


FOREWORD

Thank you very much for selecting ICOM's versatile IC-751A HF transceiver, a refined
version of the very popular IC-751.

Doubling as both a sophisticated HF multi-mode transceiver and all-purpose general
coverage receiver, the IC-751A is the result of advanced HF engineering at ICOM and
was designed to ensure years of reliable and satisfactory communications for the avid
Amateur Radio enthusiast.
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ASSISTANCE

The IC-751A was designed to be used all over the world, with some slight modifications
made for its use in Australia and France. The Australia and France versions of the
IC-751A are assigned model #03. This number should be referred to in these countries
when assistance or information regarding the IC-751A is required. The assigned
IC-751A model number for all other parts of the world is #02.

Feel free to contact your nearest authorized ICOM Dealer or ICOM Service Center if you
require assistance or information regarding the operation or capabilities of your new
IC-751A. Addresses are provided on the title page of this service manual.
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SECTION 2 OUTSIDE AND INSIDE VIEWS
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2-6 LOGIC AND PLL UNITS
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SECTION 4 CIRCUIT DESCRIPTION

4-1 RECEIVER CIRCUITS

4-1-1 RF CIRCUITS (RF AND CONNECTOR UNITS)
Receive signals from the antenna connector are fed into J10
on the RF UNIT when D4 and RL1 on the CONNECTOR
UNIT are respectively turned OFF and ON. A reed relay is
used for RL1 to provide full break-in operation. The T/R
switching time of this relay is less than one millisecond,
compared to more than 12 milliseconds with a regular relay.

Incoming signals to the RF UNIT pass through an L-type
attenuator which consists of R92, R93, and R119. Signals are
attenuated at 20dB when the [PREAMP ATT] SWITCH is set
in the [ATT] position. Incoming signals are fed into one of
three different circuits depending on the receive frequency
range.

(1) 100~500kHz Signals are fed through a low-pass
filter by D44.

Signals are fed by D42 into a 10dB
attenuator and low-pass filter to
attenuate strong signals from AM
broadcasting stations.

Signals are fed by D47 into a high-
pass filter consisting of L101, L102,
and C180 C182. This filter attenuates
strong radio signals in the BC band.
The signals are then passed into one
of nine bandpass filters depending on
the frequency of the signal.

(2) 500~1600kHz :

(3) More than
1600kHz

Filtered signals are fed into an L-type
attenuator which consists of R28 and
PIN diodes D10 and D11 which are
controlled by AGC bias voltage from
Q3, Q4, and Q5. D10 and D11 are
linear diodes which are similar to RF
variable resistors, depending on
current flow when no signal is being
received. The voltage of the AGC line
from the MAIN UNIT is approximate-
ly 4V at this time and the emitter
voltage of Q5 is approximately 2.8V.
Therefore approximately 15mA flows
through D11. This AGC voltage turns
OFF Q8 and approximately 0.7V are
generated by R32.

The AGC circuit operates when
signals are received, lowering Q5.
The current flow of D11 is therefore
reduced, making resistance higher.
Q3 then turns ON and allows the
current to flow through D10, lowering
resistance. This voltage function in
the circuit provides variable attenua-
tion to a maximum of 10dB.

When the [PREAMP ATT] SWITCH is
in the [PREAMP] position, signals
from the attenuator are fed into a
broad-band amplifier which consists
of Q6 and Q7. Gain from this amplifier
is approximately 10dB. If the
[PREAMP ATT] SWITCH is turned
OFF or is in the [PREAMP] position,
signals bypass this amplifier through
D12 and D13.

Signals are fed through one of two filters depending on
whether their frequencies are greater or less than 1600kHz.
Signals are then passed through a low-pass filter which
improves image rejection characteristics and reduces
spurious emissions from the ANTENNA CONNECTOR via
the local oscillator. Signals are fed into the 1st mixer through
T/R Switching Diode D20.

BPF switching voltage is obtained via IC1 and IC2 through
the decoding of band signals B1~B11 from the LOGIC
UNIT. ON and OFF switching voltages are provided by 1C2.
R13V is emitted from an OR gate which consists of D5 and
D6. Immediate release of this control voltage is provided by
D1 and D2 when switching to transmit mode.

L-TYPE ATTENUATOR CIRCUIT
Q3

BPF

PRE-
AMP
]
o T8V
AGC
8V
Fig. 1
4-1-2 IF CIRCUITS
1. RFUNIT

Q9 and Q10 create a double-balanced mixer which uses
low-noise FETs (2SK125) and is driven by 13.8V to provide
an excellent noise figure. Multi-signal receiving characteris-
tics are determined by the 1st mixer circuit. The double-
balanced mixer has a high interception point and reduces
spurious characteristics in signals. The IC-751A has a very
high dynamic range (100dB in SSB mode and 104~105dB in
CW mode) and uses a mixer with a high intercept point
figure. The [ATT] SWITCH position is effective for strong
receive signals with 20dB attenuation. The [PREAMP]
SWITCH position is more effective with weaker signals since
PREAMP provides an excellent noise figure and amplifica-
tion, and increases the receive sensitivity by approximately
6dB.
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The 1st mixer circuit is an upconverter which converts
receive signals into 70.4515MHz 1st IF signals.

The 1st LO output signal from the PLL UNIT isfed through a
high-pass filter, amplified by Q2, filtered by a low-pass filter,
and then is applied to the 1st mixer as a local oscillator signal
(70.5515~100.4515MHz). R18, L13, and C14 are designed as
feedback functions to improve the frequency characteristics
of Q2.

The 1st IF signal is filtered by a monolithic crystal filter (FI1,
+7.5kHz/~3dB) and then is amplified by a dual-gate FET
(Q8), the 2nd gate of which is controlled by the AGC voltage.

Signalis are fed through T/R Switching Diode D19 and a
high-pass filter to the 2nd IF mixer of Double-Balanced
Mixer IC3 where the signals are converted into 9.0115MHz
2nd IF signals. The signals are then filtered in order to have
local oscillation components removed by a low-pass filter
before being fed to the MAIN UNIT through P3.

2nd LO signals (61.44MHz) from the PLL UNIT are fed to IC3
as local oscillator signals for the 2nd mixer.

2. MAIN UNIT

9MHz 2nd IF signals from J4 pass through Q33, a noise-
blanker gate and amplifier. After being ampilified at Q33,
signals are fed through a filter select switch circuitandintoa
9MHZz IF filter.

Noise blanker gate D68~D71 is a diode balanced-type
switch circuit which passes signals through it. Signals are
cut by this gate when control voitage from the noise blanker
circuit is applied to D72.

Mode switches and the [FILTER] SWITCH on the front panel
send signals into the circuit which select a 9MHz IF circuit
section consisting of FI2 and FI8.

Filtered signals amplified at Q84 are fed into the 3rd mixer,
1C10. 9.4665MHz (+ SHIFT frequency) signals are supplied
as local osciilator signals from Q55 to 1C10 (pin 7) in order to
obtain 455kHz 3rd IF signals. 3rd IF signals are buffer
amplified at Q39 and fed into the 455kHz filter section of the

circuit. The 455kHz section consists of FI3~FI6 and an
optional narrow filter (in CW and RTTY modes). 3rd IF
signals are selected as in the 9MHz section.

Signals from the 455kHz filter are converted to 9MHz again
by IC11, the 4th mixer. When the transceiver is in FM mode,
output from FI6 (the FM filter) is applied to the FM receive
circuit. 9MHz-converted signals pass through the notch
circuit and are amplified at Q43 and Q44 before being fed
into the detector and APC circuits.

4-1-3  FILTER SECTION (MAIN UNIT)
The IC-751A has two filter sections (9MHz and 455kHz) for
passband tuning and high selectivity.

The 9MHz filter section consists of a through circuit in AM
and FM modes, FI2in SSB, CW, and RTTY modes, and FI8 in
CW Narrow and RTTY Narrow modes. 9MHz 3rd IF
frequencies are 9.0115MHz in SSB mode, 9.0100MHz in AM
and FM modes, and 9.00106MHz in CW and RTTY modes.

The 455kHz filter section consists of FI3, Fi4, FI5, and FI6.
These filters consist of several other filters which are listed
beiow.

Fi3: Contains an SSB High Shape Factor Filter, an
SSB Filter, a CW Filter, and an RTTY Fiiter.

Fl4 : Contains an SSB Wide and RTTY Narrow Filter.

FI5: Contains an AM Filter.

Fi6: Contains an FM Filter and optional CW Narrow
and RTTY Narrow Filters.

The above filters are selected by control signals from the
filter switching circuit using the switch circuit. Refer to
SECTION 4-2-19 FILTER SWITCHING CIRCUIT for more
information regarding filters and a combination of filter
switches or modes.

4-1-4 NOISE BLANKER CIRCUIT

A portion of 2nd IF signals from the RF UNIT is fed into a
noise amplifier circuit consisting of Q8, Q8, and Q10. This
circuit has high gain and a wide AGC dynamic range. it
amplifies weak signals, giving them higher sensitivity with a
wider dynamic range.

Amplified signals from Q10 are detected by D17 and D18,
and are then fed into Q11 (the noise AGC) and Q13and Q15
{noise switches). The bias voitage of Q8, Q9, and Q10 is
decreased by Q11 to control the gain of the noise amplifier.
This noise AGC has a time constant determined by R46, R47,
and C31, and functions as an average-type AGC circuit. The
AGC therefore responds to SSB signals such as those
without sharp leading edges or those that are constant-
amplituded. Rectified voltage of the noise AGC is constant.
However, rectified voltage will exceed the threshold level of
the determined voltage when noise with a sharp leading
edge is received.

Q15 controls the gate control circuit when the rectified
voltage exceeds the threshold level. The threshold level is
controtied by the NOISE BLANKER [NB] CONTROL on the

4—2



front panel which alters the emitter voltage of Q15. Q12, the
noise blanker gate, closes when noise is received. Q15 then
turns ON with the rectified voltage.

The noise blanker circuit contains a delayed pulse-width
circuit which consists of a Miller integrator and a
comparator. The output signals from this circuit combine
with an output signal from Q13 and the combined signal is
used for controlling the noise gate circuit. This allows the
noise blanker circuit to blank wide-width pulse noise called
woodpecker noise. When the NOISE BLANKER TIMING
SWITCH is set at the [WIDE] position, the noise blanker
does not function with pulse noise which is less than 1
millisecond of pulse width.

Q12 controls the blanking time and prevents blanking for
more than 1 to 2 milliseconds and 10 milliseconds when the
[NORMAL] and [WIDE] positions are selected, respectively.
This results in a distortion-free audio signal. The limits of
blanking time are determined by D16, R56, R57, C39, and
C40. Q10 prevents noise blanking times from exceeding the
above limits, automatically stopping the function when the
limits are reached.

4-1-5 NOTCH CIRCUIT

A notch circuitis installed in the 1C-751A with a 9MHz crystal
filter function. This circuit uses a bridge-type notch filterand
achieves very sharp attenuation and stability using a crystal
unit.

Notch frequency can be altered by a capacitance change of
varicap D110 which is installed in series with crystal unit X2.
When the notch circuit is not turned ON with the [NOTCH]
SWITCH, both the input and output of the notch circuit are
grounded by D109.

Monolithic filter FI7 is connected to the next stage of the
notch circuit and eliminates spurious signals emitted from
mixer IC11.

4-1-6 DETECTOR CIRCUIT

Signals amplified in the receive IF circuit pass into 1C20 for
detection of the SSB, CW and RTTY modes, and into D145
for detection of the AM mode through buffer amplifier Q80.

The product detector for the SSB, CW and RTTY modes
functions in 1C20, a balanced mixer IC chip. BFO signais are
applied to 1C20 for each mode. In the AM detector, D145
rectifies IF signals and the rectified signals are received at
Q79, a high impedance emitter follower circuit which
improves the distortion ratio of the rectified signals.

4-1-7 AGCCIRCUIT

The IC-751A has a fast atftack/slow release-type AGC
system which maintains the peak voltage of rectified IF
signals from the IF amplifier circuit for a brief period of time.
The AGC circuit provides a dual gate MOSFET in each IF
amplifier circuit. AGC voltage is applied to the PIN
attenuator in the RF UNIT, obtaining a dynamic range of
100dB.

AGC CIRCUIT SCHEMATIC DIAGRAM
* RF GAIN

' 8V
oy P40 22028 s ¢
13,
470 = asnl¥ gl AMeY
2541368 {C 25¢3353 FAST e~

439 4
?z&'s-. ?EZ’ I

1

£

v |

R127

5,68
R426 RI0
W neK
RIIT 47K

R128
391
" Fh
®
3
R133
™

etz Resl

390

o RI3Z IM
R34

"

co

R135

1008

€86 0.

az7 o8

f 1%3 @26 2547048
8T J;ug Q27 2541048
Qz8 ZSAI04B
<13
salfer o 0%
37 i
2. to
393 ma BFO MIXER
. N
IF Signal— —3x Lz~
3“ B A4
] . 9 Loawit—e %
s T w B I
EN o
l Ry &
i + RBV
Fig. 3

The time constant of the AGC circuit is selectable, and has
three positions, [FAST], [SLOW], and [OFF] for suitable
operation.

The received IF amplifier output signals are detected and
amplified at Q32. Then, the output of Q32 is connected to a
time constant circuit consisting of capacitors and resistors
which change the AGC release time. Q27 and Q28 control
the AGC voltage. The AGC voltage is set for approximately
4.4V when no signal is received. The voltage will decrease
depending on the signal strength of received signals.

When the [AGC] SWITCH is set in the [SLOW] position,
R137, C65 and C66 are added to the normal time constant
circuit to obtain alonger AGC release time. When the [AGC]
SWITCH is set in the OFF position, 8V is applied to the base
of Q28 through D64. Therefore, the AGC circuit does not
function. The AGC circuit also does not function in FM
mode.

4-1-8 FMIF AMPLIFIER AND DETECTOR CIRCUITS
When FM mode is operating, IF signals are passed through
F16 (a 455kHz filter) and are amplified at IC12 and Q45, and
then are limiter amplified at 1C13. After being ampilified,
signals are fed into a detector circuit consisting of D1, D2,
and ceramic discriminator X3. Detected signals are
deemphasized by an integrated circuit consisting of R405
and €248, and are then applied to the AF preamplifier circuit.

4-1-9  AF AMPLIFIER CIRCUITS

Audio signals from 1C20 or Q76 are amplified at IC19(b) and
fed into a tone control circuit consisting of R394 and C258 on
the MAIN UNIT and the [TONE] CONTROL on the front
panel. After passing through the tone control circuit, audio
signals pass through the [AF GAIN] CONTROL on the front
panel and are then fed into IC18, the power amplifier. IC18
drives the speaker at more than 3W with 8 ohms of
resistance.

Q74 and Q75 comprise a squelch switching circuit which
cuts audio output. Output signals from iC19(b) are applied
to the rear panel AF OUT pininthe ACCESSORY SOCKET.



4-1-10 S-METER CIRCUIT

When operating in FM mode, output signals from Q45 (an
FM IF signal amplifier) are detected by D114 and D115, and
are then applied to the S-METER. D112 is a compression
circuit which maintains the S-METER dynamic range at
approximately 40dB.

When operating in modes other than FM, AGC voltage is
amplified by a differentiai amplifier which consists of
Q26~Q28 and IC7(h). AGC voltage is then supplied to the
S-METER. Offset in the differential circuit is adjusted by
R132 and sets the S-METER at 0. An AGC reference voltage
is adjusted by R442 to obtain excellent meter linearity. When
the [AGC] SWITCH is in the OFF position, AGC voltage is
fixed and the S-METER will not operate.

4-1-11 SQUELCH CIRCUIT

{a) NOISE SQUELCH (FM MODE)

A portion of the output signals from the FM detector circuit
pass through the [SQUELCH] CONTROL on the front panel.
They are then applied to the noise amplifier circuit on the
MAIN UNIT. The [SQUELCH] CONTROL is a double
variable resistor, so it can be used to squelich noise and the
S-METER.

The noise amplifier circuit consists of an active filter (Q22)
and noise amplifier (Q23). Q22 detects 10~20kHz noise
components which are determined by L9 and C55. Noise
components amplified at Q23 are detected by D55 and D56,
and are then applied to comparator IC7(g).

When operating in FM mode, pin 2 on IC7(g) is at OV, as
determined by Q83, and the S-METER squelch control
voltage is grounded by Q25. When no detected voliage is
supplied from D56, pin 3on IC7{g) is at a negative voitage, as
determined by R117. The output of IC7(g) is therefore
“LOW” and thus the squelch switching circuit (consisting of
Q74 and Q75) is turned OFF {squelch opens). Q24 receives
the output of IC7(g) through D57, turning ON and OFF the
RECEIVE INDICATOR.

When a detected voltage is supplied from D56 (no signal
being received), pin 3 on IC7(g) is greater than 0V and the
output of IC7(g) is “HIGH”. Q74 and Q75 then turn ON,
cutting the audio signal.

(b} S-METER SQUELCH

When operating in a mode other than FM, IC7(g) receives
S-METER voltage at pin 2 and reference voltage from the
[SQUELCH] CONTROL at pin 3. When the [SQUELCH]
CONTROL. is turned CCW to its maximum position, the
reference voltage is approximately —0.5V; when turned
maximum CW the reference voltage is approximately +2.5V.
When the S-METER voltage is lower than the reference
voltage, Q74 and Q75 are turned ON, closing the squeich.

4-2 TRANSMITTER CIRCUITS

4-2-1 MIC AMPLIFIER CIRCUIT

An augdio signal from the MIC CONNECTOR is amplified at
Q2, the mic preamplifier circuit in the AF VR UNIT, and then
passes through the [MIC GAIN] CONTROL. The signal is

then applied to the mic amplifier circuit which consists of
Q34 and Q35, and passes through the [TONE] CONTROL
which consists of R154, R155, C86, and C87. Frequency
characteristics of the audio signal are controlled by R155.
The MOD terminal on the ACC CONNECTOR socket is
connected to the base of Q35 through R148 and C83.

1C-751A MIC CONNECTOR (Front View)

@® AF OUTPUT
O MIC INPUT (5 GND {(microphone
ground)
@ +8V DC OUTPUT ® (® GND (PTT ground)
@®
@ FREQ UP/DOWN &PTT
®NC
Fig. 4
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4-2-2 BALANCED MODULATOR CIRCUIT

When operating in SSB or AM mode, an audio signal from
the mic amplifier circuit is applied to balanced mixer IC9
where it is mixed with a BFO signal. A double sideband
(DSB) signal is then output from 1C9. In SSB mode, the bias
voltage of IC9 is adjusted by R158 and R161, reducing the
carrier signal. In AMmode, R159 and D75 add voltage to pin
5 on IC9, disrupting the balance and generating an AM
sighal.

4-2-3 SSB AND AM TRANSMITTER IF CIRCUITS

A DSB or AM signal generated at IC9 is applied to the 9MHz
filter as in the receiver circuits. In SSB mode, the DSB signal
passes through Fi2, creating an SSB signal. In AM mode, an
AM signal passes through the circuit. After passing through
the filter, a signal is buffer-amplified at Q84 and fed into
mixer 1C10 for conversion into a 455kHz 2nd IF frequency
signal. This 2nd IF frequency signal is applied to Q38 directly
when the [COMP] SWITCH is OFF or indirectly through the
compressor circuit when the [COMP] SWITCH is ON.

A 455kHz filter, buffer amplifier Q42, and mixer {C11 are
commonly used with the receive circuit, so 455kHz 2nd IF
frequency signals are re-converted to 9MHz 3rd IF
frequency signalis and are applied to Q1, the transmitter IF
ampilifier.

4-2-4 COMPRESSOR CIRCUIT

The compressor circuit increases the average power needed
to limit amplitude when in SSB mode. Since amplitude is
limited with an IF frequency signal, signal distortion is slight.

SSB signals from IC10 are amplified at Q36 and are
amplitude limited by diode limiters D92 and D93. Parts of the
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signals from Q36 are detected at D94 and D95 and are then
current amplified by Q37 and applied to the COMP METER.
When the [COMP] SWITCH is OFF, output from IC10 is
applied directly to Q38 by D90.

4-2-5 CW, RTTY OSCILLATOR CIRCUITS

In CW or RTTY mode, Q3 and X1 oscillate the transmit
carrier signal. In CW mode, oscitlation is controlled by the
external keys. In RTTY mode, the oscillating frequency is
controlled by C17 and C20.

The emitter resistor of Q3 is connected to the collector of Q4
to control oscillation. When Q5 or Q6 is activated, D4 is
turned ON by R17, R18 and R19. C15~C20 are then series
connected to X1 to oscillate 9.0106MHz (an RTTY marker
frequency ora CW oscillator frequency). When both Q5 and
Q6 are OFF, D4 is also OFF, thus capacitors C19and C20 or
C17~C20 (which are controlled by S1, the Shift Selection
Switch on the MAIN UNIT) are cut from X1 to oscillate either
9.01077MHz (the 170Hz shift frequency) or 9.01145MHz (the
850Hz shift frequency), respectively.

Q5 is an inverter for changing the Mark and Shift polarities in
RTTY modes. Polarity is fixed by S2 on the MAIN UNIT, the
RTTY Polarity Switch. In CW mode, Q5 receives voltage
from D5, so S2 has no relation to the oscillation frequency
which is 9.0106MHz.

4-2-6 CWKEYING CIRCUIT

A keying signal from the [EXT KEY] JACK is applied to Q4
through a delay circuit which consists of IC1, R31, and C23
(delay time is approximately 6ms). Transmit and receive
switching time is approximately 20ms, but when using full
break-in operation RF signals are delayed for less than 6ms.

FM OSCILLATOR AND MODULATOR
CIRCUITS

An audio signal from the mic amplifier circuit is fed into
IC14(a), a limiter amplifier, through C175 and R279, the
pre-emphasis circuit. After being amplified at 1C14(a), an
audio signal is applied to IC14(b), a splatter fiiter which
reduces distortion components. The signal is then applied to
the FM modulator circuit.

4-2-7

Output from 1C14(b) is applied to the anode of D118 and
signals oscillated by Q47 and X4 are frequency modulated.
Output from a UT-30 optional tone encoder is amplified at
Q46 and is then applied to the anode of D118, the same as an
audio signal. ON and OFF switching in the UT-30 is
controlled by the FUNCTION LED voltage. when the
FUNCTION LED lights up, the UT-30 is activated.

Audio deviation is adjusted by R292 and subaudible tone
deviation is adjusted by R290. Output signals from the FM
local oscillator circuit are buffer amplified at Q2 and are then
applied to Q1, the same as in CW and RTTY modes.

4-2-8 BFO CIRCUIT

This circuit oscillates local signals for detection of SSB,
RTTY, and CW modes via 1C20 and for detection of the
monitor circuit via 1C15. The circuit provides balanced
modulation with IC9.

The oscillation frequency should be as follows:

usB : 9.01300MHz
LSB, AM (Receive) 9.01000MHz
CW (Receive) 9.00990MHz
RTTY (Receive) 9.008475MHz

The circuit oscillates using X6 in USB mode and X5 with L33,
L34 and L35 connected in series in LSB, CW and RTTY
modes, respectively. The circuit stops oscillating when the
transceiver is operating in AM receiving and CW
transmitting as Q52 and Q53 provide no voltage to the
circuit.

4-2-9 TRANSMITTER IF AMPLIFIER CIRCUITS

1. MAIN UNIT

9MHZz IF frequencies from the oscillator circuit of each mode
pass through monolithic filter FI1 to remove spurious
components. The signals are then fed into Q1. Gate 1 of Q1
receives ALC voltage and gate 2 receives control voltage
from the power control unit.

2. RFUNIT

IF signals from the MAIN UNIT pass through a low pass filter
circuit and are converted into 70.4515MHz signals by IC3, a
balanced mixer diode. 9.0115MHz noise components are
removed from the output of IC3 by a high pass filter
consisting of C64~C66. 61.44MHz noise components are
removed by a series resonance circuit consisting of L30and
C67. Signals are then amplified at Q11, a dual gate FET that
receives ALC voltage through D22, a T/R switching diode.

Amplified signals from Q11 are fed into Q12 and Q13, the
transmit mixer circuit, through a doubie tuning circuit
consisting of 32, L33, and C77. Spurious noise components
are then removed from the signal by the 2nd gate of Q12 and
Q13 which receive local frequencies with DC bias voltage
that eliminates signal spuriousness. Signals are then
converted to the desired frequency of 0.1~30MHz.

Converted signals pass through a low pass filter to have local
oscillator components eliminated. They are then fed to an
attenuator circuit consisting of pin diodes and to a receiver
preamplifier bypassing circuit consisting of D12and D13. In
transmit mode, this circuit is provided with bias voltage from
D9. Signals then pass through one of nine bandpass filters
that are selected by a voltage from the LOGIC UNIT before
being fed through a high pass filter.

In receive mode, D47 is ON. In transmit mode, D47 turns
OFF since Q16 (ON) and Q18 (OFF) combine to reverse the
bias of the diode. Q16 and Q18 are bandpass filter switching
transistors that control other diodes such as D26, D28, D30,
D32, D34, D36, D38, and D40. Note that current flows
through L99 and L100.

In transmit mode, D45 turns ON and signals are wideband-
amplified by Q14 and output to the PA UNIT.

When a transverter is used, D46 turns ON and inputs a
converted receive signal to the transceiver or outputs a low
level transmit signal from the transceiver through the
transverter terminal.
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3. PAUNIT

RF signals input from the RF UNIT through P1 are amplified
by Q1, a class A amplifier. Output from Q1 is converted to
balanced output by L1 and amplified by Q2 and Q3, class AB
push-pull amplifiers. Negative feedback circuits inserted
between the collector and base of Q2 and Q3 provide wide
frequency characteristics. The idling current of Q2 and Q3 is
controiled by the junction voltage of D1. The current is set at
about 100mA by R27. R30 prevents the adjustment point
from deviating due to variations in the characteristics of D1.

Output from Q2 and Q3 is fed into the impedance matching
section of L4 and is amplified by Q4 and Q5, class AB
push-pull amplifiers which provide 100W output power.

A portion of the output power from Q4 and Q5 is applied to
the bases of these transistors through a negative feedback
transformer (L9) which provides stability and broadband
characteristics in the frequency range 1.8~30MHz. R23
adjusts the idling current to approximately 600mA.

Output from Q4 and Q5 is then fed to L10 for impedance
conversion and output to the FILTER UNIT from P2.

4. FILTER, CONNECTOR UNITS

RF output from the PA UNIT is fed into J1 on the FILTER
UNIT to eliminate harmonic components. Filtered output
signals pass through the SWR detecting transformer (L18) to
the CONNECTOR UNIT via P2.

The forward wave component detected by L18 is rectified by
D1, filtered by C38, divided by R2 and R4, and fed into J7 on
the MAIN UNIT. A reflected wave component is also
detected by L18 and is rectified by D2, processed by C39, R3,
and R5, and is finally sent to the MAIN UNIT.

RF output fed to the CONNECTOR UNIT passes through a
diode switch (D4) to the ANTENNA CONNECTOR.

BIAS |
CONT 3~4
t I MHz

01~05
MHz

4-2-10 PBT OSCILLATOR CIRCUIT

This oscillator circuit oscillates local frequency signals for
mixers IC10and IC11 which are located at both the inputand
output terminals of the 455kHz filter. In the receive mode, the
local signal frequency is changed by the [PBT] CONTROL
and the center frequency of the 455kHz filter is changed
likewise. Therefore, passband tuning functions with a SMHz
filter.

In AM and FM modes, the center frequency of the IMHz filter
is 9.0100MHz. In CW and RTTY-Narrow modes, the center
frequency is 9.0106MHz. In SSB mode the center frequency
is 9.0115MHz. Oscillator frequency variation causes
frequency differences between SSB and the other modes.

Oscillator frequency is changed by X7, L36, and varactor
diode D126 which is connected to X7 in series. The voltage
from the [PBT] CONTROL is between 0 and 8V and the
voltage passes to the cathode of D126 through Q58, R332,
and R336.—5V are applied to the anode of D126.

The oscillator frequency of this circuit is 9.4665MHz at the
center position of the [PBT] CONTROL. The frequency
varies up to +1.7kHz with [PBT] CONTROL rotation. In AM,
FM, CW, and RTTY-Narrow modes, R333 and R334 are
added to the oscillator circuit by Q56 and Q57. The
oscillation frequency for each mode is shifted to 9.4650MHz
or 9.4656MHz. In transmit mode the oscillator frequency is
fixed by applying a voltage via R337 and D129.

4-2-11 CW SIDETONE CIRCUIT

The CW sidetone circuit consists mainly of Q72 and employs
a phase shift oscillator and oscillator frequency of
approximately 700Hz. This oscillation is controlled by
control voltage from the CW keying circuit through D152.
Output signals in this circuit are fed into a monitor
preamplifier circuit.



4-2-12 MONITOR CIRCUIT

The transmitter monitor circuit is not simply a modulation
monitor: it also receives signals at the point where ALC is
applied, allowing accurate monitoring. After a portion of the
transmitting signal is amplified by Q49, it is detected by IC15
and fed into 1C19(a), the monitor preamplifier. The monitor
circuit is turned ON and OFF by the power source of Q49.

4-2-13 MONITOR PREAMPLIFIER CIRCUIT

IC19(a) controls the monitor preamplifier circuit and
amplifies output from the monitor circuit, CW sidetone
circuit, and EX-310, an optional voice synthesizer unit.
Output from IC19(a) is applied to 1C18, the AF power
amplifier, through the [AF GAIN] CONTROL. Monitor gain
can be controlled by the [MONITOR] SWITCH on the top
panel of the transceiver.

4-2-14 ALCCIRCUIT

Detected forward voltage from the SWR detector circuit is
fed into the negative (—) input of 1C5(c). The positive (+)
input of IC5(c) receives the reference voltage, so when the
forward voltage is higher than the reference voltage, output
from IC5(c) is at a negative voltage level. The resulting gain
of Q1 on the MAIN UNIT and Q11 on the RF UNIT will be
reduced. The reference voltage for 1IC5(c) is controlled by
the [RF POWER] CONTROL to keep peak power
continuously between 10 and 100W.

The time constant of the ALC is for fast attack except in AM
mode. Slow release occurs in SSB and CW modes and fast
release occursin FMand RTTY modes. The fast release time
is fixed by C43 and R70. In FM or RTTY modes, R67
combines with Q18 and Q19 to create slow release times. In
AM mode, the time constant is made by Q16 and Q17 to
make an average ALC. If an external linear amplifier is used,
Q82 controls the ALC line and the input voltage level is 0~
—2V.

4-2-15 APC CIRCUIT

The APC circuit will operate when the antennaimpedance is
high or when an excessive amount of current flows through
the final transistor. Output from IC6(e) (the SWR METER
amplifier) or 1C6(f) (the IC METER circuit) is applied to the
negative (—) input of IC4(b). The positive (+) input receives
the reference voltage which is fixed by R75 and R76. The
resulting output from 1C4(d) controls the output power. The
input voltage is adjusted by R95 (SWR) and R99 (Transistor
current).

4-2-16 TRANSMITTER METER CIRCUITS

(a) Po METER:
Detected forward voltage from the SWR detector circuit
is amplified at IC5(d) and is then applied to the Po
METER. D51 and C50 are connected to the output of
IC5(d), creating peak conditions on the voltmeter.

(b) SWR METER:
Detected reflection voltage from the SWR detector
circuit is amplified at IC6(e) and is then applied to the
SWR METER.

(c) ALC METER:
This meter indicates the ALC level. The ALC circuit
begins to function when the RF output power reaches a
preset level. The detected ALC voltage is applied to
operational amplifier IC4(a) for amplification and the
ALC METER indicates the output voltage.

(d) lc METER:

This meter indicates the collector current of the final
transistors in the PA UNIT. A very low resistance
resistor is connected in the 13.8V line of the PAUNIT in
series. This resistor creates voltage when the collector
current is flowing. The voltage between both leads of
the resistor is applied to a DC differential amplifier
IC6(f) for indicating the Ic METER current level.

(e) Vc METER:
This meter indicates the power supply voltage. The
power supply voltage is divided by resistors on the
FRONT UNIT and a portion of the divided voltage
creates the Vc indicator. R106 on the MAIN UNIT is for
voltage indicator calibrations.

(ff COMP METER:
This meter indicates the compression level when the
speech compressor is in use.

4-2-17 VOX AND ANTI-VOX CIRCUITS

A portion of output signals from the mic amplifier in the
FRONT UNIT passes through the [VOX] GAIN CONTROL
and is applied to the VOX circuit on the MAIN UNIT. Input
audio signals are applied to a comparator IC chip, IC16(a),
through a variable attenuator for anti-vox control. This
attenuator consists of R340, R341, Q59, and amplifier Q60.
The comparator outputs 8V normally and Q61 is turned OFF.

When an audio signal is applied to the comparator and the
peak of the audio signal is over the threshold level, the
comparator output voltage decreases. Therefore, Q61 is
turned ON and C227, C228 and C229 are charged sc that the
SEND line is grounded, creating the transmit mode via Q62
and Q63.

The charged voltage of Q61 is discharged by the [VOX
DELAY] CONTROL on the front panel through R355. The
transceiver then returns to receive mode. Delay time of the
VOX operation is adjusted by the [VOX DELAY] CONTROL.

In CW mode, a voltage from the keying circuitis charged into
C227 and C228 and the VOX circuit has the same function as
described above. However, the voltage is not charged in
C297 since D133 is connected to the collector of Q61. The
delay time in CW mode is therefore shorter than in the other
modes. Also, C228 is separated from the circuit so that the
[VOX DELAY] CONTROL is set fora minimum value and the
delay time is negligible when operating with CW full
break-in.

The ANTI-VOX circuit prevents the VOX circuit from
malfunctioning due to noise from the speaker. A portion of



the speaker output signal is applied to IC16(b) through the
[ANTI-VOX] CONTROL on the top panel. Amplified signals
from IC16(b) are rectified by D131 and pass into variable
attenuator Q59. The [ANTI VOX] CONTROL thus depends
on output from the speaker to control the VOX circuit. In CW
and RTTY modes, input signals from the VOX circuit are cut
by Q59 and the VOX function does not work with
microphone input signals.

4-2-18 METER SWITCHING CIRCUIT

The front panel meter is a multifunction meter so it has the
capability of indicating several transceiver meter
measurements. Meter functions are changed through use of
a CMOS analog switching IC chip (I1CS).

The signal output from each detector in transmit mode is
applied to the [METER] SWITCH on the front panel. The
[METER] SWITCH selects the desired information and the
selected signal passes to IC8(c) on the MAIN UNIT.

The signal output from each detector in receive mode has
two different signal lines. In FM mode, IC8(a) cuts the signal
strength signal for modes other than FM and selects the FMS
line for FM signal strength signals.

IC8(a) and IC8(b) are used for receiving. IC8(c) is used for
transmitting.

4-2-19 FILTER SWITCHING CIRCUIT

The filter selector circuit consists of a CMOS four channel
multiplexer, 1C3. The signals for each mode and for the
[FILTER] SWITCH positions (IN or OUT) on the front panel
are applied to input terminals A to C on IC3. Output
terminals O to 7 output a signal which accords with input
signal combinations. The output signal is divided into four
different lines such as three 9MHz fiiter lines and a 455kHz
filter line.

In FM mode, signals pass through F16, a 455kHz filter. The
switching circuit selects FI6 only, so signals will not pass
through any 9MHz filters used for signals in other modes.
Referto the FILTER COMBINATION tablein SECTION 11-5
for further information.

The [FILTER] SWITCH on the front panel of the IC-751A
selects two receive filter systems for SSB, CW, RTTY or AM
modes when it is placed in the IN or OUT positions. The
IN/OUT relationship of the [FILTER] SWITCH may be
reversed by using the internal FILTER REVERSE
SWITCHES, S3 AND S4. Refer to SECTION 11-1
OPTIONAL FILTERS for further details.

4-3 POWER SUPPLY CIRCUITS

4-3-1 8V REGULATOR CIRCUIT

This circuit supplies regulated 8V signals both in receiving
and transmitting. These 8V signals are generated by athree-
terminal voltage regulator IC chip (IC17) on the MAIN UNIT
after they pass from the METER SW UNIT as 13.8V signals.
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4-3-2 RECEIVE 8V (R8V) REGULATOR CIRCUIT
This circuit supplies R8V in receive mode, and consists of
Q65, Q66 and Q67. Q65 is used for regulating the voltage.
Q65 and Q67 prevent R8V from being supplied in transmit
mode.

4-3-3 TRANSMIT 8V (T8V) REGULATOR CIRCUIT
This circuit supplies T8V in transmit mode, and consists of
Q68, Q69 and Q70. Q68 is used for regulating the voltage.
Q69 and Q70 prevent T8V from being supplied in receive
mode.

4-3-4 POWER SUPPLY SWITCHING CIRCUIT
Switching of the regulated power supply voltage between
receive and transmit mode is performed by an interface
circuit consisting of Q64, Q68 and Q69. The interface circuit
is connected to the SEND line. When the SEND line voltage
is more than 2V as detected by Q64, the R8V regulator circuit
functions; when the line voltage is between—0.3 and +0.8V,
the T8V regulator circuit functions.

Regulator switching timing chart

4-3-5 REGULATOR SWITCHING TIMING CIRCUIT
This circuit gives the PLL circuit a faster lockup time when
the [RIT] or [ATX] SWITCHES are turned ON.

Either R8V or T8V is applied to Q71 through D139 and D140.
When both R8V and T8V are OV at the moment when the
receive mode is switched to transmit mode or vise versa, the
collector of Q71 is “HIGH” and the level is applied to the
MUTE circuit on the PLL UNIT.

4-4 PLL CIRCUITS

The PLL UNIT in the IC-751A is equipped with a reversed

heterodyne 1st mixer and a normal heterodyne 2nd mixer, so
PLL output has very accurate oscillation.

The PLL UNIT outputs two oscillator signals for the RF
UNIT: a variable first local oscillator output (1st LO output)
of 70.565~100.45MHz necessary for the 1st mixer, and a fixed
local oscillator output (2nd LO output) of 61.44MHz neces-
sary for the 2nd mixer. A marker signal is also generated in
this unit and is sent to the RF UNIT.






L5. An output signal of about 3dBm/50Q is fed to the RF
UNIT from J5. A mute signal is applied to this stage when the
PLL is unlocked.

In order to obtain a reference signal of 10kHz for the main
loop, IC5 divides the reference frequency oscillator signal by
three and applies a 10.24MHz signal to IC1. For a sub-loop
reference signal of 5kHz, 1C203 divides the output signal of
IC5 by two and applies a 5.12MHz signal to 1C201.

For the marker signal, a 10kHz signal is generated by
dividing the IC5 output signal of 10.24MHz by 1024 in 1C6. Its
harmonics are fed through buffer amplifier Q12 and fed to
the RF UNIT through P1. Since the marker signal is derived
from reference frequency common to all the frequencies in
the PLL UNIT, all the frequencies are adjusted
simultaneously when the marker frequency is calibrated

with a standard frequency signal such as JJY or WWV.

4-4-2 MAINLOOP CIRCUITS
The main loop forms the PLL loop and supplies the 1st LO
output. It consists of a combination of a mixed down and
divided system.
The VCO output frequency Fv is given as:

Fv=FLo + N XFref
Frequency changes are made by changing the Fi o and N.

The reference frequency (Fref) is 10kHz, and the VCO is
controlled in 10kHz steps by changing the dividing ratio N of
the programmable divider. A frequency between this step
(less than 10 kHz) is obtained by F o which controls the
VCO output frequency. Note that F ¢ can be changed in
10Hz steps over the 9.99kHz range, and in this way the entire
30MHz range of the PLL can be varied in 10Hz steps.
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—a 2nd LO (Q14)
MAIN. SUB LOOP
Loop LO (IC4) REF.Frequency
Fig. 10

(a) PLLIC programmable divider which features a large dividing ratio

IC1 (M54929P) is a multi-function IC containing a phase
comparator, a programmabie divider, a reference frequency
oscillator circuit, a divider, and a swallow counter controller.
By using this IC with 1C2 (M54466L., a swallow counter), it
performs pulse swallow dividing. This combination forms a

and allows operation even in a higher frequency range.
Compared to conventional ICs fewer components are
required and the combination aliows the PLL to be locked in
steps as small as 10Hz.
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(b) vCO

The performance of the VCO is very important for PLL
operation. A high carrier-to-noise (C/N) ratio and a stable
oscillator output is obtained in the IC-751A by using four
separate VCOs, each of which is assigned a quarter of the
necessary bandwidth. Dividing the VCOs reduces the
burden of one VCO which would otherwise provide
frequency changes over the entire bandwidth.

Power supply to the VCOs is doubly regulated as with the
reference frequency oscillator. Furthermore, coreless coils
are used for the oscillation coils in order to obtain a high Qas
well as immunity from external induction.

The location of grounding points on the printed circuit
board, allocation of components, and utilization of a solid
shielding case additionally give the transceiver a high C/N
ratio.

(c) LOOP SYSTEM
The output of the VCO is separated into two parts after
passing through buffer amplifier Q22.

One part is amplified by Q23, and is output to the RF UNIT as

a 1st LO output after impedance matching by Q25. The
output level is about 0dBm/50Q.

IN-LOOP LOCAL OSCILLATOR BLOCK DIAGRAM

The other part is fed back to the PLL loop through buffer
amplifier Q26. A common base amplifier circuit with a high
isolation performance is used for the buffer amplifier in order
to prevent spurious components from leaking into the 1st LO
output. Spurious components arise from various frequency
components in the PLL loop. The VCO signal is then mixed
with the in-loop LO (FL_g) by IC3 and mixed down. Output
from the mixer passes through a bandpass filter with a
bandwidth of 35~75MHz, eliminating spurious components.
The output is then amplified by cascade amplifiers Q16 and
Q17, and is input to IC2 to form the PLL. D10 and D11 help
limit excessive input voltages to 1C2.

(d) IN-LOOP LOCAL OSCILLATOR CIRCUIT
The in-loop local oscillator controls the main loop in 10Hz
steps by heterodyning the VCO signal.

Output frequency from the sub-loop is too low to use
(230.00~239.99kHz) so the output is mixed with the
reference frequency oscillator output via IC4 and converted
to an appropriate frequency through heterodyning.

Heterodyned output passes through monolithic filter FI1
where spurious components are removed. The output is
then amplified by Q15 and fed to IC3.

1C4 Fi1 Q15
SuB L.P.F MIXER B.P.F AMP FL—O—-—>ICS
LOOP T o
REF. OSC
Q10

Fig. 11

(e) LOOP FILTER AND MUTE CIRCUITS

The loop filter of the main loop uses an active filter
composed of Q6 and Q7. The loop filter and the VCO are
important for the performance of the PLL circuits, and
determines lockup time and C/N (Carrier/Noise) ratios.

Lockup time and C/N ratios conflict with each other. That is,
as the time constant of the loop filter increases lockup time
speed, the C/N ratio will be decreased. In order to solve this
problem a variable resistor composed of an FET is inserted
into the loop filter in the PLL circuits. Thus, if the frequency
changes, the lockup time increases speed, decreasing the
time constant of the loop filter, and making the C/N ratio
greater by setting the time constant at a higher level than for
normal operations.

The circuit changing the time constant Q5 is driven by a
mute signal. If the mute signal is generated by the main loop
orthe sub loop, orifthe frequency is changed to more than a
certain level at one time, the circuit starts operating.

Mute signals output from IC1 in the main loop or IC201in the
sub loop are processed by Q8 and Q9. They are given
appropriate voltages and a time constant, and are fed to Q5,
Q13, and Q24. Q13 and Q24 switch the bases of the tran-
sistors of the output amplifier for 1st LO and 2nd LO output.

This switching operation allows the transceiver to transmit
or receive on desired frequencies, and completes lockup
time operations more quickly.

4-4-3 SUB-LOOP
This loop forms a locked loop using a divider to provide
in-loop LO for the main loop.

The reference frequency is 5kHz and the VCO can be locked
within the frequency range of 115.00~119.995MHz. The
output signal of the 4.995MHz bandwidth with a 5kHz
resolution is divided in a 1/500 ratio by 1C204 and 1C203,
providing output ranging from 230.00 to 239.99kHz (i.e.,
9.99kHz bandwidth) in 10Hz steps. This output is fed to the
main loop.

VCO output is input to 1C202 as well as to 1C204 and passes
through a loop filter composed of 1C201 to control the VCO
and form a PLL circuit. A pulse swallow counter composed
of the combination of 1C201 and 1C202, as in the main loop,
is used in this loop. Therefore the frequency can be changed
by changing the dividing ratio. A 10.24MHz reference
frequency is divided by 2 in 1C203 and then is divided by the
built-in divider of 1C201 at 5kHz.

4—11



SUB-LOOP BLOCK DIAGRAM

1C201
|" _____ 1| Q201 Q202 1C204
| PHASE I LOOP
| 1/1024 DETECTOR [ FILTER VGO BUFF 1/100
| 5kHz | 1
115~119.99MH
L——- 5 72wHiz] TSkHZ e z
ica | | | : Ic2 1C203
| CONTROL PROGRAMMABLE I SWALLOW
172 | 175  ——» MAIN LOOP
COUNTER DIVIDER ] COUNTER
| . | 230 ~ 239.99kHz
| |
' i
1024MHZ L |
Fig. 12

4-4-4 PLLDATA

Data for setting the dividing ratio N of the programmabie
divider is sent from the LOGIC UNIT. Control data for
switching VCOs is also sent from the LOGIC UNIT. Data to
set the dividing ratio (called N-data) is sent dynamicatlly
while data for the VCO is sent statically.

Since the dividing ratio of the reference frequency divider of
IC1 can be changed, the data (1/1024 constant) is also sent
at the same time.

(a) HOW TO DERIVE N-DATA

Since there are two locked loops, two kinds of N-data are
necessary. Even if the output frequencies from the PLL
circuits in all modes are the same, the display frequencies
are different depending on the operating mode.For example,
if the same frequency is displayed for LSB, AM and FM
modes, the frequency will be 600Hz lower in CW and RTTY
modes and 3kHz lower in USB mode.

The method for deriving N-data for LSB, AM, and FM modes
is shown below.

example : 14.0750MHz
Main Loop

Ignore the digits equal to or lower than 1kHz of the displayed
frequency and let the obtained frequency be F1, then:

N = F1 X100 + 3950

where F1 is 14.07 for the case shown above. Thus, we get:
N = 14.07 X 100 + 3950 = 5357

Sub-loop

If the frequency shown in the digits is equal to or lower than
1kHz and you let the displayed frequency be F2, then

N =F2 X 100 + 23000
where F2 is 5.00 in the case shown above. Thus, we get
N = 5.00 X 100 + 23000 = 23500

Note that the digit for 10Hz is not displayed.

To get N for other modes, add 600Hz for CW and RTTY
modes and add 3kHz for USB mode to the displayed
frequency, then follow the steps shown above.

For the value of N to be derived at in the above way, the
dividing ratio of the programmable divider must be 1/N.
4-5 LOGIC UNIT

The functions in the LOGIC UNIT include the control of
frequency, the processing of BPF and LPF signais and mode
signals, and data output for the PLL UNIT and DISPLAY
UNIT. The LOGIC UNIT is composed of an 8-bit NMOS
CPU, a 4-bit 1k word CMOS RAM, a multi-purpose custom
IC, and I/O expander ICs.

4-5-1 CPU

Functions are assigned to the pins of the CPU as shown
below. The interrupt pins are assigned to the TUNING
CONTROL with the highest priority. Pins where no
functions are assigned are left unconnected.

Addresses are assigned not only to ROM and RAM, butto all
the other peripheral devices.

The CPU’s port addressing and its memory maps are shown
in Fig. 13 and Fig. 14.

4-5-2 CPUINPUT CONTROL CIRCUIT
A multi-function custom IC (a 40-pin DIL package CMOS
IC) is used. (Refer to Fig. 15)

(a) An external L and C are connected to Pin 18 and Pin 19
to give about a 100kHz clock signal.

(b) The ATS of Pin 32 is at a HIGH level if the TUNING
CONTROL is rotated at a faster speed than can be set by
the values of C6 and R7 connected to TC of Pin 21. The
HIGH level is used as a strobe signal which switches the
dial-pitch(tuning rate) of the matrix input.

{c) M1 and M2 at Pin 38 and Pin 37 are used to switch the
multiplication factors of the input pulses from the
TUNING CONTROL. 200 pulses per one rotation are
obtained by 50 pulses X 4 (quadri-speed mode). For
RIT/ATX CONTROL, the multiplication factor is fixed at
double to give 50 pulses X 2 = 100 pulses per one
rotation.
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4-5-3 1/0 EXPANDER CIRCUIT
This circuit controls data outputs for PLL circuits, VCOs,

bandpass filters, and modes.

I/0 EXPANDER CIRCUIT TMS1025NLG
/M50780SP
[PLL VCO] ——U—-—
VV VY +5V—>—{ VDD H2 }—<— DB1, paTA
123 oaTA ,0B2 —>—H3 H1 |« om0 BUS
BUS ! DB3 —>—{ H4 VSS | GND
vss —>—| CE S2 }—e— AD?
+sv MS $1 p—e— ADZ‘ ADDRESS
X3 —>—{STD S0 pe— ADOi
138V ¢ B1 c3 ———»j—nrrv
 m ci B3 ‘TN cwW
T —- D1 A3 AM
Lﬂ NARROW
18L ¢ A4 D7 NP
35L f{( B4 c7
7L ca B7 ::L—SCAN ‘
10L D4 A7 NP
140
21L A5 D6 NP
28L I BS c6 NP
l c5 B6 NP
717 NP D5 A6 ALL
(GENE)
BBBBBBBSBBBEB LSB A2 b2 M
1234586789101 usB B2 c2 —pt—
[BPF]
Fig. 16

4-5-4 N-DATA OF PLL

Since the PLL circuits use a double loop construction, both
main loop and sub loop N-data are sent from the LOGIC

UNIT to the PLL UNIT.

HIGH and LOW N-DATA Table

Data lines HA-HD and LA-LD are switched by the gates of
IC17 and IC18. The lines are shared by signals for the PLL
circuits, DISPLAY circuits, bandpass filters, etc. Therefore,
this switching prevents the VCOs in the PLL UNIT from
introducing noise when the lines are not used for PLL data.

N-DATA OUTPUT TIMING DIAGRAM

0.10MHz 3960 OHz 23000
0.11MHz 3961 10Hz 23001
0.12MHz 3962 20Hz 23002
0.13MHz 3963 50Hz 23005
0.14MHz 3964 100Hz 23010
0.15MHz 3965 1kHz 23100
1MHz 4060 2kHz 23200
10MHz 4950 3kHz 23300
20MHz 5950 4kHz 23400
30MHz 6950 5kHz 23500
9.99kHz 23999

4 —

LR
HR
150, 80k 120 80x 120u
ARAEANA ey
“CPS
Ls8 MSB
HA /HIGH No| No.2 [No3| Noa | Nos
$ [DATA
HD \ (DBO~3)
LA /LOW No1| No.2 [No.3| No4 | Nos
§ (DATA
LD \ (DB4~7)

*CPS pulse intervals are measured with a 4MHz clock.

Fig. 17
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4-5-5 MATRIXUNIT

The MATRIX UNIT consists of a matrix board, matrix switch
board, and mode switch board. It processes the front panel
matrix input and transmit and receive data.

MATRIX TABLE

Custom IC
RP5G01 007

YO Y1 Y2 Y3Y4Y5Y6 Y7 Y8 Y9

=4

TEN KE NC HAMD MODE SCAN
KEY FU BAN REMOTE| RIT
: SEARCH| " Rp slock] L CLOCK
DBO
piITcH | REMOTE| [UPF
CLEAR R WP
DBt
MSE
Y

s

xﬂ)

\A
DB2
RIT af SPLIT
CLEAR cw (DUPLEX)
\ \ \4\ \ \\
DIAL DB3
SCAN VFO VFO PITCH
START A/B A=B RTT
e (NN AN N\
DB4
MEMORY| N-SSB
HAM/ALL | Mwi DBS
DISP.
(GENE) (_.MEMO.) RSW
DB6
RIT/ATX | Mw2 T
ON/OFF (MEMO SEND
NN NN
DB7

Fig. 18

(1) Y0—DBO-DB3 (TEN KEY)

Following is a matrix for frequency settings and band
changing through the use of an external RC-10 ten key unit
(optional).

1 1 0 0 0 1.9 1
2 0 1 0 0 3.5 2
3 1 1 0 0 7 3
4 0 0 1 0 10 4
5 1 0 1 0 14 5
6 0 1 1 0 18 6
7 1 1 1 0 21 7
8 0 0 0 1 24 8
9 1 0 0 1 28 9
0 0 1 0 1 — A
CE 1 1 0 1 — B
ENT 0 0 1 1 — C

(2) Y0—DB4 (SCAN START/STOP)

This matrix starts and stops the scan. It is controlled by the
[SCAN] SWITCH and also by the [SQUELCH] CONTROL
and the DIAL LOCK SWITCH through IC2(b) and Q3. When
the [SCAN] SWITCH is pushed, one pulse signal is input to
this matrix to repeatedly start and stop the scan operation.

Three types of scanning operations (MEMORY SCAN,
PROGRAMMED SCAN, and SELECTED MODE SCAN) are
available. During VFO operation, PROGRAMMED SCAN is
automatically selected; during the memory channel
operation, MEMORY SCAN is selected. R14 on the LOGIC
UNIT adjusts the scanning speed. S10 reactivates the scan if
it is interrupted when the squelch is open.

(3) Y1—DB4 (VFO A/B)

This matrix selects VFO A or VFO B via the [VFO] SWITCH.
When VFO B is selected, pin 20 of the CPU becomes HIGH.
Operation mode, frequency, and ham/general selections are
stored independently in each mode.
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(4) Y1-— DB5 (MEMORY READ)

This matrix selects a VFO mode or memory channel mode
when it is switched by the [VFO/M] SWITCH. Pin 22 of the
CPU is HIGH when the memory channel mode is selected.
There are 32 memory channels available for storage of
mode, frequency, and ham/general data.

(5) Y1— DB6 (HAM/GENERAL)
This matrix selects the ham band mode or general coverage
mode via the [HAM/GENE] SWITCH.

(6) Y1— DBT7 (RIT ON/OFF)

This matrix turns ON and OFF the receive circuit via the
[RIT/ATX] SWITCH. The binary counter IC1(b), 1C1(a)
outputs receive signals from pins 13 and 1 respectively when
the [RIT/ATX] SWITCH is turned ON.

Output signals pass through the OR gate of R13and D15 and
are fed to a one-shot circuit consisting of IC4(b), R14, and
C5. This circuit outputs a pulse signal to Q8 which turns ON
the RIT matrix (Y1—DB7). The XRO output from pin 44 then
becomes HIGH and turns on the receive circuit. When no
receive input signal is applied, XRO outputs no signal to turn
ON the reset circuit (which consists of 1IC3(c), iC4{(c), D14,
R3, and C1). Thus the receive circuit is turned OFF by 1C1(b),
IC1({a).

Digital transistors Q4 and Q5 turn ON and OFF the receive
and transmit indicators on the DISPLAY UNIT. When both
pin 1 (ATX) and pin 13 (RIT) of IC1 are OFF and the RIT
setting of the CPU is ON, the matrix reset circuit (consisting
of IC3{c), IC3(d), IC5(c), IC3(a) and IC3(b)} drives IC4(b)
which switches the CPU RIT matrix ON and OFF, matching
the condition of the CPU and the front panel display. The
RIT matrix is turned ON and OFF by the multi-vibrator of
IC3(a) and IC3(b).

RIT/ATX CIRCUIT

from LOGIC UNIT
XRO(RIT LED QUT)

}FN + Mj

{7) Y2 — DBO (FUNCTION)
This matrix selects a function by combining switches as
shown in the following table.

Selects FM mode.

[FUNC] + [cw]

Selects CW-NARROW mode.

[FUNC] + [RTTY]

Selects RTTY-NARROW mode.

[FUNC] + [ ssB |

Selects reverse side band.
(LSB or USB).

[Func] + [A=B8]

Selects VFO transfer direction.
(A—BorB—A)

[FUNC] + [CLEAR]

Adds RIT/ATX Af to display
frequency.

[FUNC] + [WRITE]

[FUNC|+ [M » VFO|

Clears (blanks) the displayed
memory channel frequency.

{8) Y2 - DB3 (RIT/ATX CLEAR)

This matrix clears the receive/transmit shift frequency.
When combined with the [FUNCTION] SWITCH, the shift
frequency is added to or subtracted from the displayed
frequency.

{9) Y2 —- DB4(VFOA=B)

This matrix transfers the frequency of VFO A to VFO B.
When combined with the [FUNCTION] SWITCH the original
VFQO is reversed. See table on p. 4-17.

Q4

5V IC1IB
RIT SW 13
. ci13 o o
-0 T
0 © Si2e
& = 3z 8
@

i
C
o |

ATXl
to DISPLAY UNIT

RIT J

1IC48




VFOA—-VFOB

VFO A isin use.

VFO B is in use. VFOB—-VFOA

(10) Y2 — DB6-DB7

(DISPLAY — MEMORY/MEMORY - VFO)
This matrix is for memory write and the memory data
transfer by the [WRITE] and [MPVFO] SWITCHES. When
combined with the [FUNCTION] SWITCH the data in the
displayed memory channel is cleared and the channel is
blanked.

VFO A or WRITE Transfers the VFO frequency
VFOB is to the selected memory channel.
In use M » VFO Transfers the selected memory
channel frequency to the VFO.
MEMORY WRITE Transfers the displayed frequency
CHANNEL to the selected memory channel.:
MODE is .
in use M » VFO Transfers the displayed frequency
to the VFO previously used.

(11) Y3 — DB0-DB3 (HAM BAND)

This matrix switches the TUNING CONTROL to a band
selected by' the [BAND] SWITCH. When the [HAM/GENE]
SWITCH is at the [GENE] position the frequency is changed
in 1IMHz increments: .

This matrix selects the operation mode when combined with
a mode switch or the [FUNCTION] SWITCH. The display
frequency is shifted depending on the selected operation
mode as shown in the table below.

FREQUENCY DIFFERENCES IN VARIOUS MODES

7.047.0 7.050.0
7.049.4
600Hz
UsB CwW LSB
RTTY AM
(MARK)  FM
Fig. 20

(16) Y6 — DBO (MODE SEARCH)

This matrix is for the SELECTED MODE SCAN and is
activated by the [MODE-S] SWITCH. Only the memory
channels with the desired operation mode are selected in
this scan.

(17) Y6 — DB1 (PITCH CLEAR)

This matrix sets the frequency increment to 1kHz in all
modes by the [TS] (Tuning Step) SWITCH. When the [TS]
SWITCH is ON, the matrix at Y7—DB4 is also turned ON.

(18) Y6 — DB2 (DFS)
This matrix is for dial function selection as set by the [DFS]
SWITCH. Refer to the following table.

VFO A or Changes displayed | Changes displayed
VFO B frequency memory channel

is in use number

MEMORY Selects a memory Changes displayed
CHANNEL | channel (its frequen-| frequency

MODE cy is displayed)

(19) Y6 — DB6 (RSW)

This matrix resets RIT data or outputs N-data. IC4(a), IC4(b),
IC5(a), IC5(b), IC5(d), R17 and D16 are for the RSW input
circuit.

(12) Y4 — DB2 (AM)
(13) Y4 — DB3 (CW)
(14) Y4 — DB4 (RTTY)

(15) Y4 — DBS5 (SSB)

19 1,900.0 1 0 0 0 RX | OFF | ® When RSW MATRIX is

35 3,550.0 0 1 0 0 OFF | OFF I T oFF OFF, the operating fre-

7 7.050.0 1 1 0 0 quency becomes the dis-

; RX | OFF played frequency plus
10 10,050.0 0 | 0 | 1 0 ON | OFF———— = RIT/ATX Af frequency.
14 14,050.0 1 0 1 0 e When RSW MATRIX is
18 18,050.0 0 1 1 0 RX ON ON, the operating fre-
21 21,050.0 1 1 1 0 OFF 1 ON = T oFF quency is the displayed
24 24,550.0 0 0 0 1 | orF frequency.
28 28,050.0 1 0 0 1 ON | ON
TX | OFF

(20) Y6 — DB7 (SEND)
This matrix is for transmit mode recognition for stopping
scanning operations.

(21) Y7 — DBO (REMOTE RP)
This matrix is for remote-control read pulses.

4—17



(22) Y7 — DB1(REMOTE WP)
This matrix is for remote-control write pulses.

(23) Y7 — DB2 (SQL)
This matrix inputs one pulse when the squelch is closed, and
controls scanning operations.

(24) Y7 — DB3 (SPLIT/DUPLEX)
This matrix is for split or duplex operation using the VFO A or
VFO B SWITCH and the [SPLIT] SWITCH.

(25) Y7 — DB4-DB7 (DIAL PITCH 1-4)

This matrix sets the frequency step tuning rate. The
frequency step and the increments per rotation of the
TUNING CONTROL in each setting are as follows:

10Hz steps

0 0 0 0 10Hz
0 1 1 1 50Hz
1 0 0 0 1kHz
1 0 1 1 BAND

(26) Y8 — DB0-DB1 (RIT: CLOCK, UP/DOWN)
This is a data matrix for RIT which is processed by IC2 on the
LOGIC UNIT.

(27) Y9 — DBO (SCAN CLOCK)
This matrix is for the scan control clock formed by the circuit
of Q4, IC7(b), and R14 on the LOGIC UNIT.

(28) Y9 — DB5 and DB7 (10 sec. SET/TIMER SCAN)
This matrix is for setting a 10-second timer which allows the

transceiver to resume scanning after stopping. The matrix
Y9—DB7 is ON while the timer scan is operating.

DISPLAY UNIT

This unit consists of the display tube and its drivers, and a

(2kHz/1 rotation) HAM:
OFF | By faster rotation 8 BAND/A
50Hz steps rotation 4-6
. 8CH/
(10kHz/1 rotation) rotation
1kHz steps GENE:
ON (200kHz/1 rotation) 8MHz/A DC-DC converter section.
100Hz and lower digits rotation
will be cleared as “0".
DISPLAY UNIT CIRCUIT
b
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(E— W DUP  to
VWA RIT  MATRIX UNIT

WAA— ATX P1

- cw to

Wi

IC1 1C2
uPD549C uPD549C

} LOGIC UNIT
N——-— MEMO J5

CTL \

RES

RS3 (DB7)

to

RS1 (DB5)

RS2 (DB6) L
} LOGIC UNIT

RSO (DB4) J13

FS3 (DB3)

FS2 (DB2)

FS1 (DB1)

FSO (DBO)

Fig. 21
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The display illuminates centralized information of
frequency, mode, transmit and receive conditions, memory
channel, operating mode (VFO A, VFO B, GENE, DUP,
SCAN), etc. The operating conditions of the transceiver can
be easily understood because of this centralized display.
The display lights up in two colors, red and white, using
colorfilters. LEDs for the transmit and receive indicators and
the narrow selection in CW and RTTY modes are also a part
of this unit.

(a) DISPLAY SECTION

DS1, the luminescent display tube, is driven by drivers |C1
and IC2, and lights dynamically. These ICs contain such
functions as input data laich, clock oscillator, timing

DISPLAY DATA TIMING CHART

counters, and segment decoders. The clock frequency is set
by C2 and C6.

Displays for the receive and transmit shift frequencies and
memory channels are driven by IC2. Other displays are
driven by IC1.

Signals for the display of RTTY through GENE are sent from
the LOGIC UNIT to each segment. These are switched by
digit signals TO~T6 from IC1and T3 from IC2. The transmit,
receive, “—”, and “DUP” INDICATORS are connected to the
same digitin the tube, so each indicator is selected by T4, T1,
and TO digit signals and light up dynamically.

2004
RESET
POWER ON RESET pulse is output only when the power is turned ON.
RESET fe —{f
L— 200 [ 1130 ] 190x [T 140ux[| 1704 []150x [ | 190k
40u joe—
*CTL 4 f—
(1IC1) {f
FS0 / DBO TO T1 T2 T3 T4 TS T6 T7
S $
FS3 (033) DATA DATA DATA DATA DATA DATA DATA
{{
7
(Ic2) f—
RSO [ DB4 TO T1 T2 T3 T4 15 T6 T7
DATA DATA DATA DATA DATA DATA DATA
Rs3 \DB7) -

*CTL pulse intervals are measured with a 4MHz clock.

Fig. 22

(b) DC-DC CONVERTER SECTION
The +5V voltage source is produced from 13.8V, a voltage
regulator.

The DC-DC converter is composed of Q4, Q5, and T1, and
generates rectangular pulses of about 15kHz. The pulses are
applied to T1 to obtain —5V, —35V, 3.5V AC from the
corresponding coils.

Except for 3.5V AC which is provided for the filament of the
display tube, all the voltages are rectified for DC voltages. As
for —5V, the rectified DC-DC converter output is regulated
by IC4 and is supplied to IC1, IC2, and the MAIN UNIT. .

Q6~Q8 comprise a circuit which keeps the display OFF for
about 2 seconds before the initial reset is completed when
the power is turned ON. Immediately after the power is
turned ON, Q6 through Q8 are OFF and—35V is not output.
When data (CTL) is supplied from the LOGIC UNIT as
resetting is completed, Q8 is turned ON, and then Q6 and Q7
are turned ON for —35V output for the display.

Q6, Q7, D19, and R41 form a latch circuit, ensuring that once
the circuit is turned ON it will keep providing—35V. R42, C21
and C22 are installed to prevent circuit errors.

4-7 OTHER CIRCUITS

4-7-1 ENC 1 AND ENC 2 UNITS

Pulse signals (SV) from the rotary encoder are fed into
transistors QA and QB.

When the T1 SV signal is “LOW”, QA and QB are turned OFF
and output from QB is “HIGH”. When the T2 SV signal is
“HIGH” QA and QB are turned ON and output from QB is
“LOW”.
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4-7-2 RELAY UNIT

The RELAY UNIT is located on the LOGIC UNIT and stops
relays on the FILTER UNIT while memory scan is operating.
The scan signal appears from pin 29 on 1C14 when memory
scan is selected. This scan signal turns Q17, Q18 and Q19
OFF. The relays on the FILTER UNIT are controlled by IC15.
When Q19 is turned OFF, all the transmit relays are turned
OFF and are silent.

4-7-3 KEYER UNIT
The KEYER UNIT employs an electronic keyer circuit and a
cooling fan control circuit.

(a) DOT, DASH INPUTS AND ELECTRONIC KEYER
OUTPUT

When IC1 receives a dot signal at pin 1, IC1 outputs a DOT

and SPACE (ratio is 1:1). If IC1 receives the next dot signal

during output of the first DOT and SPACE, IC1 outputs only

the first DOT and SPACE.

DOT input )
‘ :—— The keyer accepts the
1 next DOT input after

this point.

i
!
1
'

]
Keyer out —L

4 F

DOT Space
1 1

Fig. 23

When IC1 receives a dash signal at pin 2, IC1 outputs a
DASH and SPACE (ratiois 1:3). If IC1 receives the next dash
signal during output of the first DASH and SPACE, IC1
outputs only the first DASH and SPACE.

DASH input

'— The keyer accepts

the next DASH
input after this
point.

ﬁ

T

7

Keyer out

I—- D/;SH «’

Space
1
Fig. 24
If IC1 receives a dash signal during a DOT and SPACE

output, IC1 outputs a DASH and SPACE after the DOT and
DASH output. This is calied the DASH MEMORY.

DPOT input U

Keyer out —[-l—,i
__i

| Foasu

DOT Space 3 Space
1 1 1

DASH input

Fig. 25

If IC1 receives a dot signal during a DASH and SPACE
output, IC1 outputs a DOT and SPACE after the DASH and
SPACE output. This is called the DOT MEMORY.

DOT input U

DASH input U—
DASH —
|_7 3 S;lace |Do‘ll Space
1 1

1

'
i
(
'
i
)
|
1
|
|

Keyer out

Fig. 26

If IC1 receives the DOT and DASH signal continuously as
shown in Fig. 27, IC1 outputs the DOT and DASH
alternately. This is called the IAMBIC FUNCTION.

DOT input ﬁ

DASH input

L

- |
DOT Space DASH Space DOT Space DASH Space DOT

1 1 3 1 1 1 3 1 1
Fig. 27

Keyer out

|

(b) SPD
These terminals determine the speed of the DOT, SPACE
and DASH.

(c) WEIGHT
These terminals determine the ratio of the DOT, SPACE,
AND DASH (DOT: SPACE: DASH).

(d) FAN MOTOR CONTROL

Thermal switches S1 and S2 detect the temperature of
output from Q4 and Q5 on the PA UNIT and control the
cooling fan while decreasing output power.

If the temperature of the transceiver increases in transmit
mode, S2 turns ON (at about 50° C) and the cooling fan starts
to rotate. The fan continues to rotate even after receive mode
is switched to, and will continue until the temperature drops
below 50°C. Fan rotation is somewhat slower in receive
mode than in transmit mode.

S1 turns ON if the temperature increases to about 90°C or
more due to antenna mismatching or other problems. The
rotation speed of the fan increases when S1 turns ON.

THERMAL S1 OFF OFF ON
SWITCH S2 OFF ON ON
COOLING FAN RECEIVE | OFF SLOW MED.
SPEED TRANSMIT | OFF |MED. HIGH| HIGH
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FRONT PANEL (1) DISASSEMBLY

5-2

TOP COVER KNOBS N-62 42225

SWITCH PANEL 30304

SUB-CHASSIS 20185

MARKER P.C. BOARD B-731E 42450

GIV@\( &

S
.
Res KX

d @» A\ &

KNOBS N-74 42433

RIT/ATX

TUNING



DISPLAY HOLDER 42437
DISPLAY TUBE FIP12FM7

MATRIX P.C. BOARD B-728C 42450

MATRIX SW P.C. BOARD B-726G 42456

?
DISPLAY P.C. BOARD B-706D 42449

i

AF VR P.C. BOARD B-722E 42452

SUB-CHASSIS 20185

NB VR P.C. BOARD B-723C 42453
NB SW P.C. BOARD B-724C 42458
MODE SW P.C. BOARD B-725A 42457

9 5 -
AR v“%”w\.w«wvhﬁ/
3 “' v/
Y N\

A
G

METER SW P.C. BOARD B-727E 42459

\

PBT VR P.C. BOARD B-741C 42454

[=}
@K
-
[=]
N
9]
Z
=
(2]
<
[&]
u
[a]
[
Z
®]
@c
w

A
/

KNOBS N-72 42431
KNOBS N-71 42430
KNOBS N-73 42432

RIT/ATX CONTROL KNOB N-70 42394
TUNING CONTROL KNOB N-60 42223




5-3 FRONT PANEL (2) DISASSEMBLY

FUNCTION SWITCH SPPH11163A

BUTTONS K-27 (BROWN) 42427

SWITCHES SPPJ31116A

BUTTONS K-27 (SILVER) 42427

BUTTONS K-27 (GRAY) 42427

METER ROTARY SWITCH SRBU16003A

AGC ROTARY SWITCH SRRU13071A

VOX GAIN CONTROL RKBB21004A-10KB-500KC

VOX DELAY CONTROL RKBA11013A-1MB

NB LEVEL CONTROL RKBA11011A-1KB

AF/RF GAIN CONTROL RKDEBOOOBA-10KBx2

PHONES JACK HLJ4815-01-030

MIC CONNECTOR 85-S-E

POWER SWITCH TW-0068

TRANSMIT/RECEIVE SWITCH M2012J-1K

POWER BUTTON K-25 42399
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