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CHAPTER 1

INSTALLATION.

1-1 INTRODUCTION When setting vp
the station, provide adequate ventilation for

the transceiver and the power supply. Do not
confine the transceiver and power supply ioa
smali volume without adequate ventlation.

When placing the transceiver in a mebile in-
stallation,. try to keep the transceiver away
from high heat sources. Also try to seleci &

logation that allows comfortable accesstothe
front panel controls and adequateclearance for -

rear panel conngctions.

1-2 FIXED STATION & MDBILE The
Model 535/536, with conventional antennas,
wili perform with distinction in any ham shack.
The Model 535/536 may be used for
mobile cperation ina car, boat, plane, or other
vehicle using the Model 293 Mobile Mount, It
operates directly from 212 to 14 VDT supply

source and is self-contained except for key, .

microphone, tilt bail, and antenna.

NOTE: If the battery voitage drops be-
low 10volts, the display will start biinking and
the Model 535/536 will not operate properiy.

The SWR meter is especially useful in
setting mobile whip antenna lengths to the
operating frequency.

WHEN USING AN ALTERNATOR

ED BA Y. DO TART
AND HE VEHICLE'S ENGI
IT 5/536 DO

=

High voltage transients, caused h'y momentar-

ily open regulator contacts, may cause serious -

damage to the transceiver circuits.

1-3 POWER SUPPLY Usez12to014 VDC
negative ground power source capable of de-
livering 3.-amperes(Model- 3 35) or 20

_amperes(Model 536), well regulated. 'When
. powering fromythe TEN-TEC Model 935/936

power supply, interconnect units with the
cable attached to the power supply.

When other supplies or a battery are-

used, pin connections to the rear panel
mounted power socket are as shownin  FIG-
URE 1-1. Polarity is also indicated ﬂlr&ﬂﬂ}' on
the rear FH.DE‘I

ALX
POWER
SURPLY

13.5 VDO
20 Ampr

" RED{+)
M

_BLACK{-)

FIGURE 1-1. POWER SUPPLY
CONNECTIONS

If you wish to operate the Model 535/336
from a Model 961 power supply, which hasa
four pin cable connector, an adapter cable

. {Model #306) must be used as shnwn in

FIGURE 1-2.
RED
(+) |
JUWPER
& EUEK[ }
FIGU'RE' 1-2. POWER SUPPLY

ADAPTER CABLE (4 Pin to 2 Pin)
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1-4 ANTENNAS Any antenna presenting
25 to 75Q impedance will load satisfactorily.
Random length and balanced antennas will

require an antenna tuner. Most popular mobile -

antennas will operate at their resonant fre-
gquency without special matching. Whei they

. are used as.portable antennas, a good ground

system or cuunterpnisa should be provided.

The Model 535/536 is designed for use w1t11

an unbalanced feed system. iy
- Although improper antennas wﬂl not

damage the: final output -transistors, it is:
suggested that an SWR of 2 t0.1 or less be
achieved for maximum performance: The col-
lector current (Ic) should be less than 3. Am- .
peres for the Model 535 and 20 Ampetes for |

the Model 536 at maximum ouiput power. Be
sure to readjust the MIC control after reducing
the PWR level. '

1.5 MICROPHONE For SSB operation,

plug a low impedance dynamic or electret
microphone into this jack. Amplified micro-
phones can be used if the. output level is
adjusted to a 16w enough value to prevent the
microphone cifcuit from overloading. The
Model 5351536 will work with Ten-Tec
Model 700 or Model 705 or microphones
having an impedance of 200 Ohms to 50k
Ohms. SeeFigure2-1for wiring information.

1-6 KEY For CW .'nﬁeratinn connect a
Model 604, 605, or 606 to this jack. When

using electronic keyers, they should beconfig-,
ured for positive keying, not ** grid block'” or

negative, If configured for negative ke;,nng,
no damage will-o¢
will not operate.

1-7 GROUND In the intérest of. personal
safety and to reduce the possibility of stray RF
pickup on interconnecting cables which may
cause parasitic oscillations, all station equip-
ment should be well grounded to earth. Jt is
also important to strap all equipment chassis

ocenr, but the keying circuit

together with short, heavy leads. For fhe .
DELTA II the strap between the power supply
and the transceiver serves to reduce the velt-
age drop on the negative lead caused by wire
‘and connector resistance. In mobile installa-
tions, connect a ground strap between the rear
panel ground lug and the vehicle chassis.

1-8 BATTERY BACKUP The Model 535/
536 uses a factory installed 3 VDC lithium.
battery (Panas-:m;c CRZIDB?. o1 Mall-::-ry
DL2032) tomaintain ﬂlecluck memory. Typi-
cal th:lsB 05 years., .

. To replace the 3 VDC, hthlum battery, '
turn the power swnch off and proceed as
follows: "

STEP 1 Rentove fbe top md"?;quﬂm, covers.
STEP. There ait: four sorews that fasten the
fromt panel to the thassis. Remove
the upper Ie.ft and uppcr ﬂght ﬂnt .
hmil scre‘ws : e
STEP-3 ::Tilt the froot pﬁnﬂl down. a.llowmg
© ' mccess o the bﬂftery
ST'EP 4 . ;1Thsra s tw:: pm pmpar plug
\ o unmadmte.]y to the right of the bqaﬂer}r
I:mlder Reumvc ﬂ'us plug.
STEPS5 Slids the oid baﬂary out of its holder.
"+ Wipe the nevw battery clean of any oil
or finger prihts and slide the new bat-
' tery mtn p]ace. 5
STEP 6 Tutn: tha pnwur smtch on am] re-
insert the _[u'mpcr pIng
S'LET_' 7 Tum ihc puwar smtch off
STEPE ..'_:Repince- thin tw::- ﬂat hfuu] scre.ws

- remnvedlnr-tep!. v n LR
STEPQ 'Replana the. tup and bu-ttnm ::uvsrs
STEP 10 - Check the' ap-smnun of the trans-

ceiver,  If you encounter & problem
try pushing the reset button.
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1-9 535/536 ACCESSORIES
These are the available accessories cominon to
both the $35/336.

Modal

29]- - -- Portable/Maobile 200 watt anterma funer

203- - - - Mohile Mot

305----R5-232 Serinl Level convertor

A05- - - - Plug sdaptor, 4-pin power supplies o 2-pin |
5351536

606- - - - Low Current Curtia Chip Keyer

THC --Hand Microphone

7048- - - - Desk  Microphone

35057- - 4-pin mic plug

35165-- 2-pin connector shell

41020 - Female pin {2 needsd )

In addition to the above these accessories are
available foryour Model 535 ARGONAUTTI,

Melel #
290- - - - Stop Attenuator, steps power from SW to 10mW
035-. - - 12%, 34 Power Supply, 120/240% AC input

In addition to the above these accessories are
available for your Model 536 DELTA II.

Model #

264- - - - Remote Contrel Cable, 536 to 420 and 2373 (w/
268

268 - -- Remote Control Cable, 536 to 420 or 231

26%- - - - 38K Linear Switching Cable, 536t 420,422, or
425

A(3- - - - Fan Kit for full power FM and RTTY modes

A~ - - - Auxilary RCA type phono connectars to sim-
plify use of I-1 an rear pansl

036-- - - 20V, 20A Power Supply, 120/240VAC input

1140-- - 20A eircuit breaker for mohile use (w/cmtinge-
tors}

1-10 EXTERNAL LINEAR AMPLIFIER

Refer to section 2-10.11, figure 2-3a,
and figure 2-3b for details on the connection of
the Model 536 to amplifiers available from
Ten-Tec or other manufacturers.
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. CHAPTER 2

' OPERATING. INSTRUCTIONS

2-1 - POWERING UP THE TRANS-

CEIVER This chapter.describes the various -

controls and features of the Model 535/536
transceivers. Once the unit has been properly
installed you are ready to become familiar with

its operation. Before pewering up the trans- -

ceiver, set all contrels and switches as shown
below: -

FRONT PANEL

AR - 0:00

RF ———-- Max CW
MIC ------- Max CCW
PWR ----—- Max CCW
RXO--—--- 12:00
NOTCH -- Max CW
PRT -———— 12:00

IF BW ---- Max CW .
METER --- FWD

PROC - OFF (Switch out position)
N, s OFF

VOX --=--- OFE

TOP PANEL

QSK-—--- FAST

AGC ———-- FAST

AGC ------ ON

ATIN ----- QFF

LAMP ---- ON

SQL -----—- OFF

REAR PANEL

I1-- On the DELTA 11 the supplied ]umper

plug must bei in §tall_e.d to transmit.

Turn on the unit by pushing- the -
POWER button. The transceiver willcomeon - .
in the same condition that it wasJast dsed.. A ...
factory installed lithium battery retains the' " ;

mode and frequency settings. that were last ' -

used during final burn-in at the factory.

As you familiarize yourself with:the ©

Model 535/536, and it should fail to operate’

normally, refer to the troubleshooting chart

tablz 3-1 on page 3-4.

' 22 TUNING THE TRANSCEIVER

Several methods can be used to select
the desired operating frequency.: -The main-

tuning knob is used most often when tuning

within a band. Keypad commands are mere
convenient when moving. between . bands,
Both methods are described below:

2-3.1 MAIN TUNING KNOB  The knob
is adjustable so you may-select the amount of
drag or tension desired. To adjust, hold the

outer chrome dial skirt ring with one hand and
turn the rubber portion of the knob cl-::ckwme

with the other hand. About 178 lurn ‘will § 1r1-

crease drag considerably.

Except for AM and FM modes the
tuning increment is in 10 Hz steps and each
revolution of the wning knob is approximately
5 KHz of travel. A faster tuning rate can be
selected from the keypad which increases the
tuning steps to 50 Hz and is approximately 25
KHz per revolution. To select this fast rale
push the button and observe that the
"F AST" annunciator appearsat the right side of
the display. Push again to return to
the normal setting.
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The tuning system has an additional
speed shift feature which increases the tuning
rate automatically when the knob is spun af 2
fast rate. This feature anticipates when the
operator is trying to moveacrossa band quickly
and assists by shifting to the larger step size.

. TABLE 2-1 charts the step sizes for all combi-

nations of modes and tuning rates.

as prompts. Type in the desired frequency by
pushing the buttons above each number. The
transceiv uires that imal be en
between the MH. 100 digi

The frequency can be typed in all the
way down to the nearest 100 Hz or by pushing
again and theremaining digits will be
filled with zeros.

Tf an error is made while entering a

frequency just push the button toexit

" Normal Maortnal Shifted .
CcW/USB/LEB/FSK | 10H: 50 Hz  the sequence and start again.
M 100Hz 500 Hz Examples:
AN 50Hz 500Hz
: Fast Fast Shifted Desired Frequency
CW/USB/LSE/FSK | EOH
= —= — 14.235.00 3.853.30
e . e e Fress: Press:
TABLE 2-1 a :
Anothar feature which may be useful > 5
during mobile operation is the tuning lock 3 3
‘command. Onceadesired frequency hasbeen - 5 3
selected, the tuning knob can be disabied by :
2 [ ENTER ]
pushing the keypad sequence [£ ], [M. TUNE ]

The "1.0CK" annunciator will appear in the

* display. To exit the lock condition, push

[F], O TURE ] again.

2.2.2 TUNING FROM THE KEYPAD
Another method of moving withinaband

ot between bands rapidly is ta use the [A]and

.T¥] buttons o the "ham band" up and down

feature. The Al and [¥] keys tune the trans-
ceiver in 100 KHz steps or in 1 MHz steps if
FASTijs selected. Ifthe[Flkey ispressed first
then [ moves the transceiver up by one ham
band. Likewise [F][¥] will move the trans-

ceiver down one ham bandl.
Below many of the keypad buttons are

" tha numbers 0 through 9 and 2 decimal point.

Toenter a frequency directly from the keypad,

first push the button. The frequency
display will respond by showing seven dashes

Note: In the second example you were not
required to press again after you
entered the 100Hz digit, in this case, the last
"3“.

2-2.3 RECEIVE OFFSET TUNING
RXO Receive offset tuning is enabled by

pushing the (=& ] button. The RXOannun-
ciatorisnow visible in the upper right comer of
the display and the clock display becomes arn
offset frequency indicator, Using the RXO
knob, the teceiver section of the transceiver
can be tuned either above or below the trans-
mit frequency by up to 1.27 KHzor 2,54 KHz
inthe FAST tuning mode. Theindicator shows
the amount and direction of the offset.

This function is especially useful for
clarifying individual stations on & SSB netor
for fine tuning the received note during a CW
contact.
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23,1 RECEIVING IN CW

2-3 SELECTING MODE The transceiver
will operate on all the standard HF modes
except AM transmit. Two mode select buttons
[~ wooe | and [woie w | scroll through FM, AM,
LSE, USE and CW from opposite directions.
The current mode is always displayed on the
LCD readout, If the keypad beep function is
activated, the firstcharacter of the modeis sent
in morse code using the sidetone.

Note: In FM mode the squelch function may
cause the receiver to go completely silent as
you shift past that mode.

In CW
receive, there is a factory programmed offset
of 700 Hz programmed into the VFO's, This
causes a received signal at the displayed fre-
guency to generate a 700 Hz note for the

operator to copy. To help the operator judge

when the received signal has been tuned to
700 Hz the built in sidetone oscillator has also
been preset to 700 Hz. Pushing the
button momentarily keys the sidetone oscilla-
tor and allows the operator to match the re-
eeived signal to the pitch of the sidetone.

2-3.2 USING THE TUNE FUNCTION

The button provides an easy
way to generate a CW key down condition.
With TUNE activated, the readout will indi-
cate both "CW* and "TUNE" and the "TX"
annunciator will appear. The transceiver will
outputa CW carrier at the displayed frequency
at a power level determined by the PWR
control.

2-4 USING THE DUAL VFO'S  For
operating versatility, the transceiver has two
VEQ's {Variahle Frequency Oscillators).
These can be used separately or in split mode
to generate a transmit to receive split in fre-
guency. '

2-4,1 SELECTING A VFQ The A8 ]
button toggles control of the transceiver be-

tween the A and B VFQOs. ‘Each VFO works
independently.
do not affect the other. Each VFO retains the
frequency and mode from the last time is was
selected. To net the two VFOs push the

[ A=8_ | button. This will cause.the contents .
of the displayed VFO, either A or B, to he_

written into the other VFO. .

2-4.2 USING SPLIT VFOs
quency operation gives the user the freedom
of receiving and transmitting on different fre-

quencies. Even the mode of operation can be.

different between receive and transmit... ..
Toenable split VFQ operation push the
button. The SPLIT annungiator will

appear and the hidden VFO will now control

the transmitter frequency and mode.

The hidden transmit VFQ can be pre-

viewed using the [_Re&v__] button. - This "re-
verse” button calls up the hidden VFO in

raceive and lets the operator monitor or change.

the transmit frequency. Thisbutton is momen-
tary so that upon release, the transceiver re-
turns to the receive VFO.

2-5 MEMORIES There are a total of 48
memory channels available (00-47). Memory
channels 00-31 are simplex and will hold only
one frequency and mode setting.  Memory
channels 32-47 are duplex memories and will
hold the frequency and mode information for
both VEO A and YVFO B, In addition, there is
one separate Scratch Pad Memory which can
be nsed to hold one temporary frequency and
mode without affecting the other programmed
memories.

2-5.1 USING THE SCRATCH PAD.
Information in the active VEO is written
to the scratch pad by quickly pushing the
button twice. This scratch pad is
useful for marking a station or a spot on the
band to which you want to return frequently.
To recall the scratch pad frequency, quickly

push the button twice.

Changes made to one VFQ-

Split. fre-

L
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2-5.2 STORING TO MEMORY To store
the current frequency and mode in a memory

location press the ‘key. ‘The clock
readout will change to a two digit blinking
promptasking fora memory location number.
Enter a two digit number using the keypad
buttons tecomplete thestore. If youareunsure
of which memonesare atready filled, press the
key instead of atwo digit location and
the rransceiver will store the VFQ in the Jowest
available memory.

When all of the memory locations are
occupied the right most decimal point in the
frequency readout will come on. ‘When this
happens refer to the MEMORY CLEAR pro-
cedureto clear outone or more of the memory
Jocations or write over an existing memory.

2.5.3 RECALLING FROM MEMORY

To recall from a memory location press
the button and enter the desired two
digit location when the blinking prompt ap-
pears in place of the clock readout. Informa-
tion from the memory will be iransferred into
the active VFO.

2.5.4 USING MEMORY TUNE Rather
than recall memory locations one ata time, a
quickway to step through memories is by using
the memory tune feature, The [_THNE | button
causes the main tuning knob to become a
memory channel selector. The main tuning
nob will now scroll through the locations and
display the frequency and channel number,
The receiver does not, however, tuneto the
displayed frequency unless the is
pressed. This key will transfer information
from the selected memory channel into the
active VEO. To exit the memory tune mode
press again.

' There is an aliernate memory tuning
method that can be selected using another
keypad sequence. The "MSM" Memory Scan
Mode can be accessed by first selecting

as before and then pressing [E],

[“#v 1. The "MSM" annunciator will ap--

pear above the frequency readout to the left of
"W TUNE". Inthiscondition, thereceiver will
automatically move to each new frequency as

the memories are recalled from the tuning

knob. Remember that the original status ofthe
active VFO will be lostand the transoeiver will
remain on the last chosen memory location
when you exit M TUNE. This "MSM" mode
can be disabled by again pressing [,
EEN

3-5.5 CLEARING MEMORIES  Indi-
vidual memory Jocations can be cleared by

using the MTUNE feature. Press the (M TONE]
button and scroll through memory locations
with the tuning knob. As the unwanted
memory locations are displayed press the
button to remove them.

If you wish to clear out all of the
memory locations, turn the power switch off
and then press and hold the[cER_]key, Tum
the power switch on and continue o Press
thel TR key until the frequency display
comes on and shows 15,000,007,

2.6 SPECIAL KEYPAD FUNCTIONS
Many of the analog adjustments that
have traditionaily been relegated to rear panels
or even ingide radio equipment are now
incorporated into the keypad of the Model
535/536. This featureis important considering
that some installations would make these ad-
jusirents difficultto change.

2-6.1 SETTING THE SIDETONE
LEVEL To set the sidetone level use the

Keypad sequence (F], ko _]. This will key

. the sidetone and let you adjust the volume

using the [&7] and [¥] keys. The "C.SET"
anmumciator will blink unil you find the de-

sired level. Press to store the setting.

Part Mo, 742
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2-6.2 SETTING THE VOX Before the
VOX controls can be adjusted the transceiver
must be set up for VOX controlled 358
operation. Tune the transceiver toaham band
and select either LSB or USB mode. Turnthe
MIC control fully counter clockwise and press
the front panel VOX button so the VOX indi-
cator lightcomeson. Now press[F],
and speak into your microphone normally.
Adjust the VOX gain using the [&] and [V
keys until the transceiver keys reliably, To
store the setting press the key.

) VOX delay should be set 50 the trans-
ceiver does not switch back to receive during
the naural pauses in your transmitted speech.
To set the delay, push [E], and key
the YOX by speaking into the microphone.
Notice the length of time that the transceiver
stays keyed. To shorien the delay vse the [¥1

button or to lengthen the delay use [A]. Once
you're comfortable with the setting, press

[EnTER ],
ANTIVOX iz used to counteract the

receiver audio that makes its way from the
station speaker back into the microphone. To

set the ANTIVOX level, press[F],
and use the [A] and [¥] buttons until moderate
receiver audio does not tend to trip the VOX.
Store this seiting with the key.

2-6.3 SETTING THE CLOCK The built-
in 24 hour clock uses a 32 KHz watch crystal
and is powered from the interal lithium bat-
tery. To set the clock, press |
The hours digits will blink and can be changed
with the 3] and [¥] key. When the correct
hour digits are set, press [ ENIER ], Now adjust

the blinking minutes digits, Press (ENIER ] to
start the clock from the new value,

2-6.4 TRANSMITTER FREQUENCY
COVERAGE As shipped from the factory,
the Model 535/536 will transmit only on {re-

quencies authorized for the Amateur Radio
Service. If you hold authorization to operaie
on frequencies outside the Amateur Radio
Service, you may defeat this lock-out. Press
[F] oo #=]. There is no indication in the
frequency display regarding status of the lock-
out, The user is responsible to transmit only
within his authorized frequency allocations. -

27 FRONT PANEL CONTROLS Four
dual controlsand four switches give the opera-
tor full control of transceiver operation. Refer
to figure 3-1 (Model 535) or figure 3-5 (Model
5306). ,

2-7.1 AF/RF GAIN The RF pain control
selects the amount of gain in the receiver IF
stages. Mostoperators setit full clockwise and
rarely reduce it except in cases of extreme
receiver overload cavsed by strong.signals.
The AF gain controls the audio volume.

21,2 PRT/IFBW Selectivity for the Model
535/536 is determined by the eight pole pat-
ented "Tones" filter. The IF BW control sets the
IF bandwidth from approximately 500Hz at
fully counterclockwise to 25G0Hz at fully
clockwise. In LSB mode, rotation of the IF BW
control from the 2500Hz setting towards the
500Hz setting will continually reduce the high
frequency response. In the fully counterclock-
wise position, the audio frequency response
will be approximately 200to 700Hz. When the
(ransceiver isin the USE mode, rotation of the
control from the 2500Hz setting will continu-
ally reduce the low frequency response. In the
full counterclockwise position, the audio fre-
quency response will be approximaiely
2300Hz t0 2800Hz.

The position of any filter bandwidth in
any mode with respect to the BFO (actually the
received audio spectrum) may be set by the
PRBT contrel. For instance, if there is high
frequency interference, such as splatter, when

1-5



you are on LSB, you can remove the interfer-
ence by either rotating the PBT control slightly
counterclockwise or by rotating the IF BW
control slightly counterclockwise. In the first
instance you are shifting the passband away
from the interference and in the second you are
actuallyreducing the passband toeliminate the
interference. If you are in USB with the same
interference, rotating the PBT control clock-
wise willeliminate the splatter. Since, in USB,
rotation of the IF BW control will only reduce
the low frequency response, this control will
not eliminate the interference. In some in-
stances, shifting the passband to eliminate the
high frequency splatter may pickup unwanted
low frequency interference, In this case, re-
ducing the bandwidth will eliminate the prob-
lem. '

For optimum performance when receiv-
ing CW signals, see gection 3-1.1 for
additional information on the use of IF-
BW control.

NOTE; WHEN YOU CHANGE MODES
TO CW OR 8SB, DO NOT NEGLECT
TO CENTER THE PBT CONTROL TO
12 O'CLOGCK.

2.7.3 RXO / NOTCH The NOTCH conirol
adjusts the center frequency of the andio notch
across the passband. The notch depth isal least
50 dB and will reduce cartier interference by
this amount or more. To use the NOTCH,
rotate the control slowly until the unwarnted
signal is reduced, The notch circuit is effee-
tively removed by turning the control fully
clockwise in SSB or CW mode. When listen-
ing in AM mode, NOTCH should be fully
counterclockwise to provide maximum high
frequency response.

RXO (receive offset) is selected from
the front panel keypad as previously described
in paragraph 2-2.3. This knob is normally
positioned at 12 o'clock for no offset and canbe

turned clackwise or counterclockwise to help
clarify received signals. The LCD display
indicates the amount of offset either above or
below the transmit frequency.

2.7.4 MIC / PWR The PWR control varies
the amountof power output forall modes. This
allows you to set your peak output power to
anyvalue. The MIC control varies the amourt
of andio applied to the transmit balanced
modulator. '

To set these conirols, place the METER
switch in the FWD power position and place
the transceiver in transmit using the TUNE
function. Advance the PWR control to the
desired power level. The power level for CW
operation is now set: For SSB operation,
while speaking into the microphone in anor-
mal voice, advance the MIC control until the
ALC LED lights on voice peaks. ,
NOTE: THE ALC LED WILL LIGHT
AT ALL PWR SETTINGS WHEN OP-
ERATING IN CW OR TUNE MODES,

Increasing the MIC setting over that re-
quired to just light the ALC LED on voice
peaks will not result in any appreciable in-
crease in power out. However, overdrive will
produce SSB, AFSK, or 88TV distortion prod-
ucts. The MIC control has no effect in FM
mode. :

3-7.5 PROC The PROC switchactivates the
speech processor. The processorincreases the
average specch power and allows a greater
range of voice levels to atfain peak ALC level.
An LED above the switch indicates when the
processor has been selected.

The speech processor will affect the set-
ting of the MIC control. .With the processor
turned on, reduce the MIC control as needed
to prevent distortior. '

Severe distortion, objectionable back-
ground noise, and transmitted splatter will oe-
curif the MIC control is notadjusted sothat the
ALC LED just lights on voice peaks.
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2-7.6 FWD/SWR METER SWITCH This
switch selects the function of the bar graph
meter during transmit. In the FWD position,
meter indicates output power with full scale
equal to 100 watts output (Modcl 536) or 5
wattsoutput (Model 535). In SWR position the
bar graph indicates reflected power. When
three bars on the graph are solid, the SWR is
approximately 2;1. As a better match is
achieved the third bar will begin flashing then
disappear, leaving twobars solid. This repre-
sentsabout 1.5:1 and is an adequnate match for
most applications. If alower SWR is desired,
continued matching will cause the second bar
to flash and then disappear, followed by the
firsthar. If the first bar disappears the SWRis
i:1.

2-7.7 VOX SWITCH This switch selects
gither the VOX (voice operated relay) or FI'T
(push to talk) mode for keying the transceiver,
Refer 1o section 2-6.2 to set up the VOX,

2-7.8 NOISEBLANKER This switch turns
on the Noise Blanker. The circuit can reduce
troublesome external noise problems from
various man-made sources. Itwill havelittleor
no effect on most naturaliy occurring noise. It
should not be left on except when required to
reduce noise.

2-8 FRONT PANEL CONNECTIONS

2-8.1 MIC The microphone circuit has been
designed for low impedance microphones
with 2 minimum SmV output. Transistorized
microphones may alsobe used, providing their
putput level is adjusted so (hat the input stages

of the Model 535/536 are not overdriven, The

cable, which should provide shielding for ali
leads, is terminated with astandard 4 pin micro-
phoneplug. Failure to shieldboth microphone
and PTT leads may result in RF petting into the
audio circuits. Connections to the plug are as
shown in FIGURE 2-1.

E—.d C:m

T C AT
I"‘{_ Iﬂﬂr\

1
@wc
GND PTT

FRONT VIEW OF 535/536 -

FIGURE 2-1. MIC CONNECTIONS

2-8.2 PHONES This jack is designed to be
used with a standard 1/4" plug. Either sterea or
monaural headphones with an impedance of 4
to 16 ohms may be used, The internal speaker
ig disabled when headphoneas are plugged in,

2-9 TOP PANEL SWITCHES =

2-9.1 QSK FAST / SLOW This swiich

conirols how guickly the receive audio recov--

ers after a transmit condition, The fast setting
gives full Q8K operation for fast break-in, the
SLOW sctting keeps the receiver muted for
approximately one second after key-up.

202 AGC FAST/SLOW, ON/OFF
These two switches set the receiver

AGC action. AGC decay times of .25 or 2

seconds are selected with the FAST / SLOW
switch. Fast AGC lets the receiver adapt
quickly to interference and changing signai
levels but SLOW AGC is generally more
comfortable to use especially for routine S5B
listening. With the AGC system turned OFF
the receiver gain must be controlled rnanually
using the RF gain control,

2-9.3 ATTN -20 dB/OFF This switch
inserts a 20 dB atienuator pad at the receiver
input, Itisnormally leftin the OFF position.
With the attenuator on, unusually large signals

can be recetved without overload or blocking.

2-9.4 LAMP ON / OFF
The electroluminescent back light for
the LCD display can be turned ON or OFF.

'- 5(&(01_ i
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2-8.5 SQL ON / OFF

This switch controls the FM squelch
feature. With the squelch on only signals
strong enough to give approximately 20 dB of
quieting will break the squelch. The squelchis
only active in FM mode.

2-10 REAR PANEL

The following section describes the
rear panel connectors. Alsorefer to figure 3-2
(Model 535) or figure 3-6 (Model 536).

THE FOLLOWING CONNECTIONS
ARE FOUND ON THE 535/536.

2-10.1 ANT This connector mates witha FL-
259 style plug. Use any 50 coaxial feedline
to connect antennas, hmersor amplifierstothe
Model 535/536. Take care thatany connected
load presents less than 3 : 1 SWR to the
{ransceiver.,

2-10,.2 POWER 13.6 This 2 pin connector
provides the main DC power connection to the
transcelver, Matching plugs and terminals are
included in the Model 535/536 packing kit.
The DC power source must be capable of
supplying a regulated voltage between 11.5
and 14.0 VDC at 3amps forthe Madel 533 and
20amps for the Model 536 . SeeFigure 1-1 for
connection information,

2-10.3 FUSE The ARGONAUT II uses an
AGC 4 amp slo blow fuse and the DELTAII
uses a type AGC 25 amp fast blow fuse. The
fuse works in conjunction with an internal
reverse polarity diode to protect the trans-
ceiver from supply voliage with reversed po-
larity.

2.10.4 CW KEY To key the transceiver,
ground the key line using either an apen col-
jector or relay output keyer, a bug or straight

key.

2-10.5 AUX DC This phono jack provides
aconvenient sourceof + 13,5 VDC for acces-
sories. Internally the jack is connected to the
main DC input. This is a low current (2 Amps
or less) output for small station accessories
only.

2-10.6 GROUND POST Used for ihe
primary transceiver ground. To prevent per-
sonal injury, interference and other ground
related problems, connect this terminal to a
good earth ground using heavy gauge Coppet
hraid or wire and make the connection as short
as possible.

210.7 J-3 SERIAL INTERFACE PORT

This 1/8" phone jack carries serial inter-
face data to and from the transceiver, A Model
308 Level Convertor is required to interface the
535/536toan RS232 computer port. Detailson
the interface protocol and the PrOramming are
cantained in the Model 305 manual,

THE FOLLOWING CONNECTION IS

FOUND ONLY ON THE
535 ARGONAUT I,

2-10.8 ATTENUATOR LOOP

These two phono jacks bring the 5 watt
{ransmit output to the rear panel. Normally a
plug jumper routes this transmit signal back
into the radio and to the SO-239 antenna con-
nector, To use the Model 290 calibrated
attenuator remove the plug jumper and patch
in the attenuator using 500 coax jumper
cables.

THE FOLLOWING CONNECTIONS
ARE FOUND ONLY ON THE
536G DELTA .

2.109 SPKR  An external 4Q to 160
speaker can be used with the Model 536, Use
a 14 inch single circuit phone plug for this
connection.

Part Mo, 742 1.
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2-10.10 FAN This output is for the Model

303 cooling fan accessory. 13.5 VDC isther-

mostatically switched fo this jack when the,
heat sink temperature reaches tht-. lavﬂl of -

130°-150°F.

2-10.11

jumper completes the keying loop necessary

_ J 1 ACCESSORY JACK '
(Modei 536} This mghtpm DIN jack carries
many of the connections needed to implement .~~~
more sophisticated . station hool-ups.
. transceiver is shipped with an eight pin plug
: installed whlch connects pms 5 and 8. “This -

The..’

FIGURE 2-2. ACCESSORY JACK J1

H T

following page you will find table 2-2, 2 de-

scription of these pin numbers in more detail.
Finally, refer to figure 2-3a and figure 2-3b for
information regarding amplifier hook-up.

\IEW OF CONNECTOR AS SEEN ™
DN -REAR' OF DELTA Il

-for fransmittersopération. Pin identification °__
_ numhersareshnwn in fignte2-2below., On the

ey RNy L e FE M



T - - Fixed Audio Output: Receiver sudio output for moderns, phone patch; etc,
Outputievel is approximately 100 mV rms when receiver is into AGC. . :
1.0K ohmoutput impedance, Shortcireuit proof, il

2 - PTT Line: This PTT line is paralleled with PTT pin.an the front panel mic jack.
: Shart this line to ground to kay the transceiver, : Lok

3 - Audiolnput: Rear panel input into miﬂrﬂph'ﬁne'ah lifier cireuit. Heﬁdﬁi—t,_
: mended level is betwean T0mV rrns and 100 mV rms. Shielded wireis -
a.must for this connection. Confect braid tothe shellof the DIN plug.

- activate the open collector T line atpin six. -

‘52 TX ENABLE: This active lowinput signals the radio to begir the go-to-transmit
¢+ s -eommand. Connests tokey-out jack oh TEC-T!‘;‘(’? }

& OpenCollector T Line: Commonly used to key alinear amplifier. A phono socket
: on J1is supplied connected to this pin. Open collector output provides
alowecurrent sink (< 250 mA) ta groundwhen transceiver is keyed. The
"hang time" of this outputis internally adjustable on board No. 81531,

s Mic Mute Ling: Ground this pin to disable the front panel microphone input

durlng transmit.

TX Request: This output oes low when the transceiver has been keyed
lines. Cannects to key-in jack on TEN-TEC

jram either the KEY ar P
linear amplifiers

Recelver Mute: Ground this line ta mute the raceiver audio outputand, .

ICTION

linear amplifiers. .

2-10

Shell! Ground Connection

TABLE 2-2 J1 ACCESSORY JACK PIN DESCRIPTIONS

NOTES :

1-The ground contact if required for your
connections, isthe shellof J1orJ2. A soldertab
is provided on the connectors supplied,

2- Pins 5and 8 provide a keying loop thatcan
be routed to extemal accessories such as TEN-
TEC tuners and amplifiers. Accesstothese two
signal lines lets external equipment take control
of thetiming in the DELTA II transmitter.

3-The phono socket provided on DIN plug,
11, is supplied to make corinection to a linear
amplifier as easy as possible.

4-For convenient AFSK opetation the MIC
MUTE and PTT lines can be wired togathar,
When this combined connection is grounded,
the radio is keyed and the AFSK tones.can be
injected through the audio input at pin 3 without
interference from the front panel microphone.

r
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" TEN-TEC
LINEAR AMPLIFIER
REAR PANEL

RF: IN
@

DETAN ke I
REAR PANEL | . o

8

J1-PIN 8 é o
J1-PIN & MODEL 269
CABLE

G
ANT 42
0 O

FIGURE 2-3a CONNECTION OF DELTA IT TO TEN-TEC AMPLIFIER

RELAY KEY VOLTAGE MUST NON QSK
BE LESS THAN 30vhC LINEAR AMPLIFIER
AND LESS THAN 250 mA
RF_IN
TEN-TEC
DELTA |I RELAY
REAR PANEL o

J1-FIN B é

O8 Qs

®

FIGURE 2-3b CONNECTION OF DELTA II TO NON QSK AMPLIFIER

.11



2-10.12 J-2 BAND LINE OUTPUTS

FIG.24 Theseactivehigh outputs indicats on
which one of six band segments the transcejver
is tuned, These lines are provided for selecting
bands on TEN-TEC amplifiersand tunersot for
switching antennas. The output voltage is typi-
cally 2 volts below the suppiy voltage fed to the
DELTAII. Take car not to draw more than 5
mA from these outputs, they are not short circuit

proof. '

VIEW OF CONNECTOR AS SEEN
ON REAR OF DELTA I

FIGURE 2-4 ACCESSORY JACK J2
BIN BAND

21.5-30.0MHz
14.5-21.5MFz
nacomecton
7.5-14.5MHz
4.0-7.5MHz
2.5-4.0MHz
0.1-2.5MHz
It Ground

%ﬂmm-ﬁ{ﬂh‘l—l

Remote control hook-up for band selections
between Model 536 and Model 420/253.

Refer to figure 2-5a and 2-5b.

PIN MODEL535

7
i}

5

LT - 28)
25 - 40)
a0 - 75
{75 -14.5
[14.5 -21.5)

{215 -30.0)

TO
T0
TO

TO

TO

i

MODEL 420/253
(1.7 - 2.5

25 - 40
{65 -105)
10,5 -15.0)
{15.0 -22.0

{22.0 -30.0

Part to, 74212
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TEN-TEC
DELTA I - TEN—=TEC MODEL 420 QR 253
REAR PANEL REAR PANEL
JO REMOTE
: CONTROL
J2
| OANT O MODEL 28R CABLE =1

FIGURE 2-5a CONNECTION FOR REMOTE BANDSWITCH CONTROL OF
420 OR 253 BY DELTA 11

!
TEN—TEC MDDEL 420  AND  TEN-TEC MODEL 253
TEN—TEC REMOTE REMOTE
DELTA Il CONTROL GONTROL
REAR FAREL ] ]
Ji0)
| B
O ANT 2Oy T MODEL
268 264
CABLE CABLE
FIGURE 2-5h CONNECTION FOR REMOTE BANDSWITCH CONTROL OF
420 AND 253 BY DELTA T '
F-\II
arg Mo, 74212
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CHAPTER 3

OPERATING HINTS

3-1 INTRODUCTION  This section
provides additional useful information for get-
ting maximurm performance out of your Model
535/5336. Alsoincluded is TABLE3-1, which
provides trouble-shooting information in the
event you experience problems. '

3-1.1 CW Inthe CW mede, the indicated
frequency is the transmitted frequency.- To
accurately read an incoming signal, therefore,
it is necessary to tune to a 700 Hz beat note.
When the 535/536 is switched to CW

 mode, the output of the product detector is

passed through 2 1 KHz low pass filter, This
reduces background hiss, atmospheric noises,
and makes CW operation less fatiguing, Other
signals outside the audio filter may be present,
but not heard, and will activate the AGC,
causing a4 "pumping" action. Tt is recom-
mended that the TF-BW bandwidth centrol be
set o approximately 12 o'clock. This will set
the IF filter to 1 KHz bandwidth and eliminate
the possibility of receiving a signal outside the
audio filter passband.

3-1.2 FM  The 535/536 will operate
transceive + 3 kHz deviation FM. The PBT,
IF-BW, and Noise Blanker switches do not
function in this mede. The FM squelch is
active when selected on the top panel. The
AGC switch mustbe on to enahle the S-meter.
If split RX / TX i3 desired when operating
through repeaters, program the transmit and
receive frequencies in VFO A and VEFO B.
The MIC control has noeffect in the FM mode

and deviation (normally preset for the Model
705 microphone) is adjusted internally and
preset at the factory. The power output is
adjustable with PWR control as with other

models.

3-1.3 PROTECTIVE CIRCUITRY &
ALC ALC serves thrée major functions:

1) assures maximum power from the
transmitter without critical adjustment of the
1nputdr1ve.

2) prevents the amplifier from hemg
overdriven into the nonlinear, dlstumon-pru-
ducing area,

3) serves as a power limiting device
which pmtects. the output transistors,

31.4 SOLID-STATE POWER AMPLI-
FIERS Although transistors and vacoum
tubes both can be made to amplify RF power,
there are some fundamental differences in
how thisisaccomplished. A better understand-
ing will aid in recognizing correct or incorrect
perforihance.

Misconceptions sometimesarise from in-
complete knowledge. This results in errone-
ous conclusions being drawn that the equip-
ment 15 faulty, erratic, or not performing to
specifications. The purpose of the following
information is to brief you on solid-state “*no-
tune”’ RF amplifiers so you can knowledgea-
bly appreach and correct any apparent im-
proper performance charactenstc,

3-1
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3-1.5 BROADBAND vs RESONANT
TANKS Almostall tube circuits use resonant
tanks in the plate circuit. The 535/536 usesa
broadband system. In class AB operation,
these two approaches act similarly without

drive being applied. The idle current is rela-

tively low and within the device dissipation
rating, even with load impedance variations
from open to short circuit.

.However, with drive applied, the two act
very differently. In the case of tubes, the
dissipation within the tube dependson both the
tuning of the tank and the load applied. If the
tank is resonated and the load is very light, the
internal power dissipated is quite small as
indicated by the null which reduces plate cur-
rent almost to the level with no drive. Out of
resonance, the plate current, and hence dissi-
pation, increases rapidly and may damage, the
tube from averheatmg In resonance, as the
load is increased, the null becomes more shal-
low at a higher plin.ta current as a result of the
power being delivered to theload. Asthe tank
is tuned to resonance, the load impedance,
which is usvally on the order of 5062, is trans-
formed to a relatively high impedance of sev-
eral thousand chms to match the plate circuit
impedance. Small load reactive components,
either capacitive or inductive, can usually be
balanced out in the tank resonating function.

With transistors, drive applied and no
load, there is no resonant high impedance to
limit the collector current, and so power is
poured info the circuit (much as the out-of-
Tesonance tank condition). Since there is no
load power, all has to be dissipated in the
transistor. Soevenwithnoload, the ALCTLED
may light as the current limiting circuitry is

-automatically reducing drive level, or the
-power supply circuit breaker may trip. The

broad-band transformer system used with tran-
sistors transforms the 50£2 load impedance not
higher, but much lower (on the order of 4 or 5
{)) to match the transistor output impedance,
Since this ransformation is fixed in design, any
reactive component in the load impedance is

applied in a transformed way to the collector
circuit. Certain reactances at this point, espe-
cially inductive, give rise to parasitic oscilla-
tion. To correct for this, the antenna imped-

- ance should be changed to remove this reac-

fance, or & matching network should be in-
serted between the antenna and transceiver, I
is important to remember that any antenna
changes its impedance with  frequency, so
one that resonates well at one end of the band
may well cause oscillations to activate the
currentlimiting ortrip the circuit breaker on the
otherend of theé band, Ifentireband operation
is desired, especially on the lower bands, an
adjustable matching network would be the
better choice, rather than try to make the an-
tenna behave over the entire band on a cut-
and-try basis. '

A final point to bring out regarding broad-
band vs tank systeinsis that thereisa limitto the
amount of current that you can draw from an
emitting filament, and this satiration current
will limit the amount of power drawn from the

‘supply. In the case of transistors, whiere the

collector internal impedance is only a fraction
of an chm, extremely high currents can be
demanded of the power supply, especially
with mismatched loads well below 50 2. A
fuse is provided in the 535/536 for protection
when operating froma power source thatisnot
limited,

3-1.6 SWR - Two Kinds The standing
wave ratio is a  direct measure of the ratio
between two impedances, i.e.aSWRof3to 1
indicates that one impedance is three times the
other. Therefore, the unknown impedance
can beeither three times as large or three times
as small as the known one. If the desired

.impedance that the transcetver wants to see is

50£L), an SWR of 3 to 1 on the line may mean

‘aload impedance of either 150 Qoroneof 17

. If it is 150 Q, the transmitter will act
differently thanifitis 17€. Inthe firstcase, the
power demanded from the power supply wilt

Paft Mo. 74312
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" be much lower, and not large enough to trip the

circuit breaker. In the second case, even
though the SWR reads the same, the breaker
may repeatediy trip out, The SWR reading
gives no indication of reactive components,
nor can it separate the resistive from the reac-
tive components. It is calibrated with a pure
resistive load and therefore has its greatest
accuracy with pure resistive loads. The SWR
bridge should be used only as an indicator
when attempting to adjnst antenna systemstoa
pure 30£2 resistive impedanhce at the transmit-
ter output point, '

3-1.7 EFFICIENCY  Since transistor
amplifiers have a very low value of output
impedance, they act more or less as a constant

- voltage source, Thatis, the RF output voltage

tends to remain at a fixed value regardless of
theload impedance. Hence, the output power
will vary depending on the value of the load,
and increases as the load impedance goes
down. Itcanbeseen thata3to | SWR onthe
low sideof 502 will ask the amplifier to deliver

much more power than a 3 to 1 SWR on the -

high side. Since the amplifier does have a
finite value of output impedance, the amount
of power delivered to the load with efficiency
will change with ioad. Unless the load is near
the design value, the transistors will heat up
unnecessarily without delivering any more
power to the antenna.

Recommended Reading: ARRL HAND-
BOOK
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IF YOU HAVE TROUBLE T the teansceiver should fail to operate nommally, use the following chart as
' An gid in defermining the problem. Ofen (he cause of the problem is an
overlooked switch/contral or g mistake in eatering information into the

keypad.

SYMPTOM POSSIBLE CAUSE

Transceiver dead, no metar flumination, ng display. ! Check power switch an transesiver ang POWEr SUDply,
Chack power cablé, :
| Chacksuppfv-farcarrectuaitaga.

] : o
Receiver dead, meter and display on. | Check AF, and AF gain controls,
Check Phones and Ext. Spkr jacks.
II Check squelch if FM made sefocted.

! readout, press [F]

Transmitter dead, meter ang digplay on, | Check T EN/TX REQUEST jumper plug on rear panel,

! Check microphon e PTT $witch, and micraphane cable & connector,
Received signa strength fow. I' Check ATTN switch and RF fain control.
Man tuning knob will not change frag ueney, | Chaek that the MT annunciatar is turnad off. If "LOCK" appears in

I
pad will not respond g nput. Memory Tune mode js seiected with no memory locations,
I Ay : .

Mo readaut, audlg present,

Main tuning krgb wil not change frequency, key- | Microprocessor May be in process of & selected function rotrtine,

{ Micropracessar may be lacked up duetn an incomect keybparg entry
r : :

9F 3 power supply naisa spike, Turm the POWER switch on the &35/
Readout prasont, can not enter tommands, | 536 oft ang then back an., If this dees not clear the problem, the
| micraprocessarwi have ta ba reset. With Poweran, press the RESET
| Butron with 2 toathpizk or similar nan-retalic object. The Buttanis
|. located undermaath the top panet in between the ‘LAMP and
SOUELCH OO switches, NOTE: PRESSING THERES SWITCH

| WILL RESET THE TIME, Use this approach only as a last resart.

Clock eontaing Brronenus readinps Replace 3 vDo Lithium backup battery. See section 1-8.

Display Blinking

!

[

after power has been remaved from 535/636. !
i

I

indicates that the SUpply voltage is less than 1 0.8VDe, -

TABLE 3-1. TROUBLE SHOOTING CHART
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FIGURE 3-1. MODEL 535 FRONT VIEW
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MODEL 535 BOTTOM YIEW

FIGURE 3-4.
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FIGURE 3-5.
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FIGURE 3-7. MODEL 536 TOP VIEW
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CHAPTER 4

CIRCUIT DESCRIPTIONS AND ILLUSTRATIONS

4-1 INTRODUCTION The Model 535/536
are completely synthesized transceivers. The
receive portion covers 100 Kiz to 29.995%
Mz while the tranismitter covers the amateur
frequencies. A simple modificationwillallow
transmission outside the amateur frequencies
for MARS operation etc.

RECEIVER . - o

The transceiver T/R switching on thelow pass
filter (81521) routes the received signal to the
band pass filter, amplifier and mixer (81526).
The first conversion oscillator (81528) con-
veris 10 KHz portions of the received spec-
fum to the first IF of 45 MHz, The second
tmixer board (81524) filters the 43 MHz, to
improve the image response, and with the
second conversion oscillator converts the 45
MMz to the final TF of 6, 144 MHz. The second
conversion oscillator (81529) covers the 10
KHzat 45 MHz in steps of 10 Hz. The major

. selectivity for the receiver is provided in the

filter board (81527) where either the AM filter
or the variable SSB/CW filter may be selected.
The variable filter may be set to any bandwidth
hetween approximately 500 Hz and 2.5 KHz
with the front panel control. The IF amplifier
(81525) provides AGC, AM detection, SSB/
CW detection, audio processing and the CW
sidetone.

PLL
All pscillators, first conversien, second conver:
sion and BFQ are phase locked to the master

reference of 9.9 MHz. Therefore, the stability

of the transceiver depends solely on the stabil-
ity of the 9.9 MHz crystal oscillator. The first

conversion osciflator is siepped at 10KHz, the
second conversion oscillator at 10 Bz and the.

BFO at 20 Hz. The pass band tuning funciion
is accomplished by changing the second con-
version oscillator and the BFO by the same

amount. This has the effect of moving the filter

pass band without changing the frequency of
the received signal. The frequency of the
carrier for USB and LSB is generated in the
PLL BEO and is determined by the micropro-
Cess0T.

TRANSMITTER

The BFO (81530) provides the carrier for the
palanced medulator, and the frequency modu-
jated oscillator for the FM mode. Selection
between the two oscillators is on the TX Mixer
(81507). The SSB/CW signal, microphone
audio for both the SSB/CW and FM modes
and vox circuits are accomplished on the TX
Audio board (81306). The TX Mixer board
combines the signals from the TX Audio, sec-
ond conversion, and firstconversion oscillators
to produce the wanted frequency. The re-
quired frequency is amplified to the output
level in (R1502), Low pass filter {81508) re-
moves the harmonics and provides the T/R
switching.

4-1



42 KEYPAD BOARD (81499)

This board contains a seventeen key matrix

arganized ina four by four array, withtheone -

extra key (515) ded to the matrix through
diodes 131 and D2, Column ardress informa-
don from the microprocessor U6 on the Logic
Board is routed viaconnectorK toU1, aonecf
eight BCD decoder chip. ‘When addressed by
the microprocerssor, only one column ocutput
from U1 will be sethigh ata time. Unselected

columns will remainlow. Allcolumns are thus

scanned one at a time by the MiCTOPTOCESSOT,
When a key is pressed, that keys column line
i< tied to:isrow line; thus placing a higfion that
cow line when its corresponding eoluma is
strabed by U1, The siatus of all row lines is
returned via connectorJ to the MiCTOPFOCessor.
Each key thus has a unique colomn/row value
which islooked up in a table by the micropro-
cessor fo determine witich key was pressed.

FIGURE 4-1. KEYPAD BOARD -~
COMPONENT LAYOUT (81499)

TS E i Tows ST Ueen]
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mwn:a Il RO ACA Y [ﬂ' '
TARGE B WO - EERREE i) 2

JWERETANGE M P HIK LA i

1
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L .;EE“ ,}:‘/ﬁuw y?éap,
o T e
TR A e
: e >
& = J;/'s"n‘“ '_gi%"ﬂl ytm-u?wo
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N
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y B : EAT l-_L b
5 ®Eeas

[£EY FAD BOASD

FIGURE 4-2. KEYPAD BOARD SCHEMATIC (81499 - -~ -~
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4-3 LOGIC BOARD (81500)
Thishoard contains the microprocessor
control system, a 32 line driver, an A-to-D
converter, anon-volatile RAM chip, areal time
clockchip, rotary encoder cireuitry, anda DC-

" to-AC inverter for the dispiay backlighting

systenl.

The microprocessor, U6, isthe heart of
the system, This is an 8-bit CMOS micropro-
cessor with 235 110 lines, an 8 K ROM, 176
bytes of CMOS RAM, a serial peripheral
interface (SPI), a serial mmmunications inter-
face (SCI), and a built-in 16 bit timer. This
microprocessor contains an internal oscillator
whose frequency iscontrolled by X1. The I/O
lines going to connector B are used to contrel
the two loop PLL synthesizer. Signals from
connector 95 control the PLL synthesized
BFRQ frequency. On connector 62, U6 moni-
tors the TX RQ line to tell when it should go
into transmit mode. When TX RQ goes high,
U6 will change the frequency synthesizers as
needed and insert any needed timing correc-
tions before enabling the transmitter output by
setting TX ACK high.

Pin230f Ubisused to monltﬂrthc +10
volt regulated line in order to detect when the
POWER switch has been turned off or the DC
power supply has been removed. When this
happens, U7 is placed inte a "sleep™ mode to
congerve power but still retain iis memory.
While in the "sleep” mode, power for the real
time clock chip, U9, and the CMOS RAM in
the microprocessor, is obtained from Bl, a3
volt lithium battery. In normal usage this
battery has a typical life of 1 to 3 years,

When paower is again turned on, with
176 asleep, transistors Q1 and (2 generate a
negative going pulse on the interrupt line (pin
2) of U6, This wakes the microprocessor up
and restores it to normal operation, Theinter-
rupt line is also used by the encoder circuit to
tell the microprocessor when to change the
transceivers frequency. The clock pulse from
the encoder circuit is coupled via C12 to the

interrupt (pin 2) of U6. Pin 24 of UG isused io
tefl whether the encoder is tuning up(high) or
down{low}.

The I/O lines going to connector K are
used to drive a decoder chip located on the
Keypad Board. When scanning the Keypad,
the data on comnnector K (A0, AT} will be
decoded by the decoder anid cause one of the
column lines in the matrix to be set high. By
changing the value of AD, Al all four columns
are strobed in sequence. Whﬂe strobing each
golumn, U6 Jooks at the rnw information pro-
vided from the Keypad matnx viaconnectorJ.
When it detects a key closure, U6 decodes the

location in an internal lookup table and ex-

ecutes the appropriate command.

Connector G provides signals from U6
to control the driver chip on the LCD Display
Board. Power for the LCD Display is obtained
from connector H. Transistors Q3 and Q4 form
a DC-to-AC inverter circuit to power the
electro-luminescent display backiight. The
regulated + 10 volts input to the inverter i3
controlled by a switch located on the top cover
mounted switch panel. The output of the
inverter is an approximate sine wave of about
115 VAC {1.m,s.) ata frequency of about 250
Hz. Thisoutputissentto the displayboard via
connector I. (CAUTION: Although this high
output voltageis notlethal, itcan causea shock
if you touch the connector or bare leads with
exposed skin).

171 i3 a 32 bit, serial input, latched
driver controlled by U6 over the SPLinterface
system. Output pins 3-6drivea four bit resis-
tive D-to-A converter used to generate a VOX
DELAY centrol voltage under microprocessor
control. This is one of the Soft Key functions
controlled by U&. Inlike manner cutpuipins 7-
10 drives a resistive D-to-A circuit to develop
the ANTIVOX control voltage. Output pins
11-14 similarly develop the VOX GAIN con-
trol voltage. All three voltages are sent to the
Voxcircuits via connecior 41, Quiputpins 13-
18 are used similarly to develop the SideTone

4-3



level control voltage, which is routed to con-
nector 91,

Output pins 23-29 contain band infor-
mation used to drive the bandpass(connector
79) and lowpass(connector 10) filter selection

circuits. Tn addition, thesesignalsare alsoused’

io control the VCOs used in the main PLL via

connectar A. Thelowpass filter lines at con-

nector 10 arealsoinverted by Ul0and applied

io connector 3 for use with the Model 536

DELTA TI low pass filter board.

Output pin 30 is used to turm the BFO
citcuit onoroffviaconnector 96. Pin 31 isused
to activate the TUNE mode on the control
woard via connector 62, Pins 32 and 33 select
the appropriate filter for either SSB or AM
gperalion, Output pin 34-37 select the appro-
priatamudelinesviacdnnectnrs?l and 62. Pin
38 is used to generate 2 Spot Tone function
when the REV key is pressed during CW
operaton. R

The main tuning control consists of an
optical rotary encoder located on the front
panel. This ercoder generates quadrature
signals (each signal being 90 degrees out of
phase). The rotary encoder produces 120
pulses per revolution of the Main Tuning
Knob. Thetwo guadrature signalsare sent via
connector N to U4, These gates detect the
leading and trailing edges of the signals and
generate an output pulse for edge, thus multi-
plying the number of pulses by four. The
pulses applied to U2 are used to detect the
direction of the encoder. The UP/DOWN
output of U2(pinl) goes to U6{pin24). The
encoder pulses are also sent 1o U5 which
huffers the signal and then integrates it to
develop 2 tuning Tate detector. When the
repetition rate of the pulses exceeds a prede-
termined threshold, the ouiput of USD goes
high, telling the microprocessor to shift to the
next higher tining step size. '

The real time clock circuit consists of
19, X2, and triminer capacitor C7. Backup
power is supplied from a replaceable 3 velt

lithium battery, B1. To calibrate the clack &
frequency counter may be connected te TP1
and trimmer C7 adjusted uniil the counter
reads 128 Hz. Tf the counter has period mea-

surement capability, an even more accurate.

setting may be obtained by placing the counter
in period modeand adjusting 7 fora period of
7 8125 mS. U9is serially controlled by UG pins
2192, These two serial contrel lines aiso
connect to and control U7, a 512 byie
NVRAM, whichis used o stors memory infor-
mation. Connector 99 provides' blanking
pulses to the IF/AF and PLL synthesizer
boards, These pulses, generated by micropro-
cessor U6, hielp reduce audio transients genct-
ated by the PLL synthesizer system when a
loop boundary is crossed or the frequency is
suddeniy changed by a very Jarge amount. -

The serial communications interface
{S8CI) signalsare connected via connector O 10
o Remote Control Board mounted on the rear
panel, Thisallows for control of the transceiver
via a two-wire serial interface system. The
naud tate is Axed at 1200, and the transceiver
address is user selectable. '

1335 an eleven channel, 8-bit, A-to-D
converter. Ttis controtied via the SPI interface
by microprocessor UG. Only seven of the
analog inputs are used, all others are tied to
ground. The reference voliage for U3 is +5
volts applied to pin 14, Analog input number 1
(pin 1) is tied to the + 13.5 volt supply line.
Whenever this line falls below about 10.5
volts, the microprocessor L6 causes the entire
LCD Display toblink, indicating alow voltage
condition. Analog input2 (pin 2)is connected
to the frent panel mounted FWD{ REV switch
and is used like an extra input pin for the
mhicroprocessor to sense the switch setting.
Analog input 3 {pin 3) is the §-Meter signal
developed on the [F/AF Board. The relative
value of this voltage is displayed on the LCID
Bar graph when in receive mode. Analog
input4is the FWD power signal from the SWR
bridge and is used to indicate relative forward
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output power on the bar graph display. In like
manner, input 5 is connected to the REV power
signal viaconnector 28, Analoginputs band 7
are ronted via connector F to the PBT and RXO
potentiometer circuits, respectively. Voltages
developed by the circuiis are analyzed by
microprocessor U6 and used toadjust the syn-
thesizer circuits to the correct frequencies for

all control settings and modes of operation.
Regulated +5. 6 volisis supplied by U3 through
isolation diodes D2 and D9.

The Logic Board also contains the
3VDC lithium battery that supplies power to
the built-in 24 hour clock. See paragraph 1-8
for battery replacement.

FIGURE 4-3. 1.OGIC BOARD COMPONENT LAYOUT (81500)
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44 LCD DISPLAY BOARD (81301)

This board contains acustom designed
transflective TN type LCD Display and a sur-
face mount LCD driver Ul. The display is
multiplexed at about a 100 Hz rate by driver
U1, Thereare four backplanes on this display.
Information to control the driver is provided
serially viaconnector G from the microproces-
sorlocated on the Logic Board. The multiplex
frequency of the driver is determined by R2

and is set to produce an optimal rate of about
100 Hz. Resistor R3and capacitor C1 provide
a power up reset pulse to the driver, which is
powered from -5 volts via connector H. The
remaining resistors and capacitors comprisea
voltage divider network to develep the correct
backplane levels for the driver. The display
backlight is powered from the Logic Board via
connectori,

FIGURE 4-5. LCD DISPLAY BOARD COMPONENT LAYOUT (81501)
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4-5 ARGONAUT IT 5§ WATT FOWER
AMPLIFIER BOARD (81502)
(DELTA II Low Level Driver For 100
Watt Amplifier Board 81503)

This RF module has three stages of amplifica-
tion, bias compensation and frequency level-

ing networks to produce five watts and uniform -

gain over the frequency range of 1.6 MHz to
30 MHz.

AMPLIFIER

21 is a broadband class A amplifier with the
input impedance, gain and frequency response
set by the feedback elements C2, L1, R3, R3,
R4, and C6. 2 and Q3 form abroadband class
AB linear driver stage with input and entput
impedance matching accomplished by broad-
band transformers T2 and T3. RC networks
R7, C11, and R10, C13 in conjunction with
feedback networks C12, R23, and C14, R13
control the input impedance and flatten the
gain variation of the transistors over the fre-

quency range. Q5 and Q6 are used in a five
watt ontput class AB stage, Input impedance
and gain variation with frequency are con-
trolled by RC input networks and RF feedback
similar to the driver stage. Broadband trans-
former TS5 matches the output stage to 50 chins
for driving the transmit low pass filters.

BIAS

Bias for both stages is temperature compen-
sated, to maintain a relatively constant operat-
ing point, by mounting the bias reference di-
odes D1, D2, and D3 in thermal contact to the
heat sink. The temperature dependent voltage
across each reference diode is added to a
portion of the bias voltage and sum is used as
the bias voliage.

Alignment: The final amplifier bias volt-
age is set by connecting a current meter {o the
“BIAS TP'' connector and adjusting R17 fora
reading of S0 mA. After adjustment, remove
the meter and insert the jumper.

BIAS TP
CONNECTOR

: FIGURE 4-7. :
5 WJLTT POWER AMPLIFIER BOARD COMPONENT LAYOUT [3151]2}

4.9



2O0518| 'd9 ¥d 1ivM S Q04Y

ool
Fld

1I'c  *Ifiv
gzn azd

mw‘_a_n_n..h_-N ..nm_u

+§ FEAT G

A
Fird m[ T oEa
LEO ﬁ w

GEMRISE [=11]
19N +4
PITTISE o'z
SEETNT H
SODFNL £0—1a

Hpdl RET SR NI SINPLSIEIMNT
::m SAMTH—OMNY N IINLINONE
d) SiEeapesaaic M0 I IV

Fale o = Do ot e o 1) e

SLBLETEFHTY ST

0350 L5971 SUMYNAEZ0 J0M3e43H

¢

0 [|Lndm ¢
AR

2

: c
o mEALE I ¥
BLD [ F] LT
vuae = €019, [ Teg/y ez sy 3 AST/ 001 ] €l
w04 135 bTH RTe n
LA b T
g £ o
R =
in b }
W
i a _ ] ? _ _

FIGURE 4-8, 5 WATT POWER AMPLIFIER BOARD SCHEMATIC (81502)

Part MNo. 74:

Movamber
Prirted In U

4-10




Part Na, 74212
MNovamber 1887
Printad in U3 A.

4-6 DELTA I 100 WATT AMPLIFIER
BOARD (81503)

The 100 watt amplifier board boits to the inside
of the rear panel die casting. Besides the
amplifier stage this board contains the main
power-on relay, K1, which is activated by the
front panel power switch,

RF power transistors Q1 and Q2 pro-
vide about 13dB of pain to boost the § wati
output from the driver siage up to 100 watts out.
Transformers T1 and T2 perform impedance
matching and other components provide feed-
back to help flatten the frequency response of
the amplifier.

The base bias voltage is developed
from transister Q4. This transistor is bolted to
the heatsink so that the base-collector junction
voltage drop follows the temperature of the RF

g-‘-i;s,n £oRe

transistors, U1Aand Q3 form a currentampli-
fier stage which provides a low impedance
source of base bias.

Comparator U1B monitors the junction
voltage at Q4 and switches on the cooling fan
output at a preset heat sink temperature deter-
mined by R19.

Alignment: The 100 Watt amplifier
bias voltage isset by R19. Place current meter
in series with the DC power supply lead. Set
R 19 to minimum position(full CCW}, Unplug
cable 2 from the 5 Watt Power Amplifier
Board(81502). Set front panel RF drive control
to zero output. Place the Delta Il in "TUNE"
mode and adjust R19 for 500mA above idle
current. '

FIGURE 4-9. 100 WATT AMPLIFIER BOARD COMPONENT LAYDUT
(81503)
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47 TRANSMIT AUDIO BOARD
{81546)

The TX Audio board contains the mi-
crophoneamplifier, speech processor, clipper-
filier, balanced modulator, VOX circuitry an¢
the CW/SSB switching,

Microphone Amplifier

Integrated circuit UlA amplifies the micto-
phone audio (connector 38). FM pre-empha-
sis (connector $) is obtained by selecting an Rf
C time constant in the microphone amplifier
feedback loop. Speech processing (connector
44) increases the gain of the amplifier by 20 dB
and activates an audio AGC cireuit (Q1, Q2,
and Q3). ‘The gain is set just below the clipping
point of D2 and D3, The clipper removes any
overshoot that may oceur in the processor. The
signal is filtered (low pass filter U1B) to re-
move unwanted high frequencies. Modula-
tion audio for the FM mode is available at
connector 43 and adjusied by potentiometer
R?8. Front panel MIC GAIN {connector 38)
provides the audio for the balanced modulator.
The output of the filter also is used forthe VOX
gircuits (U3, Q7 and Q8).

SSB Modulator

Integrated circuit U2 is a balanced modulater.
The carrier signal (connector 35} is applied to
pin § and the audio medulation signal to pin 4.
In the CW mode, pin 4 is unbalanced with a
positive voltage, SSBvoliage presentat con-
nector 47 accomplishes the necessary switch-
ing between CW and SSB. In the S5B mode,
voltage present at the SSB pin of connector 47
biases diode D13 connecting the arm of the
MIC GAIN eontrol to pin 4 and activates Q9 to
remove the CW voltage from pin 4. TnCW the
55B voliage is not present and the amount of
unbalance (CW output) is set with control R32
at 1.8MHz. The cutputof the balanced modu-
lator is buffered and amplified in Q13 before
being routed to the filter switching circuits.

Alignment:

CARRIER. Connectasuitable dummy
load to the antenna connector. Switch the
transceiver to 29 MHz and push the TUNE
bution. With the PWR control set maximum

" clockwise, adjust the carrier potentiometer,

R32 for amaximum clean CW wave form with
the ALC LED on. '

CARRIER BALANCE. Conneci an
oscilloscope to the output and the mode to
USB. Close the PTT line and adjust R81 for
minirom cartier.

FMMODULATION. Applyan audio
frequency of 1000 Hz to the microphone input
and adjust thelevel to 50 mv, Usinga deviation
meter, setpotentiometer R28 fora deviation of
5KHz.

AUDIO PROCESSOR, Apply an au-
dio frequency of 1000 Hz to the microphone
inputand adjust the level to 30 mv. Turnon the

-processor and, with an oscilliscope connected

to the cathode of D3, adjust R16 until the sine
wave i just below the clipping point.

Filter Switching

In the OW mode, the crystal ladder filiers are
not used. Diodes D10, D11, and D12 are
biased on from veltage present at connector
36. Diodes D§ and D9 are reverse biased,
disconnecting the filler. The CW signal is
passed through the diodesand amplifier 13 to
output connector 33. Inthe SSB mode, diedes
D8 and DY are biased on by Q10 and the
double side band signal is routed to the filter
board through connector 45. the return signal
is applied to connector 46 and on to Q13 and
the output connector 33.

4-13
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FIGURE 4-11. TRANSMIT AUDIO BOARD COMPONENT LAYOUT (81506)
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, TRANSMIT MIXER BOARD
13159?}

Mixer
e TX Mixer board combines signals from
he carrier generator, second injection oscilla-
tjor and the first injection oscillator to produce
he wanted frequency. It also contains the
ﬁacassar_v circuitry to provide ALC control.
The FM signal is applied to connector 32, the
§SB/CW signal is applied to connector 33.
Control voltages from the Logic board are
available at connector 34 to select the desired
hode. Diodes D3 and D4 form an attenuator
{hat is used to control the gain of the transmit
chain {ALC). Thesignal isthen mixed with the
d conversion oscillator present at con-
heﬂmr 26. The resultant 45 MHz signal is
amplified in Q2 and filtered in 1.8, 112, and
{13, The45 MHzsignal is then mixed with the
J_ﬁrst conversion oscillater, present at connecior
25, the resultant frequency is amplified in Q3
d Q4. The filtered signal is available on
onnector 14,
Alignment: Disconpect the TX
Mixer output {connector 14), Connccta spec-
m analyzer to the cutput tap on L13 (TF on
ard), Putthe transceiverin TUNE and adjust
18, 112 and L13 for maximum signal at 45
MHz. Qutput should be approximately -10
dam.
ALC

‘Forward and reflecied voliages, from the SWR

bridge on the Low Pass Filter Board, are
available atconnectors, Thereflected voltage
is applied to Q8 and the buffered output to
connector 28. Potentiometer R373 calibrates
the SWR read on the meter. The forward

voltage is buffered in Q6 and Q7. The ouiput
of Q6 isavailable on connector 28. Potentiom-
eter R34 calibrates the forward power mefer.
Capacitor C18 and R25 form the ALC time
constant. The ALC voltage is compared with
a preset voltage in U1 A and the cutput conirols
the ALC attenvator. The preset voltage is
adjustable from the front panel PWR control.
The Power control plugs intc connector 29.
171A compares the ALC voltage to a reference
and drives the ALC light at connector 27.
Connector 23 and diode I)8 are used only in
the Deltz and sum the final collector current
into the ALC attenuator as an over current
protection feature. c

ARGONAUT II Alignment: To set
forward power, connect a wattmetet and
dummy load fo the transceiver output. Turn the
PWR contro! full clockwiseand adjustR11 for
5 watts at 14MHz. AdjustR34uniil 9 barsare
showing on the bar graph meter. Switch to
REF and, with 2 25Q load, adjustR33 fora2:1
SWR on the bar graph. _

DELTA 1I Alignment: To set for-

ward power, connecia wattmaeter and dummy

joad to the transceiver cutput. Turn the PWR
control full clockwise and adjust R11 for 100
watts at |4MHz. Adjust R34 until @ bars are
showing on the bar graph meter. Switch to
REFand, witha 25 load, adjust R33 fora2:1
SWR on the bar graph. '
SETTING CURRENT LIMIT:

Attatch a suitable dummy load to the antenna
output, and tune to ]4MHz, Insertan ammeter
in series with a positive DC power lead. Pull

‘connector 3. Press the button and

adjust R24 for 22A on the ammeter,

Part Mo, 742
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FIGURE 4-13. TRANSMIT MIXER BOARD COMPONENT LAYOUT (81507)
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4

4-9 DELTA II LOWPASS FILTER
BOARD (81508)

The DELTA 1I Low Pass Filter
board uses a novel arrangement of six filter
sections hooked end to end. The unfiltered
output from the transmitter travels through the
lowpass sections until a band select relay
extracts the signal and routes it out through the
SWR bridge and on to the antenna. One of six
band select lines frem the microprocessor
activate the appropriaie relay so that harmon-
ics of the signal are filtered out.

Transmit/receive switcling consists
of reed relay K1 and diodes D1 and D2.
During receive the relay opens to disconnect
the low pass filters and R veltage at connector
6 turns on transistor Q2. Current from Q2

- drives D1 and D2 to create a loss path from the

antenna to the receiver front end at connector

On transmit, K1 connects the transmitter out-
put o the antenna. Meanwhile the voltage
doubler diodes D2-D6 generate a larpe nega-

AFRfAETII
- 2By

. o mw

PR A - ;
LIRS

tive voltage from the transmitier signal. This
voltage reverse biases D1 and D2 to keep
themn turned off. The small amount of transmuit
signal that does leak across the diode switch
gets shunted to ground by Q1.

Transformer T1 combines a current
sample from the one turn link primary and a
voltage sample from the capacitive divider of
C12 and C13. The output of T1 isrectified and
filtered (o penerate two DC outputs that indi-
cate forward and reflected power. These out-
puts at connector 5 drive the front panel meter
and provide feedback for the output leveling
ALC loop.

Alignment: Set the transmitter to 14
MHz. Connect a DC voltmeter to REF on
connector 5 of the TX Mixer board 81507.
Wiih an insulated tuning tool, adjust C12 on
hoard 81508 {low pass filter board) for a mini-
mum reading.

C1

FIGURE 4-15. DELTA I LOWPASS FILTER BOARD COMPONENT LAY-
OUT (81508}
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4-10  SLIDE SWITCH BOARD (31518)
QSK FAST/SLOW
AGCFAST/SLOW
AGC ON/OFF
ATIN
. LAMP(DIAL)
- SQL

', FIGURE 4-19. SLIDE SWITCH BOARD COMPONENT LAYOUT (81518)
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PUSHBUTTON SWITCH BOARD (81520}
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4-12  ARGONAUT II TRANSMIT
LOWPASS FILTER BOARD (B1521)
The low pass filter board sciects the
proper filter for reduction of harmonics, pro-
vides a bridge for forward/reflected power
readings and does the T/R switching.

FILTER SELECTION: RF power from
PAboard 81502 is applied to connector?, The
frequency spectrum between 1.8 MHz and 3(}

MHzissplitinto 6 bands. Each band hasalow -

pass filter, selected by signals from the Logic
Board, to remove the unwanted harmonics.
Diodes D4 through D15 sclect the fiifers.
DicdesD1, D2, and D3 form avoltape tripier,
powered from the RF input, that produces a
DC voitage which is used o back bias the
unused switching diodes.

SWR BRIDGE; Bridge transformer T1
providesa voitage proportional to the forward
and reflected power, These voltages are usad

- for control of the ALC function and are avail-

able at the meterasan indication of the forward
power and the load SWR. - :

Alignment: Set the transmitter to 14
MHz. Connect a DC voltmeter to REF on
connector 5 of the TX Mixer board 81507,
With an insulated tuning tool, adjust C41 an
board 81521 (low pass filter board) fora mini-
mum reading.

T/R SWITCHING: Transistors Q7,Q8, di-
odes D16, D17 and relay RY 1 provides the T/
R switching function. During transmit a high
negative voltage, from the voltage tripler, is

fed to'the junction of D16 and D 7 essentially

opening the path foom the antenna connector to
the receiver, Transistor (8 shunts the receiver
input improving the isolation between the

‘ transmitter andreceiver input, During receive,
'R voltage, by way of transistor 7, biases the

diodes on providin g a path from receive to the
antenna connector.

Ca1

FIGURE 4-23,
TRANSMIT LOWPASS FILTER BROARD  COMPONENT LAYOUT (81521)
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4-13 UPPER POT BOARD (81522)
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4-15  SECOND
BLANKER

MIXER
(81524)

/ NOISE

A balaneed mixer converts signals from the
first IF of 45 MHz 1o 6.144 MH12, provides an
UMt for the noise blanker amplifiers and
contains the noise blanker gate. . .

The 45 M, signal (connector 76) from the

first mixer ig matched to the filter FIj byL1,
C2, and C1. The filter output is matched with
L2, C3, and 4 o the input cireuip of the
balanced mixer (Qland Q2), The 2nd conver-
sion osciilator {connector 98) is applied to the
Source of Q1 and 32, Balance is obtained with
the potentiometer ip, e source. The ouiput is
tuned to 6. 144 MH; and is routed tirough the
grounded gate amplifjer Q3. The amplified
output is then routed through buffer 04 o
connector 75, 1t is alsy routed to the tuned
cirenit L6, Cl17,and C18. T1,T2, and diodes
D1 through D4 form the noise bianker gate,

L1 R2

The diodes are forward biased from ihe pulse
EEnETator on the Nojse Bianker board 81544
through connector 77. When a noise plilse ig
formed, the voltage at connector 77 drops to
Zero and the diodes are Teverse biased by the
voltage divider R13 and R14. Output for the

- 2nd IF board 81537 is through connector 71,

Alignment; Connect an AC voltmea-
ter to the andio Quiputofthe transeejver, Con-
nect 8 signal generator( 14.000MHz, USE) to
the antenna and set the frequency and oufput
fora reading of 10dR above the noise. Tune
Li, 12, L3,14, 1 5ang Lﬁfurmaximumontha
meter. Reduce the ECNErator output as needed
to keep the andio signal approximately 10 dg
above the npige, Connect a SPectrum analyzer
toconnector 71 1 nCrease signal generator nng;
signal appeats on the Spectium analyzer, Ad.
Just R2 unti]l the second LO frequency
(38. 8542MUz)ig nuiled.

L2 L3

Part Nn, 74212
Vembar 1081
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4-16 IF { AF BOARD (81525)
Thel.F. Andioboard acceptsasignal at
a frequency of approximately 6.144 MHz,

amplifiesit, detects it and sends it through the

various processors to the audio power ampli-
fier, The board also contzins the side-tone
circuit for CW and the necessary AGC cir-
cuitry. :

IF/AGC

The 6,144 MHz IF signal enters at connector

74 and is amplified by grounded gate FET (1,
integrated circuitIF amplifiers U2 and U2, and
emitter follower Q2. The output of Q2 drives
both the product detector and the AGC circuits,
Diodes D3 and D4 develop an AGC voltage
from the IF signal. The AGC vqltage is level
shifted by zener diode D3 so that gain reduc-
tion in Ul and U2 will start as soon as an [F
sipnal js present. The AGC voltageisbuffered
by (4 so that the attack time is preserved when

charging AGC time constant capacitors 24 -

and C25. Fast AGCisavailable with capacitor

- £25. Connecting the negative terminalof C24

to ground through connector 86 provides slow

AGC and grounding the base of Q9 remioves.

all AGC. The AGCline is connected to TT10A
where itis compared toa preset voltageand the
output of the comparator drives either Q5,
which adds additional AGC i the IF, or Q7
whichreduces the gain of the first RF amplifier
when in the AM mode. The preset voltage is
setby R135,

Alignment: IF; Set the transceiver to
14.000 MHz and connect a signal generator,
set for 14,000 MHz, to the antenna connector.
Connect z meter to measure the andio output,
Remove AGC (switch on tap cover) and apply
enough signal to obtain a reading on the audio
meter, Adpust L3 and L4 fora maximum read-
ing. Be sure to reduce the signal from the
generator, when necessary, to keep the andio
reading below clipping,

Delayed AGC: Applyal.5mV,30%
modulation signal to the input of the, trans-
ceiverand, with a voltmeter on the collector of

Q5{cathode of D1), adjust R15 until the volt-
age startstodrop. This voitage should be set at
8.0volts. This will insurecomplete quieting of
U1 and U2 before the delayed AGC is acti-
vated. (Note: the S-mtr must be recalibrated
after any adjustment to R15)

5-MTR
The DELTA II S-mefer is a bar graph design.
The AGC voltage is amplified in UJ10B and
sent to the Logic Board via connector 85, The
Logic Board has a look-up table that is com-
pared to the voltage received from U10B and
lights the correct number of segments on the
meter,

Alignment: Apply a 50 microvolt
signal to the antenna connector and adjust R93
for 8¢ on the bar graph.

AM Detector
The AM signalis taken from the output of U2.
Transistor Q3 operatesas the AM detector, Q3
is an emitter follower detector biased to the

point of conduction by D2, The output is a

reproduction of the positive portion of the AM
carrier, CapacitorC23, C31, C32and resistors
R26-R29 filter the carrier and set the audio
frequency response,
_ Product Detector
The product detector, U3, is used to demodu-
late SSB and CW signals. The BFQ is applied
to pin 2 of U3 via connector 93. TheIF signal
is {rom a resistive divider, R34 and R35, that
sets the level for minimum distortion. The
output of U3 is filtered to remove the IF
frequencies and set the audio pass band, The
resultant signal is available for the SSB made
and is also sent to an additional filter for CW.,
U4A and U4B form a 1KHz low pass filter for
CW. Thisremoves much of the high frequency
hiss and noise making it more pleasant to copy
CW.
Mode Selector
U3A, USB, USC and USD are solid state

Switches operated by the Logic Board {con-
- nector91). Ttselects either the AM, SSB, CW
* or FM signal andpasses it on the audio stages.

Part No, 7421
Movember 19
Printad in L8
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Notch Filter
The output from the mode switch integrated
circnit, US, feeds a switched capacity notch
filter, U6 and U7, The frequency of the notch
is set by the front panel control via connector
2{). The contro! adjusis theclock frequency of
16 which determines the notch frequency.

Audio Amplifier
Output from the notch arrives at the audio
amplifier after passing through the volume
control {connector 88). Audio output is split
hetween either the speaker/phones {connec-
tor 84) or the anti-vox circuit (connector 40).

CW Sidetone & Alignment
CW offset {the difference between the trans-
mit and receive frequency) is determined by
the micraprocessor and, in this transceiver, is
set to 700 Hz. The sidetone is generated in
1U8A, and keyed by Q12 and USB. The
frequency of the sidetone is set by controi R72
and the jumper in the ST socket. This is an
internal adjustment and should be set to the
CW offset frequency of 700 Hz, The range of
the sidetone oscillator is approximately 400 Hz
to 700 Hz. If you arenot using dual VFOsin the

split mode, the sidetone may used to net your
transmit frequency to that of the station you
wish to work. When inthe CW mode, pressing
the REV button will produce the sidetone
without the transceiver going into transmit.
Tune theincoming signal to match the sidetone
frequency and you will be transmitting on the
received signals’ frequency. If you do not like
to copy a 700 Hz cw note and don’t care about
the net function, simply remove the bottom and
adjust potentiometer R72 and ST plug to a
pleasant tone. If you wish to retain the spot
tone feature, check the sidetone frequency
that you have picked with a frequency counter
and set the RXO control to the difference
between the frequency you have chosen and
700 Hz. If you have picked a higher fre-
quency, set the RXO control to the + side, ifits
a lower frequency, set the control to the -side.
Since RXO is defeated when you press the
REV button it is important to remember to
match the tones by momentarily pressing the
REV button and not to mateh the tones while
the REV button is pressed.

4-31
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R15 R332 R72

FIGURE 4-31. IF / AF BOARD COMPONENT LAYOUT (81525)
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4-17 BAND PASS FILTER / FIRST
MIXER (81526)

Thiscircuit moduie accepts the stgnal from the
antenna, filters it, amplifiesitand mixesitwith
the first conversion oscillator 1o praducean TR
of 45 MHz. _

'BP Filter: The signal from the an-
benna is passed through a 30 MHz low pass
filter (L1, L2, €2, €3, C4,CS5,and C6)anda
1.5 MHz high pass filter (1.3, I4,L5,L6,L7,
C8, and C9) bafore being applied to the ama-
teur band filters to eliminate an ¥ possibility of
signalsoutside theamateur bands from causing
interference. For.1to 1.6 MHz general cov-
£rage receive, the signal is ronted around the
high pass filter and through another low pass
filter before reaching the amplifier. Theother
amateur filtersare selected by signals from the
Logic Board (connector 79} and diode
switches. :

RF Amplifier: The RF amplifier con-
ststs of two J-310 FETs(Q1, Q2) in parzllel in
& grounded gate configuration. This produces

Cc4

an amplifier with good interceptand Jow noise.
Diode D18 is used to reduce the amplification
on AM only.

Mixer: The mixer consists of two J-
310FETs(Q3, Q4) inapush-pull configuration
with the gates connected in parallel. This
produces a single bajanced mixer with gooad
dynamic range and low nojse figure.

Alignment: Capacitor (4 is used to
setanotchin the45 MHz IF. Connect asignal
generaitor to the antenna input and fune it
around 45 MHz unti! a signal is heard. The
output level may have to be increased to 100
micro volts or mote to be heard, Tune C4 for
anull,

The mixer balance is sat by potentiom-
eler R23.Connect signal generator
(14.000MHz, USB) to the antenna. Adjust
signal for 10dB abave noise, Connect spec-
trum analyzer to connector 76 and adjust R23
to nuil first 1.0 + signal frequency(59MHz).
The -output of the mixer, 143, is tuned for
maximum on a weak signal.

FIGURE 4-33,

BAND PASS FILTER ;/ FIRST MIXER COMPONENT LAYOQUT

(81526)
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FIGURE 4-34. BAND PASS FILTER / FIRST MIXER SCHEMATIC (81526)
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4-18 RECEIVE SECOND IF BOARD
(81527)

This board provides the filtering for the trans-
ceiver. It selects between SSB/CW, AM,
transmit or receive.

SSB/CW

FL1 and FL2 are 81532 Variable BW filters
separated by amplifier Q1. Bandwidth is
changed by varying the voltage af the base of
Q2 with the front panel BW control (connector
72). In transmit, the filter is set to maximum

bandwidth with the T voltage through diode
7. '

AM Fiiter

FL3 581533 AM Filter. Either the SSB/ICW
filter or the AM filter is selected by diodes D3,
D4, D3, D6, D8, and D9 and the voltage at
connector 73.

TR

The receive path or the transmit path is se-
lected by Diodes DV, D2, 213, and D11 ang
the T and R voltage present at connector 66,

FIGURE 4-35. RECEIVE SECOND IF BOARD COMPONENT LAYOUT
(81527)

Part No, 74212
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4-19 FIRST LO BOARD (81528)
This board generates frequencies be-
tween 43, 1 MHz and 74.9990% MHz in steps

of 10 KHz for conversion of the incoming

signals to the 45 MHz IF. The use of four
oscillators, selected by the micraprocessor,
reduee microphonics and phase noise, The
signal is amplified and availahle for either
receive ortransmit circuits,

Eachoscillatorisa colpitisdesign using
a JFET. A positive voltage from the Logic
Board selects the proper VCO (connectar A)
by turning on Q18, Q17, Q16 er Q15, The
output signal is buffered and amplified by Q3,
Q6 and Q7. After filtering, the signal is se-
lected by diode D17 or D18 and the voltage at
conmnector 53 for either the receive or transmit
circvits. Q9 and Q10 buffer and amplify the
output signa! before it is applied to the
prescaler/PLI. circuits. The PLLcompares the
divided signal with the reference and the
phase outputs drive s charge pump (Q11, Q12,
Q13, and D14), The charge pump output pro-
vides avoltape to the respective varactor (D1,
D2, D3, or D4). Information from the micro-

processor setsthe correct division of the signal
and reference (connector B). Connector C
provides the same type of information for the
2nd LO Board,
Alignment

Connect a voitmeter to the emitler of Q14 ar
the test point TP, Using the frequencies in
table 1, adfustcoils 1.1, 1.2, .3, and 1.4 forthe
Indicated value, For example, set the trans-
ceiver for . 10000 MHz, adjust 1 fora voltage
between 2.510 3,0 volts. Setthe transceiver to
7.49999 MHz and check for a voltage be-
tween 7.5 and 8.0 volts,

[FREQUENCY

(TRANSCEIVER)| VCO | VOLTAGE
J0000MHz | ] 253.0
7.49999MHz | - | 7.58.0
7.50000MHz | 2 2.53.0
1449999 MHz | 2 7.58.0
14.50000MHz | 3 2530 |
21.49999MHz | 3 7.58.0

| 21.50000MHz | 4 7.53.0

| 25.99990MHz | 4 7.5-8.0

FIGURE 4-37. FIRST LO BOARD COMPONENT LAYOUT (81528)
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420 SECOND LO BOARD (81529)

The 2nd LO tunes fromt 38.851 to
38,861 in 10 Hz steps and isused to convert the
range of freguencies in the first IF of 45 MHz
to 6.144 MHz. The board 2lso coatains the
master reference escillaior for all PLL urnita
(connectors 94 and 27),

The mair VOO, Q1, eperating from

73.9 to 74,9 MHz, is buffered by 2 and Q3.

The output of Q2 is divided by 100in dividers
Ul and U2, The resultant 739 to 749 KHz
signal is filtered and applied to a mixer (D2,
D3, D4, and D5) along with. the buffered
outputof the reference oscillator, The desired
output, 10,644 MHz, passes through ceramic
filter FL1 and isamplified by QB, The9.9 Mhz
reference is multiplied by 5 in Q6, filtered by
tuned circuits and along with the amplified
10.644 MHz signal, appliad to a mixer (D14,

D11, D12, and D13). The mixer oufput is
amphﬁe:d in Q9 and filtered by the tuned
circuits. The output is either direcied to the
receive circuitry by diode D6 or the transmit

circuitry by diode D7, The required voltages,
toaccomplish the T/R switching, arepresent at
connector 68.

The output of Q3 applies the VCO
signal to the PLL U3, The output of the phase
detector in U3 controls the VCO frequency by
varying the voltage on D1.

Alignment: Connecia VTVM to pin
5 of U3, Set frequency at 13.00500, go to
15.0049% and adjust coil L1 fora reading of 8.0
voits. Connect a spectrum analyzer to the test
pinontheboard. Adjustl4, 10,18, and L5
for maximum signal on 49.5 MHz. Output
should beapproximately 10dBm, Connect the
spectrum analyzer to connector 98 and adjust
1.9, L6, and L7 for maximum output, Qutput
should be approximately 5 dBm,

Reference:

counter to connector97. Theoverall accuracy
of the transceiver is controlied by this one
crystal oseillator so the accuracy of the fre-
quecncy counter is veryimportant, AdjustC38
for 9.900000 MHz.

L2

L5

L8

FIGURE 4-32. SECOND LO BOARD COMPONENT LAYOUT ($1529)

Conmnect a frequency .
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4-21 BFO BOARD (B1530)

The BFO §/A provides signals o pa
used with the product detector, the balanced
modulator, and the FM transmission made.
These signalsare gl Phaselocked to the master
reference 9.9 MH;z oscillator,

BFO/Carvier Oscillator :

The VCO, Qi, OPerates at a frequency of
approximately 119 MHz and g phase locked,
instepsof2 KHz, o the master reference of 8,9
MHz, The outputis buffered in Q2 angd Q3.2

drives counter 1] and U2 which divide the

oscillator by 100, The reference oscillator
(connector 94) is buffered by QB and divideq
by 2in U2, The divided reference signal and
the divided VO signal are combined ip a
mixer comprised of D4, D5, D6, and D7, The
output is amplified by QI0, filtered and is
availableatconnector 35 and 93 for the product
detector and the balanced moduiator. The put-
putof Q3 iscombined with the output from the
FM transmit oscillator(Q7, Q8) and becomes
the signal input for P11 U3. The digita! infor-
mation that determines the frequency is ap-
plied to U3 via connector 95. The cutputofthe

L1 a4

Phase detector drivega charge pump Q4, Q5,
Q6, and D3}, loop filter and then the varactor
D2,

. Alighment: Connecta VTVM 1o the
Junction of the coliectors of Q4 and Q3. With
FBT control centeraq » adjust L1 for a readin g
of 4 volis. Connect the VIVM topin §of 73,
Select FM mode and place the transceiver in
transmit via MIC PTT. Adjusti2 for a reading
0f2.5 volts. Return to recejye and connect an
RF voltmeter to connector 35, Peak 111 and
L12 for maximum s gnal. Theoutput should be
approximately-15 dBm,

FM

The FM transmit signal is generated by Q7.
The output is combined with the BFO signal
and forms the signal reference for PLL U3,
The outputofthe internaf charge pump is used,

© With its loop filter, to Jock the oscillator on the

transmit frequency determined by the digital
informationat connector 95. The microphone
signal, developed in the Tx Audio board,
modulates the FM ransmitoscillator {connec-
tor 43) by varying the voltage on varacior D9.

L11

L12

Part Mo, 74219
Hovembar 19
Printad in U5,
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4-44

422 CONTROL BOARD (§1531)

This board contains diode and transis-
tor logic circuitry to develop control voltages
based on inputs from the Iogic board, rear panel
control jacks, or front panel switches, that

determine the mode of operation (SSB, CW,

transmit, receive, etc.) of the various circuits in
the transceiver. It also contains the CW wave
shaping circuit that sets the rise and fall fimes of
the transmitted CW envelope, and the hold-in
adjustment for the auxifiary T/R switch.

A request to transmit is sent by greund-
ing the VOX/PTT line, or grounding the KEY
lineor from the [TimE_| button. Thevoltageat
the colléctor of Q5 is used to either mute the
audioamplifier, via connector 50, or sent to the
logic board via connector 62 to let the micro-
processor know that there hasbeen arequest to
transmit. When the logic board receives the
transmit request, itchecks the frequency regis-

‘ters to determine if there should be a change

before transmitting, such as would be required
if in split etc, It then determines how mnch time
is required to allow all frequencies to become
stabilized and then sends an acknowledge

signai back to the control board via connector-

62. The acknowledge signal keys transistor
Q8 which then starts the transmit voltages by

enabling transistor Q20 through connector 55. -

Connector 55 may beused to send and Teceive
a teady signal to and from a device such asa
linear to prevent ‘‘hot switching” the linear,

“level circuits in the transceiver.

Transistors Q17 and Q18 form an integrator
that provides the keying wave form for CW
and develops the required trangmit (°T"") and

_ receive (“R’7) voltages to run the circuitsin the

transceiver,

“T/R SWITCH

An external fransmit/receive switch via I-1,
that may be used on both SSB or CW, can be
connected to the T/R SWITCH via connector
60. This will enable transistor Q22 to send a
signal to the muzte pin on the audio amplifier,

~and activate the linear switch Q23. The trans-

ceiver may then be keyed for CW or the mic

PTTused for 8B, -

LINEAR DELAY

When in the CW mode, transistor Q21 grounds
capacitor C8 to provide a mm-off delay to the
LINEAR pin of connector 60, The delay time
may be set with potentiometer R34,

REGULATOR

Transistors Q1, Q2, Q3, and Q4 provide a
regulated voltage that is used on all the low
Cables

22,67,30,65,6,54,63,50, and 15 distribute T, R,
+REG, and +13.5 Volts to the circuit boards.
‘Wires in these cables are color coded as fol-
lows: T - biue, R - yellow, +REG - orange,
+13.5-red:

FIGURE 4-43. CONTROL BOARD COMPONENT LAYOUT (81531)
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FIGURE 4-44. CONTROL BOARD SCHEMATIC (81531)
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423 VARIABLE BANDWIDTH CRYS-
TAL FILTER  {81532)

In CW and SSB modes, the receiver selectiv-
ity is established by the Variable Bandwidth
Crystal Filters located on the RX/2nd [F board
81527. Each variable bandwidth filter unitisa
varactor tuned 4-poleladder type filter, Twoof
these units are connected in cascade with an
amplifier in between (Q1 on the RX/2nd IF

" board) to provide 8 poles of variable band-

width selectivity. The receiver selectivity is
continuously variable from 300 to 2500 Hz
bandwidth {-6dB) vﬂth a constant 8-pole re-
sponse:

Refef o fi gure 4-11; Variable Band-
width Filter schematic diagram. All the crystals
and varactor dicdes in the variable bandwidth
filter arg identical. €1, C2, D1 and L1 form 3
variable impedance matchmg network which
transforms the natural impedance of the filter
end section to 50 Ohms forall bandwidths. C3,

C4, D5 and L2 perform the same function at -

the other end of the filter. Varactor diodes D2,

D3, and D4 form the shunt capacitors of the
ladder network. Factory setpotentiometers R}
through R5 select the proper portion of the
bandwidth control voltage for each varactor
diode and compensate for small parts toler-
ances and manufacturing variations. The set-
tingsof R1 through RS arecritical to the proper
operation of the vatiable bandwidth fiiter and
should not be altered without the aid of an
accurate network analyzer. Asthe Bandwidth
Control voltage is varied by the front panel IF

‘BW control, the filter parameters vary from

500 Hz bandw:dm and 126 ohm natural imped-
ance at 2 velts, to 2500 Hz bandwidth and 760
ohm natural impedance at 10 volts. The vari-
able end matching networks ““track out’* the
impedarce variation producing a continuously
variable bandwidth and constant 50 Ohm ter-
mination impedance, In transmit mode, D7 on
the RX/2nd IF board pulls the Bandwidth
Control line high to set the filter to 2500-Hz
bandwidth regardless of the setting of the IF
BW control,

FIGURE 4-45.
VARIABLE BANDWIDTH CRYSTAL FILTER COMPONENT LAYOUT
{81532) :

Part Mo, 74212
November 109
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4-24 AM CRYSTAL FILTER BOARD —
(81533)

In AM mode, the receiver selectivity is estab-
lished by the AM Crystal Filter located on the
RX/2ndIF board 81527, This filterisa 3 KHz
bandwidth, five-pole ladder type. Refer to
figure4-12; AM Crystal Filter schematic, Cl1-
L1 and C8-1.2 match the natural impedance of
the ladder network end sections to 50 (thms,
Since the end section impedance of this filter is
relatively high (about 1400 Ohms), the T1-C2
- and T2-C7 networks are used to cancel the 3pF
holder capacitance of the end section xtals,

This improves the symmetry of the filter re- FIGURE 4-47, AM FILTER
sponse by increasing the attenuation slope in BOARD COMPONENT LAYOUT
the lower stophand. {81533)
A ! b @, o £ -

4
E T WOE S (FEFERRNCE DESIGNATORS LAST USED
— TICAPACITANGE I PICOEARADS (pi) : :
ZHNDUCTANCE IN MICRO—HENEYS (H) | CHLE, TR
TIRESISTANGE I OWUT £5F 1w |
2
Ti—¥5 F.144 MHz _ —— . -
S o-a1 AM XTAL FILTER BD. |B1533

FIGURE 4-43. AM FILTER. BOARD SCHEMATIC (81533)
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4-25 NOISE BLANKER/FM BDARD
{(81544)
This beard contains the noise blanker

and the receive portion of the FM mode. At -

connector 73, a sample of the 6,144 MHz
receive signal from the 2nd mixer board is
input to noise hlanker amplifiers U2 and U3.
Part of the output of U2 is sent to the FM
receive cirenit. The output of U3 drives the

AGC circuit {Q3, Q6) and the noise blanker
pulse circnit (Q2, Q3, Q4). In the AGC circuit,

Qbisa peak detector developing a DC voltage
proportional to the signal and noiseat its input,
The AGC attack timeis controlled by the time
constant comprised of R21, R19, R20, and

C135. This is set so the sharp noise pulses will

not activate the AGC, only a slowly varying
signal such as SSB or CW will canse the AGC
to reduce the gain in the noise blanker IF. This
AGC action helps to keep the noise pulselarge
compared to the signais and makes.it much
easier for pulse peak detector Q2 to develop a
pulse for blanking. Capacitor C14 sets the
pulse width. The noise blanker pulse is fed to

the noise blanker gate, located on the 2nd

mixer, by way of connector 77.

The FM receive function is performed
by Ul. A portionof the6.144 MHz signal from
U2 is applied to the input of Ul. The mixer
portion of Ul converts the signal to 455 kHz

where it is processed by the proper FM filter,
CF1, amplified, limited and detected by a
quadrature detector. Integrated circuit Ul also

_-providesa squelch that isactivated bya voltage
applied to connector E. The FM mode is

activated by the logic board and sends a volt-
age to the FM board via connector Q. The
voltage alse is sent to the TX Audio board via
connector D to be used in the transmit pre-
emphasis. The recovered FM audio from
connector 92 is sent to the IF audio board.
Alignment: Connect a variable noise
source to the input of the receiver and an
oscilloscope to the collector of the pulse gen-
erator, Q4. Reduce the amplitude of the noise
source untit the pulse is about to disappear.

- Tune L2 and L1 for maximum pulse width,

reduce the amplitude of the noise source as
required. ]
Connect a signal generator to the input

. of the receiver. Set the FM modulation on the

generator to'5 KHz deviation, Make certain
the receiver is set to the frequency of the
generator and tune T2 for minimurm distortion

. on the signal.

R7is used to set the squelch threshold,
Terminate the antenna with 3 S0W load. Place
unit in FM mode. Adjust R7 until receiver
audia is no longer heard.

' P FIGURE 4-49 B bR
NOISE BLANI{ERIFM BDARD BOARD CUMPUNENT LA.YDUT (81544)
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TEN-TEC, Inc. CUSTOMER SERVICE TELEPHONE
Highway 411 East 615-428-0364
sevierville, TH 37862

LIMITED WARRANTY AND SERVICE POLICY, U,.5.4.

TEHN--TEC, Inc. warrants this product to bhe frea from defects in
material and workmanship for a period of one year from the date of
purchase, under these conditions:

1. THIS WARRANTY APPLIES ONLY TO THE ORIGIMAL OWNER. It 1s

important that the warranty reqistration card be .sent to us _
promptly to establish you as the owner of record, This will also i
insure that any bulletins pertaining to this eguipment will be sent
to you. i
5 READ THE MAWUAL THOROUGHLY. This warranty does not cover damage |
resulting from impropex operation. Developing 2 thorough
anderstanding of this equipment is your responsibility. ' §

3. IF TROUBLE DEVELOPS we recommend that you contact our customer
service group direct. The selling dealer is not obligated by us to
par form service in or out of warranty. It has been our axperlience
that factory direct service is expeditious and usually results in
{ass down-time on the equipment. Some dealers do offer warranty
service and of course, have our complete support.

4. WE ENCOURAGE SELF HELP. Taking the covers off does not void the
warranty. In many cases our customer service technicians, with your
help, can identify a faulty circuit board. In these cases we will
gend you a raplacement board which you can change out. This will he!
shipped on a 30 day memo billing and when the defective board. is :
returned, we will issue credit.

5. EQUIPMENT RETURNED TO THE FACTORY must be properly packaged,
preferably in the. original shipping carton. You pay the frelght to
ue and we prepay surface freight back to you.

6. EXCLUSIONS. This warranty does not cover damage resulting from
misuse, lightning, excess voltages, polarity errors or damage
resulting from modifications not recommended or approved by Ten-
Pec. In the event of transportatien damage a claim must be filed
with the carrier. Under ne circumstances ig Ten-Tec liable for
consequential damages to persons or property caused by the use of
this equipment.

7. TEN-TEC RESERVES thé right to make design changes without any
obligation to modify equipment previously manufactured.

8. THIS WARRANTY is gilwven in lieu of any other warranty, expressed
or implied.

SERVICE OUTSIDE OF THE U.5.A.

Many of our dealers provide warranty service on the equipment they
sell, Many of them also provide out of warranty service on all
equipment whether they sold it or not. If your dealer does not
provide service Or is not conveniently located, follow the '
procedure outlined above. Equipment returned to us will be given
the same attention as domestic customers but all freight expense,
customs and broker fees will be paid by you.



