OTHER CIRCUITS

Some circuits work for both transmitting and
receiving and are described as follows:
PLL CIRCUIT: VFO unit PB-1465

FIX unit PB-1453

LOCAL unit PB-1454

PLL unit PB-1455

The FT-221R utilizes a phase lock loop system for
the heterodyne oscillator providing a stable signal

varying from 133.3 through 137.3 MHz to cover
the entire 2 meter band.

VFO UNIT (PB-1465)

The VFO module board is installed in the VFO
chassis. The VFO (variable frequency oscillator)
Qi301, 2SC372Y, generates an 8,000 to 8,500 kHz
signal and produces a 500 kHz main tuning dial
range. Frequency drift is minimized through the
use of a temperature compensation circuit utilizing
a differential trimmer capacitor. The signal is fed
through the amplifier buffer stage Q;302,2SK19GR,
and Q,303, 2SC372Y, to pin 11 of the FIX oscil-
lator board. The buffer amplifier provides isolation
and amplification of the VFO signal.

PB-1465(VFO)
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FIX UNIT (PB-1453)

In addition to normal VFO operation, 11 crystals
may be selected for crystal controlled operation
with the selector switch located on the front panel
of the transceiver.

The FIX channel crystal oscillator Q,¢; , 2SC372Y,
oscillates at the frequency of the crystal selected
by the diode switch D,,, through D,;;, 1S1555.
The output is fed from pin 8 through the buffer
amplifier Q,q, , 2SC372Y, to the PLL unit.

The signal from the VFO also passes through this
buffer stage to the PLL unit.

The crystal frequency falls between 8,000 and
8,500 kHz and is determined as follows.

fx = f, —f,
where f, is given in Table 1 on page 12 and f, is
the operating frequency.

LOCAL UNIT (PB-1454)

This oscillator generates a heterodyne signal which
is used to convert the VCO (voltage controlled
oscillator) signal to an 8,000 to 8,500 kHz signal,
which is used for the comparison of the phase with
that of the reference (VFO) signal.

The crystal controlled oscillator Q,4,, 2SC372Y,
oscillates at the fundamental frequency of the
crystal. A varactor diode D,,4, 1SV50, connected
to the base of Q,o;, is used as a clarifier to shift the
oscillator frequency for receiver off-set tuning.

The output from the oscillator is fed to the
frequency multiplier stage, Qjo, and Qjos,
2SC784R, producing the ninth harmonic at its
output. The crystal is selected by the diode switch
connected to the band switch. The relation
between the frequency and band is shown on Table
2. The multiplied signal is then fed from pin 3
to the PLL unit.

For repeater operation, a fundamental crystal at
14.1333 MHz, X210, is used to generate a
heterodyne signal of 127.2 MHz which is 600 kHz
higher than the normal heterodyne signal when the
band switch is set to the 146.5 MHz segment and
X211 (fundamental frequency 14.3222 MHz) is
used to generate 128.3 MHz signal which is 600
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kHz higher than the normal heterodyne signal
when the band switch is set to the 147.0 segment.
A relay, RL;go; in the tone burst unit is used to
select the above crystals with the Repeater switch,
Sg, in the ON position. When the Normal-Reverse
switch, Sy, is set to the NOR position, the relay
selects the repeater crystal on transmit that shifts
the transmitting frequency down 600 kHz in the
146.5 MHz segment and shifts up 600 kHz in the
147.0 MHz band. The main VFO tuning dial
indicates the received frequency.

With S, in the REV position, the relay selects the
repeater crystal on receive that shifts the receiver
frequency down 600 kHz in the 146.5 MHz seg-
ment and shifts up 600 kHz in the 147.0 MHz
segment. The main tuning dial now indicates the
transmitted frequency.

PB-1454 (LOCAL)

RAND CIRI’(S:al Frccjailylf;ilcy F rt{dc?lf:rllcy
MHz MHz

144.0 X501 13.9222 125.3
144.5 X202 13.9777 125.8
145.0 X203 14.0333 126.3
145.5 X204 14.0888 126.8
146.0 X205 14.1444 127.3

X6 14.2000 127.8
6.5 T, | *14.1233 1272

X207 14.2555 128.3
W10 I o [*143222 128.9
147.5 X208 14.3111 128.8

*Repeater for US Model.
Table 2
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PLL UNIT (PB-1455)

This unit generates a heterodyne signal for the
transmitter and receiver mixer in conjunction with
the Phase Lock oscillator.

A voltage controlled oscillator Qjos, 2SK19GR,
generates a signal between 133.3 MHz and 137.3
MHz which is determined by Lsoi, TCs01, Csa4,
Dsos and Dso6. The varactor diode, Dsos, changes
the frequency by the DC voltage which is delivered
from the phase detector amplifier Qso; , 2SK19GR.
The varactor diode, D36, is used to shift the oscil-
lating frequency in accordance with the band
switch setting for a stable lock of the VCO. The
output from the VCO, Q;s, is fed through a two
stage buffer amplifier Qss, 2SK19GR, Qs¢7,
2SC784R, to the mixers, Qo5 in receive, Qso; and
Qs02 in transmit.

A portion of the output from Qjo¢ is amplified
through the buffer amplifier Qzo4, 2SC372Y, and
is fed to the mixer Qso3, 2SC372Y, where the
signal from local oscillator unit is converted into a
8,000 to 8,500 kHz comparison signal.

This comparison signal is amplified by the amplifier
Qs02, MA703HC and fed to the phase detector
circuit consisting of diodes, Dso3 and Djpq, 1S-
1007.

PB-1455(PLL)

The phase detector compares the phase of the
comparison signal with that of the reference signal
which is fed through pin 17 from the FIX unit
(VFO or FIX crystal signal), and any phase dif-
ference is converted into an error correcting
voltage. This error voltage is amplified by Qo1 .,
2SK19GR, and fed to the varactor diode Djps,
1SV50, which changes the output signal phase to
track the input.

The programmable unijunction transistor Dso;,
N13T1, generates a sawtooth wave when the VCO
is unlocked. The sawtooth wave is used to lock the
VCO. A portion of it is fed to the inverter Qsos.,

‘and rectified by Q3,0 1S1555.

The rectified voltage causes Qsqo, 2SC372Y, to
conduct and its emitter voltage is used to conduct
Qo7 in the AF unit thus shorting the audio input
to quiet the receiver when the PLL is unlocked.

In transmit, this voltage controls Qso; in the
EXCITER unit causing Qso¢ cut off to disable the
exciter stages. Thus, the transmitter and receiver
stop functioning when the VCO is unlocked. With
this voltage, a multivibrator Qsos, TP4011AN,
produces a blanking pulse which controls the pilot
lamp driver Qj;0, MPSA13, causing the pilot lamp
to flicker indicating VCO unlock.
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MARKER UNIT (PB-1459)

RO 100

Figure 22

The crystal marker generator Q,;, 2SC372Y,
generates a 12.8 MHz signal, and its output is fed
through the buffer amplifier Q,,,, 2SC372Y, to the
frequency divider Qq03, 34024PC, where the 12.8
MHz signal generates a 100 kHz marker signal.
The marker signal is fed through a buffer amplifier
Qq04, 2SC372Y to the RX RF unit. When the
marker switch is ON, the antenna relay is activated
to disconnect the antenna.

[ e e e e e

Potentiometers VR; through VRjy are installed in
this board. These potentiometers are set to change
the tuning frequency of the VCO and the exciter
tuning circuits.

TONE BURST UNIT (PB-1461)

The tone burst signal is automatically transmitted
in the following manner. When the PTT switch of
the microphone is pressed momentarily before a
normal transmission, the rapid voltage change in
the PTT circuit causes a pulse to be fed to the tone
burst control circuit consisting of Qo015 Qiooz,
Qi003, TP4011AN, and Qio04, TP4049AN, thus
activating the tone burst oscillator Q;g03,
TP4011AN.

Normal push-to-talk operation does not produce a
pulse to activate the tone burst oscillator.

The tone frequency may be adjusted to any fre-
quency between 1000 to 2000 Hz with VR0, and
the tone burst duration may be adjusted with
VR,00;. The tone signal output level may be
adjusted with VR,43. The output from the tone
burst oscillator is fed through the buffer Q,q¢s,
2SK19GR, to pin 29 in the MIC AMP unit.
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POWER SUPPLY & REGULATOR UNIT (PB-1469)

The power supply has been designed to operate
from 100/110/117/200/220 or 234 volts AC
50/60 Hz, or 12 volts DC, negative ground. Insert-
ing the appropriate power plug into the rear panel
receptacle makes the necessary connections to
operate the supply in either mode, AC or DC.

For AC operation, the DC voltage is supplied from
the bridge connected rectifier unit D50, M4B-5,
which is connected to a 20 volt, 3.5 amps
secondary winding of the power transformer. The
DC voltage is regulated at 13.5 volts by the voltage
regulator circuit consisting of Q;so;, 2SD313D,
and Q,, 2SD114.

Since such circuits as the VFO, local oscillator
PLL circuit, require an extremely stabilized voltage,
the 13.5 volts DC voltage is further stabilized at 8
volts by the voltage regulator Q;ses, 2SC735Y,
Q1504 , 2SD313D, and Q,505, 2SC372Y.

For DC operation, the positive voltage is connected
to pin 3 and the negative voltage to pin 4, of the
power receptacle, J, . To protect the circuits from
any reverse connection of the DC voltage, D,,
DS130YD, conducts heavily in the reverse polarity
connection to blow the line fuse in the DC cord.
It is placed between pin 3 and ground on J; .
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MAINTENANCE & ALIGNMENT

GENERAL

Your model FT-221R transceiver has been careful-
ly aligned and tested at factory prior to shipment.
The reliability of the solid-state devices used in the
FT-221R should provide years of trouble free
service if the transceiver is not abused and normal,
routine maintenance is carried out.

The following precautions should be observed to
prevent damage to the transceiver:

('l) Do not interchange the AC and DC power
cords.

Do not apply any AC voltage other than the
voltage determined by the transformer wiring.
Do not exceed 14 volts DC, at the POWER
receptacle, on DC operation. When operating
mobile, check the battery voltage under the
load (transmitter “keyed” in FM mode) with
the engine running fast enough so the am-
meter shows a “charge”. In addition, do not
operate the FT-221R if the supply voltage is
below 12 volts DC.

Avoid direct exposure to sunshine or water.

(4)

ROUTINE MAINTENANCE

Routine maintenance should be limited to keeping
the transceiver clean, and periodic performance
checks of the transmitter RF power output and
@€ receiver sensitivity.

Cleaning:

When the transceiver has been used in dusty
or sandy areas, the interior should be
periodically cleaned. A vacuum-cleaner, or
low pressure air source should be used, while
any accumulated dirt may be removed with a
soft brush. Check that the interior is thorough-
ly dry before replacing the case and/or
operating the equipment. Wipe the exterior
with a damp cloth whenever required.

PERFORMANCE CHECKS

Make all performance checks at 13.5 volts DC
(under load) or AC with the appropriate voltage as
determined by the transformer wiring.

Check the transmitter output as follows:

(a) Connect a suitable 50 chm dummy load/RF
wattmeter to the ANT receptacle.

(b) Set the MODE switch to FM and key the
transmitter while observing the power output.
The power should be approximately 10 watts,
and the S-meter should read between 6 and 8.
(c) Set the MODE switch to SSB and key the

transmitter. Speak normally into the micro-
phone. The output meter should show 3 to 5
watts mean value.

Check the receiver sensitivity as follows:

(a) Connect an AC VIVM to the SP receptacle,
set the MODE switch to FM and set the
SQUELCH control fully counter-clockwise.
Connect the RF output of a precision, VHF
signal generator to the ANT receptacle and
with no signal input note the VI'VM reading.
Adjust the VOLUME control and VTVM
range, as required, to obtain an approximate
full scale reading. (DO NOT change the
VOLUME control setting after this adjust-
ment is made.)

Set the signal generator to the receiving fre-
quency of the transceiver and adjust the
output amplitude of the signal generator until
the VIVM reads 1/10th (20 dB decrease) of
the reading in step (b). The signal generator
output voltage at this point is the 20 dB
quieting sensitivity, and should be approxi-
mately 0.3uV.

Set the MODE switch to SSB position and
connect the AC VI'VM to the speaker output.
Apply an unmodulated, 0.5uV signal, from
the standard signal generator and tune the
transceiver for a maximum VTVM reading,
Set the RF GAIN control to the fully clock-
wise position and adjust the AF GAIN control
for a 450 mV VTVM reading.

Reduce the signal generator output and read
the VTVM reading. The VTVM reading should
be less than 45 mV for a 10 dB S/N ratio.

(b)

(c)

(d)

(e)

()

If the above performance checks indicate a need
for realignment it is recommendéd that the trans-
ceiver be returned to the dealer for alignment. The
alignment procedures require special test equip-
ment and techniques not normally available to the
average owner. Attempts to realign the tuned



circuits without proper test equipment will result
in degraded performance of the transceiver.

ALIGNMENT
SOME OF THE FOLLOWING ALIGNMENT
PROCEDURES REQUIRE SPECIAL TEST

EQUIPMENT AND TECHNIQUES AND SHOULD
ONLY BE DONE BY AN EXPERT TECHNICIAN.

AF AMP UNIT

Figure 27

(1) CW Break-In

Adjust VRgs,, DELAY control, for a suitable
release time.

(2) CW Sidetone Level

Adjust VR4 for a suitable side tone level.

(3) Relay Sensitivity & Antitrip

Set the controls as follows:

VRio: RELAY...... Fully CCW
MIC GAIN - -+« .- .. Fully CCW
VOX GAIN ........ PTT

MODE -.-----.--.. LSB or USB

Slowly rotate the RELAY control, VR, , until
the relay activates, then return the control careful-
ly counter clockwise until the relay releases. This
release point is the proper setting for the RELAY
sensitivity control. Set the MIC GAIN control to
the 2 o’clock position and the VOX control on the
front panel to the 12 o’clock position. Speaking
normally into the microphone, make sure that yvour
voice activates the relay. Tune in a signal and
adjust the AF GAIN on the front panel to a
comfortable listening level. Set the ANTITRIP

— 96—

control, VRyys, to the minimum point that will
prevent the speaker output from tripping the VOX.

Adjust the DELAY control, VR, , for a suitable
relay release time.

(4) Discriminator Meter Center

Set the controls as follows:
CHANNEL - - - VFO
MODE
DIBC »vvie =i s OFF (down position)

RF GAIN - - - - Fully CW
MARKER*- ‘- -ON (up position)

Tune the transceiver for maximum S-meter reading

at a marker signal. This maximum reading has a

3 kHz width and the VFO should be set to the

center of the signal. Turn the DISC switch on and

adjust the center potentiometer, VRgg5, until the
meter indicates mid point on the scale. Check that
the meter moves equally toward both ends when
the VFO frequency is shifted equally up or down.

Shift the VFO frequency 10 kHz lower than the

zero center meter indication, and adjust the DISC

potentiometer, VR,ps, until the meter indicates

2

MARKER UNIT

VR‘.‘M TCTM
[ vF;m

VR

VR VR
‘ VR|T,,? Vﬂlnu l YR

MARKER UNIT (PB-1459)

Figure 28

(1) Frequency Adjustment

Connect a frequency counter, through a 100 PF
capacitor, to the collector of Q.. , 2SC372Y.
Adjust TC,y, to set the crystal frequency to
12.8MHz.



When the counter is not available, use another H.F.
receiver and calibrate the 100kHz signal against
WWV or JIY.

(2) Voltage Adjustment for the Varicap Tuning
Circuit

Measure the voltage at pins 3, 4, 5, 6, 7, 8, 9 and

10 with a VTVM connected between the pins and

ground.

Adjust the appropriate potentiometer, VR.,, to
VRps , for following pin voltages:

Adjust.

VR No. 701 (702 (703|704 705|706 {707 |708

Volt.

|DC. V. 2.0 12.513.0 (3.5 |4.0 |4.5 |5.0 |5.5
Table 3

SSB 1IF UNIT

VRsua

VRios Qeaz

Tape VQapn

Figure 29

(1)
Disconnect the antenna from the coax receptacle.
Set the MODE switch to the AM mode. Set the RF
GAIN control on the front panel to the fully clock-
wise position. Adjust VRgs (ZERO) until the
meter indicates zero. Then set the RF GAIN
control to the fully counter clockwise position.
Adjust VRgy, (FULL SCALE) until the meter
indicates full scale. Repeat above procedures until
the meter indicates zero and full scale with above
mentioned RF GAIN settings.

S Meter Setting

— i

(2) Carrier Balance (SSB Receive)

Disconnect the antenna.

Set the MODE switch to either the LSB or USB
modes, and the RF GAIN control fully counter
clockwise. Adjust VRe,, and TCs, (CARRIER
BALANCE) alternately until the S-meter indicates
full scale. Change the MODE switch to CW position
and check if the S-meter indicates exactly full
scale.

MIC AMP UNIT

Figure 30

(1) SSB Carrier Frequency

Connect a dummy load, such as the YAESU YP-
150, to the antenna receptacle and the output of
an audio oscillator to the microphone input. Set
the MODE switch to an SSB mode. Apply 1 kHz
audio signal to the microphone input and adjust
the MIC GAIN control or the output level from the
audio oscillator for 10 watts RF output on the
dummy load. Change the audio frequency to
350 Hz, and adjust TC,4, for LSB and TC, 45 for
USB to obtain 2.5 watts output. Check if the
power output decreases to 2.5 watts when the
audio frequency is moved to approximately
2600 Hz.

(2) AM and CW Carrier Frequency

Tune the transceiver in the USB mode and monitor
the transmitted USB signal for the most natural
voice quality while using another receiver. Change
the mode of the transceiver to AM (with the
monitor receiver in the USB mode), and adjust
TC, 04 for a zero beat against a carrier signal.



(3) Carrier Balance (SSB Transmit)

Connect a dummy load to the antenna receptacle
and the RF probe of a VTVM to the inner
conductor of coax cable at the antenna receptacle.
Set the MODE switch to the LSB mode. Set the

MIC GAIN control to the fully CCW position. Set

the VOX switch to MOX position. Adjust VR4,
and TC,,0;1 (CARRIER BALANCE) alternately to
minimize the VIVM reading.

Repeat this procedure until a minimum reading is
obtained equally for both side bands.

(4) CW Carrier Level

Set the CW level control, VR s, to the point
where the output power starts to saturate.

FIX UNIT

TCI-J! TCIOE TCm; TC..J? TC,M TG|||

TCuias | TCius

TCie | TCups | TCuss

Cu

Figure 31

The crystal frequency may be precisely adjusted
with TCyo; to TC,,; for on-frequency crystal
controlled operation.

LOCAL UNIT

Set the MODE switch to USB, the BAND switch
to 1440, the CHANNEL switch to VFO, the
MARK switch to OFF and the RPT switch to the
OFF position. Connect a frequency counter to
TPy, and adjust the oscillator frequency to
41.7666 MHz with TC.q;. Set the MARK switch
to the ON position and zero beat against the
marker signal at 144.0 MHz on the VFO tuning

dial. Set the BAND switch to 144.5 MHz and
adjust TCsp, to zero beat, then adjust TC,o; for
145.0 MHz, TC,, for 145.5 MHz, TC,ps for
146.0 MHz, TC,y for 146.5 MHz, TC,y, for
147.0 MHz and TC,,; for 147.5 MHz for a zero
beat against the marker signal.

For the U.S. model, set the RPT switch to REV,
the AUX/600 kHz switch to 600 kHz and the
BAND switch to 146.5. Adjust TC;,o for zero beat.
Change the BAND switch to 147.0 and adjust
TC,,; for zero beat. For the European model, set
the BAND switch to 145.0 and adjust TC,,, for
zero beat. During the above repeater frequency
adjustment, the VFQ dial is set to the zero beat
obtained in the preceding adjustment.

For the frequency split other than 600 kHz, the
crystal calculated by the formular in page 12 is
installed in X,4s socket for 146.5 MHz band and
in X,,, socket for 147.0 MHz band. Set the AUX/
600 kHz switch to AUX position.

For the split frequency in 100 kHz order, such as
800, 900 or 1000 kHz, use the internal marker
signal to calibrate as described in 600 kHz pro-
cedures.- Adjust TC,oe for zere beat on 146.5 MHz
band and TC,,, on 147.0 MHz band.

When the split frequency is not in 100 kHz order,
such as 850 kHz or 940 kHz, the internal marker
signal can not be used. In such a case, connect a
precise frequency counter between TP, and
ground and adjust TCye or TC,,, for exact
frequency which is 3rd harmonics of the crystal
frequency given from the formular. For example,
the counter frequency should be 42.31666 MHz
for 850 kHz split on 146.5 MHz band, as the
crystal frequency is (127.8 — 0.85) ~ 9= 14.1055
MHz.

TCqu TC‘;H TCzns TCaw TCoiz
TCus | TCoy [ TCuus

Figure 32
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This unit does not require any adjustment unless
ﬂ.ajor components are changed, and, as such,
Téquires precise measuring equipment for align-
ment. When the PLL circuit is unlocked, the pilot
lamps start flikering. Adjust VRso, until the circuit
locks and the pilot lamps stop flikering. Check
that the circuit locks at all segments and entire
VFO range.

RX RF UNIT

Figure 34

Set the BAND switch to 144.0, the CHANNEL
switch to VFO, the RF GAIN control fully clock-
wise and the MODE switch to the USB mode. Tune
the VFO to a signal (144.20 MHz, 10dB) from a
signal generator connected to the antenna recepta-
cle. Peak TCso1, TCuoy, TC4ps and TCues for a
maximum S-meter reading. In areas that use the
high side of the band, 146 to 148 MHz, it is
recommended to perform above procedures on
146.20 MHz.

EXCITER UNIT/BOOSTER UNIT

TCS’J" DﬁD‘ Tc504
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Figure 35

TGiin Y

Figure 36

(1) Power Output

It is recommended that an insulated wand be used
for the alignment of the booster unit. Connect a
dummy load to the antenna receptacle. Set the
BAND switch to 145.0, the CHANNEL switch to
VFO and the MODE switch to FM. Set the VFO
to 145.0 MHz. Set the VOX control to the MOX
position. Peak TCs,, through TCses and TC,p,
through TC,,04 for maximum power output.

Change the frequency to 144.1 MHz and repeat
above procedures for maximum power output.
Change the frequency to 147.9 MHz and repeat
above procedures for maximum power output.

Repeat the procedures alternately on 144.1 MHz,
145.0 MHz and 147.9 MHz until unity power
output is obtained over 144 to 148 MHz.






















































