synthesizer section, digital con-
trol section, and the power supply section. An overall simplified functional des-
cription preceeds detailed descriptions of the four functional sectionsg. The discus-
sions of the receiver, synthesizer, digital control, and power supply sections con-
sist of schematic descriptions introduced by more detailed functional discussions
of these sections. Iunctional block diagrams are included where required. The
schematic descriptions are arranged in functional sequence rather than in numeri-
cal sequence to facilitate progressive reading. The table of contents of this manual
should be consulted for locating descriptions of specific circuits, It is assumed
that the reader of this section is familiar with the preceeding sections of this
manual.

In this instrument, the unit numbering system is used for identification
of electrical components, such that each circuit-board or assembly part carries
a prefix before the usual class letter and item number. For example, the full
designation for R1 on circuit board A4 is A4R1. These prefixes are omitted
onillustrations and in the text except where they are necessary to avoid confusion.

4.2 OVERALL FUNCTIONAL DESCRIPTION

The simplified overall.diagram, Figure 4-1, shows the. relationship be-
tween the four major functional sections of the WJ-8888, The blocks shown on
the drawing list subassemblies and controls falling into each functional category,
permitting the main chassis schematic, Figure 7-33, to be keyed to this diagram.

The receiver section tunes to a selected center frequency in the 0.5 to
30.5 MHz range from the RF input connector {(antenna input). The signal may be
AM, FM, pulsed CW, SSB (USB or LSB), or ISB (independent sideband). The
signal is demodulated as required to produce an audio output. Wideband IF, pre-
detection IF, and AM and FM monitor outputs are also provided by the receiver
section.

Most ¢f the operating parameters of the receiver section are controlled by
the digital contrel section, including the tuned frequency and BFO frequency which
are conirolled indirectly via the synthesizer section, The specified receiver
parameters controlled by the digital control section are shown on the block dia-
gram. An analog signal strength voltage is returned from the receiver section
to the digital control section where it is converted to binary code for inclusion
in the data word (to be discussed in paragraph 4. 5).

The tuned frequency and BFQO select codes applied to the synthesizer sec-
tion cause the synthesizer to provide appropriate first and second LO and BFO
frequencies to the receiver section. The third LO frequency is fixed at 11. 155
MHz. The BFO synthesizer output is disabled when the detection mode is AM,
FM or AM NL. The proper receiver preselector is automatically selected as a
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function of the tuned frequency. The digital control section obtains its time base
clock from the synthesizer section. In addition, the power-down detector is lo-
cated in the synthesizer section, although the main power-down latch circuit is
located in the digital control section.

The specifications of the 1 MHz reference input/ocutput, the tuning voltage
monitor output, the optional tuning input, and the digital control input/output,
the optional tuning output, and the digital control input/output, as well as the
receiver section inputs and ocutputs and power requirements are described in de-
tail in sections I and II of this manual.

4,3 RECEIVER SECTION

In this paragraph, the RF, IF, demodulation, and AF portions of the
WJ-8888 Receiver are described. The discussion begins with a functional block
diagram description, which is followed by a detailed circuit description based
on the schematic diagrams. The circuit descriptions are arranged in functional
rather than numerical sequence to facilitate progressive reading.

4.3.1 FUNCTIONAL BLOCK DIAGRAM DESCRIPTION. - Referring to func-
tional block diagram Figure 4-2, the broadband signal from the receiving antenna
is applied through J5 (RF INPJT) to a 0.5-30 MHz bandpass filter (A30). The
filter output is applied to cne of eight digitally selectable sub-octave filiers (the
term sub~octave filter refers to the fact that the passband extends over a less than
92-to-1 frequency range). Digital filter select data from the receiver register auto-
matically selects the sub-octave filter appropriate for the frequency being tuned.
The broadband nature of the input filters eliminates the need for variable-tuned
RF circuitry, thus avoiding alignment and tracking difficulties. The output of
the sub-octave filter is amplified by a grounded-gate JEET RF amplifier and then
mixed in the first double-balanced mixer with a 83,310-113.310 MHz LO signal
obtained from the synthesizer section. The 82,805 MHz difference frequency is
used ag the first IF,

The mixer output is applied to a crystal filter which passes only the
35 kHz~wide difference-frequency band centered at 82. 805 MHz. The 82,805 MH=z
IF signal is applied to 2 PIN diode attenuator which is controlled by the REF AGC
voltage derived in the gain control section. A shaper circuit provides the desired
RF AGC characteristic. After attenuation, the signal is mixed with a 72.110-
72. 100 synthesized LO signal in the second double-balanced mixer to produce
sum and difference frequencies. The 10,7 MHz ceramic filter passes only the
950 kHz-wide difference-frequency band centered at 10.7 MHz. This secondIF
is applied to the 10.7/455 converter (A3) where it is mixed in the third double-
balanced mixer with an 11,155 MHz fixed-frequency synthesized LO input to pro-
duce the final IF of 455 kHz. The low-pass filter after the mixer rejects mixer
sum and feed-through products, permitting only the desired signals at or near
455 XHz to pass.

Tuning is accomplished by varying the frequencies of the synthesized LO
inputs applied to the first and second double-balanced mixers. The LO input to
the first mixer covers the 83.310-113,310 MHz range in discrete 10 kHz in-
crements. TFor finer resolution, the LO input to the second mixer covers the
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72.110-72.100 MHz range (a 10 kHz spread) in 10 Hz increments, As the op-
erator tunes the receiver upward in frequency, the second LO frequency decreases
from 72.110 MHz in 10 Hz increments until it reaches 72.100 MHz. At this
point, the first LO frequency which was constant, automatically advances by one
10 kHz increment while the second LO frequency resets to 72,110 MHz and con-
tinues decreasing in 10 Hz increments as before as the operator continues tuning
the receiver upward. If the operator tunes the receiver lower in frequency,
the above process is reversed. In this manner the entire 0.5-30.5 MHz tuning
range of the receiver is covered in 10 Hz increments without the need for band
changing.  To eliminate sideband inversions, it is necessary that the synthe-
sized LO frequencies move in opposite directions during receiver tuning,.

The output of the low-pass filter on the 10.7/455 converter (A3) is avail-
able as a 455 kHz signal monitor output for use with an external panoramic display
unit. The 455 kHz signal is also applied to the input of one of six digitally-
selectable IF filters. The four filters supplied with the receiver have 3 dB band-
widths of 0.5, 2.0, 4.0, and 8.0 kHz respectively; bandwidths of the remaining
two filters (if desired) are determined by the user. After being amplified by
the 455 kHz IF amplifier (A8), the IF signal is applied simultaneously to AM,
FM, CW/USB and LLSB demodulators.

The AM demodulator employs a full-wave diode envelope detector to re-
cover the audio modulation from the carrier. A noise limiter circuit included
in the AM demodulator can be activated to reduce impulse-type noise. The FM
demodulator employs a symmetrical IC limiter and discriminater circuit. For
CW/USB/ LSB demodulation, a 455 kHz variable or fixed BFO signal is combined
with the IF signal in a product detector to produce a demodulated audic output.
Separate demodulators are used for CW /USB and LSB detection. .

All demodulator outputs are applied to a digitally~controlled switch, which
routes the selected demodulator output signal to the audio amplifier (A13). The
audic amplifier builds up the signal to a level sufficient to drive a pair of head-
phones and also provides a line audio output. The selected demodulator output
from the digitally-controlled switch is also applied tc the gain control circuit
(Al4) which uses this signal to produce the AGC voltage outputs applied to the
RF and IF sections. Three gain control modes are available - normal AGC (fast-
attack fast-decay), hold AGC (fast-attack delayed-decay), and manual gain control
(receiver gain adjustable by the RF GAIN control on front panel). In the ISB
detection mode, the receiver gain mode is automatically set to normal AGC while
independent fast-attack slow-decay AGC loops in the SSB demodulators are acti-
vated. The front panel meter may indicate either the signal strength or audio
level.

4.3.2 SCHEMATIC DESCRIPTIONS.

4.3.2,1 Type 791312 0.5-30 MHz Bandpass Filter {A20). - Figure 7-32 is
the schematic diagram for the 0.5-30 MHz bandpass filter. Signals from the
antenna are applied te the five-pole filter through J1. The filter actually con-
sists of a high-pass filter with a cut~off frequency just below 0.5 MHz in tandem
with a low-pass filter with a cut-off frequency just above 30 MHz. The combined

4-3
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responses of these filters result in the desired 0.5-30 MHz bandpass character-
istic. Signals in the 0.5-30 MHz range leave the filter at J2, and are applied
to the sub-octave preselector filters on the input filter assembly (A1),

4.3.2,2 Type 791189 Input Filter Assembly (Al). =~ Figure 7-1 is the schematic
diagram for the input filter assembkly. Signals from JZ2 of the 0.5-30 MHz band-
pass filter (A30) are applied t¢ J1. The filter assembly mounis 2 mother board
{Al) which in turn mounts four filter boards (A1Al, AlAZ2, A1AS3, and AlA4),
The RF input from J1 is applied to all four filter boards simultaneously. Each
filter board contains two sub-octave filters. Diode switches at the input and
output of each sub-cctave filter are digitally contrelled by a three bit binary
word (20 , 21, 22) at the control input from the receiver register board. An
integrated circuit on the 10-18/18-30 MHz filter board (A1A1) decodes the binary
word and causes another integrated circuit on one of the four filter boards to for-
ward bias the diode switches of the correct sub-octave filter, while holding the
diode switches of the remaining sub-octave filters reverse biased so that no sig~
nals will pass through them. Thus, signals pass through only the correct sub-
octave filter.

Type 791247 10-18/18-30 MHz Filter (A1A1A1). - Figure 7-2 is the
schematic diagram for the 10-18/18-30 MHz filter. Two elliptical function sub~
octave filters are contained on the board, each consisting of three low-pass sec-
tions followed by three high-pass sections, The RF signal output from the 0. 5-30
MHz bandpass filter (A30} is applied simultaneously to both sub-octave filter
inputs (as well as to the six sub=-octave. filter inputs on the other three boards).
Diode switches at each filter input, .however, prevent the RF signal from passing
to all but the selected sub-octave filter, Assuming that the 18-30 MHz filter
has been selected, pin 5 {2Y) of Ul is in the on state (at ground potential) resulting
in electron flow from that point through R2 and L5. From LJ5, electrons flow
to the +5 V supply source through two parallel branches. One of these branches
comprises series circuit CR2, CR]1, and L.1. The other comprises series circuit
CR5, L4, and R18, The resulting 80 mA of current through each diode results
in a heavy forward bias which in turn permits the RF input to pass through diodes
CR2 and CR5 to the filter (the heavy forward bias results in the high dymamic
range of the diodes). L1, L4, and L5 are RF chokes which isolate the signal
path from the dc control path., An identical diode switch at the [ilter output
permits the RF signal to pass through C35 to the output of the filter board.
The 10-18 MHz filter, however, is isolated from the RF input by the reverse
bias on its switching diodes (CR3, CR4, CR6&, CRB, CR10, and CR12}. Since
pin 3 (1Y) of Ul is in the off state, no current flows in or out of that terminal.
As a result, the +15 V supply source reverse biases the diodes through R4, thus
isolating the 10~18 MHz filter from the RF signal input and output. The remaining
six sub~octave filters on the other filter boards are similarly switched out of
the signal path. The diode switches are designed so that the series diodes (CR2,
CR3, CR5, CR6, CR7, CR8, CR%, and CR10) perform the actual RF signal switch-
ing, while the shunt diodes (CR1, CR4, CR1l, and CR12) prevent corresponding
RF chokes L1, L2, .24, and L25 from interacting with other filter inputs. For

4~-24
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example if the 10-18 MHgz filter is being used, the reverse bias on CR1 in the
18-30 MHz filter prevents RF choke L1 from effectively shunting the input of
the 10-18 MHz filter. The Y outputs of one-of-eight decoder U1l are controlled
by the corresponding A inputs (see Table 4-1). Since the B inputs are grounded,
it is only necesgsary to ground the A inputs to turn on (ground) the Y outputs.
The A inputs in turn are controlled by U2 outputs 0 and 1 (U2 outputs 2-7 perform
the same function for the other three filter boards}. U2 outputs 0-7 are controlled
by a 3 bit binary word at control inputs A, B, ard C (see Table 4-1). The digital
word determines which one of U2's outputs (0-7) is low (all others are high),
The single low output of U2 determines which Y output of U1 is grounded (turned
on), and consequently, which sub-octave filier is selected. The control inputs
to U8 come from the receiver register.

Type 791250 3.4-6.0/6.0-10 MHz Filter (A1A1A2). - Figure 7-3 is the
schematic diagram for this filter board. - It is functionally identical to the filter
board described above. Some component values are different as a result of the
different frequency coverage. Decoding of the digital word from the receiver
register is done by A1A1A1U2 as previously described.

Type 791249 1.2-2,0/2.0-3.4 MHz Filter (A1AJA3) and Type 791248 0.5-
0.8/0.8-1.2 MHz Filter (AlAlA4). =~ Figures 7-4 and 7-5 are the respective
schematic diagrams fcr these filter boards. BSince these filters are very similar
to the ones described above, no further circuit discussion is required.

4£.3.2.3 Type 78116 Input Converter {A2). - Figure 7-6 is the schematic dia-
gram for the input converter. The signals from the input filter. assembly {Al)
are amplified and up-converted to the 82.805 MHz first IF. The 8§2. 805 MHz IF
is applied to a 35 kHz bandwidth filter and then amplified. The amplified band-
limited IF is then applied to a PIN diode attenuator controlled by the RF AGC
voltage {(shaped for the desired AGC characteristic by attenuator shaper Al).
After another stage of amplification, the 82.805 MHz IF is down-converted to
10. 7 MHz. The 10.7 MHz second [F leaves the input cenverter after passing
through a 250 kHz bandwidth ceramic filier.

RF Amplifier. - Incoming signals at Ji are applied to the R¥F amplifier
through a 32 MHz cut-off frequency low-pass filter composed of C10, C11, and
L1. The low=-pass filter reduces LO-to-antenna conduction and improves RF image
rejection. R2 is a common gate amplifier source-biased by constant current
generator Q1. Diode CRI1 minimizes Q1 collector current changes due to temper-
ature by changing base bias on Q@1 to counteract the normal change with tempera-
ture in Q1 collector current {a rise in temperature causes CR1 to develop a lower
forward voltage drop, thus lowering the base bias of @1 in the same proportion
as Q1l's base-emitter voltage, thereby maintaining a constant voltage across R4).
Similarly, a reduction in temperature results in a higher base bias on Q1, thus
compensating for the normal decrease with temperature in Q1 collector current.
Thus, the operating point of Q1 (and therefore Q2) is stabilized over a wide tem-
perature range. L4 and T1 comprise a broadband impedance matching network

4-5




TABLE 4-1

Table 4«1,

SN75453F (U1)

WJ-8888

Truth Tables for Input Filter Logic Elements

A B Y
0 0 g (ON) NOTE: "0'" Indicates Ground Poiential
"1" Indicates A Positive Potential
0 1 1 (CFF)
1 0 1 (OFE)
1 1 1 (OFF) |
8250 (U2)
INPUTS OUTPUTS* FILTER
FREQUENCY
A(20) B(2!) C(22) 3 4 MHz
0 0 0 1 1 18-30
1 0 0 1 1 10-18
0 1 0 1 1 6.0-10
1 1 0 0 1 3: 4-6.0
0 ] 1 1 0 2.0-3.4
1 0 1 1 1 1.2-2.0
0 1 1 1 1 0.8-1.2
1 1 1 1 1 0.5-0.8

*Designations for outputs do not correspond with IC pin numbers,
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that is used to couple the ouiput of @2 to the lower impedance input of mixer U1,
R1 functions as a parasitic suppressor, while R5 loads L2 to prevent resonant
effects. R6 establishes the output impedance of Q2.

First Mixer, LO Amplifier. - Double-balanced mixer Ul combines the RF
amplifier output with the 83.310-113,310 MHz LO input from LO amplifier A3Q2
to produce the 82,805 MHz first IF. 35 kHz bandwidth filter ¥LL1 passes the
difference frequencies while attenuating sum and other mixer products. L2-C23
and L10-C24 tune the filter input and output, respectively. The LO amplifier
increases the amplitude of the 83.310-113.310 MHz synthesized L.O input to the
27-30 dBm level required by double-balanced mixer Ul. A3(Q2 operates as a
common emitter stage base-biased by A3Q1. A3CR1 stabilizes the base. bias
current intc A3Q1 againgt temperature variations in much the same manner as
CR1 stabilizes the operating points of @1 and RF amplifier Q2 as described above.
A3R4 and A3L1 introduce degenerative -feedback that decreases with frequency
resulting in a more uniform output level from A3Q2 over the 83.310~113. 310 MH=z
frequency range. R20, R23, and C28 establish the input impedance of the stage.

82.805 MHz IF Amplifiers, PIN Dicde Attenuator. - The output of FL1
is applied to commen gate 82.805 MHz [F amplifier Q5. CRZ2 and Q4 provide
temperature-stabilized source bias for Q5 in the same manner as CR1 and Q1
provide temperature-stabilized source bias for RF amplifier Q2. The drain
circuit consists of a parallel resonant tank provided by the shunt combination
of C30 and C31 effectively in parallel with T2 (one end of T2 is grounded by C28).
A tap on T2 matches the high impedance output of @5 to the low impedance present
at the PIN diocde attenuator input. . The attenuator is composed of three PIN diodes
arranged in a pi configuration. The PIN diodes act as voltage~controlled variable
resistors. The control voltage is derived from the AGC input to the attenuator
shaper stage, which shapes the AGC input for a more suitable RF AGC charac-
teristic. Attenuation is increased by increasing forward bias on the shunt diodes
(CR3 and CR5) and reducing forward bias on the series diode (CR6). The at-
tenuator shaper will be discussed in a separate paragraph. The attenuator cutput
is applied to IF amplifier stage Q7 which is identical in operation to IF amplifier
Q5 described above. The low impedance output from T3 is applied through C490
to second mixer U2,

Second LO Amplifier, Second Mixer. - The 72.110~72. 100 MHz second
LO input from the synthesizer is applied to the base 0f Q3. R21 establishes the
correct termination impedance for the synthesizer. Q3 is a common-emitter
amplifier stage with degenerative feedback introduced in the emitter circuii by
R25 for gain stabilization. The output is developed across a resonant tank circuit
composed of C53 and L6. (54 couples the output of the stage to a 15 kHz band-
width 72. 105 MHEz center frequency filter. R27 provides the correct input termi-
nation for the filter. L7 and C58 tune the filter output which is coupled through
C55 and FBS (a ferrite bead} to the base of Q8. Q8 operates in a manner very
similar to Q3. R32 provides degenerative feedback for amplifier gain stabiliza-
tion. The output is developed across a tank circuit comprising C60, C61, C62,
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and L.24. C538 is a neutralization capacitor. C61 and C62 form a capacitive voltage
divider that matches the output impedance of Q8 to the lower input impedance
of QY. QY is a common base amplifier stage. Base bias is developed through
R35, R38, and CR4 (a2 temperature stabilizing diode). C65 holds the base at
RF ground. Emitter resistor R34 is a parasitic suppressor. The collector
output of QY is impedance matched to the LO input of the second mixer by means
of the pi network comprising C68, C69, and .26, R40 provides a resistive term-
ination for the network input. The second LO signal is mixed with the 82. 805 MHz=z
I[F' in double-balanced mixer U2. The mixer outut is applied to 250 kHz band-
width 10. 7 MHz filter A2FL1. The pi networks at the input and output of the filter
match the high impedance filter to the 50 ohm output circuit of the second mixer.
The 10.7 MHz second IF signal is then passed to the 10.7/ 455 converter (A3)

Attenuator Shaper (AZ2A1). - Figure 7-7 is the schematic diagram of
the attenuator shaper. For the purposes of this circuit description, the schematic
has been redrawn as shown in Figure 4-3. R22 drops the -15 V dc supply input
to -6.3 V dc (stabilized by zener diode VR1). The voltage divider composed of
R20 and RZ21 results in a -1.5 V dc bias on the anode of CR3. AQGC voltage,
varying from a no-signal level of 0 volts to a strong-signal level of -10 volts
is applied at E5 to the input circuitry of amplifier U1B. Since UlB is a linear
inverting amplifier, the output voltage should be in linear inverse proportion to
the AGC voltage input. This linear relationship exists until the AGC input voltage
at ED causes the voltage at the cathode of CR3 to become more negative than
the -1.5V dc bias on the anode. When this happens, CR3 becomes forward biased
causing an increased voltage drop across R15 and R16, thus increasing AGC
input voltage attenuaticn and reducing the net amplifier gain. As a consequence,
the output voltage of UlB at E2 rises in linear inverse proportion to the applied
AGC input until CR3 becomes forward biased, resulting in a +6.8 V dc 'break
point'' at Ul's output. A further increase in AGC voltage results in greater output
frem U1lB, although the output increases at a lower rate due to the lower amplifier
gain caused by CR1 after the "break point' voltage is reached. This shaped voltage
is applied to the inverting input of UlA through R13 and R4. Under 0V dc AGC
input conditions, the output of UlA is at its gquiescent level of +5.8 V dc due
to the negative bias applied to the inverting input through R5. The negative bias
ig taken from the voltage divider comprising temperature-stabilizing thermistor
RT1 and R10. The +5.8 V dc output of UlA results in cathode biases of +3. 35
V dc and +5.0 V dec on CR1 and CR2 respectively, while both anodes are biased
at a level just under 0 V dc "(the quiescent output level of UlRB). As the AGC
voltage at E5 becomes negative, the anode voltage of CR1 and CR2 rises. At
the same time, the inverted output of UlA causes the cathode voltages of CR1
and CR2 to fall. Eventually, CR1l becomes forward biased, effectively shunting
R7 across R2, increasing amplifier negative feedback and reducing gain, (i.e.,
establishing a "break point" in the amplifier output characteristic). As the AGC
voltage at E5 continues to become more negative, CR2 will also become forward
biased, establishing another 'break point'. The E2 output (with a single 'break
point') is applied to the shunt diodes in the PIN diode attenuator. The E1 output
is a composite of the characteristics of UlA and UlB, and exhibits three break
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Figure 4-3. Simplified Schematic Diagram of Attenuator Shaper

points and four slopes. This output is used to control the series diode in the PIN
diode attenuator. The shunt diode is controlled by the output of U1B.

4,3.2.4 Type 791188 10.7/455 Converter (A3). - Figure 7-8 is the schematic
diagram for the 10,7/455 converter. The 10.7 MHz IF from J2 of the input con-
verter {A2) is amplified, filtered and down-converted {0 455 kHz. The 455 kHz
third IF is filtered and amplified before being passed to the next receiver stage.

Q1 and Q2 comprise a 10. 7 MHz cascode amplifier, The 10.7 MHz second
IF is applied to the base of Q1 through C1l. R2 and R3 form a base-bias voltage
divider for Q1, Rl and C2 form a degenerative feedback path thai improves
the signal handling capability of the stage. Degenerative feedback in this form,
however, lowers the input impedance of the stage. To counteract this, unbypassed
emitter resistor R4 is used to introduce degenerative feedback which raises the
impedance of the stage. The output of the cascode stage is developed across
RF choke L2 and applied to an impedance-maiching pi-network comprising C7,
C8, and L3. RY7 establishes the output impedance of Q2. FL1 is a 250 kHz
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bandwidth ceramic filter. C9, C10 and 1.4 match the output impedance of the filter
10 the lower input impedance of mixer Ul.

The 11. 155 MHz LO input from the synthesizer is applied to the base of Q5
through C28, Y1, and C20. Y1 serves as a series resonant filter to suppress
spuricus inputs from the synthesizer. R29 and R13 establish the termination
impedances for the filter, while C29 is used to tune the filter to precisely 11, 155
MHz. Q5 is a common-emitter amplifier stage. R18 developes negative feed-
back. Collector output is developed acrosgs 1.10, which resonates with circuit
capacitances to 11.155 MHz., The output of Q5 is applied through R19 and C23
to the base of Q6. Q6 is a common emitter amplifier stage similar to Q5. Collector
output is applied to the LO input of balanced mixer U1l through an impedance
matching network comprised of C27, C28, and L12, and a 3 dB pad comprising
R26, R27, and R28. R23 is a parasitic suppressor,

Ul mixes the 10.7 MHz IF with the 11.155 MHz LO input to produce
sum and difference frequencies. A low-pass filter and impedance matching net-
work comprising C12, C13, C14, L5, and L6 attenuates the sum component while
permitting the 4085 kHz difference component to pass to the input of common
gate amplifier Q4. Temperature-stabilized source bias for Q4 is provided by
constant current generator Q3 and temperature compensating diode CR1.

4,3,2.5 Type 72399-(X) [F Filter Assembly (A4, AB). - Figure 7-9 is the
schematic diagram for the IF filter assembly. The assembly consists of two
identical boards {A4 and AS6), each mounting up to three 455 kilz mechanical
filters. Conirol voltages from the receiver register are used to switch the se-
lected filter into the signal path. Relays at the input of each filter are used for
input switching while FET amplifiers are used for output isclation. Filter control
outputs are applied to a subseguent IF amplifier stage, and activate either a nar-
rowband or wideband IF amplifier, depending upon the bandwidth of the selected
IF filter. This will be discussed in more detail under the 438 kHz IF amplifier
{A8) circuit description.

The 455 kHz IF signal from the 10, 7/455 converter {A3) is applied simulia-
aneously to relays K1, K2, and K3. Detail A on the schematic diagram shows
the internal wiring of the normally open, SPST relays. Assuming that IF filter
FL1 has been selected, a voltage from the receiver register is applied to the
base of Q1 (the bases of Q4 and Q7 remain at ground potential), turning this
iransistor on. Most of Q1's collector current flows through the base-emitter
junction of @2, causing it to saturate. Since the coil of relay K1 is in the collector
circuit of Q2, Kl is activated, permitting the 455 kHz IF signal to be applied
to L1, and to gate #1 of isolation amplifier @3. The positive voltage drop across
the series combination of RS and the relay coil is applied through R8, R1l, and
R12 to gate #2 of Q3, turning this amplifier on and permitting the IF sipgnal at
gate #1 to be amplified and applied to the next stage through R48 and C24. Since
@6 and Q9 receive 0 voltg bias on gate #2 and the sources are all positively
biased by R30, very little drain current flows, minimizing interaction with Q3.
CR1 protects Q2 from potentially large negative voltages induced by the collapse
of the mapgnetic field of K1 when the relay is de-energized. CRZ2 is part of an
AND gate circuit. R12 is an IF gain adjustment. Qperation of the other filter/
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WJ-8888 CIRCUIT DESCRIPTION

amplifiers is the same as described above. R12, R28, and R43 are IF gain
adjustments set to equalize the gain of the filter amplifiers.

4,3.2.6 Type 72408 455 kHz IF Amplifier (A8). - Figure 7-11 is the sche-
matic diagram for the 455 kHz IF amplifier, The first two stages are gain
controlled dual-gate MOSFET amplifiers., The output of Q2 is applied simul-
taneously to a narrowband IF amplifier comprising Q3 and Q5, and a wideband
IF amplifier comprising Q4 and Q8. The amplifier used is determined by the
filter control outputs from AS. These switched outputs are wired to provide
base bias for either the wideband or narrowband amplifiers, activating one and
disabling the other. The wideband amplifier is activated when the filters greater
than 2 kHz bandwidth are used, while the narrowband amplifier is activated when
the 2 kHz or narrower bandwidth filters are used.

R1 and Q2 are cascaded gain-controlled MOSFET amplifiers. The 455 kHz
signal from the IF filter assembly is applied through C1 to gate #1 of amplifier
@1, The drain output of Q1 is developed across L1 and applied through Cé& to
gate #1 of Q2. The drain output of Q2 is developed across L2. IF output is
taken from the arm of gain control potentiometer R16. Cate #1 bias for Q1 and
Q2 is developed by voltage dividers R1-R? and RS-R10 respectively. Gate #2
of Q1 is biased at approximately +3.5 V dc by R3, R5, and CR1 at 0 V AGC
input. The bias on gate #2 of Q1 does not fall until the AGC voltage becomes
sufficiently negative to reverse bias CR1, effectively removing it from the circuit,
Further negative increases in AGC wvoltage will then be reflected in a more nega-
tive bias on gate #2 of Q1, reducing the amplifier gain. Identical AGC circuitry
is used for @2,

- The IF signal output from Q2 is applied simultaneously to narrowband and
wideband IF amplifiers comprising @3-Q5 and Q4-Q8, respectively. As mentioned
above, switched +15 V dc supply lines determine which of the two amplifiers
will be activated (activation is achieved by applying the switched +15 V dc source
to the base bias voltage divider of the desired amplifier). Assurning that the wide-
band amplifier (Q4-Q6) is activated, the IF signal is amplified by common emitter
amplifier Q4. R32 provides degenerative feedback for improved signal handling
capability, while R34 and R28 act as parasitic suppressors. Tank circuit C22-L5
develops the collector output. C25 couples the signal to an impedance matching
network composed of 1.6, C26, and C27, which steps down the circuit impedance.
Loading resistor R36 broadens the frequency response of the interstage coupling
network. Qutput is provided by emitter follower amplifier Q6. Operation of
the narrowband amplifier (Q3-Q5) is very similar to that of the wideband am-
plifier, although some component values differ, and no loading resistor is used.
Interaction between the amplifier outputs is minimized due to the isolation pro-
vided by the reverse bias on the base-emitter junction of the inactive emitter
follower.

4.3.2.7 Type 751113 AM Demodulator (A9). -~ Figure 7-12 is the schematic
diagram of the AM demodulator. The 455 kHz IF signal is amplified and applied
to a diode detector. The resultant audio signal is then amplified. A noise
limiter in the audio section reduces the intensity of impulse-type noise.
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The 455 kHz signal from the 455 kHz IF amplifier {A8) iz applied to gate
#10fQ1 through Cl. Q1 is a common source amplifier, with its drain output
developed across Ll. RS9 loads L1 to reduce resonant effects. Rias for gate
#1 of Q1 is obtained from voltage divider R1-R2. Gate #2 is used for gain con-
trol, The output of Q1 is applied to the base of isolation amplifier Q2.

Q2 develops both emitter and collector outputs, each 180° out of phase
with the other. The emitter output drives Q4, another isolation amplifier. The
emitter output of Q4 is coupled through C16 to board pin 5 (IF QUTPUT)}, and
then routed to the LSB, USB/CW, and FM demodulators, The collector output
is transformer coupled, and made available as an IF output at board pin 1. From
board pin 1, the IF signal is routed to the IF OQUTPUT jack (J8) on the main
chassgis, :
The collector output of Q2 is applied through C7 to the base of common
emitter amplifier Q3. Base bias is developed by R15-R16. R22 introduces
degenerative feedback, The collector output is developed across the primary
of Tl and its resonating capacitor, C24. R21 is a parasitic suppressor. R36
loads the resonant output circuit to optimise the frequency response.

The AM detector is a full-wave center-tapped rectifier circuit. Diodes CR32
and CR4 are used as detectors (rectifiers). A slightly positive bias ig applied
to the anodes of the dicdes to overcome the diode barrier potentials to increase
linearity and measure the sensitivity of the detector. The rectified output is
developed across R27, Cl4 filters cut the 455 kHz component of the rectified out-
put. This rectified and filtered signal is then applied to emitter follower Q5.

The AM detector output from Q5 is applied to a noise limiter circuit com-
prising CR5, CR6, QB6, Q7, Q8, and associated resistors and capacitors. When
activated, the noise limiter limits - man-made and atmospheric impulse-type noise
to just under twice the average AM detector output level (approximately 90% of
the peak AM detector output level), '

For clarity, a simplified noise limiter circuit diagram is presented. Re-
ferring to Figure 4-4, assume that the noise limiter has been activated (this will
be explained in the following paragraph). The {positive) AM detector output of
@5 is applied to time constant circuit R31-C17, The long time constant results
in C17 being charged to the average AM detector output voltage, The AM detector
output of Q5 is simultaneously applied to voltage divider R32-R33. The ratio of
R32 and R33 is such that for a 90% modulated AM signal, the resultant peak volt-
age at the cathode of CR5 is approximately equal to the average voltage at the
anode of CRb. Consequently, CR5 will be forward biased as long as the AM de-
tector voltage at the cathode of CR5 is not greater than the 90% modulation level,
Disregarding for the moment the 0.6 V diode harrior potential that must be over-
comve, the forward biased diode will permit the detected AM voltage to be passed
through CR5 and R26 to audio amplifier Ul., If a sudden noise pulse occurs, the
signal voltage at the cathode of CRO rises accordingly. The long time constant
of R31 and C17, however, prevents the average voltage through R48 at the anode
of CR5 from also rising. Since the diode becomes momentarily reverse biased,
no output is applied through R26 to audio amplifier Ul., Thus, sudden noise burst
are limited in amplitude to 90% of the peak demodulated signal voltage, resulting
in effective noise limiting. '
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Figure 4-4. Noise Limiter, Simplified Diagram
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The simplified circuit is modified somewhat to provide a means of elimi-
nating the effect of the barrier potential of CR5 and switching the noise limiter on
or off as desired. Referring back to Figure 7-12, the positive AM demodulator
output of Q5 is applied te averaging circuit R31-C17, just as in the simplified
circuit. The averaged output voltage from C17, however, is applied through R48
to the anode of CR5 via emitter follower Q7. Qb5's output voltage is also applied
to the cathode of CRS via R32 and R33, with C22 providing high frequency roll-
off. In the simplified circuit diagram the voltage dividing action of R32 and R33
reduced the signal voltage at the cathode of CR5 to the point where an AM detector
output signal of 90% modulation or less resulted in a lower voltage on the cathode
of CR5 than on the anode. In order for the diode to conduct, however, a for-
ward bias of 0.8 volts is required to overcome the diode barrier potential, Thus
in the simplified circuit diagram, the barrier potential would require a lower
voltage at the cathode of CR5 for conducting to begin. This directly implies then
that the signal level at which CRb5 would reverse bias would be lower, thus result-
ing in limiting occurring at signal modulation levels well under 90%. This would
be undesirable since the clipped signal would be distorted. In the actual circuit,
the diode barrier potential is counteracted by the 0.6 volt base-emitter drop
of Q7, which raises the anode voltage of CR5 by 0.6 volt, thus negating the effect
of the barrier potential of CR5.
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The noise limiter is activated by a positive input {(frem the receiver re-
gister) to beoard pin 4 (AM NL) that turns Q6 on and Q8 off. Under thegse circum-
stances, the noise limiter operates as described above. To disable the noise
limiter, a ground potential (from the receiver register) is applied to board pin
4 (AM NL) that turns Q6 off and Q8 on. This results in a positive voltage applied
to the base of Q7 through Q8, CR6, and R49. The increased positive voltage
at the base of emitter follower Q7 causes the emitter voltage of that transistor
to rise by a like amount, resulting in a positive bias applied to the anode of CR5
through R48. The magnitude of this positive bias is sufficient to forward bias
CR5 under all signal conditions, effectively disabling the noise limiter.

U1l is an audio amplifier with a high impedance input and a low imped-
ance output. The AM DET QUTPUT (board pin 8) is applied to the gain con-
trol board (Al14) while the AM DET MONITOR (board pin 12) output is routed
o the AM MONITOR jack {(I7) on the receiver main chassis. R39-C20 and R40-
C21 are low-pass filters used o provide high frequency roll-off,

4.3.2.8 Type 791162 FM Demodulator (Al0}). - Figure 713 is the schematic
diagram of the FM demodulator. The input comes from the IF output amplifier
on the AM demodulator board (A8). The 455 kHz IF signal is limited in am-
plitude by a high gain limiting amplifier and demodulated in an FM detector.
The resultant andio is then amplified.

The 455 kHz [F signal from the AM demodulator is applied through C1,
R1 and C2 to the input of Ul. U1l functions as a high gain symmetrical current
mode limiter, The limiting action results in a constant output amplitude over
a wide range of input signal amphtudes, thus ensuring that all AM signal com-
ponents are eliminated. -

After limiting, the signal is passed to the Foster-Seely M discriminator.
Discriminator transformer T1 has both its primary and secondary circuits reso-
nated at 10. 7 MHz. C10 introduces a quadrature component of the primary voltage
to the secondary center tap. This causes the primary voltage of T1 to be 90°
out of phase with the entire secondary voltage at the 455 kHz center frequency.
The vectoral addition of these voltages results in equal amplitude ac voltages at
the anodes of CR1 and CR2. The resultant rectified de voltages are of equal am-
plitude and opposite polarity, and therefore cancel, resulting in no output to U2.
If the signal frequency deviates from the 455 kHz center frequency, the 90° phase
relationship changes, with the result that the voltage amplitude at the anode of
one of the diodes will exceed that of the cther. As a consequence, the rectified
dec voltages will reflect the amplitude difference, and a net ocutput to U2 will
result. Since the instantanecus output voltage is proportional to the frequency
difference between the instantaneous signal frequency and the 455 kHz center fre-
quency, the resultant output in effect is a reproduction of the modulation of the
FM carrier. C13 helps to filter cut 455 kHz signal components.

The demodulated signal is passed to voltage follower U2, The two avail-
able audio outputs are the FM DETECTOR MONITOR output {routed to J9 on the
main chassis) and the FM AUDIO output, which is applied to the audio amplifier
(A13).
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W.J-8888 CIRCUIT DESCRIPTION

@1, Q2, Q3, and Q4 comprise a switched 455 kHz IF amplifier that is
active only during either CW mode. It's purpose is to provide an IF signal to
the USB/CW demodulator that bypasses the 2.7 kHz bandwidth USB filier (see
Figure 7-14), since this filter would otherwise cause gain variations across the IF
passband in CW operation. A positive output level (generated in the CW modes
only) at board pin 7 (CW(s)) activates a diode switch in the USB/CW demodulator
that shunts the USB filter, eliminating any 455 kHz feedthrough from that source.

Referring back to Figure 7-13, the 455 kHz IF input to the FM demodulator
is also applied through R17and C16 to the base of @3, a common emitier amplifier
with degenerative feedback introduced into the emitter circuit by R23. The collec-
tor output of Q3 is dc coupled to the base of emitter follower Q4. The output
of Q4 is applied through C20 and R26 to the CW input of the CW/USB demodutator.
@3 and Q4, however, can only amplify the 455 kH=z signal if the receiver is in
gither CW mode of operation. Assuming that a CW mode has been selected by
the operator, either the CW V (CW mode using the variable freguency BFO) or
the CW ¥ (CW mode using the fixed frequency BFO) inputs at board pins 15 and
18 respectively will be positive. The positive input causes collector current to flow
through @1, which also turns on Q2. As long as Q2 remains on, Q3 and Q4
will receive the positive voltage required for operation, and will function as des-
cribed above. The switched voltage is also applied through CR6 to board pin T,
and routed to the CW/USB board. If the CW V and CW F inputs are disabled
{(grounded), however, Q1 and Q2 will no longer conduct, resulting in amplifiers
@3 and Q4 being disabled and no positive output at board pin 7. The CW V and
CW F inputs are controlled from the receiver register.

4,3.2.9 Type 791180-(X) LSB/USB/CW Demodulator (All, Al12). - Figure 7-14
is the schematic diagram of the LSB and USB/CW demodulators. Other than
the difference in component values shown on the schematic, both demodulators
are identical, For either LSB or USR reception, the 435 kHz IF signal from
the AM demodulator (AS) is amplified and applied to 2.7 kHz bandwidth filter
(the center fregquency of the LSB filter differs slightly from that of the USB filter)
and then to a double-balanced modulator/demodulator where the signal is mixed
with the BFO input. The audio (difference) frequency output of the double-balanced
modulator/demodulateor is then amplified and made available as two audioc out-
puts. The audio signal is also applied to an AGC detector and amplifier, and the
resulting AGC voltage is used to control the gain of the input 455 kHz amplifier
stage if the ISB detection mode has been selected. The USB demodulator is also
used for demodulation of CW signals, as will be explained in detail in a subsequent
paragraph.

The 455 kHz IF signal from the AM demodulator (A8) is applied to volt-
age divider R1-R2. The attenuated signal is then applied through C1 to gate 1
of Q1. Voltage divider R3-R4 provides the proper dc bias for gate #1. The
amplified signal is developed across L1 and R5, and coupled through C5 to the
base of Q2. .1 resonates with internal and circuit capacitances to 455 kHsz,
while R5 loads L1 to broaden the bandpass. Q2 is a common emitter amplifier
stage with degenerative feedback introduced into the emitter circuit by R13 and
R14. R14 controls the stage gain by varying the amount of degenerative feed-
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back. Collector output is developed across R1l and applied te bandpass filter
F1.1 through C8. Voltage divider R8-R9 provides base bias for Q2.

The bandpass of FLL1 on the LSB hoard (A12) extends approximately from
452, 0-454.7 kHz, while the bandpass of FL1 on the USB/CW board (A1l), exiends
approximately from 455,3-458.0 kHz. C10 and C12 are filter termination capa-
citors. The filter output is coupled through C27, C28, R22, and C15 to the input
of double-balanced modulator/demodulator Ul. For LSB or USB reception, CR5
is reverse hiased by the negative veltage at its anode produced by current flowing
through R65 and R66 to the (grounded) CW(S) terminal (board pin 19). The CW{(3)
input comes from the FM demodulator board, and is held near ground potential
in the LSB and USB modes of operation. As a result, CR5 has no effect on circuit
operation for these modes of reception. For CW reception, however, a positive
voltage at the CW(S) input (from the FM demodulator board) forward biases CR5,
causing the output of FL.1 to be shunted tc ground, preventing any FL1 output
from reaching Ul. Instead, the 455 kHz IF signal from the switched IF amplifier
on the FM demodulator board (Al10) applied to the CW IF INPUT (board pin 5)
is applied through C25 and C15 to the signal input of U1.

U1l receives the IF signal at pin 1 and mixes it with the BFO signal
applied to pin 7. The BFO signal (from the BFO synthesizer)} is first amplified by
common emitter stage @3. R17 and R18 form a base bias voltage divider, R21
develops degenerative feedback for the stage, and R20 is the coliector load re-
sistor. The collector output is applied through C14 to pin 7 of Ul The output
of Ul at pin 9 contains sum and difference frequencies, but C18 prevents the sum
frequency from being passed. Only the audio difference frequency is coupled
through €20 and R33 to the input of audio amplifier U2. VRI1 drops the -15V dc¢
supply to approximately 8. 2volts, andapplies this voltage to pin 10 of Ul, R24-R25
and R26-R27 are voltage dividers that are used to provide proper biasing voltages
for Ul, R28 establishes the conversion gain, and R30and R31 are the load resistors
for the differential ocutput. Since only a single-ended output is required, C17
is ugsed to RF bypass pin 6 of Ul. R31 is a voltage dropping resistor, R2ZS8
ecstablishes the internal bias of Ul, and L2 is an RF choke that holds the BFO
input of Ul (pin 7) at dc ground potential.

Audio amplifier U2 uses a frequency sensitive degenerative feedback cir-
cuit to produce high frequency audio roll-off. R35, the amplifier negative feedback
registor, is shunted by C21. At low audio frequencies, the reactance of C21 is
high compared to the resistance of R35, and can be disregarded. At higher audio
fregquencies, however, the reactance of C21 becomes sufficiently low to signifi-
cantly increase the inverse feedback (and reducé the gain) of U2. Thus, high audio
frequencies receive less gain. The audio signal is then passed through R37 to the
SSB/CW AUDIO output terminal (board pin 6). The audic signal is also applied
through R38 to T1. The SSB/ISB OUTPUT from the secondary of T1 is made
available as an audio output at J10 of the main chassis {AUDIO QUTPUT).

An AGC circuit is comprised of @4-8, CR1-4, U3 and associated com-
ponents. The audio output of U2 is detected, processed, and applied to gate 2
of Q1 to provide independent AGC action for the demodulator in the ISB mode
of operation.
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WJ-8888 CIRCUIT DESCRIPTION

The output of U2 is applied to the base 0of Q8. The low impedance emitter
output rapidly charges C24 to the peak audio signal level. Since CRE prevents
C24 from discharging into the emitter of Q8 when it becomes less positive than
the voltage across C24, the discharge time constant is determined primarily
by C24 and R59 (the high impedance input of JFET Q7 can be disregarded). Thus,
the AGC detector circuit exhibits the desired fast attack, slow decay character-
istic,

High impedance source follower Q7 is employed to provide isolation for
the AGC time constant circuit (R59 and C24). The output of Q7 is applied through
R56 to the input of emitter-driven amplifier Q6. R399 adjusts the threshold level
of the AGC voltage. The collector output of Q6 is developed across R53. This
voltage is then applied through R52 to the inverting input of amplifier U3. R51
and R83 cause the output of U3 to be positive under zero-signal input condi-
tions (to properly bias gate #2 of gain-controlled amplifier Q1lfor ISB operation).

In the ISB mode of operation independent AGC is provided for each side-
band demodulator. A switch (activated by the receiver register) raises the gain
of @1 as required to maintain constant output. Thus, the separate ISB AGC loops
in the sideband demcdulators permit independent AGC action for each received
sideband, The remainder of this sub-section discusses the ISB AGC circuitry in
greater detail.

If the receiver is operated in any mode other than ISB, the ISB control
input (board pin 7) from the receiver register is held near ground potential,
shutting off Q4 and Q5. Under these circumstances, current from the -15V dc
supply through R62 flows through CR1, causing a reduction of the positive bias
on gate #2 of Q1, reducing Ql's gain and preventing ISB AGC action. In the
ISB mode of operation, however, the ISB contirol input receives a positive volt-
age from the receiver register turning on Q4 and Q5. This results in a relatively
high positive voltage at the collector of Q5 that is applied to the cathode of CR1,
Since this voltage exceeds the voltage at the anode, CR1 becomes reverse biased
permitting the voltage applied to gate #2 of Q1 to rise to its normal (positive)
value as determined by the output of U3. The positive voltage at the cathode of
CR?2 exceeds the +1.2 volts at the anode (caused by the voltage drop across CR3
and CR4), and CR2 alsc becomes reverse biased. Thus, the positive gain control
voltage applied to gate #2 of Q1 can drop to as low as +0.6 volts (the bias voltage
at the anode of CR2 less CR2's 0.6 volt barrier potential} before CRZ becomes
forward biased and clamps the voltage at that level, Diode CRZ2 becomes forward
biased when the gain control voltage exceeds approximately ~7. 0 volts, clamping
the voltage at that level.

4,3.2.10 Type 7453 Audio Amplifier (Al13). - Figure 7-15 is the schematic
diagram of the audio amplifier. The three audio inputs (from the demodulators
or gain control board) are applied to a transistor switching network. The sel-
ected audio signal is then applied to a squelch gate, after which it is amplified.
The amplified signal is made available as the audio line output. Part of the
signal is sampled, rectified, and used to drive the audio output meter. Also
included on this board is a separate amplifier that is used to build up the level
of the audio signal applied to the headphone ocutput circuitry.
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The audio inputs to the audio amplifier board come in at board pins 6
(FM), 8 (FM and ISB), and 12 _{ISB). The FM input comes directly from the
FM demodulator (A10). The FM and ISB Input comes from the gain control
board (Al14), where an electronic switch selects either the output of the AM demod-
ulator (A9), or the LSB or USB/CW output from the LSB/USB/CW demodulators
(All, A12) when the LSB, USB, or CCW (but not ISB) mode of operation has
been gelected,

The audio inputs are applied to an electronic switching network composed
0f @1-Q6. The FM audio input is applied through R10 and C1 to the collector of
Q5. From this point, it is passed through C4 and R16 {0 the source of sgquelch
gate Q7. The FM and ISB audio input is applied through R12 and C2 to the
collector of Q4. From this point, it is passed through C5 and R17 to the source
of squelch gate Q7. Similarly the ISB audio input is applied through R14 and C3
to the collector of Q6. From this point it is passed through C86 and R18 to the
source of squelch gate Q7. It is assumed in each case above that Q5, Q4,
and Q6 are in the off states. In actual operation, the transistor associated with
the selected audio input is off, permitting the signal to be applied to the squelch
gate while the other transistors are turned on to short their respective signals
to ground. As a result, only the selected signal is passed to the squelch gate.

If the FM detection mode has been selected, a positive potential from the
receiver register at board pin 5 (FM) turns Q1 on and Q5 off. With Q5 off, the
FM audio input at board pin 6 is free to pass through R10, C1, C4, and R16 to
the source of Q7. The near-ground potential at the collector of Q1 places a for-
ward bias on CR1, which lowers the base bias on Q3 (CR1 effectively shunts RS
and R when forward biased). As a result, Q3 turns off, permitting a higher
potent1a1 to be felt at the base of Q4, turning that transister on. . With Q4 on,
the FM and ISB audio input at board pin 8 is shunted to ground through R12 and
C2, At the same time, board pin 9 (ISB) receives a near- ground potential from
the receiver register, holding Q2 in the off state, with the result that Q6 is
turned on, shunting the ISB audio input at board pin 8 to ground through R14
and C3., With Q5 off, Q4 on, and Q6 on, the desired FM audio input passes to
the source of Q7, while the remaining audio inputs are shunted to ground.

If the ISB detection mode has been selected, a positive potential from the
receiver register at board pin 9 ({ISB) turns Q2 on and Q8 off, With Q6 off,
the ISB audic input at board pin 12 is free to pass through Ri4, C3, €6, and
R18 10 the source of @7. The near-ground potential at the collector of Q2 places
a forward bias on CRZ, which lowers the base bias on Q3 (CR2 effectively shunts
R8 and R9 when forward biased). As a result, Q3 turns off, permitting a higher
potentlal to be felt at the base of Q4, turning that transistor on. With Q4 on,
the FM and ISB audio input at board pin 8 is shunted to ground through R12 and
C2. At the same time, board pin 5 (FM) receives a near-ground potential from
the receiver register, holding Q1 in the off state, with the result that Q5 is turned
on, shunting the FM audio input at board pin 6 to ground through R10 and C1.
With Q5 on, Q4 on, and Q6 off, only the desired ISB audio input passes to the
source of @7, while the remaining audio inputs are shunted to ground.

If the AM, LSB, USB, or CW detection modes are selected, near-ground
potentials from the receiver register-are applied to board pins 5 and 9, turning
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WJ~8888 CIRCUIT DESCRIPTION

Q1 and Q2 off. The resulting high potentials at the collector of these transistors
cause both CR1 and CR2 to become reverse biased. In turn, full base bias is
then permitted to be felt at the base of Q3, turning that transistor on. The
resulting low potential at the cellector of Q3 turns Q4 off, with the result that
the FM and ISR audic input at board pin 8 is free to pass through R12, C2, C35,
and R17 to the source of Q7. At the same time, the high potentials at the colleciors
of @1 and Q2 cause both Q5 and Q6 to be turned on, resulting in both the FM
and ISB audio inputs at board pins 6 and 12, respectively, being shunted to ground.
With Q5 on, @4 off, and Q6 on, only the desired FM and ISB audio input passes
1o the source c¢f @7, while the remaining audic inputs are shunted to ground.

FET Q7 is the squelch gate that receives the selected audio signal from
the audic switching network. With no voltage applied to the gate of Q7 the FET
conducts, permitting the selected audio signal to be applied to audioc amplifier UZ2.
A negative voltage at the gate of Q7 cuts that transistor off, preventing any audio
signals from reaching U2. '

Ul is an operational amplifier that is used to control squelch gate Q7.
Positive feedback through resistors R21 and R22 set the gain of Ul with a controlled
hysteresis, As a result, Ul behaves more as a hysterisis switch than as an
amplifier, since a positive voltage at pin 2 (the non-inverting input) causes the
output voltage atpin 6 to swing to nearly -15 volts {cutting off Q7), while a negative
voltage at pin 2 causes the voltage output at pin 6 to swing to nearly +15 volts.
Since CR3 becomes reverse biased, the +15 wvolt output is not felt at the gate
of Q7. The removal of the negative bias from the gate of Q7, however, is suf-
ficient to allow Q7 to conduct. The hystersis caused by the positive feedback
applied to Ul prevents the switching threshold from being too narrow.

The input to U2 (pin 2) comes from a voltage divider composcd of R19
and R20. R19 receives voltage from squelch contreol potentiometer on the main
chassis (Figure 7-33). The squelch control voltage can be set to any value
between 0 and +5 volts., RZ20 receives gain control voltage from the gain control
board (A14). The AGC voltage is negative, and proportional to the average am-
plitude of the received signal. If the AGC voltage is small, the positive squelch
control voltage causes the resultant voltage at the junction of voltage divider
resistors R19 and R20 to be positive. As explained previously, a positive voltage
applied to inverting input pin 2 of Ul causes the output voltage at pin 6 to become
negative, shutting off the squelch gate (Q7) and preventing any audic from reaching
the input of the audio amplifier. If the receiver is then tuned to a signal stirong
enough to produce sufficientnegative AGC voltage to overcome the positive squelch
control voltage at pin 2 of Ul, causing that input to become negative, the output
at pin 6 swings positive, causing the squelch gate to conduct and permitiing the
audic signal to pass through to audic amplifier U2. Thus, the receiver produces
an audio output only for signals in excess of a certain average amplitude. This
level, or threshold, is determined by the setting of R6 on the main chassis.

U2 amplifies the audio signal from squelch gate Q7. The output of T2
at pin 6 is coupled through R30 to the primary of Tl. The secondary audio volt-
age is applied to board pins 21 and 22, and is then routed to the line audio
terminals of J10 on the main chassis. The voltage at the output of U2 is also
applied to a voltage doubler rectifier circuit comprising C11, R33, CR4, CRS,
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R34, and C12, The rectified audio voltage is then applied to the front panel meter
(M1 on yhe main chassis) through R35 and R38, as long as a near-ground potential
from the receiver register is applied to the MTR input of the board (pin 18)
permitting the base of Q9 to receive negative bias. The ground potential causer
QY to conduct, causing Q8 to turn off. As long as Q8 remains off, the rectified
audio voltage can be applied to the front panel meter. The meter can also be
used, however, as a signal strength meter. In this case, the negative voltage
at the MTR input of the board becomes positive, turning @9 off and permitting
Q8 to conduct. This in turn shorts the output of the rectifier circuit to ground
and prevents any ocutput from being applied to the front panel meter. The operation
of the front panel meter as a signal strength indicator will be discussed in a
subsequent paragraph. :

The audio output from pin 6 of U2 is also coupled through R44 to board
pin 20 (AUDIO). From pin 20, the audio signal is routed to a 10, 000 ohm audio
gain conirol potentiometer (R7) on the main chassis (Figure 7-33), The arm
of the potentiometer is routed back to the PHONE AMPL INPUT {board pin 1)
of the audio amplifier board. The signal is then applied through R27 to pin 2 of
U3. U3 amplifies the signal, and couples its output at pin 6 through R32, C10,
and C13 toboard pin 19 (PHONES OUTPUT). From this point, the signal is routed
te the headphone jack assembly (A28). Electrolytic capacitors C10 and C13 are
connected "back-to-back" to provide high-capacitance ac blocking (a single ele-
ctrolytic capacitor would not be suitable for handling the ac output of U3). Note
that the audio gain control potentiometer (R7 on the main chasgsis} controls only
the amplitude of the headphone output and has no effect on the amplitude of the
audio line output signal,

4.3.2,11 Type 7889 Gain Control (Al4). - Figure 7-16 is the schematic
diagram of the gain control. The purpose of this circuit is to derive gain con-
irol voltage from the appropriate audio input, process this voltage to achieve the
desired gain conirol characteristic, and apply the voltage to the gain controlled
stages in the RF and IF sections of the receiver. Three gain control modes are
available to the receiver operator: NORM AGC (normal automatic gain control),
HOLD AGC (hold automatic gain control), and MAN {(manual gain control}. If the
NORM AGC gain mode is selected, an AGC voltage with a fast~attack fast-decay
characteristic is produced. This type of AGC characteristic is suitable for AM,
FM, and CW reception. In addition, this gain mode is automatically selected
whenever the receiver is operated in the ISB detection mode. The HOLD AGC
gain mode is most suitable for LSB/USB reception, where a fast-attack delayed-
decay characteristic is desired (a two second delay is provided, although the delay
time may be changed). In the MAN gain mode, no signal-derived gain control
voltage is produced. Instead, the gain control voltage (and hence the receiver
gain) is set manually by the front panel RF GAIN contral (the RF gain control also
functions in the AGC gain modes).

A functional block diagram of the gain control is shown in Figure 4-5,
Audio inputs from the AM, USB/CW, and LSB demodulators are applied to an
electronic switch which selects the audio signal appropriate for the detection
mode (for the FM detection mode, the AM demodulator input is utilized for AGC
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WJ-8888 CIRCUIT DESCRIPTION

purposes). Assuming that the NORM AGC gain mode has been chosen by the
operator, the selected audio input is applied to a peak circuit which produces
a voltage proportional to the peak signal input level. This voltage is then applied
to a threshold circuit that permits automatic gain control action only for signals
above a certain predetermined threshold (the AGC is thus "delayed', and does
not act for weak signals below the thresheld level). Both the input and output
of the threshcld stage are applied to the signal strength circuit which buffers
the AGC voltage and drives the signal strength meter on the front panel if this
mode of metering has been selected (the meter can also be used to indicate the
line audio ocutput power as previously described}. The threshold stage also drives
a gain control amplifier which provides gain control voltage to the appropriate
receiver IF stages. The output of the gain control amplifier is applied to a
second gain control amplifier as well. The output of this stage is then applied
to the attenuator shaper (A2A1l) for RF gain control,

In the HOLD AGC gain meode, operation of the gain control circuits is the
same as described above. 1In addition, however, the digital control input to the
time constant switch causes the time constant of the peak detector to increase.
The peak of the audic input from the AM demodulator is stored by the hold timer
circuit (regardless of the detection mode). When the signal level drops, the
timing circuit is activated, and after the delay interval (normally two seconds)
reverts the peak detector time constant back to its normal fast-decay charac-
teristic via the time constant switch.

In the MAN gain mode, the digital control inputs cause the output of the
threshold circuit to be shunted to ground. The receiver gain is then controlled
exclusively by the manual gain circuitry.

- Referring to Figure 7-16, the gain control inputs are the audio outputs
from the AM demodulator, the USB/CW demodulator, and the LSB demodulator.
The audio signals are applied to the inputs of digitally controlled electronic switches
U1A and U1B, whichselect the appropriate audio input. The switches are activated
by digital control inputs from the receiver register. TU1B, for example, has the
USB/CW and LSB audio inputs applied to By {pin 2) and B, (pin 1), respectively.
As long as the B control input {pin 10) is at ground potential, only the By input
will be internally coupled tc the output at Bg (pin 15). If a positive voltage
{(from the receiver register) is applied to the LSB control input (board pin 186),
that potential will be felt at the B control input of U1lB, causing the device to
prevent the Bg input (USB/CW audio) from reaching the output at B¢ . Instead,
the B, input {LSB audio) is now internally coupled to B¢ . TUI1R then, can be
viewed essentially as an electronically controlled SPDT switch. With no volt-
age applied t0 B, By is made to By , and when a positive veltage is applied to
B, B, is made to B¢ . The LSB/USB/CW output of UlB at B¢ is applied to the
A input (pin 13) of UlA. The Ag (pin 12) input receives the AM demodulator
audio signal from board pin 19 (AM DETECTOR IN} through R5. U1lA is identical
to Ul1B. A positive control input at A (pin 11} from the receiver register causes
A) to be internally coupled to Ag (pin 14), while a ground (or near ground) input
at A results in Ag being internally coupled to Ag.
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FIGURE 4-5 W.J-8888
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WJ-8888 CIRCUIT DESCRIPTION

In the CW FIXED, CW VAR, USB, or ISB/USB detection modes, a pos-
itive potential is applied only to the A control input of UlA. As a consequence,
U1lA selects only the A, input from B¢ of UlB to be coupled to A¢g . Since no
positive voltage is applied to the B input of 1B, the USB/CW audio signal is
coupled from Bgp to B¢ , then from B¢ ic A (via a hard-wire connection) and
from Ay to A¢ . Thus, only the desired USB/CW audio signal appears at the
output of the electronic switch for application to the AGC circuitry. In the LSB
or ISB/LSRB detection modes, the receiver register causes both the A and B control
inputs to become positive. As a consequence, the LSB audic signal (at board
pin U) is coupled from B, to B¢, from B¢ to A;, and from A, to A¢. Thus, only
the desired LSB audio input appears at the output of the electronic switch. In the
AM detection mode, neither the A nor B control inputs are positive, with the
result that only the desired AM audioc signal appearing at Agis coupled to Ay . In
the FM mode of operation, the AM audio input is used for AGC purposes. As
a result, operation of the gain control circuitry is identical for both the FM and
AM detection modes. Figure 4-6 is a simplified illustration of the signal selection
arrangement, substituting SPDT toggle switches for UlA and U1RB.

The selected audio output at A¢ is applied through R10 to the FM/ISB
audio output (board pin 10) from where it is routed to the FM and ISB audio
input of the audic amplifier (A13). Q2 is a transistor switch that ig activated
during the LSB, USB, or CW modes of operation. This switch causes R11 to
shunt the FM/ISB audio output terminal, reducing the signal level applied to the
audio amplifier (A13) for signal level equalization.

The audio output of U1lA (pin 14}, is applied to the base of amplifier Q4.
The emitter output is dec coupled to the base of emitter follower Q5. The (pos-
itive) audio emitter output of Q5 charges C3 through R18. The. voltage applied
to pin 5 of U2A is proportional to the peak audio input to R18 and C3. RZ21
shunts series circuit R18 and C3 (through time constant switch U1C), assuming
that the NORM AGC gain mode has been selected (the operation of the time constant
switch in the various gain control modes will be discussed in a subsequent para-
graph), resulting in a fast-attack fast-decay AGC characteristic. The positive
AGC voltage is amplified and buffered by U2A, and applied through R71 and R75
to the non-inverting input (pin 3) of U2B. The output of U2B is applied to CRSY,
Since that diode passes only positive voltages to the subsequent circuitry, it is
necessary that the voltage on the non-inverting input be more positive than the
fixed voltage at the inverting input {pin 2). Otherwise, the output of U2B will
be negative, reverse biasing CR9, and preventing AGC voltage from being passed
to the next stage. The voltage applied to the inverting input is determined by
R27, R30, and R34. As a result AGC action can only occur when the AGC voltage
at the non-inverting input exceeds the positive threshold voltage at the inverting
input. Thus, delayed AGC action is obtained, and receiver gain is not reduced
for weak signals below a predetermined level (2 microvolts) as set by the threshold
voltage applied to the inverting inputof U2B. This threshold voltage can be reduced
by shunting the threshold adjust terminal (board pin 11) to ground through an
appropriate value of resistance,

The positive AGC voltage from CR9 is passed through R38% and R42 to
the inverting input (pin 2) of U3B. Q9 is turned off in either AGC gain mode,
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and therefore has no effect on AGC operation. The AGC output voltage of U3B
at pin 1 is negative. CR10 forward biases if a positive voltage appears at pin
1 of U3B causing feedback resistor R47 to be shunted by a low resistance, de-
creasing the gain of U3B to a very low level. Thus, the output of U3B cannot
go positive. R76 provides a small amount of bias for CR10 and the inverting
input of UZ2. _

The negative AGC voltage from U3B is applied through R73 to the base
of emitter follower Q12. The negative emitter AGC voltage output is applied
through RbH5 to the IF AGC output terminal (board pin 7}, and is then applied
to the gain-controlled stages in the 455 kHz IF amplifier (A8) and AM demodulator
{A9), causing reduced gain in these stages.

In addition 1o being applied to the base of Q12, the negative AGC volt-
age from U4B is also applied through R51 to the emitter of voltage level shifter
Q13. The voltage output level of Q13 can be adjusted by varying R74. This in
turn sets the guiescent AGC output voltage of amplifier U4A. The amplified
AGC output at pin 7 of U4A is applied through R62 to the RF AGC output ter-
minal (board pin 4), and from there routed to the attenuator shaper (A2A1) for
application to the PIN diode attenuator on the input converter (A2}.

In the MAN gain mode, a positive voltage at board pin 12 (MAN) turns on
Q6. As a result, Q7 and Q10 turn off. The positive potential at the collector
of Q7 turns on Q9. Q9 ghunts the positive AGC output voltage from pin 1 of U2B
through CR9 and R39 to ground, preventing any further AGC action. The manual
gain control voltage at board pin 8 (MANUAL GAIN INPUT) passes through R48,
R46, and R43 to the inverting input (pin 2} of U4B. The operation of the sub-
sequent gain control stages remains unchanged. However, they are nc longer
controlled by AGC voltage {from-U2B), but instead by the output voltage from
the RF GAIN potentiometer on the main chassis (Pigure 7-33). A greater positive
manual gain input voltage {(caused by rotating the RF GAIN potentiometer counter-
clockwise) results in more gain reduction.

The RI' GAIN control can also be used tc reduce receiver gain in the AGC
modes of operation. In either AGC mode, Q10 is turned on (by the receiver
register via Q6 as described above) resulting in the bottom end of RES being
placed near ground potential. The voltage dividing action of R46 and R48 {in
series), and R68 reduces the manual gain voltage that can be applied through R43
to the inverting input of U3B. If the RF GAIN control is fully clockwise, no
manual gain voltage will be felt at the inverting input of U3B, and the AGC circuitry
will exclusively control receiver gain. If the RF GAIN control is rotated counter-
clockwise, however, a positive veoltage (dependent upon the RF GAIN control
setting) will be applied to the inverting input of U3B, and reduce receiver gain
as described above. Since the voltage dividing action of R69, R46, and R48
reduces the manual gain voltage that can be applied to the inverting input of U3B
in the AGC modes of operation, only a limited degree of manual gain control can
occur (during AGC operation}). The receiver AGC will still be effective as long
as the received signal is strong enough to produce a positive AGC voltage at the
inverting input of U3B {(from U2B)} that exceeds the manual gain control voltage
at that point as set by the RF GAIN control.
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WJ-8888 CIRCUIT DESCRIPTION

U1C is an electronic switch used to alter the time constant of the peak
detector when the HOLD AGC gain mode is selected, and is identical to switches
UlA and UlB previously described. If either the NORM AGC or MAN gain mode
is selected, a positive voltage from the receiver register applied to board pins
N (NAGC) or 12 (MAN), respectively, is routed to control input C of U1C, causing
C) 1o be internally connected to C¢ , which is grounded. This results in R21
being effectively shunted across series circuit R18 and C3, providing the normal
fast-attack fast-decay AGC characteristic. In the HOLD AGC gain mode, however,
input Cof UlC receives no positive input, but instead is held near ground potential.
As a result, C,is no longer internally connected to Cc. R21, therefore, no longer
shunts series circuit R18 and C3, resulting in a much longer discharge time for
that capacitor. Co ., however, is now internally connected to Cg, causing the
connected end of R72 to be grounded. The effect of R72 is to reduce the output
voltage of U2A applied to U2B compensate for the increased input voltage to
that amplifier caused by R21 no longer being in shunt with C3. In the HOLD
AGC gain mode, only a positive input from Q3 (via R1 and CR7) can cause UIC
to revert to its previcus state,

Time constant switch UlC is controlled by the hold timer circuit com-
prised of Darlington pair Q1-Q3 and the associated components. The hold timer
uses the audio input wvoltage from the AM demodulator (board pin 19) as the
basis for producing a dc level representing the peak amplitude of the input sig-
nal. This is accomplished by applying the (positive) audic input voltage from the
AM demodulator through R4 to charge Cl. The positive voltage across C1
and R7 turns on Q1 and Q3, resulting in a near-ground potential applied through
R1 and CR7 to control input C of UiC. As a consequence, R21 is prevented
from shunting C3 (as explained in the previous paragraph), resulting in a long
AGC time constant. As the audio input signal drops, C1 discharges causing Q1
and Q3 to begin to shut off. Accordingly, the collector voltage of both transistors
begins to rise, but the charging current of C2 through R7 and other shunt imped-
ances apply a counteracting positive bias to the base of Q1, delaying the turn-off
time of that transistor and Q2. When the transistors do furn off, the positive
voltage at the collectors is applied to control input C of UlC, causing R21 to
once again be switched in shunt with C3, producing the fast AGC decay charact-
aristie, Thus, the hold timer circuit causes the AGC decay time constant to
remain long for a fixed period of time {two seconds) after the signal level begins
dropping, after which the AGC circuit reverts to its normal fast decay chara-
cteristic. By shunting additional capacitance across board pins W and V, the
delay time can be increased.

U3A receives AGC voltage at its inverting input (pin 6}, amplifies it, and
sends it to the gain monitor and signal strength meter circuits. The input to
U3A comes from the outpuis of both peak detector amplifier U2A and threshold
circuit amplifier U2B, provided that either the NORM AGC or HOLD AGC gain
modes has been selected. Under weak signal conditions, the input to USA comes
entirely from U2A since U2B produces no output until the received signal level
becomes strong enough to reach U2B's threshold. Since the collector of Q8 is
near ground potential, R28 and R31 reduce the AGC voltage from the output
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of U2A to the inpul of U3A. When the received signal becomes strong enocugh

- to cause the developed AGC wvoltage to exceed the threshold level of UZB, the

AGC action results in a much slower increase in output voltage from U2A as
the received signal level increases. The output of U2B, however, coupled to the
inverting input of U3A through CRS8, R39, and R36 begins to rise, causing the
output of U3A to continue to increase negatively with an increase in received signal
strength at approximately the same rate as it rose when the received input signal was
below the AGC threshold level. As a result, the signal strength meter readings
are not ''compressed" for signal levels above the AGC threshold. In the MAN
gain mode, a positive nput from the receiver register at board pin 12 (MAN)
causes Q@6 to turn on, Q7 to turn off, QB8 to turn off, and Q2 to turn on. With
RS off, more volitage from the output of peak detector amplifier U24A is passed
to the input of U3A. At the same time, Q8 (now on) shunts the output of U2B
(through CR9 and R39), preventing any developed AGC voltage from being applied
to the inverting input of U3A. Thus, in the MAN gain mode, only the output of
U2A is applied to U3A, as opposed to the NORM AGC and HOLD AGC gain modes
where both the output of U2A and UZ2E are applied to the input of U3A. In any
mode, the output of the gain monitor and signal strength circuits is proportional to
the received signal strength.

The gain control board has two other features that are not utilized in a
standard WJ-8888 Receiver. One of these features is an "AGC dump' circuit
comprising @ 14, @15, R50, and R68. During normal operation, a ground potential
at board pin D (AGC DUMP) causes Q14 to be cut off, which in turn cuts off Q15.
The resulting high collector resistance of @15 in parallel with time constant ca-
pacitor C3 has no appreciable effect on the AGC time constant, and the AGC cir-
cuit operates in its normal fashion. If a positive potential (a TTL logic ''one"
level), however, is applied to board pin D, Q14 and Q15 turn on. The resulting
low collector resistance of @15 rapidly discharges C3, and bring the gain controt
voltage to zero. The AGC dump feature is typically used in receivers that are
remotely controlled in applications where the receiver must tune rapidly from one
frequency to another (in such cases, any residual AGC voltage remaining on C3
will momentarily desensitize the receiver until the capacitor has discharged, thus
hindering reception at the new tuned freguency).

The other feature is the DIVERSITY OUTPUT at board pin R. This output
provides a positive ocutput voltage proportional to the AGC voltage generated in
the gain control circuitry. The diversity output is used when two or more re-
ceivers are employed to receive the same signal (at the same frequency), each
using different antennas {i.e., diversity reception). In such a configuration,
the receivers might all use a common AGC line. If the diversity output of each
receiver is used to control the common AGC line simultaneously, then the re-
ceiver that is responding most strongly to the signal at the common tuned fre-
quency will produce the largest diversity output voltage. The high AGC voltage
thus produced will desensitize all other recelvers {suppressing their background
noise), resulting in audio output primarily from the receiver responding most
strongly to the signal.

Neither the AGC DUMP nor the DIVERSITY OUTPUT board pin sockets are
wired to any other connectors in the receiver. If it should become necessary to
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have access to these terminals, they can be wired to the spare pins of J1 or J2.
The above gain control board circuit description applies to WJ-8888 Series
Receivers with serial numbers 26-48, 71-88, and 90 up, Standard W.J-8888 Re-~
celvers and modified WJ-8888-( } Receivers are numbered in the same sequence.
Thus, no two WJ-8888 Series Receivers can have the same serial numbers.
The gain control board in receivers with serial numbers 1-25, 49-70, and
89 differ from the gain control board described above in the following respects:

(1) No AGC dump circuitry or diversity output is provided.

(2) The manual gain input circuitry is configured so that the RF GAIN poten-
tiometer has no effect in the manual gain mode of operation.

(3} There are minor differences with regard to wiring and component values.
The schematic for this board is not included with this manual as it has already
been provided with the documentation that accompanied the receivers containing
the board.

4.3.2.12 Type 781275 Phone Jack Assembly (A28). - Figure 7-31 is the
schematic diagram for the phone jack assembly. A phone jack plugged into J1
interrupis the audio signal applied to the rear panel phone audio output connector
(J10 pin 7).

4,3,2.13 Optional Type 791451 Logarithmic IF Amplifier Assembly (AT7). -
Figure 7~10 is the schematic diagram for the logarithmic IF amplifier assembly.
This assembly receives its input from the 455 kHz IF filters and produces a de-
modulated output at J23 (located on the receiver rear panel) that is proporational
to the logarithm of the amplitude of the 455 kHz input.

The input signal is applied to emitter follower Q1, which provides input
isolation, Q1's output is amplified by tuned-collector amplifier Q2. RI10 intro-
duces degeneration into Q2's emitter circuit to improve linearity and signal hand-
ling capability, The output of Q2 is applied tc emitter follower @3, which steps
down the circuit impedance to match the impedance presented by U1 and U2.

U2 is a logarithmic amplifier that uses two in-phase inputs to develop its
logarithmic output. One of these inputs is applied directly to pin 4, and then to
pin 7 through R20. The input signal is also applied to the non-inverting input of
Ul, which provides 35 dB of voltage gain. Ul's output is then applied to pin 12
of U2. U2 processes the inputs (to provide the desired logarithmic characteristic),
sums them, and provides a differential output to the primary of transformer T1.

The stepped-up secondary voltage is applied to emitter follower Q4. 1.2,
CR1, R27, and C13 form a half-wave detector circuit that demodulates the signal
output from the emitter of Q4, R28 provides a slight forward bias to hot-carrier
diode CR1 to improve detection linearity. The demodulated signal output of the
detector is then applied through R29 to the non-inverting input of U3. U3's output
is applied through R37 to board pin 22 and then to J23 on the receiver rear panel,

R34 is used to adjust the quiescent de output level of U3 te zero volts,
Under strong signal conditions, the output voltage will rise in excess of +1 volt.

4-28




[ Isi CONVERTER (A2) I_ 2nd GONVERTER > o

{A3)
_ BANDPASS _ BANDPASS _ BANDPASS
MIXER | FILTER FILTER MIXER 3 FILTER
_ {INVERSION) MIXER 2 _ {INVERSION) MIXER 4
00.500 00X /82.800 N\ / \ _ _ \ \.
TO §2.805 MHz 10.7 MHz 455 kHz mwﬂmmmw%
30.499 99X _ 82.810 _ _
MHz
[ R PR Flslnl_
83.31—113.30 MHz 72.100 00X 11.155 000 MHz %I H 456 kH
{10 kHz STEPS) 72.105 MHz \Tm._om 99X . z z z £8 kHz
{10 Hz STEPS)
ist LO
yeo 2nd LO Ird LO 8FO
F 3
TUNING Lo t t t
VOLTAGE | | i
_ _
fst LO [#— TIME rllll....ll....ll_
DIGITAL/ BASE _ I_
ANALOG |lgo — o — — — | e e e e e e e ————— . —

Figure 4-7. Frequency Synthesizers,
Functional Relationships

4-30



WJ-8888 CIRCUIT DESCRIPTION

4,4.1 SYNTHESIZERS RELATIONSHIPS. -~ Figure 4~7 shows the relationship of
the synthesizers to the receiver signal processing. In essence, synthesizers pro-
vide three signals for translating the RF input signals to 455 kHz, The 455 kHz IF
is then demodulated by other stages in the receiver. If the receiver operates in
the BFO mode, a fourth synthesizer signal beats with the 455 kHz IF to produce
an audio output, The actual tuning process involves the 1st LO and the 2nd LO.

NOTE

Throughout the synthesizer discussions, an
¥ in frequency references indicates the un-
used 1 Hertz digit {i.e., 29,999 98x MHz).

The 1st LO tunes from 83.31 MHz to 113.30 MHz in 10 kHz steps. This
range corresponds to an RF input range of (. 5 MHz to 30,499 99x MHz. ANl RF
signals convert first to signals in a 10 kHz range from 82.810 to 82.800 MHz.
A filter following the 1st mixer limits the converted signals to a total range
of 82.800 MH=z to 82,810 MH=z. This 10 kHz range is applied to the 2nd mixer,
which then converts the 82, 805 signals to 10. 7 MHz.

The 2nd LO tunes from 72,108 99x MHz to 72,100 00x MHz in 10 Hz
steps. This 8, 99 kHz range provides translation of signalsto 10. 7 MHz. A bandpass
filter following the 2nd mixer limits the signal range to 250 kHz.

The 3rd LO provides 11,155 MHz to the 3rd mixer, Signals centered on
10,7 MHz beat with the 3rd LO to produce signals centered on 435 kHz. The
455 kHz signals are either demodulated by other stages or are routed to the fourth
mixer. A 455 kHz BFO signal from the synthesizer beats with the 455 kHz IF
to produce an audio cutput.

All four synthesizer stages are referenced to a common time bage. Sig-
nal inversion occuring in mixer 1 is reversed by inversion in mixer 3.

Table 4-2 shows translation frequencies for a 10 kHz segment of the re-
ceiver tuning range. Column B is tabulated for an input frequency of 0, 300 MHz.
Columns C and D are tabulated for input frequencies of 0.505 and 0,509 89x
MHz, respectively. This 10 kHz range is the lowest tuning segment for the
receiver. Any signal in this range is converted to a 1st IF frequency of 82. 800
to 82.810 MHz. This is shown in columns B, C, and D for mixer 1. Further-
more, if the receiver is tuned higher than 00.509 99%x MHz, the 1st LO will
step to the next higher LO frequency, 83.32 MHz. This will, in turn, convert
the signals in that 10 kHiz portion of the RF tuning range to a lst IF freguency.
This continues in 10 kHz segments up the band to the maximum RF tuned fre~
quency of 30.499 99x MHz. Any signal in the range of 0,500 to 30. 499 89x MHz
is converted to a 1st IF freguency in the range of 82.800 to 82.810 MHz. The
1st LO frequency corresponding to 29, 99 99x MHz is 112. 81 MHz,

Mixer 2 translates signals in the lstIF range to the 2nd IF frequency of
10 7 MHz. To do this, the 2nd LO steps in 10 Hertz increments from 72. 100 00x
to 72.109 89x MHz. The 8,99 kHz range of the 2nd LO matches the increment
sizes of the 1st LO, thereby providing for conversion of all RF signals to 10.7
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TABLE 4-2
TABLE 4-3
Table 4-2. 1st And 2nd LO 10 kHz Tuning Increment
10 kHz Tuning Increment for 00. 500 00x to 0. 509 99x% MHz
A B C D
(0. 500 MHz) (0. 505 MHz) (0, 509 88x MHz}
MIXER 1st 1.O 83.310 00x 83.310 00x 83,310 00x
1 REF INPUT -00.500 00x - 0.505 Q00x =00, 509 99x INVERSBION
ist IF 82,810 00x BZ, 805 00x 82,800 01x
MIXER 1zt IF §2.810 00x 82,805 00x 82, 800 Olx
2 2nc LO =72.109 99x =-72.105 O0Dx =72.100 00x
2nd I¥ 10,700 01x 10, 700 0Dx 10, 700 Olx
l i F
MIXER 11.155 00x
3 3rd IF =10, 700 00x INVERSION
Q. 455 00x
OR-{
MEER 3rd IF 0. 455
4 BFO 0.455 = 8 kHz
=8 kHz audio
DEMODULATION

Table 4-3. 1st And 2nd LO Frequencies Versus Tuned Frequency

Ta Obtain 1st and 2nd LO Frequencies for any Tuned Frequency
(00. 500 00x to 30.459 99x)

TO OBTAIN TO OBTAIN
1st LO - 2nd LO
FREQUENCY FREQUENCY
Drop 3 Least Significant Use 3 Least Significant
Digits From Readout Digits From Readout
15, 758 35x 00, 006 33x
Add 82,81 {o the Subtract Them From

Remaining Dipits

15, 75 72,109 99x
Add 82.81 Sub. . (06 35x
98,56 = 1st LO 72,103 64x = 2nd LO
Frequency Frequency

NOTE: X Indicates Unused 1 Hertz Digit
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MHz. To determine lst LLO and 2nd LO frequencies corresponding to a receiver
tuned frequency, refer to the example given in Table 4-3,

Mixer 3 translates the 10.7 MHz 2nd IF to 455 kHz. A fixed 3rd LO
frequency of 11,155 MHz provides the necessary diffcrence frequency for this
translation.

Demodulation of the 3rd IF takes place in other stages of the receiver or
in mixer 4 when the BFO mode is used. The BFO portion of the synthesizer varies
a minimum of £ 8 kHz thus providing full pitch control for monitoring.

lb W J-8888 FIGURE 4-8

-

- eomd

vt

4.4.2 PHASELOCK LOOPS. - A phase lock loop consists of three basic compon-

4 ents: a phase detector, a low-pass filter, and a voltage controlled oscillator.
Figure 4-8 also shown an additional feature, a programmable divide-by~N stage.
For now, assume this stage divides-hy=1,
. Qutput from the voltage controlled oscillator provides one input of the phase
} comparator with a signal. The other input to the phase comparator is a highly~
stable, fixed-frequency reference source, If any difference exists between the
two phase detector inpuis, an error voltage drives the VCO to the same frequency
ag the reference input. A 1l-kHz reference input means the VCO would be main-
tained at 1-kHz.

Dividing the VCO output by 2 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 3-times
the reference frequency. From this, the following relationship can be given:
Fveco* N (F ggr ). Changing the divide ratio, N, causes the VCO frequency to
change by a factor of N times the reference frequency. The least possible change
in VCO frequency then, corresponds to the reference frequency supplied to the
phase detector,

ri " . Ju—

=]

g gl

. REFERENCE

VOLTAGE
CONTROLLED » OUTPUT
FREQUENCY po OSCILLATOR Fyuca=N{FREF}

[

PROGRAMMABLE
DIVIDER
— N

FPhase detectors used in these synthesizers provide positive and negative
pulses, related to the direction of the error, as an indication of a frequency dif-
ference at their inputs. The greater the error, the wider the pulses.

Integration in the filter varies the voltage supplied to the voltage controlled

.' Figure 4-8. Basic Phase Lock Loop

oscillator. This drives the frequency in the correct direction to reduce the dif-

0 _
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CIRCUIT DESCRIPTION WJ-8888

ference between the phase detector inputs, Under lock conditions, the phase
detector provides extremely narrow positive and negative pulses to the filter, there-
by maintaining the voltage controlled oscillator at the desired frequency. In actu-
ality, the loop is never truly locked, for the phase detector always provides
correction pulses to the filter,

4,4.3 1st LO SYNTHESIZER. - The lst LO tunes from 83.31 MHz to 113. 30 MHz
in steps of 10 kHz. This corresponds to a receiver tuning range of 00.500 00x MHz
to 30,498 99x MHz. Figure 4-9 shows a functional drawing of the lst LO devoted
primarily to the divide~by-N portion of the loop.

When the loop is locked, the VCO frequency is divided down to 10 kHz
by the counters. Phase detector Ul5A compares this signal with a 10 kHz reference
from the time base stages, and produces an error voltage if the two inputs are
out-of-phagse. This changesthe VCO tuning voltage which makes a slight correction
to the frequency, thereby maintaining the VCO freguency in-lock with the 10 kHz
reference, To shift the VCO frequency, the divide-by-N is changed to a new
ratio. This causes the 10 kHz signal to the phase detector to be off-frequency,
50 the phase detector and integrator produce an error voltage driving the VCO
to the frequency which divides down to 10 kHz.

Divide~by~N stages must give a 10 kHz output for all input signals in the
range of 83.31 to 113.30 MHz. To do this, they must provide a divide ratio of
8331 to 11 330 thereby covering all possible input frequencies to 10 kHz. The
basic divide capability of these stages is 16 000, That is, U5, U110, and U113
each provide a divide-by-10 action. Ul4 is a divide-by-16 stage. (10 x 10 x
10 x 16 equals 16 000). For this divide ratio the input frequency would have to
be 160 MHz for an output frequency of 10 kHz. Because the VCO operated in
the range of 83.31 MHz to 113. 30 MHz, the basic counter stages must be modified,

Preveniing them from counting down the entire 16 000 counts is one method
used. If the offsets shown connected to the counters stopped the count at 7718,
there would be 8281 decrements (16 000 minus 8281 equals 7719). With offsets
in the circuit then, the VCO would maintain a frequency of 82,81 MHz which
corresponds to a tuned frequency of 00. 000 00x MHz. Because the receiver only
tunes as low as 00.500 00x MHz a method is needed to increase the count by at
least 500.

The maximum countincrease is required when 113, 30 MHz must be divided
down to 10 kHz. This would require a maximum divide ratio of 11 330. To increase
the divide ratio to 11 330 requires an additional divide ratic of 3049, (8281 plus
3049 equals 11 330).

To gainthese additional 3042 counts, the four counters start their sequence
not from 16 000, but instead from 30498, Thus Ul4, the most significant digit, is
loaded with a 3, Ul3 with a 0, Ul0 with a 4, and U5 with a 8. Now the count se-
guence is 3049, 3048, 3047, .... 0039, 00629, 0019, 0009, 15 999, 15 989, ....
7739, 7729, 7719 = terminal count. At count 7719, a pulse would be provided
to the phase comparator and the counting chain recyeles. Figure 4-10 shows count
range, The terminal count pulse and recycling occurs at a 10 kHz rate.
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Fligure 4-9. 1st LO Functional Block Diagram

So far the divide action description neglected actual circuit operations and
practical considerations. For example, two clock pulses are lost because U5
and U10 are decremented together by the clock, and there is no borrow from U10.
The effect of this is to change the terminal count from 7718 to 7739. Another
problem, the counters cannot be resetat terminal count without losing clock pulses.
To overcome this, a look ahead stage is added which performs the last two
count operations while the counters are being reset. When a count of 7759 is
reached, the look ahead circuit activates the cross-coupled NAND stages and
they complete the last two pulses of the cycle.

Table 4-4 shows an assumed number of 2436 worked down to the actual
terminal countof 7738. Knowing both the actual terminal count (7739) and the num-
ber loaded into the counters (2436) allows calculation of the total pulses required
to decrement the counters to terminal count., If the two borrow counts lost are
disregarded, then 2436 pulses are required to decrement the counters to 0000
(this corresponds to 18 000). If the counters were loaded with zeros, this would
be the start count for the count chain.
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Figure 4-10. 1st L.O Divide-By~N Range

The calculated terminal count is 7718, This means the counters start
from an effective count cof 16 000, and decrement down 8281 times to reach 7716.
{16 000 minus 8281 = 7719,} To compensate for the two lost borrow counts
at the 0=-to-9 transitions of Ud, the actuzl terminal count is made on 7739 instead
of 7719. The net effect provides the required number of counts.

With the counters at 2436, 11 pulses to U2 are required to produce an
output pulse. Note that a single output pulse from the prescaler decrements
both U5 and U110, This results because U5 and Ul0 are connected in parallel
and both receive the clock pulse from the prescaler.

As the prescaler continues to divide~by~11, both U5 and U10 decrement
one state for each pulse they receive and the count becomes 11 less each time.
However, at the transgition from 2370 to 2369, the count becomes only one less.
In effect, aborrow is missed which should decrement U10 to state 5. If the borrow
took place, the dividers would be at 2359,

As the prescaler continues to divide-by=-11, the count works down to 2370,
then 2369, when another borrow is missed. On this zero~to-nine trangition of
U5, the prescaler is converted to divide-by-10 and remains in that mode until
terminal count 7739, when it reverts to divide-by-11 and a new cycle begins.
When the prescaler is converted to divide-by-10 at the second 0 to 2 transition,
counter Ub does not decrement again. It stays at state 9 until being reloaded
for the next count sequence, To compensate for the two borrows missed from
T10, the terminal count is made on 7739 instead of 7719.

Divide-By-N Integrated Circuit Data. - Refer to Figure 4-11 for pin desg-
ignations and truth tables of these integrated circuits.

Dual modulo prescaler U2 operates at the upper frequency limit of 113. 30
MHz. It is an emitter coupled logic device, so level translation is required for
the inputs and outputs tc work with TTIL. stages. It accepts the clock pulses
from the VCO and maintains output Q@ low for 5 of the pulses and high for the
subsequent 5 or 6 incoming pulses, depending on the state at PE pin 2. If pin
2 is low before the rising edge of Q, then Q will stay high for 6 more incoming
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WJ-8888 TABLE 4-4

Table 4-4. 1st O Decremented to Terminal Count
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clock pulses and a divide-byv-11 action results. Conversely, if PE is high before
the rising edge of Q, then it stays high for only 5 more incoming pulses, and
a divide~by=-10 action results.

U5, U110, U1l3, and Ul4 are TTL down counters. Ul4 decrements from 0
to 15 and down through 0, The others decrement from 0 to 9 and down through
0. Otherwise they are all the same. These counters decrement on the positive
going edge of the clock pulse. The buss output goes high in the 0 state and
remains there until the leading edge of the clock pulse produces the transition
to @ (or 15). A low state applied to the PE input enables PO thru P3. These
inputs are independent of the logic level of the clock. Entering a number to the
PO thru P3 inputs causes the counter to begin its count at that number. However,
until PE goes low again, the counter decrements through its normal sequence
and does not reset to the number applied to the P inputs.
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FIGURE 4-11 WJ-8888
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Figure 4-11.

U4 is a dual D-type edge triggered flip-flop.

2 AND 4 CONLY.
PINS 3 AND 5

ARE OPEN CIRCUIT.

ONLY.
FINS 3, 4, AND 5
ARE OPEN CIRCUIT.

1st LO Divide~By-N Integrated Circuits

Information on the data in-

put is transferred to the @ outputs on the positive-going edge of the clock pulse,
This transfer is a functiion of level and is not directly related to transition time
of the leading edge. When the clock is either high or low, the data input has
no effect. A low input to the preset sets the @ output high. A low input to the
clear input sets the @ output low.

Modules U6, U8, and Ull contain diodes connected from pin 11 to certain
other pins depending on the dash number of the module. For the exact arrange-
ment, refer to Figure 4-11,

Divide-By-N. - A general discussion of the 1st LO operation appeared in
the functional description. These paragraphs describe the circuits in detail.
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WJ-8888 CIRCUIT DESCRIPTION

Count Sequence. - From the functional discussion remember that the
counter chainhas abasic count capability of 8281, This corresponds io a frequency
of 82,81 MiHz, (which is actually below the minimum reguired VCO frequency
of 83,31 MHz). To establish any frequency above 82,81 MHz then, requires
increasing the count capability by loading in the reguired amount to the P0 through
P3 inputs of the four counters.

For example, if a VCO frequency of 107. 17 MYz were required (24, 360 Q0
MHz tuned), then a count of 10 717 would have to be established to produce g
10 kHz output. Knowing that we have a built-in count of 8281 allows calculation
of the required number to he loaded in. That is, 10 717 minus 8281 equalsg
2436. For this discussion, assume that 2436 has ust been loaded into the counters
at the terminal count, (Ul4 with a 2, Ul3 a 4, Ul0 a 3, and U5 a 6.) Refer
to Figure 7-20 for the schematic diagram of the 1st 1LO.

Terminal count resets the count chain in readiness for the first clock
pulse of the new count seguence. The terminal count originates at the output
of NAND U12C. As the output goes high, the chain is ready for the next pulse.
Refer to later paragraphs for detailed explanations of the look ahead features
associated with the cross-coupled NAND gates,

With the counters in initial states of 2436, U2 receives 11 clock pulses and
produces its terminal count. The terminal count pulse is applied to differential
amplifier Q1-Q2 which then supplies the pulse to NANDs U7B and US3A. They
apply the pulse to counters US and U1Q, which both decrement one state, Table 4-4
shows the new count of 2625 after the 11 input clock pulses. For each succeeding
11 input pulses to U2, U5 and U10 each decrement 1 state, and the total count
is reduced each time by 11.

However, notice that at the transitionfrom 2370 to 23689, the count reduction
is only 1. In effect, a borrow pulse to U1l0 is missing. This occurs again at
the transition from 2270 to 2269, Remember in the functional description, mention
was made that the terminal count of 7719 was theoretical and that in fact a
real terminal count of 7739 was used. The loss of two borrow pulses to U10
accounts for using 7739 as the terminal count. Because counter US only passes
through a 0 to 9 transition twice for any count sequence, the terminal count
is always 7739.

Prescaler U2 changes to divide-by-10 when US decrements from 9 to
9 at 2270/2269. Also, U5 stops decrementing at this state 9, This means that only
the 3 most significant digits continue to decrement to terminal count. U2 remains
in a divide-by-10 condition for the remainder of the count cycle until being reset
to divide-by-11 at terminal count, 7739.

Counters U2, Ul0, Ul3, and Ul4 then operate as conventional ripple coun-
ters, with the clock pulse for each counter taken [rom the Q3 output of the
next most significant digit. From 2269, they decrem~nt down to 0000 (effectively
16 000), 15 999, etc., and on down to the look ahead count of 7759. At 7759
the lock ahead stage takes over. NANDs U7 and Ul2 make the last two counts,
providing both a low for the PE line and an cutput pulse for the phase detector.
Refer to the look-ahead paragraphs for an explanation of the exact sequence of
these circuits.
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Look Ahead. - The counters cannot be reset fast enough at terminal count
to not loge clock pulses at the beginning of the next cycle. Therefore, a state
is sensed 2 counts before the actual terminal count and NANDs U7 and U12 make
the last two counts. During these two clock pulses the counters are reset and
a terminal count is provided to the phase detector.

The terminal count number is 7739, For a two-count look ahead, the
counters must activate NAND U7 on a count of 7759. To do this inputs 9 and 11
of U7C must be high. To obtain these conditions Ul4 must bea 7, Ul3a 7, Ul0 a
9, and U5 a 8. Notethat the 9 state for U5 was established near the beginning of the
decrementing sequence.

For Ul4a 7 state means that the buss line is low, pin 1 is low, and pins 15
7, and 8 are high. ﬂ_L 7 is the only state for which this will be true.

For Ul3, a 7 also must be sensed. To do this, module U1l contains a
diode connected from pin 1 to pin 2, the cathode being connected te pin 1, As 13
counts down, 7 is the {irst state reached where a 0 appears on that output.

For Ul0, a 5 is sensed. This means that module U9 has diodes connected
from pin 1 to pins 2 and 4. Cathodes are connected to pin 1. As UlQ decrements,
& is the first state reached with 0's on @1 and Q3.

For U5 an effective 9 is sensed; however, that action is an intergral part
of the prescaler circuit so it will not be discussed here. Also, that 9 is sensed
near the beginning of the count sequence when the prescaler changes to divide-by-
10. The others are sensed near the end of the count sequence.

Returning to Ul4, the highest number to be loaded into it will be a 3.
Remember that the maximum number of additional states needed to be loaded into
the counters to provide the highest VCO frequency of 113.3 MHz is 3040 (8281 +
3040 = 11 330). In fact, pins BL and BN of the circuit board are hard wired to
ground, as can be seen on the main chassis schematic. Loading the counters with
some number, again say 2436, and working the count down, will serve to explain
operation of the look-zhead terminal count.

The counters decrement from the assumed states of 2436 through 0000
(effectively 16 000}, and then continue decrementing to look shead couni 7759. The
actual sequence of obtaining the look ahead number is as follows, The least
significant digit, a 9, occurres first, near the beginning of the decrementing se-
quence. The next counter to reach its look-ahead terminal-count number is most
significant digit U14, As it reaches state 7 (1110}, CR2, CR3, and CR4 put a
high on pin 9 of NAND UT7C. Also notice that diode CR5 then has a low on its
anode, Thus it does not contribute current to R40, which would hold pin 9 of
U3C high. Pin 9 does not drop low though until the other two counters reach
their look ahead numbers.

Next Ul3 decrements to its look ahead state, also a 7. This puts a low on
its @3 output, which had been helping to keep a high on pin 9 of U3C,

Now only UlQ needs to decrement to its preset number to allow NAND U3C
to enable NANDs U7 and Ul2, When UlD decrements to a 5 state, its Q3 and Q1
outputs both go low and do not draw current through R40. This allows pin 9 of
NAND U3C tc drop low and its output goes high.
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That high is applied to pin 11 of U7C. Pin 9 had previously becen made high
when Ul4 reached state 7. The counters are then at a count of 7759, The last
two clock pulses corresponding to a decrement to siates 17492 and 7739 are pro-

cessed by NAND gates U7 and Ul2. Refer to the next paragraph for an explanation
of thig circuit.

NAND Terminal Count Completion. - Refer to Figure 4-12 for a redrawn
view of the cross~coupled NAND gates. Included with the figure are a truth table
and a timing diagram. When considering inputs R1 and S1, be sure to treat them
as the total function of all inputs.

The leading edge atcount 7759 has just decremented the counters from 7769
to 7759. This drops zeros through to NAND U3C (after propogation delay), which
puts a high on pin 9 of UTC. This initiates the two count sequence of the cross-
coupled NAND gates.

Considering R1, it goes high after the preset number is reached and stays
high until the counters receive alow on their PE inputs. This takes away terminal
count states holding pin 9 high, Propagation delay for counter U10 decrementing
from a 6 state to a 5 state results in R1 going high some time after the 7759th
clock pulse decremented the divider. However, when the dividers receive the low
on their PE inputs, information on their P inputs appears at the Q outputs much
faster than when the clock decrements the divider.

Input 51 normally clocks Q2 because Q1 and @2 maintain high states on the
other two inputs. OQutputs Q1 and Q2, though, do not change state because S1 is
held low until look-ahead state 7759 is reached. When Q2 goes high at the end of
the two count sequence, S1 again clocks Q2.

Output Q1 goes low when the look-ahead count propagates throupgh to R1.
When the counters get reset by a low state to their PE input, R1 goes low,
and Q1 goes high.

Output Q1 normally changes state with the clock because S1 is enabled.
When the lock-ahead count is reached, S1 goes low and stays therc until the
end of the two count sequence when S1 begins to clock @ 1 again.

Input R2 maintains the same waveform as Q1 because they are wired to-
gether. S2 receives the clock. Qutput Q2 normally siays low becausc R2 Q1)
is held high. Only after the look-zhead count propagates through to R1 docs Q2
go high., It stays high when R2 goes high beccause that is a latch condition.
When 52 goes low again, Q2 and Q2 change to low and high, respectively, and
remain there because the clock high on 82 merely provides a latch condition.

Inputs R3 and S3 being physically wired to Q1 and Q2, maintains the cor-
responding waveforms. As long as S3 is held high by Q2, the Q3 and Q3 outputs
stay high and low, respectively, When R3 Q1) is held high, and S3 @Q2) drops
low, the Q3 outputs change state. When 83 goes high, a latch condition exists
and the Q outputs stay the same. Only when R3 Q1) drops low do they again
revert to Q3 high and Q3 low. After that, R3 clocking high provides a latch
condition, and the outputs do not change,
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The negative going (falling) edge of Q3 provides the phase comparator with
an active low-going edge from the divide-by-N stages. When Q3 goes low for
the one clock pulse from 7748 to 7739, the dividers are reset.

Prescaler Control U5, - This discussion assumes the PE line has just re-
set the counting chain, and that 0's were loaded into PO through P3 of US.

The low onthe PE line made U4A Q high and U4B Q low. This results from
the one receiving a low on its clear input and the other on its reset input. The
Q from U4B keeps the output of NAND U3D high and also puts prescaler U2 in
the divide=-by-11 condition.

Inputs 3, 4, and 5 of NAND U7B are high. This makes output pin 6 low.
Conditions making pin 3 high are as follows: With U2 having just received a low
to its PE input, pin 2, its Q output is high and Q output is low, Differential am-
plifier Q1-Q2, then, has Q2 in the conducting state and voltage developes across
R38. This voltage is the high state for pin 3 of NAND U7R.

When Q on U2 goes high, the output of NAND U7B goes low. This falling
edge does not increment U5. As @ goes low the output of U7B then goes high and
decrements counter U5,

The same pulse clocks flip-flop U4B, but the high on its data input keeps
Q low. When counter U5 makes its 0-to-9 transition, however, flip~-flop U4A
changes it Q_output from high to low, Remember that with U5 in its 0 state, the
buss iine was high and the Q outputs were low. On the O-to-9 transition, Q3 goes
high which clocks flip-flop U4A. The buss line does not drop low instantly
because of the time constant of R26 and C40. This keeps the data input high long
enough for Q3 to clock the flip~flop thus forcing @ low.

Module U6 contains four diodes which sense a zero. When combined with U4
this gives a look azhead state of 9. The cathodes all connect to pin 1. Anodes
connect to pins 2, 3, 4, and 5. With any Q output of U5 high, current drawn
through R39 developes a voltage which keeps the data input of flip-flop U4B high.
Zero is the only state for which all Q outputs are low.

If the counter was loaded with 0's, the data input of U4B would be low. To
prevent this the Q output of flip-flop U4A is always high at the beginning of a count
sequence. The low output from the Q is applied to NAND U3D and to the prescaler
U2,

So far the discussion assumed an initial condition of 0's loaded into U5 and
established that the divide-by~11/divide-by-10 prescaler always begins in the
divide-by-11 mode. Assuming 0's as an intial condition also served to explain
the function of the two flip-flops in preventing 0's from dropping the data input
of U4B low. If any other number is loaded into counter U5, it simply decrements
to 0, and the conditions just explained take place. Of course, the prescaler divides-
by-11 for the additional states before reverting to divide-by-10.

Phase /Frequency Detector U15A. - This stage receives a fixed 10 kHe
reference at its reference input, pin 3, and a divide~-by-N input frequency at
its variable input, pin 1. When the locop is locked, thc divide-by~N frequency
will also be 10 kHz, and only a slight phase difference will exist between the
two inputs.
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If the frequency and phase match exactly, outputs Ul and D1 remain high.
If the variable input from the divide-by-N stage lags in phase, Ul goes low. If it
leads in phase, V1 goes low., For an initial condition, as when the unit has first
been turned on, the output states of Ul and D1 are undetermined. This results
from the sequencial operation of the detector, and lasts for about 10 input pulses.

In actual practice underlock conditions, there will be output pulses from U1
and D1, but they will be extremely narrow and will show up on an oscilloscope as
spikes., They result from propagation delay inthe detector. For a large difference,
as when the divide-by-N changes tc establish a new VCQO frequency, the detector
responds to the change as described above, and wide pulses appear on the appro-
priate cutput. :

Other considerations pertaining to the phase frequency detector should he
remembered. The two inputs respond only to the negative going edge on the input
signals. This means the duty cycle of the reference input and the variable input
has no effect on operation. The high level to pins 1 and 3 must be greater than
1.8 volts and the low level must be less than 1.1 volts. For output pins 2 and
13, the high level must be greater than 2.5 volts, and the low level must be less
than 0. 4 volts,

Charge Pump Q3-Q4. - Transistors @3 and Q4 are biased off. Thus under
static conditions the output of the charge pump at the junction of R21 and R22
would rest at 0 volts, _

When the VCO frequency goes low, negative pulses appear at D1 of U15A.
These pulses couple through potentiometer R16 to the base of @3 which is connected
ag a common emiiter stage. Negative going pulses on the base of Q3 appear as
positive going pulses inthe collector stage. These pulses couple to integrator U22,

When the VCO frequency goes high, negative pulses appear at Ul of U15A,
Inverter Ul6C makes positive pulses which couple through VR1 to transistor Q4.
It too is connected as a common emitter stage, so negative pulses appear in the
collecior stage. These pulses couple to integrator U22.

Potentiometers R15 and R16 are set so their related transistors are just
ready toturn-onwhen not being pulsed. In practice, the adjustmenis are performed
under dynamic condificns. Voltage regulator VR1 sets up the voltage for the base
of Q4 so that U16C is just able to turn the transistor on and off.

Integrator U22. - Operational amplifier U22 integrates any voltage ap-
pearing at its input. An integrator is a circuii that takes the sum of the input
signal over a period of time. When a constant voltage is applied to the input of
U22, a constant charge current is applied to C22, and the voltage across it in-
creases linearly. If the input to U22 were a square wave, the output would be
an inverted triangular wave.

When the VCO frequency is too low, Q3 supplies positive pulses to U22,
These are integrated as a negative geing voltage. When the VCO frequency is too
high, Q4 supplies negative going pulses to U22. These are integrated as a positive
going VCO tuning voltage which then lowers the VCO frequency.
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signal from a nominal value of 70 mV to an 800 mV peak-to-peak signal riding
ona 3.5 volt dc level. Potentiometer R8 should be adjusted for the 800 mV
peak~to=peak signal at pin 14 of U1C.

l Line Receiver Ul. - These three stages increasc the 1st LO VCO (A15)
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Figure 4-13. 1st LO VCO Functional Block Diagram

Type 791271 VCO Assembly Al5. - Figure 4-13 is the functional block
diagram for this assembly. The VCO is an integral part of the lst LO synthesizer
loop, the other portion being indicated by the dashed block supplying the comtrol
voltage,  Oscillator stage Q1 receives a +10 to -10 volt control voltage from
the digital/analog portion of the 1st LO synthesizer. This voltage tunes the og-
cillator from 83.31 MHz to 113.30 MHz in 10 kHz steps. The oscillator output
routes through amplifier Q3 to power splitter Ul which supplies amplifier Q2/Q4
and amplifier Q5 with a portion of the oscillator signal. Amplifier @5 provides
the digital portion of the synthesizer with a sample of the oscillator signal. The

. sample is processed and, if required, a slight correction made to the control
voltage, Amplifier Q2/Q4 supplies a high-level signal for the lst mixer. For
a detailed description of the VCO, refer to the next paragraph.

VCO Al Detailed Descriptions. - Refer to Figure 7-17 for the schematic

\}
li
i
ls
i
i diagram of this assembly. This detailed description follows the same organization

as the functional description given in the preceeding paragraph.

Control voltage from the analog stages of the synthesizer enter the assembly
at pin 2. This voltage operates in the range of +10 volts to -10 volts; the corres-
ponding frequency change of the oscillator is approximately 83,31 MHz to 113.30
MHz. The relationship between the conirol voltage and oscillator frequency is
not exact. For example, if +10 volts corresponded to an oscillator frequency
of 83.31 MHz, and if heat were applied to the oscillator portion of the VCO, there
would be a tendency for a I{requency change. However, this tendency would be
opposed by a corresponding change in the control voltage. The net effect would
be the same frequency, but a slightly different control voltage.
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Figure 4-14. 1st LO VCO Tank Circuit Simplified Schematic

Figure 4-14 is a simplified schematic diagram of the VCO tank circuit and
its control voltage input stages. Tuning voltage applied to pin 2 drives a divider
made up of A15R8 and R168. The ratio of these two resistors establishes a volt-
age at their junction that is 0.55 of the voltage at pin 2. For example, if the
voltage at pin 2 were 9 volts, the voltage at the junction of A15R8 and R16 would
be 4, 83 volts. On positive excursions of the control voltage, diode CR5 will conduct
if the volitage at the junction of A15R8 and R16 becomes greater than 5.8 volts,
This action takes place because voltage regulator diode VR1 clamps the cathode of
CR5 at 5.6 volts. When the voltage on the anode exceeds about 5.8 volts, the diode
is forward biased and the contrel voltage begins to limit, The actual effect of
this is to clamp the positive voltage at R16 to +6 volts. On negative excursions,
however, the diode is reversed biased at all times and no limiting is provided.

Control voltage is applied to the anodes of the balanced varactor diodes
through RO9. Cathode voltage for the varactor dicodes is held at approximately
7.6 volts by the resistive divider R7/R11. Because there is neglible current
flow through the reverse biased diodes the veoltage drop across R8, RY, and R10 is
also negligible. These resistors provide isolation for the oscillator signal.

Coil L1 is the tank circuit inductor. In parallel with the inductor are
the capacitive elements. Capacitors C5, C1, and C2 make up one portion of the
capacitance., Oscillator FET Q1 receives its ac signal from these elements.
Capacitors C4, CR1/CR2, and CR3/CR4 make up the other portion of the tank
capitance. The varactors in this leg provide the tuning for the tank. Capacitor
C6 provides an ac ground for this leg; however, it is not a part of the tuning
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for the tank circuit. The large value has a negligible effect for the frequencies
of operation.

Varactor cathodes are held at 7.6 volts. Voltage on the anodes may vary
from about+5. 5 volts to -5. 5volts, The net reverse-voliage across the varactors,
then, can be from 2.1 volts to 13.1 wvolts, With 13.1 volis reverse bias on
the varactors, oscillator frequency will be approximately 113.30 MYz. Con-
versely, with minimum reverse bias applied to the varactors, maximum capaci-
tance is developed, and frequency will be at a minimam, 83. 31 MHz.

Oscillator transistor @1, which is shown in Figure 7-~17, operates in the
commeon-drain mode and is a low-level clapp circuit. Regeneration to sustain os-
cillation developes across R2, and couples to the gate through Cl. The gate
and the source are in-phase for this N channel FET; therefore, each increase
in signal across the source resistor provides the gate with a signal that further
increages the signal on the source resistor.

Qutput from the tank circuit couples through C9 and a 4 dB isclation pad
to the base of Q3. The collector stage of this transistor contains a coupling trans-
former for impedance matching to the power gplitter. The 3 dB pad between the
transformer and the power splitier improve the input impedance to the splitter.

There are two outputs from the splitter. Signal from pin 5 of Ul is a part
of the 1st LO synthesizer loop. Approximately 12 dB of attenuation results from
the pad connected to E2. Level adjustment can be performed by changing the
value of R41. Following the pad, a high-pass filter prevents signal from the lst
LO synthesizer digital/analog section from coupling into either the lst LO os-
cillator stage or the LO output path to the converter. From the filter, signals
couple to the base of @5, are amplified, and then couple from T2 to the output
at pin 20. Isolation and impedance matching for the output is provided by the
6 dB pad, R44, R47, and R48,

Returning te the power splitter, signals from Ul pin €6 are routed to
the base cf Q2. FromQ?2 they are amplified, coupled toT3, thento a 3-dB isolation
pad. From there, the signals are amplified by Q4 then coupled from T4 to the LO
output, A1J1l, L4 and R35 form a feedback network for Q4.

Both the +15 and -15 volt power lines inthe assembly are filtered to minimize
external noise, especially 60 Hertz power line components. Heavy filtering in the
base circuit of Q1 provides 40 dB isolation at 60 Hertz. A 10.3 volt base-bias
establishes an emitter voltage of about 2.7 V dc. Transistor @2 provides only
amplifier stages with current, so it is filtered with a single capacitor, C5.

4,4,4 2ZND LO SYNTHESIZER. - The 2nd LLO tunes from 72, 100 00x to 72.108 99 x
MMz in steps of 10 Hertz. Figure 4-15 shows a functional drawing of the 2nd LO.
In essence, two signals are generated (one fixed, one variable) to create a third
signal, which is the actual 2nd LO output frequency.

The variable portion of the 2nd LO appears at the top of the figure. The
VCO provides a signal to the divide~by-10/divide-by-11 stage which works in con=
junction with the other divide-by-N stages to supply a reference signal to the phase
detector. This signal is compared to a 10 kHz reference signal.

4-47




FIGURE 4-15 WJ-8888

The phase detector then produces positive and negative pulses related to the
difference beiween the two, which the integrator converts to a dec voltage. This
voltage controls the VCO frequency, either maintaining lock, or driving the VCO
frequency in the correct direction to re-establish lock,

Returning to the divider stages, the look-ghead feature completes the last
three counts of the sequence thus allowing the dividers to be reset in preparation
for the new count segquence,
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Figure 4-15. 2nd LO Functional Diagram
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Output from the VCO routes through a divide-by-1 000 stage to a mixer.
Thig signal, in the range of 100.00x kHz to 109.99x kHz, sums with the fixed
72 MHz signal to produce the 2nd LO output freguency range of 72,100 00x to
72.109 99x MHz.

Digital mixing maintains frequency of the 72 MHz stages of the 2nd LO,
In brief, the technique involves sampling the 72 MHz oscillator frequency, at the
1 MHz reference frequency rate. The Q output is integrated and the resulting
de voltage controls the oscillator frequency., For a more detailed explanation
of the 2nd LO continue to the following paragraphs.

Divide-By-N Integrated Circuit Data. - Integrated circuits Ul1, U15, and
Ul7 are BCD up~counters (0 through 9). U20 is a binary up-counter (0 through
15). Otherwise these four counters are the same. Only characteristics applicable
to their use in the 2nd LO divide-by-N stages will be described.

The counters increment on the low-to-high transition of the clock, but
only if the parallel enable (PE), count enable paraliel (CEP), and count enable
trickle (CET} all are high. Terminal count output is high when a counter is
at terminal count (state 9 for U111, U15, and Ul8; state 15 for U20} and when
CET also is high. Delay from clock pulse to terminal count output and @ outputs
is about 25 ns. Therefore, if the terminal count output of one counter enables
the CET input of another counter, and both counters receive the same clock pulse,
the second counter cannot increment with the first counter. But, the next clock

pulse will increment the second counter before the terminal count from the first
counter is removed. :
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Figure 4-16. 2nd LO Divide-By-N Integrated Circuits
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FIGURE 4-17 WJI-8888

When a counter is preset, by application of a low to the PE input, the Q
outputs do not change until the first low-to-high clock transition following the low
state to PE. This is an important consideration in the look ahead feature involving
flip-flops U144 and U14B. Also, CEP and CET inputs float high unless pulled low.

When PE is low, the counter canbeloaded with any number in its sequence by
applying the desired parallel data at inputs PO, P1, P2, and P3. For example,
if a counter is loaded with a 4 (P2 is high and the other P inputs low), the first
clock pulse transferes the 4 from the P inputs to the Q outputs. Successive
pulses then increment the counter through normal sequence (5, 6, 7 etc.,) to
its terminal count (8 or 15} and then to zero. The counter continues in its normal
sequence (1, 2, 3, 4, 5, 6, etc.,) and does not reset to the 5 state. Only when the
-}:’-ﬁ_input goes low does the counter load the states present at the parallel inputs.

The divide~by~10/divide-by-11prescaler (U11l) is an ECL device capable of
operating at the Znd LO upper frequencylimitof 110 MHz. Its unique characteristic
is the ability to switch between the two divide ratios so that no clock pulses
are lost. Clock pulses enter the prescaler on pins 1 and 16. Output is taken
from the @ and @ outputs, pins 8 and 9. A low at PE pin 2 establishes a divide-
by-11 action. Conversely, a high there causes the prescaler to divide-by-10,

This dual modulo action results from the following sequence within the
presecaler. OutputQ4 is low for 5 incoming clock pulses and high for the sub-
sequent 5 or 6 incoming clock pulses. The decision between the two modes
results from the state of input PE. If this input is low 5.4 ns before the rising
edge of Q4, then Q4 will stay high for € incoming clock pulses (divide~by 11).
If PE 1is high before the rising edge of @ the cutput will stay high for 5 clock
pulses (divide~by-10). .
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Figure 4-17. 2nd LO Divide~-By-N Range

Flip-flops U14A and U14B. - Both of these are master/slave JK types.
Data is accepted by the master when the clock is in the low state. Transfer
from the master to the slave occurs on the low-to-high transition of the clock.
When the clock is high, the J and K inputs are inhibited. The truth table defines
the outputs after a low-to-high transition the clock pulse.
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Divide-by=-N Stages. - This portion of the 2nd L.O receives the VCO output
at ping 1 and 16 of U6, and provides a divided output from pin 13 of U20 for use
by the phase comparator. When the loop is locked, the output will always be
10 kHz. The input from the VCO, however, can be in the range of 100, 000 000 MHz=z
to 109,990 000 MHz. To divide 100.00x MHz down to 10 kHz requires a divide
ratio of 10 000. To divide 109, 99x MHz down to 10 kHz requires a divide ratio
of 10 999. For any VCO frequency between 100. 00x MHz and 109, 99x MHz, then,
the divide ratio must fall between 10 000 and 10 £99. From this it is evident
that only the three least significant digits must be manipulated to give the total
range of required divide ratios., This is, in fact, what is done. Counters U16,
U15, and U1l are each programmable from zero through nine. Counter U20 is
a hexadecimal (0 through 15) device which is hard wired for a five. In effect
then, it is a count by ten stage,

An example will help clarify the divide ratios. If UZ20 were not hard wired
to a five, andif U186, Ulh, and Ull were loaded with zeros, then a maximum count
of 15 999 would be available., This is because the counters start at 0000 and in-
crement up to 15 999. This condition appears in row A of Table 4-5. Row B
shows U200 loaded with a five, which is its actual hard wired condition. The other
counters remain loaded with zeros. The resulting maximum count is 10 989,
With U16, U115, and Ull loaded with nines {and UZ20 still hard wired for 5) the
conditions of row C result. The count would then be 10 000, Loading UlS,
1715, and Ullwith numbers between 000 and 999 will give the total range required.
With this overall operation complete, a more detailed discussion may be under-
taken.

Table 4-5. 2nd.-LO Counter Range Restriction

13 4 g i3
A ¢ [T320; 0 {ULE) 2 (U510 QiUll}

15 9 o g
18 9 a o

E S (U200 a0 (U16] 0 {15 Dl
10 ] 9 o
15 9 o ]

C 5 {u20) 9 (U1BI L Y] T R}
10 ] a (]

Count Sequence of Ul5, U1l6, and U20, - For these counters to increment,

CEP, CET, and PR must all be high. The CEFP and CET inputs float high if not
connected. Also, the terminal count output lags the initiating clock pulse about
15 ns becaunse of propagation delay. Thus, when a terminal count enables the next
most significant digit(s), it is the following clock pulse that increments it (them).
Propagation delay also prevents removal of the enabling terminal count before
the clock pulse increments the counter(s).

For example, when Ul5 receives a clock pulse incrementing it from an 8
to its terminal count of 9, the terminal count output does not go high until 15 ns
after the leading edge of the clock pulse. Because the clock pulse (CP} input of
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these counters respond only to the positive-going edge of the pulse, U1l6 is clocked
before being enabled, and it cannot increment. On the positive going edge of the
next clock, however, both Ul5 and Ul6 increment. Propagation delay prevents
the terminal count being removed from U15, and Ul6 increments.

Notice that for U20 to increment, both Ul and U1l6 must be at state 9.
Their terminal count outputs then enable the CEP and CET inputs of U20. The
next clock pulse increments all three counters before any terminal count output
can ge low,

When U20 increments to 15, its terminal count output goes high, This
high is applied to flip-flop U14A as a part of the look-ahead enabling.

For the terminal count ocutput of U20 to go high when it increments to state
15, its CET input must also be high. Thus, the terminal count output from 1720
does not enable {flip-flop Ul4A until counter U186 increments to 2 and provides U20
with a high on its CET input. _

Terminal count is 15 998, Look ahead is three counts before that, or 15
969. (The 9 in the least significant digit position is determined near the beginning
of the count sequence.) With U20 and Ul6 at states 15 and 9, respectively, only
Uld need increment to the look-ahead number., Thus, Ul5 is always the last
counter to increment to the look-azhead number. When it reaches 6, NAND U7C
receives highs on both inputs, and its output is driven low. This initiates the
3=-count sequence of the flip-flops during which the counters are reset and a pulse
provided to the phase comparator,

Look Ahead Flip=-Flop Ul4. - Look ahead is initiated when the most sig-
nificant digit, U20, reaches state 9 and 100 s Hertz digit Ul5 reaches a state 8.
The terminal count from U20 applies a high to K1 of U14A. The 6 on Ul5 applies
two highs to the input of NAND U7C. The resulting low from the NAND takesg
the K2 input of flip-flop U14A low causing it to change state.
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Figure 4-18. 2nd L.O, Flip~-Flop Terminal Count Completion .
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Figure 4-18 gives the timing diagram and truth table for lock ahead flip~
flop Ul4. The clock pulse rising edge indicated by the 0 increments Ul5 to state
6--which initiates the look ahead, On the timing diagram, Ka represents the
composite of K1 and K2, That is, K1 must be high and K2 must be low for the
Ka input to represent a high state. The dashed leading edge of Ka indicates pro-
pagation delay, but is on no consequence because flip-flops a and b load during
the low state of the clock, before the rising edge of clock pulse 1. At the rising
edge of clock pulse 1, Qa goes low, and Qa/Jb goes high. The Q outputs of
flip-flop U1l4B do not change state because input Jb was low during the load
period of the clock before rising edge 1.

Counters U15, U16, and U20 receive the low from Qa on their PE inputs.
However, they do not change the state of their outputs until being clocked after
their PE inpuis go low. For this reason, Ka stays high until clock pulse 2 is
applied to the three counters. With Ka still high during the load period (clock
low)} just before clock pulse 2, outputs Qa and Qa maintain their states.

Clock pulse 2 also changes the state of Ul4B. With Jb high during the
load period {clock low) prior to cleck pulse 2, outputs Qb and Qb change state
on the rising edge. The low from Qb is applied to the PE input of counter Ull.
On the next clock pulse, this counter will change state and set the prescaler to
divide-by=-11. _

Clock pulse 3 causes Qa to go high and Qa to go low. It also changes
the state of Q@b and Qb so they become low and high, respectively. Refering to
the truth table and the states of the inputs of U14A and Ul4B during the load period
prior to clock pulse 3 will confirm these new states. Notice that the stales of
211 flip-flop terminals are back to their conditions prior to clock pulse C.

Phase/Frequency Detector U29A; Charge Pump U29B; Lag/Lead Active
Filter Q8/U20C, - These stages are functionally identical to BFO stages des-
cribed on page 4-26, Differences will be described here, Otherwise, refer to
the BFQO descriptions.

The 2nd LO uses a 10 kHz reference frequency for the phase/frequency
detector. NAND UTD gives a high output if either input gees low, an indication
of unlock. Filter R1-C1 removes the spikes always present with a lock con-
dition, thus preventing a false indication of unlock.

Divide-By-1 000 Stages. - Output from VCO U4 must be divided-by 1 000
to give the 100, 00x to 109.99x kHz required for mixing to produce the 2nd LO
cutput. Flip-flop U3 operates at the same ECL levels as the VCO, and divides
the signal by 4. ECL<-to-TTL level conversion by @12 then provides a clock for
U5, A divide=by-250 action in stages U5, Ul0, and U9 combine with the previous
divide-by-4 to give the required divide-by-1 000. The 100.00x to 109, 99x kHz
output from U9 supplies mixer U8 with a variable frequency signal to produce
the 2nd LO tuning range.

72 MHz Oscillator, and Mixing. - Figure 4-18 shows the mixing of the
divided-down 109, 99x to 100.00x MHz synthesized signal with the 72 MHz signal.
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This produces the actual 2nd LO frequency range of T2.109 989x to 72.100 00x
MHz. Refer to Figure 7-21 for the schematic diagram of these stages,

Differential amplifier U2A is connected as an oscillator stage. Pin 4 is
maintained at RF ground by C8 and C89, Parallel resonance across the input of the
differential amplifier is provided by C7, C10, and L3. Positive feedback through
series resonance circuit Cil, CR7, Y1, and L2 sustains oscillation. Varactor
CRT keeps the oscillator at exactly 72 MHz by pulling crystal Y1 to maintain
frequency. '

Phase coemparison inUlA provides the tuning voltage for the varactor diode.
Pin 6 of UlA receives a 1 MHz reference signal from the time-base dividers,
Input D1 receives a 36 MHz signal which was divided down from the 72 MHz os-
cillator signal. :

The outputs from the flip-flop turn Q3 on and off, which charges an
discharges C5. Gain locp bandwidth of the 72 MHz oscillator is primarily deter~
mined by C5 and R11, Isolation between the RF and dec stages is provided by R19.
Capacitor C4 provides roll off at about 1 MHz,

72 MHz BANDPASS 72.109 98X
COSCILLATOR FILTER |t TO
U, UZA T2.105 MMz L T2.100 COX
109.99X TO
0000 X kRz
109.99X
Y =000
tO0. 00X

Figure 4~19. 2nd LO VCO Conversion To 72. 105 () MHz

Buffer U2B drives the mixer through crystal Y2, which gives a high degree
of filtering to the 72 MHz signal. In mixer U8, the 72 MHz combines with the
109, 99x to 100.00x kHz signal from the dividers. Differential amplifier U2C
drives the filter stage, which rejects the difference output from the mixer. The
sum signals of 72,109 9%x MHz to 72,100 00x MHz, then, appear at the output
of the board, pin AS5.

Filter FI.1 is a 4-pole type having a bandwidth of 20 kHz. Coils L9 and
L 10 should be adjusted for a response flat to within about 0.5 dB across the range
of the 2nd LO. Output levels from the board should be at least 50 mV.

Counters U3A and U3B use emitter coupled logic levels, so transistor Q@12
converts the signal to TTL levels to drive US.

4,4,5 3RD LO SYNTHESIZER. - This LO operates on a fixed frequency of
11,155 000 MHz 1 Hz. It is a part of the type 791108 1st LO/3rd LO/Time
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Base Circuit board. Location of components are given in Figure 6-29, Refer
to Figure 7-20 for the schematic diagram. Pins AM, BB, and AX at the upper
right of the schematic diagram locate the 3rd LO components.

Phaselock Loop U23. - Figure 4-20 shows a simplified schematic diagram
of the 3rd LO. Included in the drawing are functional blocks for phaselock loop
stages of U25. Ouiput frequency results from the parallel combination of C29
and C30. Crystal Y1 preventsthe loop from locking to an incorrect 5 kHz harmonic
and does not control frequency.

The 11.155 000 MHz output from the VCO routes through A3 to pins 3 and
4 of U25, The signal from pin 3 enters the data input of the mixer where it
combines with a 50 kHz reference applied to the clock input. The result is a
5 kHz output at Q and Q. An explanation of the mixer operation foilews the in-
formation about U25. The 5 kHz complementary signals applied to pins 2 and
15 are compared with a 5 kHz reference signal applied t¢ pin 12, The phase com-
parator developes correction voltage which stage Al integrates. Associated with
A1l are filter components C36-R48 and C35,

They determine locp response time, capture range, and bandwidth. Con-
trol voltage from Al routes through A2 before being applied to the VCO. Pin 9
of the IC is a convenient monitoring point for this voltage.

C35
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M T
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Figure 4-20. 3rd LO Simplifed Schematic

Refer to Figure 7-20, the schematic diagram, for the remainder of the
3rd O circuit description. Transistor @5 provides a clean, TTL level, square
wave for the data input of U18B. To match the Q and Q outputs to the phaselock
IC requires level translation. Resistors R42, R46 and R43, R47 do this. Pin 1
of U252 is a reference source for the translation. The 3rd LO output is taken
from pin 4. Level for this 11,155 000 MHz signal at the circuit board output,
pin AX, should be at least 70 mV.




FIGURE 4-21 WJ-8888
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Digital Mixing. - An edge triggered D flip-flop can be used to mix two
signals, thereby creating a third signal at the Q outputs. Figure 4-21 shows
a D flip-flop and its truth table for the Q output. If the data input is a logic
1 when the clock makes its transition, the @ output goes to a 1 and remains
there for the full clock period. If it is a 1 from the previous period, it remains
a 1. The inverse holds true for logic 0 inputs.

In effect then, the clock is sampling the data input, and transfering the
information to the Q output. Several characteristics of D-type mixing appear
in the drawing. If the flip-flop were clocked at a 50 kHz rate, and if a frequency
counter were connected {0 the Q output, the indication would be 0. Then if a sig-
nal generator were connected to the data input and the frequency slowly increased
from 0 to 50 kHz, the output frequency would increase t¢ a maximum of 25 kHz
and then decrease to a null. If the -signal generator were tuned from 50 kH=z
to 100 kHz, the frequency counter would give an indication of 25 kHz and then
decrease to a null again when the signal generator frequency reached 100 kHz.

This would show that the output frequency from a D-type mixer cannot ex-
ceed one=-half of the sampling frequency. Furthermore, the points where the fre-
quency at the@Q output nulls occurs at integral multiples of the sampling frequency.

For the example based on the 3rd L.O, the 223 multiple of the 50 kHz
sampling frequency is 11,150 MHz. When 11,155 MHz is supplied to the data
input, an output frequency of 5 kHz is established at the Q outputs.

4.4.6 BFO SYNTHESIZER. - This synthesizer produces a signal which can be
tuned inthe range of 8476 to 10 524 MHz. This is mixed with a 36 MHz signal then
divided-by=-100 io produce the 455 kHz BFO frequency. It is a part of the type
791117 2nd LO/BFQO circuit board. Figure 7-21 is the schematic diagram. Location
of components appear in Figure 6=-30.

A functional diagram, devoted primarily to the divide-by-N stages, appears
in Figure 4-22. Output from the VCO gets divided in the four down-counters.
The resulting output pulses are compared with a 1 kHz reference in the phase
detector. If the two signals are not the same frequency, the phase detector produces
either positive or negative output pulses, depending on the direction of the error.
Integrating these pulses shifts the dec voltage which then drives the VCO in the
proper direction to re-establish the desired frequency.
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Figure 4~22. BFQ Functional Diagram

Output from the VCO combines with a 36 MHz signal derived from the 2nd
LC. When the VCO frequency is locked at 9.5 MHz, the center of its range,
output from the mixer is 45.5 MHz. This routes through a bandpass filter to
amplifier stages which provides TTL levels to the divide-by-100 stages. Their
455 kHz output receives an on/off command at the inhibit input.

Divide-By-N Integrated Circuit Data. - Counter U117, U2l, U25, and
U30 are TTL down counters that can be programmed for any initial state, 0
through 15, These counters decrement on the positive going edge of the clock pulse.
The buss output goes high in the 0 state and remains there until the leading edge
of the clock pulse produces the transition to 15. A low state applied to the PE
input enables PC thru P3. But the data does not transfer to the Q outputs until
the positive~going edge of the next clock pulse. Also, the clock pulse transferring
the data to the @ outputs does not decrement the counter. The PO through P3
inputs are independent of the logic level of the clock. Entering a number in them
causes the counter to begin its count at that number. But until PE goes low
again, the counter decrements through its normal sequence and does not reset
to the number applied to the P inputs.
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Figure 4-23. BFO Divide-By-N Integrated Circuits

Divide-by-N Stages. = These stages must give a 1 kHz output for all input
signals inthe range of 8,476 to 10,524 MHz. To do this, they must provide a divide
ratio of § 476 to 10 524 thereby converting all possible input freguencies to 1 kHz.

The basic divide capability of these stages is 65 536. That is, U17, U21,
U25, and U30 each provide a divide-by-18 action. (16 x 18 x 16 x 16 equals
65 536). Forthis divide ratiothe input frequency would have tobe 65. 536 MHz tc get
an cutput frequency of 1 kHz. Because the VCO must operate in the range of
8.5 MHz to 10.5 MHz, the basic counter stages must be modified.

Preventing them from counting down the entire 65 538 counts is one method.
If the offsets shown connected to the counters stopped the count at 57 081 then
terminal count would occur after 8475 increments (65 538 minus 8475 equals
97 061). With the offsets in the circuit, the VCO would maintain a frequency
of 8.475 MHz. Because one clock pulse is used to reset the count chain, the
effective offset is one count more--8476. This number will be used for the re-
mainder of the BFO circuit descriptions. [t is 24 kHz below our desired min-
imum frequency of 8.5 MHz, butother circuit actions establish the required range,
as the next paragraph will explain,

DOWN COUNT "
,z'& N bﬁe’ ‘106\
2C \oF & % o
[ r T [ 5 [
—— 2 v 2 . .
10523 9500 8475 +| PULSE FOR

{8476) TERMINAL COUNT
Figure 4-24, BFO Divide~-By~N Range
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wWJ-8888 TABLE 4-6

With the counters now restricted to a divide ratic of 8476 by the offsets,
a method is needed to increase the divide ratio so that 10.5 MHz can be divided
down to 1 kHz. To increase the divide ratio requires additional countg. To gain
these, the four counters start their sequence not from 65 536, but instead from
some state before that, That is, normally each one would start from 0 and
decrement to 15, 14, 13, etc., until each counters was at its terminal count.
If a counter is loaded with any number other than 0, it must first decrement
from that numberto 0. Then it continues through its normal sequence decrementing
to 15, 14, 13, etc., until each counter has decremented to its terminal count,
when the sequence would begin again. If all the parallel inputs were given a
high state, the maximum count increase would exist.

The decimal equivalent of adding the 20 through the 2 10 binary inputs
is 2047. Table 4-6 gives the decimal equivalent for the binary inputs. If 2047
is added to the basic count capability of 8476, a total of 10 523 counts is available.
By changing the binary data to the parallel inputs, any number of counts in the
range of 8476 to 10 523 is available, This would correspond to VCO frequencies
of 8.476 to 10 523 MHz, which exceeds the required range of 8.5 tc 10.5 MHz.

To summarize then, adding the binary equivalent of 24 into the parallel
inputs increases the count from 8476 to 8500. This is the number of counts re-
gquired to divide the 8.5 MHz VCO signal down to 1 kHz., If the binary equivalent
of 1024 is loaded into the parallel inputs, a count of 9500 exists (8476 plus
1024 equals 9500). A 9.5 MHz input to the dividers gives a 1 kHz output for
use by the phase comparator. Loading the  binary equivalent of 2024 into the
parallel inputs, establishes a count of 10 500.

Table 4-6. BFO Binary/Decimal Equivalents

218-65 536 ||2'°:4096 2% - 256 2% - i 20 - |
2!%: 32 768 2!l : 2 pas 27 - 28 22 -8
2'%: 16384 | {20 paa 2% : g4 22 - 4
212z g 192 29 : 32 2% : 32 2t -2

The VCO frequency established by the counters is mixed with a 36 MHz
signal, and the sum output is divided by a hundred to give a BFO output in the
range of 445 to 465 kHz, For example, 9.5 MHz plus 36 MHz equals 45,5 MHz.
Then, 45.5 MHz divided by 100 equals 455 kHz.

An example will help explain how the counters sequence. Assume the
counters are loaded on their parallel inputs for a down count of 9500. This gives
a VCO frequency of 9.5 MHz, which corresponds to a BFO frequency of 455 kHz.
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The binary input for a down count of 9500 exists when the 210 parallel input
is high and =211 others are low.

The first clock pulse of the new sequence decrements Ul7 from 0 to 15.
Its Q3 output goes 0 to 1. This provides a positive-going edge to the clock input
of U21, so it too decrements. The Q3 output of U21 also provides a clock pulse
to U253, which decrements from state 4 to state 3. Because the Q3 outputs of
these counters only golow-to-high on a 0 to 15 transition, U25 does not clock U730,

After the first clock pulse, 15 succeeding pulses would decrement U113 to
a 0 state again., No other counter would have been decremented., When the next
clock pulse decrements Ul7 from 0 to 15, another rising edge clocks U21 and it
decrements from 15 to 14.

This process continues until U30 gets decremented to state 13, That is,-to
the first state where a low instead of a high appears on the @1 output. A diode
in module TU31 connects the Q1 output to the base input of Q9. As long as a
high state appears on the Q1 output of U31, the base of Q9 is held high.

After U30 decrements to 13, U4 decrements to state 14, Its Q0 cutput
connects to the base circuit of transistor Q9. So with a state 14, a low is provided
to the base.

Counter U2l connects to the base line ofQ9 at the QO ocutput. It makes
its final decrement to a state 14, which gives a low at QQ,

After U30, U253, and U21 are all at there offset states, only Ul7 must
decrement to its offset state. For Ul7, this is a 6. When a state 6 is reached,
the last high holding the base of Q9 high disappears.

This occurs when the leading edge of the last pulse in the count cycle
clocks Ul7, OQOutput pin 1 of each of the preset modules then are at a low state.
This turns Q9 off and allows the .collector to go high. NAND gate U33A has
high states on both pin 1 and pin 2 at this time. Output pin 3 of the NAND
gate drops low, loads the four counters, and provides a clock pulse to pin 3
of phase/frequency detector U23A. (Negative transitions control U23.) One clock
pulse is lost while the counters are being loaded, It is this lost pulse that
is considered a part of the fixed count (8475 plus 1 equals 84786).

Phase /Frequency Detector U23A. - This stage receives a fixed 1 kHz
at its reference input, pin 1, and a divide-by-N input signal at its variable input,
pin 3, When the loop is locked, the divide-by-N signal will also be 1 kHz, and
only a slight phase difference will exist between the two inputs.

If the frequency and phase match exactly, outputs Ul and D1 remain high.
If the variable input from the divide-by~-N stage lags in phase, Ul goes low,
If that input leads in phase, V1 goes low. For an initial condition, as when the
unit has first been turned on, the output states of Ul and D1 are undetermined.
This results from the sequenctial operation of the detector and lasts for about
10 input states,

In actual practice under lock conditions, there will be output pulses from U1l
and D1, but they will be extremely narrow and will show up on an oscilloscope as
spikes. They result from propagation delay in the detector. For a large difference
between the two input frequencies, as when the count changes to establish a new
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BFO frequency, the appropriate outputs respend to the change as described above,
and wide pulses appear on the proper output.

Other congiderations pertaining to the phase/frequency detector should be
remembered. The two inputs respond only to the negative going edge on the input
signals. This means duty cycle of the reference input and the variable input
has no effect on operation. The high level to pins 1 and 3 must be greater than
1.8 volts and the low level must be less than 1.1 volts, For output pins 2 and 13,
the high level must be greater than 2.5 volts, and the low level must be less
than 0. 4 volis,

Charge Pump U23B. - This stage receives the phase detector outputs and
converts them to fixed amplitude positive and negative going levels. Input to pin 11
(PD) appears as an inverted output at pin 10 (DF). An input to pin 4 (PU) appears
at output pin 5 (UF) in the same state as it was received. For both outputs,
the highstates areleveled at 2, 25 volts, The input must be greater than 2. 4 volts,

Lag Lead Active Filter Q10 and U23C. - In essence, this stage is an inte-
grator. However, basicloop characteristics such as capture range, loop bandwidth,
capture time, and transient response are contrclled primarily by this filter.
Positive and negative going pulses from charge pump U23B provide the input, and a
de voltage from pin 8 of U23C provides the output. This BFO tuning voltage
controls the frequency of the voliage controlled oscillator stage.

Buffer Q10 provides a high input impedance for the preceeding stage, Pos-
itive and negative going pulses at the gate are developed across the source potenti-
ometer and applied to the inverting amplifier, U29C. This inverted output couples
back to the gate 0of Q10, thereby providing the integrated action and other circuit
characteristics. Potentiometer R86, when properly adjusted, establishes zero volts
for Vgs of @10.

Voltage Controlled Oscillator U27. =~ VCO U27 is an emitter-coupled os-
cillator requiring an external tank circuit for operation. This tank circuit consists
of L19, C42, and CR12. Varactor diode CRI12 receives control voltage from the
active filter. When the loop is locked, control voltage maintaing the VCO in
phase with the reference frequency. When the loop is out of lock, as when the
BFO receives a new command frequency, the control voltage moves to change
the tank frequency thereby re-establishing lock. Correct adjustment of C42 results
in the BFO control voltage being near mid-range when the VCO frequency is at
mid-range, 9.5 MHz. Note that C42 can be adjusted through its range and the
loop will remain locked so long as the BFO control voltage is able to maintain
an opposing capacitance on the varactor.

The 8.5 to 10.5 MHz square wave output from pin 3 of U27 has ECL high
and low states of about 4.1 volts and 3.3 volts, respectively. Transistor Q11
changes these to TTL levels. NAND gate U33D receives the output of @11 and
provides signal for both the loop divide-by-N stages and the loop output,
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Conversion To 455 kHz. - The 8.5 to 10,5 MHz frequency from the syn-
thesizer must be divided to provide the 445 to 465 kHz BFO frequency for the
455 kHz IF stage. To do this, 3¢ MHz is mixed with the 9.5 MHz to produce
45.5 MHz. Dividing the 45.5 MHz by 100 produces the required 455 kHz, These
circuits are described in detail in the remaining paragraphs of the BFC circuit
descriptions.

A 36 MHz signal is taken from UlB in the 2nd LO synthesizer. Line
receiver U19C isclates the 2nd LLO from the BFO stages. The 36 MHz differential
output from the line receiver drives mixer U6D. Combining 36 MHz and 9.5 MHz
in the mixer results in a sum signal of 45.5 MHz. A 4-pole LC filter at the
mixer output aliows only the desired 44.5 to 46.5 MHz range to be applied to

line receiver Ul9A. Coils L.13 and L14 are adjusted by monitoring pin 3 of U18A -

with an oscilloscope. Proper adjustment produces equal levels at the band edges,
44.5 and 46. 5 Miz; and a slight peak at center freguency, 45.5 MHz.

Quiput from U19A gets increased to TTL levels by Ul9B. Transistors Q4
and Q5 form another differential amplifier to allow biasing Q6 just below turn on.
This is done by setting the BFO tc mid~frequency and adjusting R39 for maximum
undistorted signal at the collector of Q6. When properly adjusted, R39 also pro-
vides minimum noise. Coil L8 provides for a fast pulse and diode CR8 prevents
saturation of Q6.

Following Q6 are fwo divide-by-10 stages, U24 and U28. Their clock
inputs are active on the low~-going edge. Outputs are symmetrical. Both inputs
and outputs are TTL compatible. A low to the reset input of U28 inhibits the data
output, Their divide-by-100 action changes the 45.5 MHz to the required output
of 455 kHz,

ued

44.5% TOD

36 MH:z 46.5MHz . 4465 TO
FROM 2ND LO M =100 465 kHz

8.5 T0O 10.5 MHz2
FROM BFQC vCO

Figure 6-25. BFO VCO Conversion to 455 kHz

4.4,7 TIME BASE CIRCUITS. - Time base circuits are a part of the type
791109 board, Al8. Refer to schematic diagram Figure 7-20 for the following
descriptions. When the receiver operaties in the internal mode all reference
signals originate with the 2 MHz TCXO, U20. But an external 1 MHz source
can also be supplied, When the internal reference source is used, the external
reference select input, pin AU, is grounded. This pulls pin 5 of NAND Ul7A
low and likewise, the input of inverter Ul6A low. The high output of the inverter,
then, is applied to the active~low set~input of the type D flip-flop. A high there
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establishes the condition for an output at the Q and Q terminals of the flip-flop.
A 2 MHz signal from the TCXO clocks the flip-flop, and a divide-by-two action
is established with the data input being coupled the Q output.

Returning to NAND Ul7A, the low state at pin & gives a low at pin 11
of U17B. Notice that the other input, pin 12, is maintained at 2.5 voits by
the divider network, RZ7and R28. This difference between the two inputs provides
a TTL high state at the output, and NAND gate U1l7B then passes the 1 MHz
reference signal from the flip~flop.

If an external reference is to be used with the receiver, board pin AU
floats high. This gives a high state both to pin 5 of NAND gate U17A and to in-
verter T16A. The inverter pulls the set input of the flip-flop low, and the Q@ output
is held high. This high state allows NAND Ul7B to pass the 1 MHz reference
input received on the other input. It originates at the external reference input,
pin AJ. From AJ the signal is applied to pin 1 of U17A, through NAND U17A,
to pin 11 of U17B. NAND Ul7B applies the 1 MHz external reference to the
dividers, beginning with U21A.

External reference input pin AJ also serves as a reference output when
the time base operates in the internmal mode., This signal originates with the
Q output of the flip~flop and routes through a low-pass filter before connecting to
pin AJ.

The basic 1 MHz reference is further processed by six other dividers andan
inverter thereby providing a fotal of eight reference outputs. They are labelled as
the time base out on the schematic. Isolation for the 250 kHz and 10 kHz second
LO reference outputs is provided by Ul6E and U18F, respectively,

4.4.8 POWER FAIL DETECTOR. - This stage is a part of the Type 791117 cir-
cuit board. It is shown at the lower left of the schematic diagram, Figure 7-21,
In essence, the detector maintains a logic high at output pin AZ21 unless there
is a power failure. To do this, U32A acts as a comparator for voltages applied
to inputs 3 and 4. Input 3 is derived from a highly regulated 5 volt source.
Input 4, on the other hand, receives its voltage from the 10 volt line, which
ig unregulated. The 10 volts connects to the board at pin Al18, Voltage regulator
VR1 reduces the voliage by 6.2 volts and applies it to potentiometer R4. Voltage
from the wiper of this potentiometer sets the charge wvoltage on capacitor C2,
Under the full charge condition on C2, resistor R8 has an insignificant charge/
discharge current through it, and therefore an insignificant voltage drop across
it, Diode CRJ then, is not biased into conduction.

Pin 3 of U32A receives iis bias voltage from a different source. Positive
15 volts connects to the board at pin AZ. Voltage regulator diode VR2 drops this
incoming voltage by 3.2 volts and couples it to pin 16 of U32E. An internal
regulator stage inU32E provides a b volt reference source at pin 9. This regulated
5 volts supplies potentiometer R6 with a stable source which is then used to set the
voltage at pin 3 of U32A.

If there is either a power failure or the receiver is turned off, voltage on
the 10 volt line drops faster than the voltage on the regulated 15 veolt line. As the
10 volt line drops, diode CR5 becomes forward biased and rapidly discharges C2.
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Liowering the voltage on pin 4 of U32A while pin 3 remains biased causes output
pin 13 to golow. This low state connects to program seguencer A20 which initiates
memory functions in the receiver.
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4.5 DIGITAL CONTROL SECTJION

All operating modes and parameters of the receiver are controlled by the
digital control section. The digital control section functions by means of a
circulating data stream. A sixty-four bit data word is serially transferred back
and forth primarily between a shift register associated with the front panel con-
trols and a shift register associated with the receiver section of the WJ-8388,
The main memory, interrupt memory, or the remote control unit are also cycled
into the data loop when it is necessary to write into or obtain information from
a memory or o communicate with the remote control unit. In the local operating
mode, front panel control data is loaded into the front panel shift register,
then the data is shifted into the receiver register where it is loaded into storage
latches for use by the receiver section. Signal strength and RF gain data is
added to the data word when it is in the receiver register. The data word is
then shifted back into the front panel register and also into the interrupt memory
and possibly a selected main memory channel. The frequency and control data
in the front panel register is read out into storage latches which illuminate the
front panel controls and tuned frequency numeric display. In the memory operating
mode the receiver section remains set at the most recently selected operating
point, while the front panel displays the parameters clocked into the front panel
register from a selected memory channel. In the remote operating mode, a data
word is clocked from the remote control until to the receiver register. After
the data is loaded into the receiver storage latches, the data word is transferred
to the front panel register as before. The front panel controls indicate the remotely
selected operating parameters and the numberic display indicates the remotely
selected tuned frequency, but the controls and manual tuning dial are inoperative,
The data word from the receiver shift register, which contains the signal strength
and RF gain data as well as the operating parameters of the receiver, can be
clocked out to the remote control unit while in any operating mode. All routing
of the data word is achieved by a program sequencer circuit which controls =
multiplexer and load and read functions of the memories and shift registers.
The following paragraphs provide a detailed description of data-werd routing in
terms of timing and functional bleck diagrams,

4.5.1 FUNCTIONAL BLOCK DIAGRAM AND PROGRAM SEQUENCING. - Refer
to the Simplified Block Diagram of the Digital Control Section, Figure 4-26, The
multiplexer selects a serial data word clocked out of the front panel register, the
receiver register, the main or power interrupt memory, or the remote control
unit via the input/output (I/O) module, for application to the common data node.
The data on the data node is simultaneouely clocked back in to one or more of
these circuit sections as appropriate to recirculate the data word and load the
memories as required. All timed operations, including multiplexer programming,
shift register load and read functions, memory write and read functions, and I/O
clocking are controlled by a program sequencer board and miscellaneous related
logic circuitry distributed on the other digital control section boards.
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WJ-8888 CIRCUIT DESCRIPTION

Program sequencing may be understood by referring both to the basic
timing diagram and the table of operating modes, Figure 4-27 and Table 4-7
respectively. Note that the program cycle is divided into four equal neriods,
each 2.56 ms (64 25-kHz clock pulses) long. During period 1 a 64-bit data
word is serially clocked into the receiver shift register from the front panel
register, a memory, or the I/O module, via the multiplexer and data node. The
specific period-1 data source depends on the operating mode or sub-mode in effect.
During period 2 the data word in the receiver register is clocked back in to the
front panel register and also possibly a memory and the 1/0 module, depending
on the operating mode or sub-mode in effect. The receiver register is the data
source for every period 2. Note that Clock 2 clocks the receiver and front panel
shift registers and gates the memory Write Enable commands, and also note that
the memory address changes and the memory Chip Enable command occurs before
each Clock 2 pulse occurs. Clock 2, therefore, is the basic clock which transfers
the data word to and from the shift registers and memories. The receiver and
iront panel shift registers clock on the trailing edges of Clock 2, to permit time
for the memory write function to occur (leading edge of Clock 2) before data
changes. In the remote active sub~mode, in period 1 while an address and remote
trigger are received from the computer, Clock 3 clocks data from the remote
control unit shift register to the multiplexer wvia the 1/0 module. Because bit
1 of the daia word from the computer is in a ready state on interrogation, Clock
2, although it preceeds Clock 3, is able to c¢lock the entire remote daia word
from the multiplexer into the receiver shift register. Similarly, during period
2 in any mode, Clock 1 accompanies the data to the computer, as enabled by
2 and if the I/O module receives an address from the computer. If Loacd A is
determined by the operating miode to occur at the beginning of period 1, when
the data word is still in the front panel register, operating parameter control
information is parallel loaded into the shift register to update the data word.
Similtarly, if Load B is programmed to occur at the beginning of period 2 when
the data word is still in the receiver register, signal strength and RF gain data
is parallel loaded into the shift register {or in remote active mode RF gain data
is read from shift register) and also tuned frequency and operating mode data
is read from the shift register to update the receiver storage registers. Following
pericd 2, when the data word is in the front panel register, two periods occur in
which the clocks are inactive. The End-Of-Cycle (EOC)} pulse which oceurs in
pericd 3 commands the pushbution lights and tuned fregquency numeric display to
update with the latest operating status and frequency of the receiver. Load C oc-
curs only on the first cycle following return to local operation from memory
or remote modes, or on return to remote coperation from power failure. Load
C commands switch encoder latches and the tuning dial up/down counter to preset
with information from a data word obtained from the interrupt memory, so that
the unit resumes operation on the next pericd 1 from a predetermined starting
point. Mode change occurs in period 4, and is prevented from changing during
periods 1, 2, and 3 to avoid scrambling of information on the data word.

Referring to Table 4-7, note that there are three main operating modes,
three corresponding sub-modes, and a local/remote return sub-mode. Specific
mode and multiplexer address codes occur for each of these modes, whether
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WJ-8888 CIRCUIT DESCRIPTION

manually or automatically selected. These codes determine multiplexer data
source, and whether or net Load A, B, C, and Memory Chip and Write Enable
commands occur during periods 1, 2, or 3 of the program cycle. This table
and the basic timing diagram may be used as aids in determining specific program
cycling for the operating modes and sub-modes as follows:

(A) LOCAL Mode. -

{1) Period 1, Data Source Front Panel Register. -

(a) A Load A command at the beginning of period 1 parallel teansfers
front panel data intc the F.P. shift register. Synchronous loading on the . first
Clock 2 pulse moves data ahead 1 position as it is loaded. Locked Load A permits
the BFO A/D converter output to be loaded only when not in the BFO VAR mode
or following the first press of the CW VAR button if in the BFO VAR mode,
The CW VAR button flashes the first time it is pressed and released, indicating
that the variable control may be used to set the BFO frequency. The light becomes
steady the second time the button is pressed and released, indicating that the
control iz no longer effective and that the BFO code in the shift register does
not change and is that most recently sei by the control {(see also memory execute
sub-mode description). In detection modes other than BFO VAR, the A/D converter
output data word is fixed at 0. See the operating instructions in Section 2 or the
appropriate schematic description for other internal restrictions on the front
panel controls. Logic 0 is loaded into the AGC dump position. {(AGC dump
operated by remote control only. )

(b) 64 Clock 2 pulses transfer the data word, via the multiplexer and
data node, to the receiver register (and also back to the T'.P. register). The
data word already in the receiver register is clocked out and not used. The
interrupt memory and the 1/0O module remain disabled. The main memory re-
mains disabled unless the ENTER button was pressed during the most recent
period 4.

{c) {(MEMORY WRITE Local Sub~Mode only.) - ENTER button illum-
inates first time pressed. The second time ENTER button is pressed, the button
light goes ocut and the main memory channel selected with the thumbwheel switch
becomes ensbled by Chip Enable Main during period 1. Write Enable Main also
occurs to clock the front panel register data word into the selected memory
channel during period 1, replacing existing information in that channel. The
Memory Write sub-mode occurs only once, and in period 4 the unit automatically
returns to the normal local mode.

{2) Period 2, Data Source Receiver Register. -
{a) The leading edge of the Load B command loads the receiver storage

registers and updates the signal strength and RF gain A/D converters. BFO select
data is loaded if the detection mode word most significant bit (MSB} is logic low.
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If the MSE is high, a fixed word (10000000000) is loaded (see data word diagram
in section III).

(b) The first Clock 2 pulse of pericd 2 ocecurs, moving data ahead one
bit to properly position the 2 spare bits following the RF gain and signal level
words (see data word diagram).

(c) Thetrailing edge of L.oad B parallel loads signal strength and RF
gain data into the receiver shift register.

{d) Each trailing edge of Clock 4 clocks the preselector decoding
circuit. (As many as 16 Clock 4 pulses may be required to update this circuit -
refer to the schematic description for details.)

(e} 64 clock pulses of period 2 transfer the receiver register data
word, via the multiplexer and data node, to the F.P. register, I/O module,
and interrupt memory (and also back to the receiver register). Qld data is clocked
out of the F.P. register and not used. The Chip Enable signal permits the inter-
rupt memory to update with the latest receiver signal strength, gain, and operating
parameter codes during this period. The main memory is disabled in this peried,
however.

(N ‘2 permits the data word applied to the I/O module to be passed
on to the remote control unit if an address is received (see Serial Syvnchronous
Timing Diagram, Figure 4-28). Clock 1 accompanies the output data word from
the I/O module for use by the remote control unit in clocking the word into
the remote control unit shift register. (Note that the first data bit is active
at the beginning of period 1, so that is is necessary for the first clock pulse
sent to the remote control unit (Clock 1) to preceed the first Clock 2 pulse.)

{3) Periods 3 and 4. -

(a) The clocks are stopped, so that the data word remains in the front
panel register. The memories and I1/0O module are disabled.

(b) The End-Of-Cycle (EOC) pulse loads detection mode, IF bandwidth,
and gain mode data from the front panel shift register into storage latches. The
storage latches in turn cperate a pushbution lighting circuit and alsc provide detec-
tion mode data to the BFO A/D converter circuit. The EOC pulse also updates
the front panel mumeric display with the most recent tuned frequency data.

{c) Receiver operating mode may change during the fourth period. The
desired mode button may have to be held down for a maximum of three iime
periods (7.68 ms), which is faster than operator reaction time. (See LOCAL/
REMOTE RETURN sub-mode discussion below for description of Load C.) In
all cases change from a sub-mode to a major mode occurs automatically at the
beginning of period 4. '
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(B} REMOTE PASSIVE Mode., -

(1) Period 1, Data Source Front Panel Register. - 64 Clock 2 pulses trans-
fer the data word in the F.P. register, via the multiplexer and data node, to
the receiver register (and also back to the F.P. register). Interrupt and main
memories are disabled. Load A does not load front panel data into the F. .
register during this period.

(2) Period 2, Data Source Receiver Register. - Essentially the same as for
the local mode, the differences being as follows:

(a) The localf/remote statusline causesthe RF gain converter to func-
tion in the D/A mode. The leading edge of Load B, therefore, instead of updating
the A/D converter with RF gain data based on the setting of the RF GAIN potentio-
meter, updates the D/A converter with gain control data obtained from the data
word. (The D/A converter RF gain data is clocked back into the receiver register
on the trailing edge of L.oad B as for the local mode; however, this operation,
which results in no net change, will have meaning in this case only if reference
is made to the specific operating principle of the A/D-DfA converter, covered
in the appropriate schematic description below, )

(b) The interrupt memory is disabled.
(3) Periods 3 and 4. - Same as for local mode.

(C) -~ REMOTE ACTIVE Sub-Mode. -

(1) Period 1, Data Source [/O Module. - The remote irigger (see Figure
4-28) and 1./R status signals permit 64 Clock 3 pulses to clock a data word from
the remote control unit {(or from IfC shift register if asynchronous I/O option
is installed). The data word received on the data node via the [/Q module and
multiplexer is entered into the receiver shift register (and alsoc F.P. register)
by Clock 2. Bit 1 from the remote contrel unit (always 0 because not used) is
available on address, which therefore requires that the DATA IN clock (Clock
3) follows Clock 2. Both memories are disabled during period 1 in this mode.

{2) Period 2. - Same as for local mode except modification described in
step {(2a) for remote passive mode applies, and if an AGC dump command was
clocked in during period 1 the AGC circuit in the receiver section will be reset. *
Note that the interrupt memeory is updated and receiver register data is returned
to the remote control unit in this period.

(3} Periods 3 and 4. - Same as for local mode. The unit automatically
reverts to the remote passive mode (at the beginning of period 4) for the next
program cycle.

% AGC Dump may not be functional in earlier models.
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(D) MEMORY SCAN Mode, -
(1}  Period 1, Data Source Main Memory. - Main memory chip enable signal

and bit address code permit 64 Clock 2 pulses to shift the data word stored in
the main memory channel selected by the front panel thumbwheel switch, into
the receiver register (and also into the front panel register). Memory readout
is non-destructive. The data word already in either register is clocked out and
not used. The I/O module and interrupt memory remain disabled.

(2} Period 2, Data Source Receiver Register. - 64 Clock 2 pulses transfer
the data word from the receiver register, via the multiplexer and data node, to
the F. P. register (and also back to the receiver register) (The same data word
already in the F.P. register is clocked out and not used. } L.oad B does not occur,
so the data word is not updated with signal strength or RF gain data, and the
receiver operating mode does not change. While in the memory scan mode, the
MEMORY button flashes as a reminder that the front panel data may not represent
the actual operating status cof the receiver.

{3) Periods 3 and 4. ~ Same as for the local mode.

(E) MEMORY EXECUTE Sub-Mode (Executed while in Memory Scan Mode
Only). -

(1) Period 1, Data Source Main Memory. - EXECUTE button lights while
held down. In period 1 the main memory chip enable signal and kit address code
permit 64 Clock 2 pulses to shift 'adata word from the selected main memory
into the receiver register (and also into the front panel register). Memory readout
is nondestructive, The I/O module and the interrupt memory remain disabled.

(2) Periods 2, 3, and 4. - Same as for the local mode. Unit reverts to local
mode {after return sub-cycle) when execute submode is completed. BFO Load A
is locked on return to local to disable the VAR BFO control so that, if the
detection mecde data stored on the data word is BFO VAR, in the next period 1
the receiver remains programmed with the variable BFQ frequency stored in the
selected memory.

{F) LOCAL/REMOTE RETURN Sub-Mode. - The unit first goes through a
local/remote return sub-mode cycle when the LOCAL bution is pressed while
in the memory or remote mode, when returning to local after a memory execute
sub-~cycle, or when returning to the remote mode from power failure. It does
not go through a return sub-cycle after a memory enter sub-cycle.

{1) Period 1, Data Source Interrupt Memory. Interrupt memory chip enable
signal and bit address code permit 64 Clock 2 pulses to shift the data word stored
in the interrupt memory into the receiver register (and also the front panel reg-
ister). Memory readout is non-destructive. The /O module and main memory
remain disabled. '
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(2) Period 2, Dafa Source Receiver Register. - Same as for local mode.

(3) Periods 3 and 4. ~ Steps {a), (b), and (¢} same as for loczl mode.
Continue with step (d) as follows:

(d) Load C presets the switch encoder latches and the tuning dial
upf/down counter with the data word obtained from the interrupt memory, so that
the unit resumes local or remote operation on the next period 1 from a starting
point determined by the contents of the interrupt memory, which is in turn deter-
mined by the most recent receiver operation programmed by the remote control
unit, by the selected main memory, or most recent local selections. Note: The
unit always returns to the remote mode from power failure. If another operating
mode was in effect before power failure, the unit can be restored to that mode
by pressing the appropriate front panel button, The unit will then resume operation
at a point identical with that preceeding power failure.

4.5.2 SCHEMATIC DESCRIPTIONS. - The digital control section circuitry is
distributed on six boards, these being called the Program Sequencer Board (A20),
the Front Panel Register Board (A22), the Switch Encoder Board (A21), the Re-
ceiver Register Board (Al7), the Display/Buffer Board (A23), and the I/0O Module
(A16). In addition, a Tuning Dial Encoder Assembly (A25), a memory-select
thumb-wheel switch (85), and an Optional Tuning Connector Filter (A24) are also
considered part of the digital control section. The introductory paragraph of each
of the following board description summarizes the circuits situtated on the board,
permitting the functional block diagram description to be keyed to the circuit
descriptions. In addition, the overall main chassis diagram, Figure 7-33, may
provide useful references.

4.5, 2.1 Type 791124 Program Seduencer Board {A20). - Referic the schematic,
Figure 7-22. The program sequencer board contains most of the programming
circuitry for the digital control section. Some of the logic operations are completed
by front panel switches and logic circuitry located on other boards. The program
sequencer generates the four clocks (Cl, C2, C3, and C4), the memory address
code, End-Of-Cycle {EOC}, L.oad A, Load B, and Load C commands, multiplexer
address and local/remote (L /R) status signals, 2 for the 1/0 module, and develops
the majority of the write enable and chip enable signals for the memories. These
logic functions are controlled by a mode code (see Table 4-7) developed on this
board in conjunction with the front panel switches, located on the switch encoder
hoard (A21), and the remote trigger input from the I/0O board (Al8). A major
part of the power~down circuit is also located on this board.

Gated Clock and Memory Address Circuits. - Decade counter/divider
U1l divides the 250 kHz time base clock, received on board pin B18 from the syn-
thesizer section of the receiver, by 10 to provide a 25 kHz memory address in-
crement output to binary counter U9. Ul also produces four un-gated 25 kHz clock
outputs (designated by prime " ' "' superseripts), C1' through C4', having a phase
relationship identical te the four gated clocks shown on the basic timing diagram,
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Fipure 4-27. The inverted 27 gating pulses received on one input each of NAND
gates U8 A through D, from memory address counter Ul0A via inverter U11C,
permits clock pulses to pass through NAND gates U8 A through D in program cycle
periods 1 and 2, but inhibits these clocks in periods 3 and 4. UZ28A through D in-
vert the U8 outputs to cancel the inversions caused by U8. The gated outputs are
distributed as follows: C2 on board pin Bl7 is applied to the receiver register
board, C1 on pin B13 is applied to the I/O board, C2 on pin B18 is applied to the
front panel register board, C3 on pin B14 is applied to the front panel register
and 1/OC boards, and C4 on board pin B12 is applied to the receiver register board.
Cc3', C4', C2, C1, and C4 are also used for various logic functions on this board.

U1llE inverts the carry out pulses of the clock counter, so that negative-
edge-triggered binary counter U2 increments simultaneously with the trailing-
edge transition of each Clock 4 pulse (see timing diagram). Binary counters U9
and U10 are cascaded to provide a binary sequence from 20%to 27, The 2°© through
2 outputs are applied to various logic gates on this board to help generate the
program sequence. The 20 through 25 counter outputs are also applied directly
to the front panel register board for use as the Memory Address code. The chip
enable (CE) input of U1 and the data strobe (DS) inputs of U9 and U10 are covere 1
below in the power fail circuit description. For this description, however, assume
that the receiver is operating ncormally, in which case pin 5 of Ul1lB is low and
pin 4 is high, permitting Ul, U9, and U10 to function normally as counters.

Program Logic Circuit. - The array of logic gates and inverters to the
right of U10 and U1l6 A, B, & C combine the U9-Ul0 counter ocutput and some of
the clock outputs with mode logic functions generated by the remaining logic cir-
cuitry on this board, to produce program sequence logic outputs. The 22 2! | ang
2%(A, B, and C) mode code inputs to this array are obtained from U12A, UI13A,
and Ul6A, respectively. This circuit need not be analyzed in detail, since if
produces its results by straightforward gating and inverting operations which are
easily traceable by a two- or four-trace oscilloscope if a malfunction occurs.
The outputs from this board are distributed as follows: The EOC output (pin C4)
is applied to the switch encoder board and 1/O module. Load A (pin A9) is applied
to the front panel register, Load C, (pin AD) is applied to the switch encoder,
Load B (pin AE) is applied tc the receiver register, Load D (pin AT) is not used,
the L /R Status output {pin A20) is applied ito the receiver register and /O module,
the Multiplexer Address (pins Al1l9 and A22) is applied to the receiver register
board and 1/O module, 2 {pin B4) iz applied to the I/O module, and outputs
designated CSS, X1, X2, CSI, and CSE (pins A8, A18, A21, AM, and A7, respec-
tively) are applied to the front panel registier. The latter five outputs are combined
on the front panel register beard to form Chip and Write Enable signals for the
main and interrupt memories. The functions of the former outputs, as well as
chip and Write Enable signals are covered in the simplified functional block dia-
gram and timing diagram descriptions above (paragraph 4. 5. 1).

Mode Code Circuit. - The program logic circuit is controlled by the
mode code circuit. The two most significant mode code bits (board pins A3 and
A7) also help operate the pushbuiton lighting circuit on the switch encoder board.
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The mode code is initiated by the front panel pushbuttons or the remote trigger
input from the I/O module. With appropriate inputs from the pushbutton switch,
program logic, and power return circuitry, NAND latiches U1l2 A-B and Ul1l3A-
U7C produce the major mode code bits (22or A and 2! or B, respectively), NAND
latches U12C-U13B and U3lA-B, together with gates U324, U32B, U3C, and
inverter U164, produce the sub-mode bit (2° or C), and NAND latch U31C-U7TD
produces an output which causes the program to go through a local/remote return
sub-mode cycle. NAND gates U4B, C, and D, U6 C and D, and UTA are con-
trolled by a mode change pulse (see timing diagram), such that inputs to the latches
originating from the front panel switch and remote trigger circuitry are able
tc change the operating mode only during program cycle period 4. The mode
Change pulse is generated by the NOR combination of inverted 2€ and 27 outputs
from counter Ul0. Note, however, that EOC sub-mode reset pulses and power
fail preset levels applied to the latches from U17D and U2A, respectively, are
not gated by the Mode Change pulse. For the following description of the dyna-
mics of the mode code latches, assume that the receiver is operating normally,
such that the Q@ output of power fail latch U2A is high, enabling NAND gate U7B
and permitting the various NAND latches to which the output is connected to be
operated by their other inputs. Also, therefore, during normal operation the
@ output of U2A will be low, permitting NOR latch U30C-U20C and flip-flop U2B
to operate normally as part of the execute sub-mode circuit,

The following considerations establish an initial starting point for the des-
cription which follows: With no front panel pushbuttons pressed and with no remote
trigger input, the outputs of U4 B, C, and D, UBC, and U7A are all at logic
high. If during a program cycle the Enter sub-mode is active ({o be described
below), during period 4 of the cycle preceeding the sub-mode cycle, . NAND latch
U12C-U13B changes state. This causes one-shot MV composed of U14C, U1ls
B & C, C13, CRZ, and Rl to generate a pulse which immediately resets flip-flop
US of the memory write sub-~mode circuit. The resultant logic low output from
pin 13 of USB disables USD so that the output of USD is at logic high. The logic
high permits the EOC pulse to return the unit to a major mode during period
3 of this or any subsequently initiated sub-mode cycle by setting up NAND latches
U12C-U13B and U31 A-B, as well as NAND latch U31C-U7D, such that U12C
pin 10, U31A pin 9, and U31C pin 10 are all at logic low. Also, in any mode
or sub-mode except the Execute sub-mode cycle (which will be described below),
the middle and least significant mode code bits (see Table 4-7} applied to U30B
are such that pin 8 of U30C is held low. This permits the EOQOC pulse, inverted
by UllF, to reset the Execute-local return circuit (U20C, U30C, U2B), such
that the output of U2B (pin 13) is high, enabling NAND gate U4A. (See power-fail
latch description below for discussion of function of CR3.) A starting peint is
now established which will support the following description of the dynamics of
the mode code circuit; the memory write and execute-local return circuits which
were briefly mentioned here are described in detail below.

Assume that the LOCAL button is pressed, causing a logic low {ground)
on board pin C13 while the button is held down. U4A inverts the low, enabling
NAND gate U4B. The resultant legic low output from U4B in pericd 4 sets up
NAND latches U12 A-B and U13A-U7C such that U12A pin 8 (mode code 22 output)
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is high, and Ul3A pin 1 (mode code 2! ocutput) is high. Since the combination
of logic levels applied to exclusive OR gates U32A and U32B is now that necessary
to result in a legic high at pin 2 of Ul6 {mode code 20 output), the overall mode
code is that indicated for the Local mode in Table 4-7. However, the program
lopic circuit is not yet able to operate the unit in the Local mode because the
logic low output in period 4 from U4B also sets up NAND latch U31C-U7D such
that pin 10 of U31C is high. The high output from pin 10 of U31C, applied to
U21A, Ul6D, U22A, etec. of the program logic circuit causes the program logic
circuit to produce a Local return command during periods 1 and 2 of the next
cycle (see Table 4-7). NAND latch U31C-U7D is reset by the EOC pulse in
period 3 of the local-return sub=-cycle, so that the program logic circuit is per-
mitted to produce major local mode control codes for succeeding cycles.. {(The
logic high transition from U31C pin 10 at the beginning of the return sub-cycle
also causes the one-shet MV circuit to produce a negative pulse output, which
is inverted by U7B and applied to the reset inputs of U5 A & B. In this case the
reset pulse is not necessary, since Ud was reset prior to an enter sub-cycle,
as described above. But on return tc the Remote mode from power failure it
is necessary to preset U5 during the return sub-cycle. This will be discussed
below in the power-fail circuit description. )

The ENTER button is disabled when not in the Local mode, as will be
discussed in the switch encoder schematic description. When the ENTER button
is disabled, pins 1 and 6 of U6 are at logic high. When in the Local mode, how-
ever, if the button is not depressed pin 1 of U6 is high and pin 6 is low. Pin 3
of UBA is therefore low and U3A is not clocked. Initially assuming that UbLA
and U5B are reset as described above. In the reset condition the Q1 (pin 1)
output of UbA is low, so that-the ENTER pushbutton does not illuminate, the
Q1 {pin 2) output of USA is high, and the Q2 (pin 13) output of USB is at logic
low and disables UBD as described above. If the ENTER button is pressed and
then released, pin 1 of U6 momentarily goes low and pin 6 momentarily goes
high. Pin 3 of UBA fellows the pushbutton action by momentarily going high,
although without the bounce characteristic of pushbuttons. USA is clocked by the
high transition of de-bounce NAND latch U6A. The Q1 (pin 1} output of USA goes
high and illuminates the ENTER pushbutton lamp. The low transition of the Q1
output {(USA pin 2) does not change the state of USB because USB requires a
positive clock transition. The second time the ENTER button is pressed, however,
USA apain changes state, extinguishing the ENTER button lamp and producing
a positive Q1 transition which clocks USB. The Q2 {(pin 13) ouiput from USB
therefore goes high and enables NAND gate U6D, permitting the Mode Change
pulse to be gated through U6D on the occurence of the next period 4. At the begin-
ning of period 4, the logic low output from U6D changes the states of sub-mode
NAND latches U12C-Ul1l3B and U31 A-B, such that pin 10 of U1l2C and pin 9
of U31A go high. The high transition of Ul2C causes the one-shot MV circuit
to produce a pulse output which immediately resets U5 A & B. The four high
inputs to NOR gates U32 A & B, from the major and sub-mode laiches, result
in a logic low output from U16A. Therefore, the cverall mode code is that indicated
in Table 4-7 for the Memory Write sub-mode. Note that the inputs to the sub-mode
logic gates are set up so that an enter command will not produce a sub-mode
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bit unless the unii is in the major Local mode. This safety feature is redundant,
however, with the disabling of the ENTER button when not in the Local mode.
After one Memory Write sub~cycle, the EQC pulse resets sub~mode latches U12C -
U138 and U31 A-B so that the unit returns to the major Local mode,

When the MEMORY button is pressed, board pin C12 goes high, enab-
ling NAND gate U4C so that it passes the Mode Change pulse in the next period
4 while the button is held down. The logic low output from U4C sets up the two
major mode NAND latches (Ul12A-B, U13A-U7C) so that Ul2A pin ¢ is high and
Ul3A pin 1 is low. Also, in period 3 the three minor mode latches, U1l2C-
U138, U31 A-B, and U31C-U7D, were reset so that the unit is not in the L/R
return mode and U12C pin 10 and U31A pin 9 are low. The inputs to exclusive
OR gates U32A and U32B are therefore such that the output of Ul6A is logic
high. The overall mode code is thus that indicated in Table 4-7 for the Memory
Scan mode. (The Memory Scan mode code returned to the switch encoder board
causes the MEMORY button light to flash. )

If the memory EXECUTE button is pressed, board pin C16 goes high (and
the EXECUTE button illuminates} while the button is held down. UTA is there-
fore enabled, and on the next period 4 the Mode Change pulse is gated through
U7A fo set up the sub-mode latches such that pin 10 of U12C is high and pin 9
of U31A is low. If and only if the unit was in the Memory Scan major moede when
the EXECUTE button was pressed, the combination of logic levels applied to exclu-
give OR gates U32A & B is now such that the output of U18A is low. The overall
mode code is thus that indicated in Table 4-7 for a Memory Execute sub-mode
cycle. The middle and least significant bits of the mode code, applied to U30R
of the execute~local return circuit, causes the output of U30B to go high during
the Memory Execute sub-mode cycle. This high resets a circuit on the switch
encoder board {necessary if detection mede in selected memory channel is BFO
VAR) to prevent Lead A from initially loading VAR BFQO control data when the
unit returns to local on the next cycle, and also changes the state of NAND latch
U30C-U20C such that pin 10 of U30C is low. This low is clocked through U2B
by the next EOC pulse, and causes the ouiput of U4A to go high. U4B is thus
enabled so that in period 4 the Mode Change pulse initiates a Local Return sub-
cycle, after which the unit goes to the major Local mode in the same manner
as when the LOCAL button is pressed, NAND latch U30C-U20C and flip-flop
U2B are reset by the EOC pulse in period 3 of the local-return submode cycle.

If the REMOTE button is pressed, board pin C1l1 goes high and enables
NAND gate U4D. The period 4 Mode Change pulse is therefore able to set up
major mode latches Ul2 A-B and U13A-U7C such that Ul2A pin 9 is low and
U13A pin 1 is high. Since the sub-mode latches were reset by the EOC pulse
in period 3, the combination of logic levels applied to exclusive OR gates U32A and
U32B is such that the output of U1l6A is high. Therefote, the overall mode code
ig that indicated in Table 4-7 for the Remote Passive mode. If the receiver
receives a remote trigger from the remote control unit, board pin C17 goes
high, enabling NAND gate U6C. The next period 4 Mode Change pulse is therefore
able to set up minor-mode latches U1l2C-U13B and U31 A-B such that pin 10
of U12C is high and pin 2 of U31A is low. If and only if the unit was already
in the Remote Passive mode, the combination of logic levels applied to exclusive
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OR gates U32A and U32B is such that the output of U16A is high. Now the overall
mode code is that indicated for the Remote Active sub-mode. When the remote
trigger is removed, the next period 3 EOC pulse resets the sub-mode latches,
and the unit reverts to the Remote Passive major mode,

Power Down Latch Circuif. - While the receiver is operating normally,
the power down input level from the power down detector in the synthesizer sec-
tion, received on pin 5 of data-type flip-flop U2A via board pin C3, is at logic
low., The (inverted) Mode Change pulse received every period 4 on pin 2 of
U3A permits the 250 kHz system clock, received on pin 1 of U3A from the syn-
thesizer section via board pin B19, to clock data-type flip~-flop U2A for the duration
of each period 4. Therefore, as long as the power fail input remains low the
U2A Q1 output remains low and the Q1 output remains high, The Q1 logic low
output, applied to board pin Cl, permits the I/O module and the memory chip
enable circuits io function normally as described in the appropriate circuit and
block diagram descriptions. This logic low is also applied, via forward-biased
dicde CR1, to Ul, U2B, U20C, and US and U1l0 via inverter UllB, permitting
these circuit components to function normally as described above. The logic
high Q1 output from U2A permits mode NAND latches Ul2 A-B, Ul3A-U7C, and
U31C-UTD to be operated by their other inputs as described above, enables NAND
gate U7B sc that U7B functions as a simple inverter for enter sub-mode circuitry
resef pulses, and permits NAND latch U25B-U26C of the chip enable logic circuit
to be operated by clock pulses C1 and C4,

If the power~down detector senses a power failure, board pin C3 goes
high. This high is independent of primary power since it is supplied by the battery
(Vpgz ) via RZ. The detection uf power failure is based on a ‘drop in the
+10 V unregulated power supply output. When power fails, the +10 V supply
voltage drops off gradually at a rate determined by the size of filter capacitors
and the drain on the supply. This permits the 5 V regulator output, which sup-
plies the majority of the receiver circuitry including the digital control section,
to continue providing regulated +5 V until some time after the unregulated supply
voltage begins to drop. The point at which the power-down detector cutput goes
high allows at least one program cycle to occur before the voltage of the regulated
supply begins to drop, thus allowing time for the completion of the existing pro-
gram cycle so that the interrupt memory is properly loaded. The power-down
logic high is clocked through data flip-flop U2A on the occurence of the first
pericd-4 mode-change pulse after the power~down detector changes state (or im-
mediately by a system clock pulse if the power down circuit changes state during
period 4). The logic high output from U2AQ1 immediately interrupts I/O board
monitor clock and output data, and disables the interrupt and main memories
on the front panel register board (see appropriate schematic descriptions). Diode
CR1 becomes reverse biased when the regulated supply voltage drops, permitting
the disable and preset inputs in common with the junction of CR1 and R11 to go
to logic low when the regulated supply voltage drops sufficiently. The Q1 output
of U2A poes low when the power fail latch changes state. This low and the voltage
at the junction of CR1 and R11 will be used for preset purposes when the power
comes back up. '
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When power fails the output of U2B goes high, while a diode in U4A pro-
vides a low-impedance path to ground to protect the CMOS input. Diode CR3,
situated between U2B and U4A, becomes reverse biased on power failure, thereby
preventing drain on the battery by U4A (U2B is powered by the battery, which
is not necegsary for this part of the circuit. However, U2B is the twin of UZA,
which must remain active on power failure.) Similarly, diode CR1 becomes
reverse-biased on power failure to prevent drain on the battery through low-
imedance paths provided by internal protective diodes at the inputs of the circuit
elements connect to the junction of CR1 and R11. In normal operation resistors
R1l and R12 provide forward-bias current paths for CR1 and CR3 on logic low.
R12 performs a hold-up function on logic high, such that CR3 becomes reverse
biased and +5 V is applied to U4A via R12.

When the receiver is de-energized, either by the operator or by power
failure, the battery continues to supply the power fail latch on this board and the
memories and chip enable gates on the front panel register board. Since the
power fail latch only reverse biases a diode in the I/O module, since the power
fail latch output applied to the chip enable gates holds them in the disable state,
since CR1 and CR3 are reverse bhiased, and since U2, the chip enable gates,
and the memories are low-drain CMOS types, the power drain is very small,

When primary power returns, the regulated supply voltage comes back
up to +5 V before the unregulated supply reaches the level required to return
the power fail detector output to logic low. Therefore, the junction of CR1 and
R11 follows the regulated supply voltage via R1l, and goes high. This high
presets clock counter Ul to zero, presets memory address counters U9 and U10

such that the 2% and 27 outputs are high, and resets the execute-local return cir-
cuit such that U30C pin 10 and U2B pin 13 (Q2 output) are high, The logic low
Q1 output from U2A presets NAND latches Ul2 A-B, U13A-U7C, and U31C-UTD
to ensure that the unit goes through a return sub-mode cycle and then reverts
to the remote mode when the counters are enabled. The U2A Q1 logic low is
also inverted by NAND gate U7B to reset enter sub-mode circuit flip-flop MV's
USA and U5B, and inhibits the chip select signals by presetting NAND latch U25B-
U26C.

The memory address counter preset 26 and 27 logic high outputs are com-
bined by NOR gate U3B, and the resulting mode change high is inverted by UilA
to enable NOR gate U3A, Therefore, on the first system clock pulse after the
power~down detector output goes low, the Q1 output of U2A goes low and the
Q1 output goes high. The logic hlgh @1 output now permits the NAND latches and
gates to which it is connected to operate normally as described above. The logic
low Q1 output permits the I/O module and memories to operate normally, permits
the clock counter to start counting from zero, and enables the memory address
counters such that the program cycle starts at the preset period 4. As determined
by the mode latch preset described in the preceeding paragraph, in the first period
1 the unit goes through a return sub-mode cycle and then reverts to the major
remote mode in the next period. The operator can then select a local operating
mode if he so desires.
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4,5,2.2 Type 781134 Front Panel Register Board (A22). - The front panel reg-~
igter board contains the front panel shift register, 2 BFO A/D converter circuit,
a tuning dial sense circuit, a tuning dial up/down counter with end-point recog-
nition circuit, and the main and interrupt memories. The power-down battery
is also located on this board. Figures 7-24 and 7-25 are the schematic diagrams
for A22,

Main and Interrupt Memories. - Integrated-circuit U2 is a 64-bit random-
access CMOS memory, and U3 through U6 are 256-bit random-access CMOS mem-
ories. U2 is employed as the interrupt memory, while U3 through U6 are each
programmed to serve as four 64-bit channels of the main memory, for a total
of 16 main memory channels, The 64-bit data word from the data node (board
pin B15) is applied in common to all five memory chips via NAND gate U9A
and inverter U16C, UUSA receives a gating input which permits application of
input data to the memories only during program cycle periods in which Write
Enable occurs (to be discussed further below). The data outputs (Do) from the
memory chips are wire-OR'ed together for application via board pin CH to the
multiplexer on the receiver register board. Resistor R30 is a pull-up resister
for the data outputs.

The incrementing binary-code memory address outputs of the program
sequencer board, received on pins BS, CA, CB, CC, and CD of this board, are
applied in parallel to the A0 through A5 address inpuis of all five memory chips.
The address code increments at a 25 kHz rate cyclically from binary 0 through 63,
for a total of 64 memory bits addressed every period. Address inputs A6 and A7
of the main memory chips are obtained via U43 from the two least significant
bit outputs (29 and 2! )} of the front-panel channel-select thumbwheel switch, and
are coordinated with the chip-enable inputs to generate a total of 16 memory
locations. This coordination is achieved by use of binary decoder Ul, which
decodes the two most significant bit outputis of the channel-select thumbwheel
switch {board pins C9 and C12) into four chip-enable outputs. The chip-enable
outputs are inverted by U8 A, B, E, and F to provide the main memory chips
with the negative logic required to enable one selected chip at a time, while the 26
and 27 code bits applied to the A6 and AT inputs address one of four 64-bit sections
of the selected memory chip. Dual clecked data-type flip-flop latch U43 transfers
the two channel-select LSB's applied to data inputs D1 and D2 to outputs Q1 and
Q2 on occurrence of the EQC pulse {applied to the CL input, pin 5). Clocking the
bits through by the EOC pulse prevents change of memory-channel selection while
in mid-scan during periods 1 and 2 of a program cycle. The CSE and CSS
inputs from the program sequencer board are combined by NOR gate U7D to pro-
duce Chip Enable for the main memory. Since Ul is enabled on logic low,
and disabled (all outputs low} on logic high, UBC is employed to invert the chip
enable signal as required for properly operating Ul. The power fail latch output
of the program sequencer board is applied to the inhibit inputs of Ul and U7B,
pins 11 and 5 respectively. Power fail logic high inhibits main and interrupt mem-
ory chip enable signals, as discussed in the program sequencer description above.
CSI received on board pin C6 from the program sequencer board, is inverted
by power-fail inhibit latch U7B and dpplied to the strobe input of the interrupt
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memory (U2) to serve as the Chip-Enable input. (The specified chip-enable inputs,
CE1l and CEZ2, of the interrupt memory are applied along with the strobe input
to an AND gate internal to the chip. Because the CE1 and CE2 inputs are held
at constant logic high by the battery, the strobe input alone controls the chip
enable function.) Occurrence or non-occurrence of Chip-Enable pulses for main
and interrupt memories during periods 1 or 2 of a specific program cycle can
be determined by referring to Table 4-7, Chip Enable pulses go high at the
beginning of Clock 1 pulses and go low at the beginning of Clock 4 pulses, during
indicated periods 1 and/or 2 of the program cycle, Chip Enable is low in periods
3 and 4 for all major mode and sub-mode cycles, as may be ascertained from
the basic timing diagram, Fipgure 4-27. ' .

The X1 and X2 inputs received on board pins C4 and C5, respectively,
from the program sequencer board, are combined with Clock 2, received on board
pin B14 from the program sequencer board, by NAND gates U9D and U9C to pro-
duce inverted write enable pulses for the main and interrupt memories, The U9D
output is applied directly to the interrupt memory, since U2 requires an inverted
write-enable logic input. U16B inverts the USC output so that non-inverted write-
enable pulses are applied to the main memories. Occurrence or non-occurrence
of Write Enable for main and interrupt memories during periods 1 and 2 of
a specific program cycle can be determined by referring to Table 4-7, Write
Enable pulses occur simultaneously with Clock 2 pulses in periods 1 and/or 2
when active, and are inhibited during periods 3 and 4 for all major mode and
sub-mode cycles. '

Board input X1 is high only during program cycle periods in which Write
Enable Interrupt occurs, and board input X2 is high only during periods in which
Write Enable Main occurs (Table 4-7). These two inputs are combined by NOR
gate U7A, and the NOR output is inverted by U8D to result in an overall OR
function. The OR input to UBA permits data to be applied to the memories
only during periods in which Write Enable occurs, When power fails the ocutput
of U7A goes high, while an internal diode at the input of U8D provides a low imped-
ance path to ground to protect the CMOS input. Diode CR1, situated between UTA
and U8D, becomes reverse biased on power failure, thereby preventing drain
on the battery by U8D (U7A is powered by the battery, which is not necessary
for this part of the circuit. However, UTA is on the same chip as U7B, which
must remain active when power fails.) In normal operation resistor R3 provides
a forward-bias current path for CR1 on logic low, and performs a hold-up function
on logic high, such that CR1 becomes reverse-biased and +5V is applied to USD
via R3.

Shift Register. - The front panel shift register is composed of
integrated-circuit shift registers U17 through U24 connected in tandem. Clock
2, received on board pin Bl4, is applied directly to the clock input of U1l7, and
is inverted by Ul6A for application to U18 through U24. U1l7 clocks on the down-
ward {(trailing edge} transistions of the clock pulses, and inversion provided by
Ul6A causes the remaining (positive-edge triggered) stages to also clock on the
irailing edges of the clock pulses. Both the receiver register and front panel
register are clocked on the trailing edges of Clock 2, which is done to permit

4-84




WJI-8888 CIRCUIT DESCRIPTION

the memory write function to occur {on leading edges of Clock 2) before the mem-
ory input data from a shift register changes.

Data from the data node is clocked into the front panel register during
period 2 of the program cycle. The data node input is applied to pin 1 of Ul7,
and the bits of the data word are transmitted down the 64-bit shift register until
the first bit is loaded into the last stage of register U24, When the register is
fully loaded the clock is stopped (see timing diagram) and the first {unused bit
1 - logic low) bit output from pin 13 of U24 is applied to the multiplexer via
board pin A13. We may also note the locations of the other bits of the data
word: The second bit labled "AGC DUMP'" on the schematic can be high only if
shifted in from the computer while in the remote mode. The tuned frequency
data located in UZ21l, U22, U23, and two stages of U24 is applied to the tuned
frequency display. The display has built-in storage and is updated by the EQOC
pulse in period 3. Shift register section U20 contains the detection mode, IF
bandwidth, and gain mode data words. These outputs are applied fc the switch
encoder board (which is updated in period 3 by EOC and load C). U188 and U719
contain the BFO frequency data word, and 18-stage static shift register U17 pro-
vides storage space for the signal level and rf gain data and two spare bits.
Note that the spare bit shown on the data word diagram (in Section 3 of this
manual} as separating the detection mode and BFQ frequency data, is at this
point located in stage 8 of U19, while the BFQO frequency MSB is in stage 1
of U19, and these locations do not correspond to the parallel load BFO data desig-
nations. It may also be noted that the parallel load inputs to shift register stages
U20 through U24 are likewise offset by one bit. This offset will be resolved during
a synchronous loading operation at the beginning of period 1 of the next program
cycle, when the clock becomes active again.

At the beginning of period 1, inverted Load A received on board pin 13
is inverted by U37A and applied to the parallel entry (PE) command inputs of
shift register sections U20 through U24, Note that Load A is received only when
in the local mode or memory write sub-mode (see Table 4-7). The register
sections are operated in the synchronous meode, such that they parallel load data
on the positive iransistion of their clock (CL) inputs (trailing edge of the first
clock 2 pulse) while the L.oad A command applied to the parallel entry inputs
is high, Since the data word must move ahead one bit on the first clock 2 pulse,
it is necessary to load the parallel data into the register one bit ahead of the
positions occupied by the corresponding bits of the data word before the first
Clock 1 pulse occurred; hence the 1 bit offset in the parallel input data lines.
The parallel data applied to U20 through U24 is explained further helow.

Similarly, shift register sections UlB8 and U19 may or may not be loaded
synchronously at the beginning of period 1, depending on whether or not Ul5A
permits Load A to pass through NAND gate U10C, If Ul5A (which will be discussed
in detail below)} does not permit U10C to pass Load A, the parallel data inputs
of Ul8 and Ul2 are not enabled and the data is moved ahead ome bit on the
first Clock 2 pulse by normal shift register action, If Load A is gated through
U10C, however, the parallel data inputs are enabled and the parallel BFO fre-
quency data is synchronously loaded into the shift register, with a 1 bit offset,
on the first Clock 2 pulse. Note that when load A commands parallel entry, the
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first bit stored in Ul7 (spare bit preceeding RF gain MSB - see data word)
must be parallel loaded into position 1 of Ul8 because U18 does not accept serial
data when it is operating in the synchroncus parallel enter mode.

The data stored in Ul7 serially moves ahead 1 bit when the first Clock
2 pulse occurs, as this shift register section only provides storage for rf gain
and signal level data, and no parallel entry function is performed. When the
Load A command is removed from shift register sections U18 through U24, they
revert to the normal serial mode, and the next 63 period-1 Clock 2 pulses seri-
ally shift the data word out of the register to the multiplexer (on the receiver
register beard), via board pin Al3,

BFO Fregquency A/D Converter. - The principle function of this circuit
is to convert the analog voltage from the front panel VAR BFQ potentiometer
to digital form suitable for loading into the front panel shift register. The front
panel BFC potentiometier input received on board pin C11 controls the output
pulse width of one-shot MV-operated timmer Ul4, Thke pulses from Ul4 are
inverted by U16F and applied to NOR gate U10B. The duration of each pulse
determines the number of 250 kHz system-clock pulses (received on board pin
B12 from the synthesizer section) gated through Ul0B for application to the clock
input of the binary counter composed of tandem-connected counters U1ll, 1712,
and Ul3., Eleven counter stages fix the maximum count at 2047, which is more
than sufficient to provide the receiver BFO with the required tuning range and
resolution, One-shot MV Ul4 is triggered at the beginning of each period 1
by the low transistion of the inverted Leoad A command applied to trigger-input
pin 2. Te avoid clocking the binary counter while the receiver register is up-
dating (on first Clock 2 pulse), the Load A output of inverter U37A disables U10B
for the duration of the L.oad A command, thus delaying application of clock pulses
to the counter. The count stops at the trailing edge of the 14 gate pulse, and the
resultant eleven-bit binary code from the counter is parallel loaded into the re-
ceiver register on the first Clock 2 pulse of the next period 1 (if Load A passes
through U1l0C - see discussion below). The first Clock 3 pulse of each period
1 ig gated through NAND gate U38A by the L.cad A command, to reset the counter
immediately after the receiver register is loaded with the count from the pre-
ceeding program cycle, thus permitting the next count te start from zero when
initiated by the trailing edge of the Load A command,

On the occurrence of each EOC pulse, clocked data-type latches on the
switch encoder board are updated with the cutputs from U20 of the receiver reg-
ister. The stored detection mode word is returned (middle bit inverted) to this
board, via board pins B13, C1, and C2, for combination by NOR gate UI10A.
As may be ascertained by referring to the detection mode code on the data word
diagram in Section 3 of this manual, the ouiput of NOR gate U10A is high only
when the receiver's detection mode is CW FIXED., The output of U10A is inverted
by U16E for application to the parallel entry command inputs of the BFO A/D
converter counter such that the counterloads a BFQ frequency code of 00000000000
(parallel inputs tied to ground externally tc the board} when in the CW fixed
detection mode, but operates in the counting mode for all other detection modes.
The CW FIXED logic high output from U10A is also applied to the reset input of
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data-type flip-flop MV UlbA, forcing the Q cutput low to enable NAND gate U10C,
which in turn permits the Load A command to be applied to the parallel entry
inputs of U18 and Ul9. Therefore, in the CW FIXED detection mode, the re-
ceiver updates with a BFO frequency code of 00000000000,

For detection modes other than CW FIXED, the output of Ul0A is low,
which permits the BFO frequency A/D converter counter to count clock pulses
and permits data-type flip-flop U15A to operate normally. The Lock signal
received on board pin C3 and applied to the data input (pin 2} of G15A is clocked
through to the @ output (pin 13} on the positive-going transistion of the Load
A cocmmand applied to the clock input (pin 11), thus permitting the Lock signal
(generated on the switch encoder board) to determine whether or not the BFO
frequency A/D converter output is loaded intc the front panel register at the
beginning of period 1 of a program cycle in which Load A occurs, As will be
discussed in the switch encoder board description, when not in the CW VAR
detection mode the L.ock line is high and prevents parallel loading of U18 and U118,
except when in the CW FIXED meoede in which the output of UlbA is forced low
by the reset input. In the CW VAR mode, the Lock line goes low the first time
the CW VAR button is pressed so that the BFQ frequency may be adjusted, and
the Lock line returns to high the second time the CW VAR button is pressed to
effectively lock the BFQO to the frequency set. Also, on return to the local
mode after a memory execute sub-mode, if the data word called up from memory
indicates the CW VAR mode, the Lock line will initially be high.

Manual Tuning Up/Down Counter. - The manual tuning up/down counter
comprises presettable up/down counter decades U25 through U3l. The tuning-
dial sense=-circuit (to be described below) clock output, the frequency of which
is proporticnal to the rate of rotation of the tuning dial, is applied in parallel
to the clock inputs of the counter decades (pin 15 of each decade), and the up/down
steering line from the tuning dial sense circuit is applied in parallel to the
up/down inputs of the counter decades (pin 10 of each decade). When the tuning
dial is rotated in the clockwise direction the up/down line goes high and the
counter counts up in 10 Hz steps, one for each clock pulse. The up/down line
goes low and the counter counts down in 10 Hz steps when the tuning dial is
rotated in the counterclockwise direction. ¥ach decade counts from 0 through
9 or 9 through 0 on positive clock transistions, returning ic 0 on each 10th count
counting up, or returning to 9 counting down. Decade counting is achieved by the
connection of the carry output (CO) of each stage to the carry input (CI) of the
following stage. Carry out (logic low) appears on the count of 9 when counting
up, or appears on 0 when counting down, provided the carry in from the pre-
ceeding stage is low. The carry output performs a clock enable function in-
ternally to the stage to which it is applied, such that the count can be advanced
(in either direction as determined by the up/down line) by the clock pulse only if
the carry from the preceeding stage is present. That is, if a stage generates
a carry out on the count of 9 (counting up) or O {counting down), on the next
clock pulse the stage to which the carry is applied will advance up or down one
count, then remain disabled until another carry is received. The BCD output,
representing frequencies from 500 kHz to 30.5 MHz as limited by the end-point
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recognition circuit described below, is available from the @ outputs of the overall-
counter decades. :

When the receiver is in the local operating mode or in the memory write
sub mode, Load A causes the count accumulated in the counter (@ outputs) to
be parallel loaded into the receiver register (D inputs of U21 through U24) on
the first Clock 2 pulse of period 1 (see front panel register description above),
In other modes Load A does not occur and the counter output is npt loaded into
the receiver register. However, in returning to the local mode from another
mode, a parallel load operation prevenis the receiver frequency from changing
from that programmed in the previous mode, until the operator deliberately
changes it by turning the tuning dial. In period 3 of the local/remote return
sub-mode, an inverted Load C pulse, received on board pin BN, is inverted
by U16D and U38C (pin 9 of NAND gate U38C is normally high) for applicatifff)
to the parallel entry command inputs (pin 1) of the up/down counter decades,
This parallel loads the tuned frequency data word presently in the front panel
register (Q outputs of U21 through U24) (clocked in from the receiver register
during periced 2 of the program cycle) into the parallel data {J) inputs of the up/
down counter. The up/down counter starting-point freguency is thus the most
recent frequency to which the receiver was tuned in the preceeding operating
mode, Ping 5 and 12 {C2 and C4 inputs) of quad multiplexer switch U32 are
normally high and route the 107 -decade data shift register outputs (I2 and I4
of U32) to the 10T -decade up/down counter stage (J1 and J2 inputs of U31) for
parallel loading as required,

End-Point Recognition Circuit. - The end-point recognition circuit com-
prises quad multiplexer switch U32, logic gates U38C, U39 A, B, and C, U40
A, B, and C, U4l B and C, NOR latch U4l A and D, inverter U37C, and two
one-shot multivibraters composed of U38B, U37E, CR7, R23, and C2 and U38D,
U378, CRG, R20, and C3. When the counter output frequency lies betwe
00.50000 MHz and 30.49998 MHz, inclusive, the outputs of U41C and U37C a’l
low, which results in a logic high output from U41B. Also, in the quiescent
state, capacitors C2 and C3 of the respective one-shot MV circuits are fully
discharged, such that the inpuis of inverters U37E and U37B are at logic low, I
and the corresponding outputs are at logic high. The logic high quiescent-state
output of U37B and the logic high in-range output of U41B produce a logic low
output from U3BD. The logic low from U38D, applied to gating inputs Cl1 and I
C3 of quad multiplexer switch U32, disables the I1 and I3 signal inputs, and
the logic high from U37B, applied to gating inputs C2 and C4, gates the two
10 decade bits (I2 and I4) of the tured frequency data word (from 1U24) through I
to the parallel inputs of up/down counter decade U31l. The quiescent-state high
output of U3TE enables U38C so that Load C is permitted to cause U322 to load l

the two parallel data bits from U24 as previously described. NOR latch U41 A
and D can be in either state when the up/down counter is in range.

If the operator rotates the tuning dial such that the count accumulated in
the up/down counter reaches the high-end limit of 30. 50000 MHz, all of the inpu
to U39 A and B go high, which results in a high output from U41C. This hi
causes pin 3 of U41A to latch at logic low (if not already in that state), and causes
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the cutput of U41B to go low, which in turn causes the outputs of U38 B and D
to go high. The high output of U38D, applied to gate inputs C1 and C3 of U32,
gates through the logic low output from the NOR latch. The logic high transitions
from U38B and U38D are applied to RC differentiators C2-R23 and C3-R20, re-
spectively, which convert the positive-step transitions to positive spikes. The
spikes applied to U37E and U37B cause the ocutputs of these inverters to go to
logic low for the duration of the charge times of C2 and C3, then return to logic
high. The logic low pulse outputs are returned to the U38 B and D inputs to
produce regenerative feedback which speeds up the low transitions of the pulses,
The logic low pulse from U37E is inverted by NAND gate U38C (Load C is normally
high} and causes U3l to parallel-load the two logic low bits gated through U32
from U41A. The logic high from U38D, applied tc gate inputs C1 and C3 of
U32, inhibits the 2 and I4 inputs while the two logic low bits are being loaded
into U31. The counter output, therefore, upon reaching the upper limit of 30,5
MHz, immediately is reset to 00.5 MHz. Immediately upon reset of the counter,
the output of U41C goes low, causing the output of U41B vo go high. This high
transition causes the outputs of U38B and U38D to go low, which in turn causes
the respective differentiator circuits tc tend to produce negative spikes. CR6 and
CR7 clip the negative spikes to protect the inputs of U37 E and B. The legic
low output of U38D which occurs as soon as counter stage U31 is loaded causes
multiplexer switch U32 to revert to the former quiescent condition. If the operator
continues turning the tuning dial clockwise, the count will continue to increase
but from the lower limit frequency to which the counter was reset.

If the operator rotates the tuning dial such that the count accurulated in
the up/down counter reaches the low-end limit of 00.49999 MHz, all of the in-
puts of U40A, B and C go to logic low, which results in the output of U37C
going high. The logic high from U37C sets up latch U41 A and D such that pin 3
of U41A latches at logic high, and causes the output of U41B tc go low. The
remaining action is identical to that described in the preceeding paragraph, except
that two logic high bits are parallel-loaded into U31 instead of two logic low
bits, as determined by the state of laich W41 A and D. The counter is there-
by reset to a count of 30. 4899 MHz, which immediately causes the end-point rec-
ognition circuit to revert to its former quiescent condition. If the operator con-
tinues to turn the tuning dial counterclockwise, the count will continue decreasing
but from the upper limit frequency to which the counter was reset.

Tuning Dial Sense Circuit, - The tuning-dial sense-circuit schematic
iz located on the lower portion of sheet 1 of the front panel register schematic.
This circuit provides clock and up/down steering lines to the up/down counter
described in the preceeding paragraphs. The output clock rate is non-linearly
proportional to the rate of rotation of the tuning dial, as described in the operating
instructions in section III of this manual, and the logic level of the up/down line
is a function of the direction of rotation of the tuning dial.

- The tuning dial sense circuit receives two inputs (board pins C14 and
CR} from two photodiodes in the tuning dial encoder assembly. As will be dis-
cussed in the schematic description for that assembly, these two sipnals are
square waves of frequency proportional to the rate of rotation of the tuning dial,
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and are identical except for a4 90° phase relationship dependent upon the direction
of rotation. Inverters U24D-U36F and U42C-U36B are connected in regenerative
feedback configurations which causes these circuits to perform similarly to schmitt
triggers. These circuits reduce the rise and fall times of the leading and trailing
edges of the squarewaves received from the tuning dial encoder assembly, nec=-
essary to meet clock input reguirements of edge-triggered data-type flip-fiop
MV's U34A and U34B, particularly at low tuning-dial rotation rates for which
the photodiode-output rise and fall times are longest.

The shaped ''clock" squarewave is applied to the clock inputs of flip~flop
MV's U34A and U34B, and the shaped ''direction' squarewave is applied to the
data input of U34A. Taking the ''clock' squarewave as reference, if the tuning
dial is rotated in the clockwise direction, the "direction'' squarewave lags the
"clock' squarewave by 90 degrees, such that the data input of U34A is low every
time a clock input high transition occurs. This low is clocked through U34A,
and the output of U34A siays low until the direction of rotation is reversed. Simi-
larly, if the tuning dial is rotated in the counterclockwise direction, the ''direction"
squarewave leads the ''clock” squarewave by 90 degrees, such that the data input
of U344 is high every time a clock input high transition occurs. The logic high
is clocked through U34A, and the output of U34A stays high until the direction
of rotation is reversed. The output of U34A is inverted by US36A for application
to the up/down counter. An input {(external sense) received on board pin CM
from an optional control box {via filter A24) external to the receiver may control
the up/down line. The junction of R31 and R12 performs a wired-OR function
for the two control sources.

The clock generator circuit utilizes an averaging circuit that requires
constant-width input pulses, one for each logic high transition of the tuning dial
encoder assembly ''clock" output squarewave. Data-iype flip-flop U34B is con-
nected in a one=-shot MV configuration to serve this purpose. Assume an initizl
quiescent condition in which the @ output of U34B is low, in which case C8
is fully discharged and the reset (R) input is low. Upon reception of a high
transition on the clock (C} input, from the clock shaping circuit, the +5 V supply
voltage (VDD1) on the data {D) input is clocked through, and the Q@ output goes
high. CR5 is reverse-biased and C8 begins to charge slowly through R10. When
the charge on C8 reaches the minimum TTL logic high level, approximately 2
volis, the @ output of U34B is reset to logic low. CR5 now is forward biased
and quickly discharges C8, thus returning the circuit to the former quiescent
condition. The low=~-going pulses from the complementaryTQ output are inverted
by U36D for application to the averaging circuit,

The averaging circuit is composed of averaging components C5, R27, CR4,
R16, and C11, and quick-stop discharge components CR3, C4, R14, and Q1.
Emitter-follower @2 is the averaging-circuit ocutput buffer, With no pulses re-
ceived from U36D, the voltage at the base of Ql is 0 V. The dc current path
through R27and CR4 tends to charge Cl1 toward the positive voltage at the junction
of R16 and R17; however, Q1 becomes forward biased and clamps the C11 voltage
to one emitter-junction drop of 0.8 V. The output voltage of emitier-follower
Q2 is therefore 0 V, due to its emitter-junction voltage drop. A positive pulse
output from U36D is coupled to the base of Ql by CR3, reverse-biasing Q1 and
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charging C4 to the peak pulse level (less one diode drop). The pulse also is
coupled to the cathode of CR4 sc that CR4 becomes reverse-biased when the
pulse voltage exceeds the voltage at the junction of R16 and R17. (R17 adjusts
the CR4 clamp voltage for stable operation of the cirecuit.) C5 charges, and
C11 charges to a higher level, through R27 at a rate determined by the wvalue
of R27 and the peak pulse voltage. Since the pulse is short, C11 does not charge
to the peak pulse level. On the trailing edge of the pulse CR3 becomes reverse
biased and C4 starts to discharge through R14. The voltage developed across
R14 keeps Q1 reverse biased for a short period. Also, CR4 becomes forward
biased and quickly discharges C5. However, the discharge rate of C11 is limited
by the value of R27, and if additional pulses are received before (4 discharges
to the point where Q1 again becomes forward biased, the voltage on C11 will
be proportional to the average pulse rate (and therefore the tuning dial rotational
rate). If the cperator stops turning the tuning dial so that no more pulses are
generated, after a short time C4 will be discharged to the point where Q1 again
becomes forward biased, quickly discharging C1l1 to return the circuit to the
guiescent condition, This quick-discharge feature prevents overshoot in case
the operator suddenly stops turning the tuning dial.

The averaging circuit output from emitter-follower Q2 is applied to FET
transistors Q3 and Q4, which in turn control the frequency of VCQO-cperated timer
733, C12 is the timing capacitor, and Q3 and Q4 serve as voltage-controlled
resistive dividers which are also part of the timing circuit. Q3 and Q4 are
operated at the knee of their dynamic operating range, which results in the VCO
output frequency being exponentially proportional to the averager output voltage,
and, therefore the tuning-dial -rate of rotation. Resistor R18 adjusts the op-
erating range of @3 and Q4. At low tuning-dial rotational rates, the averager
output is virtually zero, which in itself, results in little or no output from the
VCO. However, the one-shot MV output pulses applied to the averaging circuit
are also applied directly to the VCO-operated timer via inverter U38E. These
pulses cause U33 to produce one output pulse for each input pulse, which there-
fore permits high-resolution (10 Hz steps) tuning. At slightly higher rotational
rates the averager output takes hold and starts to increase the output frequency
of the VCO. At even higher rotational rates the averager output dominates and
the VCO frequency is exponentially proportional te the rate of rotation. Rapid
band-edge to band-edge tuning is thus easily achieved. The VCO ouiput is applied
to the up/down counter clock inputs via parallel-connected (for additional drive)
NAND pgates U35 A, B, and C. Inverted Load A applied to the enable inputs
of the NAND gates prevents the up/down counter from incrementing while the front
panel register is updating.

An external tuning control voltage, received on board pin CN from the
optional tuning control box via tuning connector filter A24, permits the optional
tuning control box to tune the receiver in conjunction with the up/down input from
the optional control box described above. The external control voltage is applied
to the gates of @3 and Q4 in parallel with the averager output.

Power-Down Battery. - BT1 is the power-down battery. When the
receiver is operating normally, BT1 is kept fully charged to +5 V via diode CR2Z,
When power fails, the +5 V regulated supply voltage drops to zero, and CR2
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becomes reverse-biased to keep BT1 from discharging through receiver circuitry
not meant to be supplied by the battery. The battery voltage is applied to the
memories and assoclated gates on this board and to the interrupt circuit on
the program sequencer board.

4,5.2.3 Type 791137 Switch Encoder Board (A21). - This board contains the
front panel pushbuttons, pushbutton lighting circuits, and logic circuitry related
to pushbutton and lighting circuitry operation. Figure 7-23 is the schematic dia-
gram for A21l.

Pushbutton Circuitry and NAND Latches. ~ The left half of the sch-
ematic shows the detection mode, gain mode, and IF bandwidth-select pushbuttons
(except CW VAR button - shown at lower right), pushbutton coding gates (diode
arrays), and eight NAND latches which store the selections made by these push-
buttons or made automatically by inputs from the front panel register. NAND
latches U8 A and C, Ui13 C and A, and Ul3B-USB store the detection mode code,
NAND latches U9 C and A and Ul0 B and A store the gain mode code, and NAND
latches U12A-U10C, Ull C and B and U12B-U1lA store the IF bandwidth cocde.
These logic codes are routed to the front panel register board for loading into
the front panel register at the beginning of period 1 (in local mode only} of the
program cycle, as explained in the description of the schematic and in the func-
tional block and timing diagram descriptions.

Since Load C occurs for local-return sub-mode cycles only, assume for
the time being that the unit is in the normal local operating mode, in which case
the Load C beoard input (pin 5) is, high. This input is inverted by Ul7A, so
that NAND gates U2 A and B, U4 C and C, Ub A, B, C, and D, U6 A, B,
C, and D, and UT A, B, C, and D are disabled. With these NAND gates disabled,
the detection mode, gain mode , and IF bandwidth shift-register outputs, received
on board pins 16, 13, U, 17, F, 6, E, and 4, cannot control the states of the
NAND latches. The outputs of the disabled NAND gates are logic high, which
therefore permits the outputs of the pushbutton diode-legic arrays to control the
NAND latches.

The diode~-logic arrays are connected in OR configurations which route
the pushbutton momentary outputs to appropriate NAND latch inputs. With no
pushhutton pressed, +5 V supply voltage is applied to the NAND latch inputs via
resistors R2 through R18, holding the respective latch inputs at logic high. The
latches therefore remain in the states set up by previous pushbutton or automatic
control {Automatic preset of the latches in period 3 of a local/remote return sub-
mode cycle is described below). If a button is pressed, pull-down logic low
(assume for the present that the outputs of U22D and UZ22F are low) is coupled
by diodes to the two or three laiches which produce code bits corresponding to
the function being selected. The pushbutton sets up the latches for high or low
outputs, depending on the latch inputs to which the pushbutton outputs are applied.
The dicdes connected between these same latch inputs and other pushbuitons be-
come reverse biased to prevent the logic low from being applied to other latch
inputs.
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Diodes CR26, CR27, and CR28 couple the ISB, LSB, and USB detection
mode pushbutton outputs to the "position 5' (8 kHz) IF bandwidth pushbutton circuit,
so that when the operator selects ISB, LSB, or USB, the 8 kHz bandwidth is
automatically selected. NAND gates U2C and U2D decode the detection mode code
such that the output of inverter U22D is high for ISB, LSB, and USB detection
modes, and low for all other modes. The logic high disables all IF bandwidth
pushbuttons except the 8 kHz button, thereby preventing selection of other band-
widths when ISB, LSB, or USB detection mode is selected. (The respective de-
tectors in the receiver section require the wider IF bandwidth for these detection
modes. )

Diode CR29 couples the ISB detection mode pushbutton output to the normal
AGC (NAGC) pushbutton circuit, so that normal AGC is selected when the ISR
detection mode is selected. This is done because the ISB demodulators require
that the receiver section be operated in the normal AGC mode to provide proper
output. NAND gate Ul2C detects when the receiver is in the ISB mode, and
disables the hold AGC (HAGC) button by providing logic high via inverter U22F.
The manual gain mode button (MAN) is not disabled, however. The latch which
provides the inputs to U12C (U23) is described below. '

As discussed above in the functional block diagram description, if the unit
is returning to local from power failure or another mode, it is necessary to
preset the NAND latches. Therefore, the unit goes through a return sub-mode
cycle before returning to local, in which Load C occurs (see timing diagram)
at the beginning of period 3 of the program cycle. Load C (output of U17A) enables
gating NAND latiches U2 A and B, U4 C and D, U5 A, B, C, and D, U6 A,
B, C, andD, and U7 A, B, C, and D, permitting the detection mode, gain mode,
and IF bandwidth codes, received from the shift register on the receiver reg-
ister board via board pins 16, 13, U, 17, R, 6, E, and 4, to set up the NAND
latches with the codes on the data word. The codes stored in the latches are
returned to the receiver register for loading at the beginning of period 1 of the
next program cycle. These NAND pgates are disabled at all other times.

Pushbutton Lighting Circuits. - The detection mode, gain meode, and
IF bandwidth codes from the receiver shift register are loaded into data-type
clocked storage latches U23 and U24 by the EOC pulse (received on board pin 19
and applied to clock input pin 5 of each latch) during period 3 of each program
cycle. The inverted or non-inverted {Q" or @) latch outputs are buffered (and
inverted if necessary), then applied to BCD-~decimal decoders U20 and U21 and
decoding NAND gates Ul8 C and D and U18A, which outputs in turn illuminate
the pushbuttons corresponding to the detection mode, gain mode, and IF band-
width indicated by the data word. Stored detection mode outputs are also applied
via board bins X, H, and K to the BFO A/D converter circuit on the front panel
register board, for use as discussed in the schematic description for that board.

The inhibit input of the detection mode decoder, U20, is operated by NOR
gate U14A. The NOR gate output goes high to inhibit U20 only when all four
inputs go low. This inhibit feature is used to flash the CW VAR light when the
VAR BFQO contrel is active while in the variable cw detection mode. The output
of low-frequency=~connected-oscillator timer U115 is connected to one input of the

4-93




CIRCUIT DESCRIPTION WJ-8888

NOR gate, to flash the light when the other inputs are low. Since the VAR BFO
control is active only while the unit is in the local mode or memory write sub-
mode, one of the NOR gate inputs must go low when the unit goes to the local
mode. U3A performs this function by decoding the two most significant mode
code bits, received on board pins ¢ and J from the program sequencer board.
NOR gate U14B and inverter U22E provide a logic low input tc Ul4A when the
data word indicates that the variable cw detection mode is in effect.

The output of data-type flip~flop U1l provides the remaining input to U1l4A.
Ul and Ul4B also produce the board lock output (pin W), thus coordinating the
flashing of the BFO VAR button with the loading of the BFO frequency code into
the front panel shift register. When the unit is not in the variable BFO detection
mode, the logic high output from U22E holds Ul in the reset condition, such
that the @ output holds at logic high. This logic high prevents the BFO fre-
quency A/D converter output from being loaded into the front panel shift register
(except while in the fixed BFO detection mode), as covered in the schematic
description for the front panel register board. When in the variable BFO detection
mode, the logic low output of U22E permits the board Lock output and the flashing
of the CW VAR button to be controlled by the CW VAR button via NAND latch
U3 C and D and Ul. The NAND latch eliminates the effects of button bounce,
and Ul functions as a_2:1 divider. Upon the establishment of the variable cw
detection mode, the Q (lock) output of Ul is initially high, so that the button
light is steady and BFO A/D converter data is prevented from being loaded into
the front panel register. The output of Ul goes low the first time the CW VAR
button is pressed so that the button light flashes and BFO A/D converter data
is permitted to load into the front panel register (at the beginning of period
1 ags commanded by Load A). The output goes high again the second time the
button is pressed, restoring the initial conditions. .

Note that the input on board pin V, received from the execute circuit on
the program sequencer board, is normally low. This output goes high only for
memory execute sub-mode program cycles, ensuring that Ul is reset to the lock
condition (@ output high) as an initial condition upon reverting to the local mode
from a memory execute sub-mode. (The unit automatically goes through a local/
remote return sub-mode cycle after a memory execute sub-mode cycle, then re-
verts to the major local operating mode.) If while in the local operating mode,
a detection mode other than variable BFO is in effect, and the variable BFO mode
is selected by pressing the CW VAR button, Ul will initially be in the lock condi-
tion by virtue of the previous preset output of Ul4B. Note that the detection mode
code selected from the front panel must be loaded into the front panel register,
clocked to the receiver register, and then returned to the front panel register
and clocked into storage latch U23 before the output of U14B can change to permit
U1l to be operated by the CW VAR button. This delay ensures that the selection
of CW VAR by pressing the button does not change the state of Ul to interfere
with the establishment of BFO lock as the initial condition.

If in the remote mode the data word indicates the variable BFO detection
mode, so that the CW VAR button illuminates, if the operator presses the CW
VAR button once (or an odd number of times}, the button light will remain steady
and the front panel register will not load BFO A/D converter output data (because
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TL.oad A does not occur). However, upon return to the local operating mode,
the initial conditon will be unlocked variable BFO, with the button light flashing
(unless the button was pressed an even number of times while still in remote).

The two most significant bits of the mode code received on board pins
9 and J operate the REMOTE, LOCAIL, and MEMORY button lights via U19 B,
C, and D, Ul7 B, C, and F, and decoding NAND gate U3A. The output of low-
frequency oscillator U15 is applied to one input of U1l8D i0o cause the MEMORY
button to flash when in the memory operating mode. (Flashing of the MEMORY
button is a reminder to the operator that the frequency displayed may not re-
present the actual tuned frequency of the receiver.) The output of U3A, which
is logic low for the local operating mode, was already discussed ahove in re-
lation to the input of Ul4A. This cuiput alse functions to enable the ENTER
button while in the local mode. The ENTER button output is applied to the corre-
sponding circuit on the program sequencer beard. While in the local mode, before
the ENTER button is pressed the input on board pin 3, from the program sequenc-
er board, is at logic low. The first time the ENTER button is pressed, the input
on board pin 3 goes high, causing lamp drivers Q1 and Q2 to light the ENTER
button lamp. The second time the button is pressed the input goes low again and
the light extinguishes (at the same time the memory write sub-mode is executed).

The LOCAIL, REMOTE, MEMORY, and EXECUTE pushbuttons operate
in conjunction with the mode code circuitry on the program seguencer board. The
LOCAL button provides logic low when pressed, while the remaining three provide
open circuits which permit pull-up resistors on the program sequencer board to
produce logic highs, The EXECUTE button alsc provides a ground which causes
the button light to illuminate when pressed. .

The SIGNAL STRENGTH and LINE AUDIC buttons operate NAND latch U18
A and B, which in turn drives corresponding hutton lights and provides a select
logic output (board pin 22} to the meter circuit in the receiver section (boards
Al3 and Al4). The NAND latch permits the most recently pressed button to
illuminate, while the other remains extinguished. The button light illuminates
when the corresponding latch output is logic low. Diodes CR53 and CRb54 prevent
the light supply voltage from being applied to the +5 V NAND inputs when the
respective latch outputs are at high-impedance logic high (for which the lights
are off). In this case an open input circuit serves as logic high.

Transistor @3 is an emitter follower which converts the +10 V supply
voltage to a lower veolage for supplying the button lights. The setting of variable
resistor R25 determines the exact lamp supply voltage, thereby controlling the
lamp intensity. A logic low output from any of the lamp drivers causes the lamp
to illuminate, while on logic high the driver presents a high impedance so that
insufficient current flows to illuminate the lamp.

4.5.2.4 Type 791140 Receiver Register Board (Al7). - Refer to the schematic,
Figure 7-19. The receiver register board contains the receiver shift register,
storage registers for storing shiff register output data, logic decoders, a signal
strength A/D converter, an rf gain A/D-D/A converter, a preselector range de-
coding circuit, and the data multiplexer. These circuit sections are shown on
the simplified block diagram, and are touched on briefly in the block diagram
description.
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Multiplexer. - Quad switch U38 ig the main data multiplexer for the
digital control section. Multiplexer inputs VI-1 through VI-4 receive the remote
data word from the I/O module (via board pin B20), the front panel and memory
data words from the front panel register board (via board pins B7 and BS,
respectively), and the receiver register data word output from pin 2 of U7 on
this board ("A'"' input), respectively. The four outputs of U38 (VD-1 through VD-4)
are connected together to form the common data node. The data node is connected
to 132 on this board, which is the first stage of the receiver shift register,
and to the I/O module and the front panel register boards via board pin C4.
Data word routing is described fully in the functional block diagram description
and need not be mentioned further here. The binary-coded multiplexer address
inputs received on board pins AA and BH, from the program sequencer board,
are decoded by NOR gates U37 A through D and inverters U45E and U4bF. The
decoder outputs are applied to the guad switch channel-select inputs; logic high
is the select level. Refer to Table 4-7 for the multiplexer address code.

Receiver Shift Register. - The receiver register is composed of tandem-
connected shift register sections U32 and Ul through U7. The shift register sec-
tions are parallel-clocked by the Clock 2 pulses received on board pin C3 from
the program sequencer board. Clocking occurs on the trailing edges of the Clock
2 pulses, to permit time for the completion of the memory write function (on
leading edges of Clock 2) before the data from the receiver shift register changes.
The serial data word is clocked into the receiver shift register during period
1, and clocked out again in period 2. Data clocked in during period 2 is clockec
out again during the next period”l and not used. 64 period-1 clock 2 pulses
clock the data bits through U32 (in pin 1, out pin 3}, through Ul (in pin 10,
out pin 1), then through the six identical tandem-connected stages U2 through
U7 (in pin 7, out pin 2 of each shift register stage). After the completion of
the last Clock 2 pulse of period 1, the data word is fully loaded into the shiit
register chain, with the first bit (unused bit - logic low) applied to the multi-
plexer from the output of U7 (pin 2 of U7 connected to pin 8 of U38), and with
the data bits in U2 through U7 applied via the parallel (Q) outputs to storage
register (U8 through U198} inputs corresponding to these bits. The locations of
the various data bits in these shift register sections may be ascertained by refer-
ring to the corresponding storage register output designations on the schematic.
Also, the signal strength data bits are located in U32, and the rf gain data bits
are located in Ul. TU32 and Ul are 8-bit shift registers; however, only seven
parallel-output (PI2 through PI8) lines are connected to U32, and only seven paral-
lel input (A2 through A8; Al is fixed at logic low) and seven parallel output
(B1 through B7) lines are shown connected between the A/D-D/A converter and
U1l. The unused bits of these shift registers are the two spare bits shown on the
data word diagram as preceeding the most significant bits of the rf gain and signal
level data words. Note that at this point that the seven bits in Ul are properly
positioned with respect to the seven parallel output lines, ready for parallel
loading into binary counters U20 and U21 of the D/A-A/D converter (only if in
the remote operating mode); however, these bits and the seven bits in U32 are
not yet properly positioned with respect to the parallel-load input lines. This off-
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set is required for a synchronous load operation explained below. (The A/D and
A/D-D/A converters to which these lines are connected are described below. )

Load B received on hoard pin AB is inverted by U45D to produce Load B
for executing shift register and storage register load operations at or near the
beginning of period 2. Load B also controls the signal strength and rf gain A/D
converters. Although these converters will be described completely below, it
is appropriate at this point to mention that if in the remote operating mode, at the
beginning of period 2 the leading edge of Load B causes binary counters U20
and U21 to parallel-load the rf-gain data word from U1 {(in other modes this load
operation does not occur). Storage registers U8, U39, and Ul0 load on the low-
going transitions of their clock (pin 10) inputs, making it necessary for Load B
to be inverted by U28C so that these storage registers are updated at the beginning
of pericd 2 by the leading edge of Load B. The most significant bit of the de-
tection-mode code is applied, via U26B, to the word select inputs of the BFO
ifrequency storage registers. If the MSB is logic low {AM, FM, BFO fixed,
BFO wvariable), the storage registers load Word 1 (BFO data from the shift reg-
ister); if the detection-mode code MSB is logic high (ISB, LSB, USB, AM-NL),
the storage registers load data Word 2 (A2 through D2 inputs of each register),
which is fixed for all bits except bit 12 (X10000000000 - with the "X'" indicating bit
12, which is obtained from the shift register and is the spare bit shown pre-
ceeding the BFO-frequency MSB on the data word diagram),.

C16, R15, CRS5, and U24C comprise a one-shot multivibrator circuit which
produces a low-going 5 us pulse in response to the low-going leading edge {ransi-
tion of the L.cad B outut of U28C. This pulse is applied to the load command
clock inputs {pin 5 or 8) of storage registers Ull through Ul8. These reg-
isters, which load on the high transitions of their clock inputs, therefore update
with data from the shift register approximately 5 us after the beginning of period 2
of the program cycle, This delay prevents detection mode code storage register
U1l from updating until after the BFO storage register (U8, U9, and U10) word
selection has stabilized, and also prevents the trailing edge of the last Clock 4
pulse (received on board pin A5 and applied to U4l and U42) of period 1 from
updating the preselector range decoding circuit while the storage registiers are
updating. (The preselector range decoding circuit, comprising U4l and U44, is
described fully below,)

When LLoad B goes high at the begimming of period 2, shift register stages
U32 and Ul change from serial tc parallel operating modes. The first Clock
2 pulse of period 2 therefore shifts all bits in the overall shift register cne posi-
tion except the signal strength and rf gain bits in U32 and Ul. This results
in logic low being clocked into the first position of shift register stage U2,
which ensures that the unused bit preceeding the rf gain MSB is logic low. Shift-
ing the data word forward one bit causes the active output bit to be replaced by
bit 2 as should occur as part of normal shift register operation. The first Clock
2 pulse of period 2 also causes (J32 and Ul to synchronously parallel-load the
respective A/D converter outputs. The parallel data is loaded one bit ahead
of the formerly-mentioned fully-loaded positions, since the overall data word must
advance one bit on occurrence of the first Clock 2 pulse. Note that parallel-input
bit 1 of Ul (pin 16) is obtained from NOR gate U22B. Because board pins C6
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and C8 are grounded and pin C7 is fixed at logic high, this input is held at
logic low by U22B, thus ensuring that the unused bit preceeding the signal level
MSB (see data word diagram) is logic low. (The fault output from the 2nd LO/
BFO is not used. )

The detection mode, IF frequency, and gain mode binary codes stored in
registers Ull and Ul2 are decoded by decoders U35, U36, and the decoder
composed of U23 C and D and U40 A through D, and the decoder outputs are
applied to the receiver section. The function-select output level of each decoder
section is logic high. Refer to the data word diagram for tables of the binary
codes. ' '

Preselector Range Decoding Circuit. - The preselector range decoding
circuit is composed of read-only memory (ROM) U43, 5-bit digital comparators
U41 and U42, up/down counter U44, and associated components including the AND
gate composed of CR8 through CRY9 and R16. The two 5-bit comparators are
connected in cascade to form an overall 9-bit comparator. This comparator
compares the 2 most significant bits of the BCD tuned~frequency select outputs
of storage registers U1l7, Ul8, and UlS to the binary-coded output of the ROM.
The AND gate comprising CR6 through CR9 and the carry output {pin 12) of the
up/down counter decode the upper counter limit for application to the comparator’s
MSB input. Inverters U28 A, B and D at the output of the comparator change
the sense of the comparison (A > B becomes B> A, A< B bhecomes B< A, and
A = B becomes A % B); however, the method of clocking the counter again reverses
the sense of the comparison, as follows:

The up/down counter U and D input lines (pins 5 and 4, respectively)
serve both to clock and steer the counter. Clocking occurs on a high transition
of either input, while direction of count is determined by which input receives
the clocking transition while the other input remains high. These transitions are
controlled by the Clock 4 pulses received on board pin A5 and applied to the
Enable input (pin 1 of U42} of the comparator. When Clock 4 is high, all three
comparator outputs are low, which in turn results in both counter inputs being
high. The comparator updates on the low-going transition of the Clock 4 pulse,
and also at this time the comparator output is enabled so that the counter U or
D line goes low. The counter does not count at this time, however; instead,
the count occurs on the high iransition ¢f the U or D line when the comparator
is disabled on occurrence of the next Clock 4 pulse. This action again reverses
the sense of the inequality, as mentioned above. For example, if at the end of
a Clock 4 pulse B is greater than A, the counter D input will go low and the U
input will remain high. On occurrence of the next Clock 4 pulse the D input will
go high again and the counter will count down one count., Similarly, if at the end
of a Clock 4 pulse A is greater than or equal to B (the outputs of U28A and U28B
are wired-OR connected), the counter's U input will go low and the D input will
remain high. On occurrence of the next Clock 4 pulse the U input will go high
again and the counter will count up one count.

The counter's three most significant bits are inverted by U4 A, B, and
C for application to the receiver preselector circuit via board pins Al, A2,
and A3. The binary code output of the up/down counter is therefore the opposite
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of the code shown in Table 4-8. That is, the counter's highest count (1111}
produces the lowest output code (000}, and the counter's lowest count (0000}
produces the highest output code (1111). {The LSB output of the counter is
applied to the ROM but not to the preselector code output. )

Each binary code output of the counter causes the ROM to produce a BCD
output code corresponding to the lower frequency limit shown in Table 4-8 for
the three bits of the range represented by the code. As long as the comparator's
B input is less than the A input, or as long as the B input is greater than the
A input, the counter will continue to count up or down, respectively, on each high
transition of the Clock 4 input. When B = A or is less than A but within the
range indicated in Table 4-8 for the binary code input to the comparator, the
counter counts up one bit, which then causes B to be greater than A. This
immediately causes B to again equal or be less than A, SO the counter countis
up again on occurrence of the positive transition of the next Clock 4 pulses, and
the process continues. Because only three of the four counter outputs are used
for the preselector code, the constantly changing LSB does not affect the selection
of the preselector.

Table 4-8. Preselector Code

Binary Code
Frequency Range, MHz

22 2! 2°
0.5-0.8 0 0 0
0.8-1.2 0 0 1
1.2-2,40 0 1 2
2.0-3.4 0 1 1
3,4-6.0 1 0 0
6.0-10.0 1 0 1
10.0-18.0 1 1 0
18, 0-30.0 1 1 1

Signal Strength A/D Converter. -~ This circuit comprises cascaded binary
counters U33 and U34, D/A converter U31, operational amplifier U30A, compara-
tor U39, NOR latch U47C-U47D, NOR gate U22C, differentiator C1-CR1-R1,
driver U25C, and inverters U24 A, D, E, and F. The circuit functions as follows:

Inverter U24A inverts the Load B pulse received from U45D, and the
inverted Load B pulse is differentiated by Cl and R1. Diode CR1 eliminates
the negative differentiator spike. The positive differentiator spike, which occurs
on the trailing edge of Load B, is converted toa low-going 5 us {(approximately)
pulse by inverters U24 D, E, and F. This relatively short pulse is applied to the
resét inputs (pin 13) of cascaded binary counters U33 and U34 to reset the counter
outputs to zero. Digital~to-analog converter U3l converts the counter binary
zero output to a zero current output, which is in turn converted to 0 V by opera-
tional amplifier U30A. The operational amplifier output is applied to the inverting
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input of comparator U38. The signal strength voltage, received on board pin C15
from the the receiver section, and applied to the reference input of the compara-
tor, is negative. Therefore, the output of comparator U39 is logic low. This
logic low, in being applied to one input of NOR latch U47C-U47D, permits the
positive differentiator spike applied to the ctherlatch input to reset the latch output
to logic low. This logic low permits NOR gate U22C io pass 250 kHz system
clock pulses received on board pin C13 from the synthesizer section. The
counter begins counting these clock pulses upon termination of the logic low reset
pulse, which occurs approximately 5 us after the trailing edge of the Load B
pulse. Asthe countincreases, the D/A converter analog output current increases,
causing the output voltage of U30A to increase in the negative direction.

As the count increases the point will eventually be reached when the neg-
ative output voltage of U30A equals (or rather, very slightly exceeds) the negative
signal strength input voltage. At this point the output of comparator U39 changes
from logic low to logic high, causing the NOR latch to change state. The resulting
logic high output from the NOR latch disables NOR gate U22C, thus stopping the
counter. Because the counter counted for a period proporticnal ito the signal
strength voltage from the receiver section, the counter's binary code cutput is
numerically proportional to this voltage. This data is parallel-loaded into shift
register section U32 on the trailing edge of the first Clock 2 pulse of period 2
in the next program cycle, as previously described. Scon after the data is loaded,
the trailing edge of Load B again resets the counter and the NOR latch, thus
initiating a new counting cycle.

RF Gain A/D-D/A Converter. - The rf gain A/D-D/A converter functions

similarly to the A/D converter described in the preceeding paragraphs. The
converter is composed of D/A converter U27, tandem-connected binary counters
U20 and UZ2l, operational amplifiers UZ8A, U29B, and U30B, comparator 1746,
FET switches Q1 and Q2 with switch drivers Q3 and Q4, NOR latch U47A-U47B,
NOR gate U22A, NAND gates U23A and U23B, differentiatoers C1-R1-CR1 and
C2-R2-CR2, and associated inverters and drivers. When the receiver is in the
local operating mode, the rf gain input voltage, received on board pin C17 from
the RF GAIN potentiometer on the front panel, is converted to a binary code for
loading into section Ul of the receiver shift register. This code is also converted
back to an analog voltage and applied, via board pin C22, to the gain control
input of the receiver section., When in the remocte operating mode, the gain control
data from the receiver register is converied to an analog voltage for controlling
the receiver gain.

When the receiver is in the local operating mode, L/R status board-input
pin BC is at logic low, which disables NAND gate U23A and enables NOR gate
U22A. Inverter U24B converts the L/R status logic low to logic high, which
is used to enable NAND gate U23B, turn off transistor @3, and turn on transistor
Q4 via inverter U28F. WithQ3 off, CR3 becomes forward biased such that neg-
ative voltage is applied to the pate of FET Q1 and turns it off. With Q4 on, positive
voltage (+5 V) applied to the cathode of CR4 reverse biases CR4, resulting in
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0 V being applied to the gate of FET Q2, turning it on. The pogitive voltage
from the RF GAIN potentiometer (board pin C17} is therefore applied, via X1
non-inverting operational amplifier buffer U30B and FET Q2, directly to the
board rf gain output, pin C22. Trimmer-potentiometer R14 is used to match the
manual gain control voltage to an equivalent A/D converter-output gain control
voltage passed by FET Q1 when in the remote operating mode. The gain control
output voltage of U30B is also applied as a reference to the inverting input of
comparator U46.

C2~CR2-R2 and C1-CR1-R1 are identical differentiator circuits which pro-
duce positive spikes. The L.oad B output of inverter U24A drives differentiator
Cl-CR1-R1, and the lL.cad B output of U45D drives differentiator CZ2-CR2-R2.
Therefore, C2-CR2~-RZ produces its spike at the beginning of period 2 of the
program cycle, on the leading edge of IL.cad B, while C1-CRI1-R1 produces its
spike on the trailing edge of Load B. Since U23A is, at this pecint in the des-
cription, assumed disabled, the corresponding differentiator output does not reach
the parallel-load data strobe input of binary counters U20 and U21. NAND gate
T23B, however, passes and inverts the positive spike output of differentiator C1-
CR1-R1. U23B and U253C are two-state devices which convert the differentiator
spike output to a short (5 us, approximately), logic low-going pulse, which is
applied to the reset inputs of U20 and U2l to reset the counter outputs to zero.
Digital-to-analog converter U27 converis the resulting binary zero output ‘rom
the counter to a zero-current output, which is in turn converted to 0 V by opera-
tional amplifier U29B. The output of U29B is applied via X1 inverting operaticnal
amplifier U29A to the non-inverting input of comparator U46. Since the compara-
tor's inverting input is positive, the output of the comparator is logic low. This
logic low, in being applied to one input of NOR latch U47A-U47B, permits the
positive spike from differentiator C1-CR1-R1 to reset the latch output to logic
low. This logic low and the L/R status board input logic low permit NOR gate
J22A to pass 250 kHz system clock pulses received on board pin C13 from tihe
synthesizer section. The counter begins counting these clock pulses upon term-
ination of the logic low reset pulse, which occurs approximately 5 us after the
trailing edge of the Load B pulse. As the count increases, the D/A converter
analog output current increases, causing the output voltage of U28A to correspond-
ingly increase. As the count increases the point will eventually be reached when
the output voltage of U28A equals (or rather, very slightly exceeds} the rf gain
voltage applied to the inverting input. At this point the ocutput of comparator U46
changes from logic low to logic high, causing the NOR latch to change state.
The resulting logic high output from the NOR latch disables NOR gate U224,
thus stopping the counter. Because the counter counted for a period proporticnal
to the rf gain voltage from the front panel potentiometer, the countier's binary
code output is numerically proporticnal to this voltage. This data is parallel-
loaded into shift register section Ul on the trailing edge of the first Clock 2
pulse of period 2 in the next program cycle, as previously described. Soon after
the data is loaded, the trailing edge of Load B again resets the counter and the
NOR latch, thus initiating a new counting cycle.
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®

When the receiver is in the remote operating mode, the L/R status board-
input pin BC is at logic high, which enables NAND gate U23A and disables NOR
gate U22A. Inverter U24B converts the L /R status logic high to logic low, which
is nged to disable NAND gate U23B, turn on transistor @3, and turn off transistor
Q4. Q3 and Q4 in turn, turn on FET gating transistor Q1 and turn off FET Q2,
thus permitting the D/A converter output to control reciever gain. Since U22A and
723D are disabled, the binary counters do not count and are not reset. However,
NAND gate TI23A now passes and inverts the positive spike output of differentiator
C2~CR2-R 2, U23A and U26A are two-state devices which convert the differentiator
spike output to a short (5 us, approximately), logic low-pgoing pulse, which is
applied to the parallel-load command {(data strobe) inputs of U20 and U21. There-
fore, U20 and U21 serve as storage registers which parallel-load the ri gain data
from shift register section Ul on the leading edge of the Load B pulse, which .
oceurs at the beginning of period 2 of the program cycle. DfA converter U27 and
current-to-voltage converter U28B convert this data to a voltage cutput which is
applied, via inverting X1 coperational amplifier U28A and FET switching transistor
Q1, to board pin C22 for application to the receiver section gain control input,
The gain control data word stored in the counter is also parallel-loaded into shift
register section Ul on the trailing edge of the first Clock 2 pulse of period 2, as
previcusly described.

4.5,2.5 Type 791202 Tuning Dial Encoder Assembly (A25). ~ This assembly
converts tuning dial rotation to two sqQuare wave outputs of frequency proportional

to the rate of rotation, with a phase relation of plus or minus 90°, depending

on the direction of rotation. This ig achieved by situating two light~emitting diodes
(LED) and two photodicdes on either side of a fanlike mechanical chopper which

is mechanically coupled to the funing dial. A pulse occurs on each output line
every 3° of rotation, The relative physical positions of the two LED-photodiode
pairs with respect to the mechanical chopper produces the lead/lag phase relation- .
ship of the output signals.

Refer to the schematic diagram, Fipure 7-28, AI1CR1 and AICRZ2 are
the above-mentioned LED's, and A2Q1 and A2Q2 are the respective photodiodes.
Transistors A2Q3 and A2Q4 serve as bias-current sources for the LED's, with
trimmer potentiometers A2R1 and A2R2 setting the levels. In practice, A2R1 and
A2R2 are used to set the pulse output levels of the photodicdes, which is possible
because light intensity from an LED is a function of bias current. The two sguare
wave outputs from pins ES and E6 of optical receiver board A2 are applied to
schmitt trigger circuits on the front panel register hoard {A22).

4.5.2.6 Type 791276 Optional Tuning Connector Filter {A24), - Figure 7-27
is the schematic for this circuit. The optional tuning connector filter contains I

three lowpass LC filters which eliminate noise on the opticnal tuning input and
dc supply output lines connected to the front-panel OPTIONAL TUNING connector,
The filtered tuning lines are connected to the tuning dial sense circuit on the
Front Panel Register board (A22). .
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4.5.2.7 Type 791126 Numerical Display/Buffer (A23). - Figure 7-26 is the
schematic for A23. The BCD tuned frequency outputs from the front panel shift
register board are applied to the numeric indicators (A1U1 through A1U7) via
buffers U1l through U3. +5 V for the decimal point is also obtained from the
front panel register board, through a 270-ohm resistor. The numeric indicators
have built-in storage, and are updated at the beginning of period 3 of the program
cycle by the EOC pulse received from the program sequencer hoard (A20). The
EOC input is applied to pin 5 of each indicator.

4.5.2.8 Type 791200-1, -2 Synchronous I/O Module {A16). - The I/O module
provides interfacing between the digital control section of the receiver and the
remote contrel unit. This board contains address, data, trigger, monitor, clock,
and status line receivers and line drivers, as well as logic cirecuitry which co-
ordinates these inputs and outputs with operation of the digital control section
of the receiver. Figure 7-18 is the schematic diagram for the synchronous 1/O
module,

UlA, U2A, and U2B are line receivers which receive address, trigger,
and serial data from the remote control unit, and U8 and U9 are programmable
dual line drivers which provide monitor and command clock, monitor serial data,
and local/remote status outputs to the remote computer. Line receiver input im-
pedances are approximately 170 ochms thorugh 0.01 uF capacitance, differential.
Input voltages can be as high as £ 20 V maximum. Differential threshold voltage
ic between 2 0.5V and £1 V, depending on the common-mode voltage. Line driver
outputs are differential TTL pairs, shortcircuit proof. Both sides of the output
of a line driver are zero when the .driver is disabled. Differential output imped-
ances of the line drivers are approximately 360 chms, as determined by the
180-ohm line-impedance matching resistors in serieg with the + and - outputs.
The remote status line-driver output may not be wired to the rear-panel con-
nector in earlier models of the WJ-8888,

The output of the data input line receiver (U2B) is routed via board pin
Y directly to the multiplexer on the front panel register beoard (A22). The other
board outputs are contrelled by logic gates, however, except the remote reguest
output in the standard WJ-8888., In this case jumper JW2 is not connected and
the remote pushbutton input (board pin 11) is simply routed through USC and U7C
to the program sequencer board (A20) via board pin 10. Control of NOR gate
U5SC when jumper JW2 is connected (and JW1 is not connected) is described below.
When no address is received from the remote control unit, the output of line
receiver UlA is high. Also, in normal operation, the power fail latch input
{board pin 12} is low, enabling NOR gate US5B such that the U1lA logic high output
is gated through to result in a logic high being presented to the set (pin 8} input
of data~type flip~flop MV U4B. This logic high sets the Q output of U4B at
logic high and the Q output at logic low, thus disabling all of the remaining
board outputs by disabling the gates connected to the @ and @ outputs of U4B.
Upon reception of an address from the remote control unit, the output of UlA
goes low, which results in the removal of the logic-high set input to U4B. The
outputs of U4B do not change until commanded by the EOC pulse (received on
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board pin E) at the beginning cf period 3 of the program cycle. This prevents
interruption of an ongoing program cycle. On occurrence of the BOC pulse, which
is applied to the clock input of U4R, the logic low output of UlA is gated through
U4B to the @ outpui, and the complementary @ output of goes high, thus enabling
NOR gate USA, the remote status section of line driver U9, and NAND gates UBA
and U6B. During period 2 of the next program cycle, 2 received on board pin
15 and gated through U5A enables both sections of line driver U8, such that Clock
1 (received on board pin B} and the data word clocked out of the receiver register
and on to the data node {(and received on board pin D) are applied to the remote
control unit during period 2 of the program cycle. When the remote status section
of line driver U9 is enabled, its output is a function of the board local/remote
status input (board pin 16) from the program seguencer board (A20).

When power fails the board power-fail latch input {(pin 12) goes high,
reverse biasing CR1 to permit +5 V to be applied toc USB to disable the gate
for as long as the +5 V sunply voltage holds up. (The P. F. latch input is
powered by the battery. Diode CR1 prevents drain on the battery when the
+5V supply drops out on power failure.} When USB is thus disabled, the set
input (pin 8) of U4B goes high, terminating a present address or preventing an
address from being received from the remote contrel unit. This prevents possible
garbled data from being applied to the remote control unit in the early stages
of power failure when reduced supply voltage is causing irregular operation of
the receiver circuitry. The reverse action occurs when the power comes back
up. That is, the PF laich input remains high until the +5 V supply is fully
recovered, ensuring that garbled data is not applied to the remote control unit
during intermediate and later stages of recovery.

- The cutput of NAND gate UBA is applied to the enable input of the com-
mand clock section of line driver U9. This gate therefore permits Clock 3 to
be applied to the remote control unit, via the command clock section of line driver
U9, when, simultaneously, the L /R status board input is high (indicating that
the remote meode is active}, the multiplexer address, received on board pins V
and W from the program sequencer board, is 11 (indicating that the multiplexer
is receptive to the remeote data output from pin Y of this board), and the address
input is gated through U4B as described above. Since Clock 3 is disabled in
periods 3 and 4 of the program cycle (see basic timing diagram), the first
command clock occurs at the bepinning of period 1 of the program cycle, and
because the multiplexer address changes (to 00) at the beginning of period 2,
the command clock is terminated at the end of period 1 of the program cycle.

The output of NAND gate U6B is applied to the remote trigger input of
the program sequencer board. The remote trigger board input (pins 21 and
20) from the remote control unit is therefore able to initiate a remote-active
sub-mode only when, simultaneously, the L /R status board input is high (indicating
that the remote mode is active) and the address input is gated through U4B as
described above, Note from previous descriptions of the program sequencer
circuitry that the mux address becomes 11 only when commanded by the remote
trigger; therefore, NAND gate U6A does not permit the command clock to be
applied to the remote control unit unless a remote trigger is received.
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In the WJ-8888-5, jumper JW1 is not connected and JW2 is connected.
Therefore, +5 V applied to U6B wvia R1ll permits U6B to be operated by the
remote trigger and address inputs, independently of the status input. With JW2
connected the OR function provided by USC and U7C permits the board remote
request output (pin 10) to be activated by the remote irigger or by the REMOTE
pushbutton on the front panel. That is, reception of a remote trigger causes
the receiver to change to the remote operating mode regardless of the present
manually selected operating mode of the receiver.

4.6 POWER SUPPLY SECTION

4.6,1 PRIMARY POWER. - Refer to the chassis wiring schematic, Figure 7-33.
The power supply section is shown in the upper left-hand corner of the schematic.
The ac line voltage from plug FL1P1 is filtered for transients and high frequency
noise by line filter FL1 before application to step-down transformer T1l. The ac
power switch, 81, is connected in series with one side of the ac line. Ferrite
beads (FB6 through FB9) eliminate power line transients caused by power switch
operation. Line-voltage selector switch S2 connectes the ac input line to appro-
priate primary windings of T1 for 220 V or 115 V operation. The windings are
connected in parallel for 115 V operation. Series connection of the windings for
220 V operation produces a greater transformer step-down ratic. Line fuse F'2
provides protection when operating from 220 V, while fuse F1l provides protection
primarily for 115 V operation.

One secondary winding of the transformer operates the blower motor; the
outputs from the remaining windings operate dc power supplies. Full-wave-
connected rectifier diodes CR1 and CR2 and filter capacitors C100 and C101 pro-
vide unregulated +10 V for operating the +5 V supply on board A27, for illumina-
ting the front panel meter lamps on board A29 and the AC POWER pushbutton
switch lamp, and for operating the pushbutton lighting circuit on switch encoder
board A21. The four regulated supplies are contained on boards A28 and AZ27.

4,6.2 POWER SUPPLY BOARD SCHEMATIC DESCRIPTIONS. - The two power
supply boards produce regulated +5 V de and 15V dec which operate the majority
of the circuitry in the WJ-8888. Three of the supplies employ conventional reg-
ulating circuitry, while the +5 V supply utilizes a regulator which operates in the
switching mode to permit relatively small size components to produce high power
output at high efficiency.

4,6.2.1 Type 76210-7 + 15 V Power Supply Board. - Refer to the schematic,
Figure 7-29, The two 15 V power supplies on this board are identical, except
that opposite polarity outputs are taken, Full-wave rectifiers Ul and U3 convert
the 25 V ac from two windings of power transformer T1 (on chassis} to + and 22V
de. Chassis-mounted filter capacitors C97 and C98 provide initial filtering of the
outputs of rectifiers U3 and Ul, respectively. The unregulated dc output from U1
is applied to the +15 V regulator comprising Q1 and U2, and the unregulated dc
outut from U3 is applied to the -15 V regulator comprising Q2 and U4. Regulator
integrated circuits U2 and U4 are each essentially composed of a temperature-
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compensated reference amplifier, error amplifier, series pass transistor, and
current limit circuitry. The outputs of U2 and U4 control series pass transistors
Q1 and Q2, and the regulated dc outputs of these pass transistors are, in turn,
applied to the power-supply loads (receiver circuiiry) through chassis-mounted
current-sense resistors R1 and R2. Board pins 13 and 11 are +15V and -15V
supply output tie-points which return current reference and voltage sense inputs
to integrated-circuit regulators U2 and U4, Pin 2 of the regulator IC's are
the current-limit sense inputs. Voltage-sense divider potentiometers R2 and Rb5
permit fine adjustment of the regulated output voltages.

4,6,2.2 Type 76209 =5 V Power Supply Board. - The schematic for this board
is Figure 7-30. The board contains a conventional -5V regulated power supply
and a +5 V ''switching regulator” circuit. Diode module Ul provides full-wave

rectification of the low voltage output of one winding of chassis-mounted trans- .

former T1. The rectified voltage is smocthed by chassis-mounted capacitor C89
before application to the collector of @1 and reference circuit R1, R2, C2, and
VR1. Q1 serves as an emitter-follower pass transistor referenced by 5.6 V ref-
erence diode CR1. Since the emitter voltage of a forward-biased diode is fixed at
0.6 V less than the base voltage, the output of the supply is -5 V less the small
voltage drop across l-ohm resistor R9 due to load current. R9, CR2, and CR3
form a protective current limiting circuit for the -5V supply. CR3 is a conven-
tional silicon diode and CRZ is a hot-carrier diode, having fully-on forward drops
of 0.6V, and 0.4 V, respectively. The two diodes in series are in parallel with
the series combination of R9 and the emitier junction of Q1. As long as the current
drain on the supply is less than 0.4-A, CR2 and CR2 are not fully forward biased
and do not significantly affect operation of the supply. When the current drain on
the supply exceeds 0.4 A, the voliage across RS9 exceeds 0.4 V. Since the max-
imum forward voltage drop of the diode combination is 1.0 V, it follows that
the emitter junction drop of Q1 must fall below 0.6 V, starving Q1 such that
the supply current is limited at 0.4 A.

The +5 V switching regulator is composed of referenced amplifier U2,
transistors @2 and Q3, ''free-wheeling' diode CR1, and associated passive com-
ponents. The lowpass LC filter composed of L1, C3, Cl, C6, C9, and Cl0
isolates the regulator from the +10 V unregulated dc input line to prevent high-
frequency switching components from getting back inic the ac input line and the
other power supplies. The output of the filter is applied to the collector of series
switching transistors Q2, the emitier of driver transistor Q3, and the power in-
put pin of referenced ampifier U2. Transistor Q2 functions as a switch in series
with an output filter which produces a voltage proportional to the duty cycle (time
on/total time) of the transistor. The output filter consists of two L sections com-
prising L.3-C8 and L2-C5. 'Free-wheeling" diode CR1 provides a current path
for the reactive current produced by the collapsing magnetic field of inductor
L2 when Q2 turns off. HReferenced amplifier U2 is connected such that the circuit
self-oscillates at approximately 24 kHz, with a duty cycle determined by the
value of the dc output voltage referenced to a precision voltage source internal
to U2,
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The internal U2 reference voltage is, in effect, connected to the non-
inverting amplifier input (pin 5) through a resistance which is small compared
to R4, This internal resistance and R4 form a voltage divider which permits
large variations of the output voltage of Q2 (+10 V with Q2 on, 0.6 V with Q2
off and CR1 conducting) to cause small variations (hysteresis) of the effective
reference voltage applied to the non-inverting input of the amplifier. An out-
put voltage sample is obtained from the mid-point of the output filter via output-
voltage~-adjust potentiometer R7, and applied to the inverting input (pin 6} of
U2,

Upon turn-on of the power supply the inverting input of U2 is 0 V and
the non-inverting input voltage is pulled down only slightly from the reference
voltage to the lower hysteresis point. Therefore, the output of U2 is high
and causes driver transistor Q3 to turn Q2 fully on. This causes the inverting
input of U2 fo begin increasing toward the reference voltage at a rate limited
by the inductance of L2. The non-inverting input voltage increases to the upper
hysteresis point when @2 turns on. When the inverting input veltage equals (or
rather very slightly exceeds) the non-inverting voltage, U2 changes state and turns
Q3 and QZ off. CRI1 conducts and the non-inverting input voltage of U2 drops
to the lower hysteresis point, and the inverting input voltage begins to drop as
the field of .2 collapses. When this voliage equals (or rather is very slightly
less than) the non-inverting input, U2 again changes state and turns Q2 on. The
non-inverting input voltage reverts to the upper hysteresis point, the inverting
input voltage begins to increase toward this voltage, and the process continues
at a 24 kHz rate. Since the ratio of R4 to the internal reference source resistance
is very large, permitting only wvery small variations in the effective reference
voltage at the non-inverting amplifier input, and the inverting input voltage need
vary only by this amount, the 24 kHz ripple at TP1 is small and easily eliminated
by the remaining stage of the output filter. The frequency of osciliation is deter-
mined by the build up and collapse times of the divided-down voltage of L2 (invert-
ing input of U2) with respect to the upper and lower hysteresis points of U2,
If the inverting input voltage of U2 falls cutside of the range between the two hys-
teresis points, action similar to that described above for turn-on will bring the
voltage back into range,
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