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FACTORY TEST DATA
FOR MODEL XL FM_

INPUT SIGNAL
OUTPUT POWER | | 1W

OUTPUT POWER I I 1W
(No. 1)
(No. 2)

91% 100 Hz Modulation (L + R)
9% 19 Hz Pilot

FRONT METER READINGS:

MULTIMETER
FULL SCALE
XL1 XL10

LINE VOLTS 200V

+24 30V

- 8 10V

INPUT SIGNAL _________ _ 20dB

VCO VOLTAGE 20V

Ipa 1 200mA 2A
Ipa 2 200mA 2A
DEVIATION 100kHz

SERIAL NO. PA-1  
SERIAL NO. PA-2  

FULL SCALE
POWER METER XL1 XL10
FWD PA-1 2W 20W
REV PA-1 . 2W 2W

FWD PA-2 _____ 2W 20W
REV PA-2 _____ . 2W 2W

MODULATOR P.C. BOARD (6900-5025)
TONE DECODER FREQUENCY  
DEVIATION LIMIT SET kHz

OUTPUT SPURIOUS PRODUCTS

INPUT CONVERTER
SERIAL NUMBER

(6900-2000) UPCONVERTER P.C. BOARD (6900-4025)

LO FREQUENCY _____ ________ MHz LO FREQUENCY _________ __MHz

GAIN dB OUTPUT POWER _ dBm
LO VOLTAGE (TP202) _ ______ Volts LO VOLTAGE (TP407)____ __ Volts

SPECIFICATION LIMIT

PA-1 PA-2

2nd HARMONIC __ __ dB ____ dB (REFERENCED TO RATED POWER) Min. -80 dB

3rd HARMONIC __ __ dB ____ dB (REFERENCED TO RATED POWER) Min. -70 dB

OUTPUT 10.7 MHz __ __ dB ____ dB (REFERENCED TO RATED POWER) Min. -70 dB

ALL OTHER SPURIOUS__ __ dB ____ dB (REFERENCED TO RATED POWER) Min. -100 dB
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TTC/SILVERLINE/WILKINSON LIMITED WARRANTY

All TTC/Silverline/Wilkinson (TTC) equipment, except as otherwise noted below,
carries a warranty against defects in material or workmanship, which arise under
proper and normal use from the date of installation per the attached Schedule A.
This limited warranty begins upon installation or within two (2) months from the
date of factory shipment, whichever occurs first.

Liability is limited to repairing/replacing at its plant part(s) or product(s) found by
TTC in its sole judgement to be defective. All shipping charges in connection with
such repair or replacement of part(s) are the responsibility of the purchaser.
Tubes, klystrons and semiconductors are warranted by the respective
manufacturers. Fuses and lamps are not covered by warranty.

Failure to maintain equipment properly, including failure to perform recommended
service or operation of equipment without proper ventilation or at ambient
temperatures outside the published temperature range will Void this warranty.
Damage caused by, but not limited to acts of God (such as lightning, wind,
earthquake, flood, rain, snow), shipping, abuse, accidents, water, incorrect power
application, over voltage or under voltage, are specifically excluded from this
warranty. This warranty may be cancelled at TTC’s option when equipment is
found to be altered without prior authorization by TTC.

TTC products designed for three-phase AC line operation specify closed Delta or
Wye power service to be used. Operation of TTC three-phase transmitters on
open Delta power service will void TTC’s limited warranty.

This warranty with respect to TTC equipment is in lieu of all other warranties,
expressed or implied (except as to title) and constitutes all of TTC’s liability with
respect to its equipment. Equipment produced by other manufacturers and used as
an integral part of a TTC system is warranted under the terms of that
manufacturer’s limited warranty, and the warranty provided by such manufacturer
shall be the measure of TTC’s obligation. All TTC products are manufactured to
commercial and industrial standards. Safety precautions have been incorporated
with the express intent that users will be knowledgeable and experienced in the
operation of this type of equipment. TTC assumes no liability for injury, death or
damages arising from the use, operation or installation of these products.

****************************************** ***** **********************************

WARNING!

THIS EQUIPMENT CONTAINS HAZARDOUS VOLTAGES WHICH CAN
CAUSE INSTANT DEATH. NO ATTEMPT SHOULD BE MADE TO
DEFEAT THE PROTECTIVE INTERLOCK SYSTEM OR ANY OTHER
PROTECTIVE CIRCUITS OR SYSTEMS. INSTALLATION, ADJUSTMENT
AND MAINTENANCE OF THIS EQUIPMENT MUST BE PERFORMED BY A
QUALIFIED BROADCAST TECHNICIAN FAMILIAR WITH THE OPERATIONS
AND HAZARDS OF HIGH POWER TRANSMITTING EQUIPMENT.

TTC Form 88-3



SCHEDULE A TO TTC/SILVERLINE/WILKINSON LIMITED WARRANTY

TTC/SILVERLINE/WILKINSON WARRANTY PERIODS

TTC Silverline UHF-TV Transmitters 2 Years

TTC Translators/Boosters/Low Power TV Transmitters 1 Year

TTC/Wilkinson Model X FM Exciter 2 Years

TTC/Wilkinson AM/FM Transmitters 1 Year

TTC/Wilkinson AM/FM Transmitters 2 Years
(When used with SI A Series AC Line Surge Protector)

TTC/Wilkinson Rectifier Stack Assemblies 1 Year

All Other TTC/Silverline/Wilkinson Products 1 Year

Note: TTC may request the return of defective parts replaced under warranty.
Should such defective parts not be returned in a timely manner, TTC will
bill customer for the full value of the parts.

MMMMMMMM MMM M MM M M M M M M MMMM MMMMMMMMMM M M MM M M M M M M M M M MMM-M M MM MMMMMMMM MMMMMM-MM-MM-M M MMMMMMM

CAUTION!

International (IEC) Standards require the owner of broadcast equipment to
employ broadcast technicians familiar with the operation and maintenance of
this type of industrial equipment. If the technician is not familiar with this
equipment, the owner must provide adequate supervision and training for the
technician’s safety.

TTC/SILVERLINE/WILKINSON SERVICE

During normal business hours (Mountain Time Zone) TTC provides telephone
service and parts ordering support through TTC’s business telephone number.
Outside of normal business hours, including weekends and holidays, TTC service
personnel may be reached through TTC’s emergency answering service/pager
number. Normal business hours are 8:00 AM to 5:00 PM weekdays.

TTC business telephone number is (303) 665-8000.
FAX (303) 673-9900.

After-hours emergency service number is (303) 692-6099.

TTC Form 88-3
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SECTION 1

1.1: INTRODUCTION
1.1.1; The Television Technology Corporation XL1FM and XL10FM translators are
designed to meet the most stringent performance standards in use today. They
are designed for the utmost in performance, versatility, and reliability. The
XLFM translators will accept a signal on a single predetermined FM channel, con­
vert it to another FM channel and provide up to two outputs of one or ten watts
at this new FM channel. Both input and output channels may be anywhere between
88.1 and 107.9 MHz and they may be within 600 kHz of each other (400 kHz on
special option). The XL10FM is rated for 10 watts output and the XL1FM has 1
watt output.
1.1.2: These translators have many features which make it the best FM trans­
lator available today. Among these features are the following:

1. Up to two, 1 or 10 watts output. Two independent output stages
with their own ALC loops incorporated.

2. Rugged, unconditionally stable power amplifiers. Each power amp­
lifier was carefully designed to be unconditionally stable into
any load. The output has 100% reserve power to ensure that the
full rated power can be delivered into antennas with up to 2:1 SWR
without retuning.

3. Unigue phase-locked loop upconverter. This sophisticated circuit
eliminates all the spurious signals developed in the conventional
heterodyne upconversion. The PLL (phase-locked loop) also pro­
vides unegualed interference rejection while still being trans­
parent to the desired signal, including the SCA subcarrier.
Because of the PLL, the noise output off channel is suppressed
to the point where it will never be a factor in a translator
installation.

4. Linear Phase Filtering. The I.F. incorporates two 5 pole Bessel
filters to provide outstanding selectivity with negligible dis­
tortion of the desired signal.

5. High dynamic range front end. A careful gain distribution along
with utilizing a balanced FET mixer and high power I.F. amplifier
stages give the input of the translator an unprecedented amount of
overload resistance. At the same time the front end attains a
noise figure under 3dB.

6. Stereo Audio Monitor. A byproduct of the PLL upconverter, the
audio is demodulated and is available at the headphone jack.

7. Rugged ferroresonant Power Supply. The ferroresonant transformer
is immune to power surges while allowing a wide variation in line
voltage.

8. Simplified local modulation capability. For local origination, no
separate RF modulator is needed. Instead, the PLL upconverter is
directly modulated from the audio while still using the incoming
signal as a reference. As a result, no elaborate switching is
needed, the output freguency will not change when switching from
the local source to the incoming signal.

9. Modular construction. All the major subassemblies can easily be
removed with a screwdriver.

1.1.3: Television Technology and its authorized distributors maintain stocks
of spare parts. In case you desire to contact the factory directly, write or
phone:

1.1.4: We reserve the right to make minor changes to our equipment without
notice, including (but not necessarily limited to) the substitution of compo­
nents and changes of circuitry. Such changes may or may not be incorporated
in this Instruction Manual.

R14 A



ELECTRICAL SPECIFICATIONS1.2:
Power Output

XL10FM Up to two (2) 10 W average outputs
XL1FM Up to two (2) 1 W average outputs

Input/Output Frequency 88.1 to 107.9 MHz (U.S. Channels 201-300)
Emission Type F-3
Operating Temp. Range -40°C to +50°C ambient
Carrier Freq. Stability + .002% (-30°C to +50°C)
AGC 60dB input variation for .IdB change in

output
SELECTIVITY (Standard)
400kHz (Alternate Channel) 80dB minimum
600kHz (3rd Adjacent) lOOdB minimum
(Optional):
200kHz (Adjacent Channel) 70dB minimum
400kHz (Alternate) lOOdB minimum
'INPUT/OUTPUT SEPARATION 600kHz minimum

400kHz (w/high selectivity option)
INPUT
Input Impedance 75Q with 'F' type connector

(50Q with BNC connector optional)
Return Loss 16dB typical
Noise Figure 2.5dB typical 3.0dB maximum
Dynamic Input Range No degradation of a 50uV signal

with two 50mV alternate channel
signals

Undesired Signal Overload
Image Rejection

lOOmV typical

(Fc + 21.4 MHz) 70dB typical
90dB optional

I.F. Frequency 10.7MHz
Minimum Signal for turn on Standard 30uV

Adjustable lOuV to 150uV
1.2.1: AUDIO PERFORMANCE: (Maximum degradation of audio thru the translator)

Sensitivity 25uV for 50dB stereo quieting typical
Stereo Separation 40dB at 20Hz to 10kHz
THD .25% 30Hz to 15kHz Standard Selectivity

<1% 30Hz to 15kHz Optional Selectivity
Frequency Response + '.5dB 20Hz to 75kHz
OUTPUT
Output Impedance

XL10FM 75Q w/'N' type connectors (50Q optional)
XL1FM 75Q w/'F' type connectors (50Q BNC optional)

Output Power (per output)
XL10FM 10 W with 100% reserve power
XL1FM 1 W with 100% reserve power

Harmonics 2nd harmonic -80dB minimum
3rd harmonic -70dB minimum
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Spurious Output LO (Fc + 10.7MHz) - 75dB minimum

Noise Output

(Fc - 10.7MHz) - 75dB minimum
All others -lOOdB minimum

(100kHz bandwidth) (Fc +. 600kHz) -120dB minimum
Stability Unconditionally stable for any-VSWR

magnitude and angle
Forward power will not vary more than

Forward Power Metering

+10% for any change in load SWR up to
2:1

Accuracy _+5% at rated output
+10% of half scale for all other
outputs
Over temperature:

+10% -30°C to +50°C
1.3: POWER REQUIREMENTS 105 to 135 VAC 60Hz

Operating 50 watts (single output XL10FM)
75 watts (dual output XL10FM)
30 watts (XL1FM)

Standby 25 watts
Operating Temperature Range -40°C to +50°C
Storage -50°C to +80°C

1.4: MECHANICAL SPECIFICATIONS
Weight 30 lbs
Dimensions 19" wide

17" depth
7" height

16



MANUAL UPDATE MEMORANDUM
SOLAR POWERED XLFM SERIES FM TRANSLATORS

If your XLFM is a solar powered model, please make the following changes to
your parts lists and on the schematics as appropriate:
On the INPUT CONVERTOR Board...
R205 is 470 ohms, 1/4 watt
R209 is IK ohms, 1/4 watt
R210 is 100 ohms, 1/4 watt a
On the IF Board...
R303 and R309 are 1.5 K, 1/4 watt
R305 and R311 are 750 ohms, 1/2 watt
R306 and R308 are 750 ohms, 1/4 watt
On the PLL board...
R416, R420 and R512 are 3.3 K, 1/4 watt
R423 and R439 are 6.8 K, 1/4 watt
R424 and R438 are 5.6 K, 1/4 watt
R497 is 130 ohms, 1 watt
R502 is 33 ohms, 1/4 watt
R506 and T401 are REMOVED
L422 is an 8T22E (8 turns #22 enamel wire)
On the 1 Watt POWER AMPLIFIER...
R901 is 6.8 K, 1/2 watt
R908 is 2.7 K, 1/2 watt
L904 is a 5T18E 5/16 I.D. coil (5 turns of #18 enamel wire)
L905 is a 6T18E 5/16 I.D. coil (6 turns of #18 enamel wire)
L906 is a 5T18E 5/16 I.D. coil (5 turns of #18 enamel wire)
NOTE re above three coils: All are wound same direction; all same for 50 or 75
ohm output.
On the METERING Board...
R640 and R641 are REMOVED
All ICs, including IC605, are REMOVED.

Thank you.
9-17-84
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SECTION 2
OPERATING INSTRUCTIONS

2.1: Controls, Switches, Indicators, Meter Positions
2.1.1: Front Panel. Refer to Figure 2.1.1 for the part location. Both the
one and ten watt models have identical front panels with different silkscreen
markings.

FIGURE 2.1.1

1. MULTIMETER:
This meter is used in indicating the various test voltages and
current selected by S601.

2. AC LINE SWITCH:
Main power switch of unit.

3. OUTPUT MONITOR:
This 'F' connector is connected to a sample of the output when the
unit is transmitting. The signal level is approximately lOOmV.

4. POWER METER:
The power meter has two scales. The 0-20 watts (0 - 2) scale
measures the forward power and the 0-2 watts (0 - .2) scale is
used for the reverse power.

5. OUTPUT POWER ADJUSTMENTS:
These are screwdriver adjustments for setting the output power of
both final amplifiers independently. When only one output amplifier
is installed the PA-2 adjustment is not used.

6. S602 - OUTPUT POWER SWITCH:
Switches the power meter. When only one amplifier is installed, the
PA-2 position is inoperative.

7. LINE ON INDICATOR:
This will light when the AC line switch is on.

8. XMIT INDICATOR:
This will light if the translator is transmitting, i.e. adequate
input signal is present to turn the unit on.

R17



9. VOLUME:
This control adjusts the audio level present at the monitor jack.

10. MONITOR JACK:
This is a stereo headphone jack so the incoming signal may be
monitored. Only stereo headphones, such as the KOSS PRO 4 AA
should be plugged into this jack.

11. S601 - MULTIMETER TEST SWITCH:
The following positions are described:
AC LINE: Measures the incoming AC line voltage. The 0-20 scale is

used normally, indicating 0 - 200 volts. When the 240 VAC
option is used, the 0-30 scale, indicating 0 - 300 volts
is used. The reading is average responding, and therefore
may potentially be in error for nonsinesoidal input wave­
forms. The meter must read 100 to 135 VAC (200 to 270 VAC
for 240 volt applications) for proper operation.

+24V: Measures the internal 24 volt supply voltage. Using the
0-30 volt scale, this will read 24 +1 volt if the supply
is functioning properly.

-8V: Measures the internal -8 volt supply. Using the 0-10
volt scale the meter should read 8 .+.5 volts.

VCO: This position measures the DC voltage across the varicap
diode in the voltage controlled oscillator (VCO). The
meter should read 11 +1 volt using the 0-20 volt scale.

DEV: The input audio modulation is monitored by this position.
The meter reads 0 - 100 kHz and should always be below
75 kHz. This position does not operate when the input
signal is disconnected.

INPUT
SIGNAL: The input signal level is displayed by this position. The

meter uses the dB scale. OdB is the turn-on threshold and
is set at the factory 30uV. Therefore, -3dB on the meter
corresponds to 20uV and +6dB is equal to 60uV. Remember
these are correct only if thethreshold adjustment inside
the translator has not been readjusted.

IPA 1,
JPA 2: These two positions read the power amplifiers final current.

For the XL10, the meter reads 0 - 2A and will normally be
at 1 amp when transmitting the close to 0 or at standby.
On the 1 watt models, the meter reads 0 - 200mA. It will
normally be around 140mA when transmitting and near or
standby. If the second amplifier is not installed, the
IPA 2 wil1 read zero.

R18



2.1.2: Back Panel. Refer to Figure 2.1.2 for part location.
FIGURE 2.1.2
BACK PANEL

1 & 2: OUTPUT CONNECTORS:
For the 10 watt models these are 75 ohm *N’, as shown. The 1 watt
model has 75 ohm 'F’ type connectors that are located near the bottom
of each amplifier panel. When there is only one output model the
outer panel is blank. 50 ohm 'N' and 50 ohm BNC are available for
the 10 and 1 watt models respectively.

3: 2 AMP CIRCUIT BREAKER:
This is connected to the primary side of the power transformer.

4: INPUT CONNECTOR:
This is a 75 ohm ’F' type connector. 50 Ohm BNC is available.

5. TERMINAL STRIP FOR MODULATOR OPTION:
This terminal strip is used only on models with the modulator option.
It has the following connections:
600 Q BAL. AUDIO IN: This accepts audio at a nominal 0 dBm level.

It is internally terminated with 600 Q.
GROUND: Ground connection for the audio.
MOD. ENABLE: Grounding this pin will switch the translator

input to the modulator.
MOD. DISABLE: Grounding this pin will switch the translator

back to normal from the modulator input.
RELAY CONTACTS N.O.: These are connected to internal relay. These

contacts are contacts normally open and will
close momentarily when the modulator is enabled.

R19



2.1.3: Interior. Refer to Figure 3.1.3 for the part location.

FIGURE 2.1.3
INTERIOR

1. S303 BYPASS SWITCH:
This switch bypasses the automatic turnon circuitry of the
translator, leaving the output on regardless of the presence
of input signal. This switch must be in the AUTO position
(toward the back of the unit) for normal operation.

2. R527 MODULATION LEVEL:
This control adjusts the audio input sensitivity for the
optional modulator. It is factory set to give 75 kHz
deviation with a 0 dBm audio input.

3. F701 3 AMP FUSE:
This fuses the +24 volt power supply.

R20



2.2: INSTALLATION
Temperature and Cooling Considerations

2.2.1: The translator is designed to withstand extreme environmental abuse.
Howeverj it is obvious a translator outside on top of a telephone pole in the
middle of the desert will not last as long as one inside a temperature-
controlled building in Denver, Colorado. Therefore, some care in selecting the
location and type of shelter will prolong the life of the translator.
2.2.2: The translator will operate over -30° to +50°C. It is not recommended
that these extremes be exceeded for any length of time or that they be approach­
ed continuously. The translator prefers the lower temperatures over the higher;
operation at a continuous temperature of -10° is preferable to +40°C. What does
shorten life however; is rapid, frequent temperature variations of over 30°C.
These excursions, called thermal cycling, stress the internal bonding in semi­
conductors and is known to be a primary failure mechanism. A location subject
to daily temperature variations of this magnitude should have some temperature
control (i.e. airconditioning or heating).

2.2.3: There should be no obstructions to air flow around the heat sinks in
the back of and through the unit. A minimum of 6 inches clearance between the
back of the unit to any wall is recommended. The unit should never be put in
any enclosure of any size which does not have several large ventilation holes.
If rackmounted, no more than three (3) translators should be stacked without
having a 6" spacer panel between them.
2.2.4: In locations where 40°C to 50°C ambient is common and airconditioning
is not practical, a small fan blowing over the power amp's heat sink will be
beneficial to the life of the unit.
2.2.5: The translator normally dissipates a lot of heat and the heat sinks in
the back do tend to feel hot to the touch. There is a general rule of thumb
for situations where you are not sure of proper ventilation. If you can hold
the power amp heat sink for more than 5 seconds, then ventilation is adequate
for the translator.

Line Power
2.2.6: The XL10FM consumes 75 watts for a dual 10W output and 50 watts for a
single. The XL1FM consumes 20 watts for both dual and single outputs. Standby
power is about 25 watts. Because of the ferroresonant power transformer, a
wide variation in line voltage can be tolerated. The specified rating is 100
to 135 volts and the unit can withstand an occasional jump in voltage to 145
volts. The single output model may be able to operate properly at a line volt­
age much lower than 100 volts as it presents a lesser load to the transformer.
2.2.7: It is not recommended to run this unit off of an A.C. generator unless
it has some sort of frequency regulation. The ferroresonant transformer's out­
put varies with frequency. The generator may have a frequency far enough away
from 60 Hz to reduce the output of the ferroresonant transformer to disrupt the
regulated voltages.

Input Signal
2.2.8: The recommended signal strength for the translator is 50uV to 2000uV at
75 ohms. The translator’s turn on threshold is factory set to 30uV. The turn­
off threshold is 3dB below the turnon threshold or around 20uV. At operations
below 75uV input, a mast mounted preamp is recommended since this is the level
at which every decibel of line loss adds one decibel of stereo noise. Operation
below 30uV input is possible by adjusting the threshold control inside the unit
according to Section 2.3. However, a preamp is mandatory at this level to get
the best signal to noise ratio. Use of a preamp will raise the input signal at
the translator to higher than 30uV, making the threshold adjustment unnecessary.
2.2.9: The maximum signal allowed at the input is limited only by the non­
linear limiting of the I.F. amplifier stages within the unit. This occurs at an
input signal level of about 75,000uV — far above levels normally encountered.
However, it is not recommended to feed the translator with more than lOOOOuV.



This is because the translator could be triggered on by unusually strong nearby
stations when the desired station goes off-the-air. One way to prevent this is
to raise the translator's threshold adjustment; or attenuate the input signal
until it is under lOOOOuV.
2.2.10: In booster applications it is mandatory that there is enough isolation
between the receiving and transmitting antennas so that the transmitted signal
is at least 15dB below the station's signal at the receiving antenna. The
threshold of the translator must be set at lOdB below the below the input signal
or the translator will oscillate when the station goes off-the-air. See Section
2.4 for more detailed setup instructions for booster applications.
2.2.11: Though the translator is unusually resistant to undesired signals, some
guidelines should be followed. Table 2.1 gives the maximum recommended undesir­
ed signal levels to the translator:
Frequency Relative to a minimum 50yV
Desired Signal: Maximum signal level and/or

(maximum relative strength to
desired signal) whichever is less.

TABLE 2.1
MAXIMUM RECOMMENDED UNDESIRED SIGNAL STRENGTH AT TRANSLATOR INPUT

Fc

Fc

+ 200kHz

+ 200kHz

(Standard) 30uV (-40dB) w/o threshold adj.
IOOOuV (-40dB) w threshold adj.
3000uV (+40dB) w/o threshold adj.
10,000uV (+40dB) w/threshold adj.

(High Selectivity Option)

Fc + 400kHz 25,000uV (+50dB)
FC + 400kHz (High Selectivity Option) 25,OOOuV (+60dB)

Fc + 600kHz (Both Options) 25,000uV (+60dB)

Any Other FM Signal 30,000uV (+60dB)

2.2.12: The table gives the maximum signal strength both in absolute level and
in relative level to the desired signal in decibels, whichever is less. It is
important to scan the FM band with a field-strength meter to make sure these
levels are not exceeded. These levels given are calculated to be 6dB below the
maximum the translator is capable of accepting. Note that higher levels are
sometimes given if the threshold of the translator is raised to 20dB below the
desired signal level. One important undesired signal usually overlooked is the
transmitted output of the translator itself.. It also should be under the
levels given in Table 2.1. If not, the receiving antenna should be moved to get
more isolation.

Output
2.2.13: The output connector(s) on the 10W model is a 75 ohm *N’ type female
jack. * It will accept only a 75 'N' type plug. NEVER USE A 50 OHM CONNECTOR
as it will spread and ruin the pin inside the output connector. The 75 ohm •N'
type connector is the best in terms of VSWR, insertion loss, and in ruggedness.
It is recommended to use this connector in all the antenna lines to preserve the
highest level of performance throughout. ' F* type connectors are almost as good
as the ' N' type and since they cost a lot less are a good compromise in budget
installations. 'UHF' type connectors are strongly discouraged since their VSWR
performance are lacking at this frequency. Remember ‘UHF' connectors were
developed in the days when 30 MHz was considered 'UHF'. The (1) watt unit uses
'F’ type connectors.

A 50 ohm output impedance using 50 ohm 'N* type connectors is available on
special order.



2.2.14: The power amplifier is designed to withstand an infinite SWR and to put
out the full rated power into a SWR as high as 2.1. Most antennas used for
transmitting have better than a 12dB return loss, so the worst reflected power
to the translator would be under 10% forward power. A check of the reverse
power position on the translator when transmitting should confirm this.
2.2.15: The power output of the translator is factory set to 10W (1W) and should
not need to be reset. If a power change is desired, the power control on the
front panel can be adjusted with a screw driver. The translator is designed to
automatically turn down when the reverse power exceeds 2W (.2W for 1W units).
If low forward power is observed one should check the reverse power to make sure
it is below 2 (.2) watts.

R23



2.3: INITIAL OPERATING PROCEDURE
2.3.1: The following procedure is given for the initial turn on. It is pro­
vided so that persons unfamiliar with the unit or even translators in general
will be able to install the translator without difficulty. However, it is also
important that you read Sections 2.1 and 2.2 if you are not familiar with the
unit before following this procedure. If this translator has the internal mod­
ulator option, follow this procedure first and then refer to Section 2.4 to
set-up the modulator. The booster model has its own initial procedure in
Section 2.5. Read this entire procedure over before starting.
2.3.2: Make sure all guidelines in Section 2.2 are followed. Turn the power
switch on the front panel OFF. Push the AC LINE button on the multimeter switch.
Do NOT connect any input or output cables to the unit.
2.3.3: Plug in the power cord to the AC line. The multimeter should indicate
between 100 to 135 VAC. (This is read on the 0 - 200V scale). If the meter
reads outside this range, do not proceed farther as the line voltage is outside
the range this unit can operate. If the meter reads 'O' make sure the AC LINE
putton is pushed or the circuit breaker on the back panel is reset.
2.3.4: Push the +24V button on the multimeter. Again make sure no cable is
connected to the input. Turn on the power switch. The AC power light should
light and the multimeter should read 24 4- 1 volts (0-30 volt scale). The trans­
mit light should stay off.
2.3.5:

1.
Press the following buttons on the multimeter and observe the readings.
-8V: Meter should read 8 jb.5 volts (0 - 10 volt scale).

2. VCO VTG: 11 +1 volt (0 - 20 volt scale).
3. INPUT SIGNAL: May re

-3dB.
ad slightly upscale but should be way less than
NOTE: In the field situations where the

input field strength is unusually
high (> lOmV/meter) the input
signal meter may read as high as
-3dB and may fluctuate consider­
ably. This is caused by direct
radiation into the cabinet.

4 . DEV: Will read anywhere from 0 to full scale as this position
is inoperative without an input signal.

5. IPA-1: XL1FM:
XL10FM

Under 12mA (0-20mA Scale)
: Under .05A (0-2A Scale)

6. TPA-2: XL1FM:
XL10FM

Under 12mA (0-200mA Scale)
: Under .05A (0-2A Scale)

2.3.6: Press the four power meter buttons and observe the power meter indicat­
ing zero for all positions.
2.3.7: The unit is now ready to accept an input signal. Connect the transmit­
ting antenna to the output of the unit. (Connect both antennas to both outputs
on models with two power amplifiers). Push the INPUT SIGNAL button on the
multimeter and the FWD POWER No. 1 button on the power meter.
2.3.8: Connect the receiving antenna to the input. Observe the following:

1. The multimeter will swing upscale above OdB. If it doesn't your input
signal is less than 30uV and a preamp is strongly recommended. If a
preamp is not used the threshold level must be adjusted according to
Section 2.3.12 before proceeding.

2. The transmit light will turn on after a delay of about 5 seconds. The
light will not turn on if the input signal indication is less than OdB.

3. The power meter will read 10 watts .+ 1 W (1W ,1W on the XL1FM). If
the power meter reads substantially less than that, push the NO. 1 REV
PWR button. The reverse power will probably read more than 1 (.1) watt,
indicating your transmitting antenna system is defective. This must be 
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mended before proceeding. Remember, this unit will not operate into a
coat hanger, folded twin lead, or any other makeshift antenna! You
must have a commercially made and properly installed transmitting
antenna especially designed for the FM band.

4. The NO. 2 FWD PWR should read 10W 4-1W (1 .+ .1W on the XL1FM) when that
button is pressed. If the second amplifier is not installed, then
this position should read 0.

2.3.9: Push NO. 1 REV PWR. It should read less than 1W (.1). If the meter
indicated more than .5 (.05) watts reverse power then a thorough check of the
transmitting antenna and feed line is recommended. The use of UHF type connec­
tors will seriously degrade the VSWR of the antenna system and should be avoided.
2.3.10: Repeat 2.3.9 for the amplifier number two if it is installed.
2.3.11: Push the NO. 1 FWD PWR button. With a small screwdriver or tuning tool,
adjust the No forward power control unitl the power meter reads 10 .+ .25 (1 4^.025)
watts. Repeat this for the other amplifier if it is installed.

Translator Threshold Adjustment
2 .3.12: The following should only be done if the information in Section 2.2 or
2.3.8 warrants it.
2.3.13: Remove the four screws holding the translator cover and lift the cover
off tne chassis. Locate the IF amplifier P.C. Board (see Figure 4). Pull the
board out, using the P.C. card pullers, and locate R349 (see Figure 2.3.1). With
the Input Signal button depressed and the input antenna connected, adjust R349
until the multimeter reads between lOdB and 20dB.
2.3.14: Push the IF board back in and replace the translator cover.

FIGURE 2.3.1
k 349'

I.F. AMPLIFIER BOARD



2.4: MODULATOR SET UP PROCEDURE
2.4.1: This procedure is to be used when setting the translator up for local
origination. The procedure applies only to modulator equipped translators.
Before proceeding, follow the initial operating procedure in Section 2.3 to
ensure the translator is operating properly.

FCC Rules and Regulations
2.4.2: Part 74.123(f) and (g) of the FCC Rules and Regulations allows the use
of a locally generated FM signal to be applied to a translator for the purpose
of generating voice announcements. Such transmissions shall not exceed 30
seconds at intervals of no less than one hour. The aural information that is
transmitted is limited to seeking or acknowledging financial support for the
operating of the translator. The acknowledgements may include identification
of the contributors, the size or nature of the contributors, and advertising
messages of the contributors.
2.4.3: The FCC requires the connection of the locally generated signal be
controlled by a time switch which will automatically limit the transmission no
more than 30 seconds. Such a switch is incorporated within this modulator and
should not be overridden. :

Activation of the Modulator
2.4.4: The modulator may be activated by three methods: manually? automat­
ically, and tone activation. To manually activate the modulator, briefly
ground the MOD ENABLE terminal of the terminal block in the back of the unit.
(Refer to Figure 2.4.1.) The modulator will activate immediately and will stay
on until either it is deactivated or 30 seconds has elapsed. Leaving the MOD
ENABLE terminal grounded will not cause the modulator to remain on.

FIGURE 2.4.1
TERMINAL BLOCK

2.4.5: The modulator may also be activated automatically once every hour by
an internal timer. This timer and the 30 second timer utilize the line fre­
quency as their reference. Therefore, you should ensure the line frequency is
stable to within + one Hertz when using the modulator. This requirement is
fulfilled when the line voltage is supplied by a public utility. The 60 minute
interval timer is activated by connecting a jumper across TP502 and TP501 on
the modulator beard. (Refer to Figure 2.4.2.) The modulator may still be
manually activated when the 60 minute timer is wired. Whenever the modulator
is manually activated, the 60 minute timer is reset. If the cycle time switch
is set for 60 seconds on time, the 60 minute timer becomes a 120 minute timer.
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2.4.6: A tone decoder is included in the modulator board so the modulator
may be activated by the originating station. The tone decoder is set at the
factory for 15 kHz. For activation, a 15 kHz ,+lOOHz tone at 25% or more mod­
ulation should be transmitted for a minimum of .5 seconds. For other activa­
tion frequencies, contact Television Technology Corporation. The tone decoder
may be wired in by switching S502 on the modulator board to the TURN ON
position.

MODULATOR BOARD

$501
M^DUL-T
ACTiVr-li

TIM-.

FIGURE 2.4.2

TP5O2 TP50I
SHORT FOR AUTOMATIC
TURN ON EVERY 60 MIN

TP 504 TP5O5
SHORT FOR K50I
CLOSE TIME =
MODULATOR

ACTIVATION TIME

Modulator Deactivation
2.4.7: Once on, the modulator can be turned off before the allowed 30 seconds
by grounding the MOD DISABLE terminal on TB901 in the back of the unit. No
matter how the modulator is deactivated, the 60/120 minute timer will reset if
it is connected. Leaving the MOD DISABLE terminal grounded will not prevent
the modulator from being activated manually, automatically, or by the tone
decoder.
2.4.8: The tone decoder may be used to turn off the modulator. The input to
the tone decoder monitors the modulating signal being transmitted, whether it
is the originating station or locally generated. Therefore, a .5 second 15 kHz
.+100 Hz tone at 25% modulation level (20 kHz deviation) on your locally gener­
ated source will trigger the tone decoder, S502 should be in the TURN ON pos­
ition to enable the tone decoder to shut off the modulator. Note the tone de­
coder cannot simultaneously be used to both activate and deactivate the mod­
ulator .



Triggering an External Source by the Modulator
2.4.9: A set of relay contacts is brought out to TB901 at the back of the
translator from the modulator board. These contacts are normally open and will
close for approximately one second whenever the modulator is activated. If you
want the contacts to remain closed during the full interval of the modulator is
activated, connect a jumper across TP504 and TP505 on the modulator board. The
relay contacts are rated at 24 volts up to .1 amp. A normally closed relay can
by supplied by Television Technology Corporation if it is needed.

Audio Requirements
2.4.10: The modulator is monophonic and cannot generate or accept sterophonic
material. The frequency response is reasonably flat out to 15 kHz so the
resultant FM signal is of good fidelity. If a composite baseband signal is the
only source available, Television Technology Corporation can modify the modula­
tor’s frequency response to accept this. However, the signal to noise ratio is
degrated significantly compared to a monophonic signal.
2.4.11: The modulator accepts balanced audio at 600 ohm impedance. The audio
is applied at TB901 and is terminated internally to 600 ohms. If an unbalanced
audio source is only available, it may be connected to one side of the input
and ground. Note the input impedance of this connection is halved to 300 ohms
and the required audio level is doubled.
2.4.12: The modulator is factory set so that a +5dBm audio level will produce
100% (_+75 kHz deviation) modulation. It is recommended you adjust your program
source to this level. However you may adjust R527 on the modulator board to
obtain a _+6dB change from the factory set level.
2.4.13: When setting levels, monitor the DEV position on the front panel meter.
In this position the meter reads deviation of 0 - 100 kHz. 100% modulation
corresponds to 75 kHz deviation and you should not allow the meter to read
higher than this. The modulator board contains a limiter circuit to clip any­
thing above 100% modulation. The limiter will generate distortion if it is
activated.
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SECTION 3
THEORY OF OPERATION

3.1: GENERAL
3.1.1: Figure 3.1.1 is a block diagram of the XL1FM and the XL10FM translator.
One should also make reference to Figures 2.1.1, 2.1.2, and 2.1.3 for the loca­
tion of the controls and modules. A general overview will be given followed by
a detailed description of each module or P.C. board.
3.1.2: The signal at the input enters the input converter module (6900-2000)
where it is amplified and mixed down to a 10.7 MHz I.F. Both the amplifier and
the mixer employ junction FETs to maximize dynamic range. The local oscillator
is a crystal oscillator followed by a buffer amplifier. The input converter
module has an overall gain of about 20dB.
3.1.3: From the input converter, the 10.7 MHz signal is fed to the I.F. ampli­
fier board (6900-3025) via a 50 ohm cable. Here it is first amplified and then
goes thru two 5 pole Bessel Filters, separated from each other by an isolation
amplifier. After the filters the signal enters another amplifier, configured
to act also as a limiter at higher signal levels. The output of this amplifier
is tapped off and fed to a detector, which rectifies the signal for the front
panel signal strength meter. The output of this detector also is fed to a com­
parator that sends a shutdown signal to the output converter when the incoming
station goes off-the-air.
3.1.4: Finally the signal at the output of the amplifier/limiter goes thru
several cascaded hard limiters to remove any amplitude modulation before being
sent to the output converter. The signal level at the output of these limiters
is approximately ImW.
3.1.5: From the output of the I.F. Board, the 10.7 MHz signal enters the
upconverter board. Here it is upconverted to the output frequency by a phase-
locked loop (PLL). The 10.7 MHz signal from the I.F. board is fed to one input
of a phase comparator. The other input of the phase comparator is a sample of
a voltage controlled oscillator running at the output frequency. This sample
is first mixed down to 10.7 MHz by a double balanced mixer and local oscillator.
The output of the phase comparator is a D.C. voltage which is related to the
difference (error) in phase of the two 10.7 MHz inputs.
3.1.6: This D.C. voltage is fed to the input of the VCO and will cause the
VCO to "lock" on to the phase changes of the 10.7 MHz input. This feedback
system makes sure the output has exactly the same FM modulation as the input.
As a result, the D.C. control voltage at the output of the phase comparator
contains a superimposed A.C. signal that is the demodulated F.M. This A.C. sig­
nal is amplified and sent up to the metering board.
3.1.7: The output of the VCO enters a gain controlled amplifier. The gain con­
trol input of this amplifier is connected to the comparator on the I.F. board
that produces the shutdown signal. The control input of this amplifier is also
A.C. coupled to the 400Hz output of the optional international identifier board
(TVK, 1380-2000). This amplitude modulates the output when the I.D. is activated.
3.1.8: The output of the gain controlled amplifier is amplified up to lOOmW and
into two 50 ohm outputs. Each of these outputs is fed to their respective power
amplifier module (6900-8000 or 6900-9000). A monitoring tap is taken off here
and is sent up to the front panel.
3.1.9: Each power amplifier has its own AGC loop which monitors the output pow­
er and keeps it constant. The AGC loop uses a directional coupler at the output
and a pin diode on the input. The directional coupler also provides forward and
reverse power metering.
3.1.10: The power supply is conventional and supplies both +24V and -8V to the
circuitry. A ferroresonant transformer is used to maximize the ruggedness of
the supply while allowing the translator to operate over a very wide range of
line voltages.
3.1.11: The metering board (6900-6025) contains all the metering functions in
addition to the stereo demodulator and headphone amplifier.
3.1.12: The following sections of this chapter deal with each subassembly in
detail.
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CONVERSION CHART

Crystal and Injection Frequencies Required
To. Convert FM Channels To Or From 10.7 MHZ

FM CHANNELS INJECTION BELOW FM BAND INJECTION ABOVE FM BAND

Crystal Injection Crystal Injection
Channel No. Frequency Frequency Frequency Frequency Frequency

201 88.1 38.7 77.4 49.4 98.8
202 88.3 38.8 77.6 49.5 99.0
203 88.5 38.9 77.8 49.6 99.2
204 88.7 39.0 78.0 49.7 99.4
205 88.9 39.1 78.2 49.8 99.6
206 89.1 39.2 78.4 49.9 99.8
207 89.3 39.3 78.6 50.0 100.0
208 89.5 39.4 78.8 50.1 100.2
209 89.7 39.5 79.0 50.2 100.4
210 89.9 39.6 79.2 50.3 100.6
211 . 90.1 39.7 79.4 50.4 100.8
212 90.3 39.8 79.6 50.5 101.0
213 90.5 39.9 79.8 50.6 101.2
214 90.7 40.0 80.0 50.7 101.4
215 90.9 40.1 80.2 50.8 101.6
216 91.1 40.2 80.4 50.9 101.8
217 91.3 40.3 80.6 51.0 102.0
218 91.5 40.4 80.8 51.1 102.2
219 91.7 40.5 81.0 51.2 102.4
220 91.9 40.6 81.2 51.3 102.6
221 92.1 40.7 81.4 51.4 102.8
222 92.3 40.8 81.6 51.5 103.0
223 92.5 40.9 81.8 51.6 103.2
224 92.7 41.0 82.0 51.7 103.4
225 92.9 41.1 82.2 51.8 103.6
226 93.1 41.2 82.4 51.9 103.8
227 93.3 41.3 82.6 52.0 104.0
228 93.5 41.4 82.8 52.1 104.2
229 93.7 41.5 83.0 52.2 104.4
230 93.9 41.6 83.2 52.3 104.6

231 94.1 41.7 83.4 52.4 104.8

232 94.3 41.8 83.6 52.5 105.0

233 94.5 41.9 83.8 52.6 105.2

234 94.7 42.0 84.0 52.7 105.4

235 94.9 42.1 84.2 52.8 105.6

236 95.1 42.2 84.4 52.9 105.8

237 95.3 42.3 84.6 53.0 106.0

238 95.5 42.4 84.8 53.1 106.2

239 95.7 42.5 85.0 53.2 106.4

240 95.9 42.6 85.2 53.3 106.6

241 96.1 42.7 85.4 53.4 106.8

242 96.3 42.8 85.6 53.5 107.0

243 96.5 42.9 85.8 53.6 107.2
244 96.7 43.0 86.0 53.7 107.4

245 96.9 43.1 86.2 53.8 107.6

246 97.1 43.2 86.4 53.9 107.8

247 97.3 43.3 86.6 54.0 108.0

248 97.5 43.4 86.8 54.1 108.2

249 97.7 43.5 87.0 54.2 108.4

250 97.9 43.6 87.2 54.3 108.6
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CONVERSION CHART(Continued)

Crystal and Injection Frequencies Required
To Convert FM Channels To Or From 10.7 MHZ

INJECTION BELOW FM BAND INJECTION ABOVE FM BAND

Crystal Injection Crystal Injection

Channel Np. Frequency Frequency Frequency Frequency Frequency

251 98.1 43.7 87.4 54.4 108.8

252 98.3 43.8 87.6 54.5 109.0

253 98.5 43.9 87.8 54.6 109.2

254 98.7 44.0 88.0 54.7 109.4

255 98.9 44.1 88.2 54.8 109.6

256 99.1 44.2 88.4 54.9 109.8

257 99.3 44.3 88.6 55.0 110.0

250 99.5 44.4 88.8 55.1 110.2

259 99.7 44.5 89.0 55.2 110.4

260 99.9 44.6 89.2 55.3 110.6

261 100.1 44.7 89.4 55.4 110.8

262 100.3 44.8 89.6 55.5 111.0

263 100.5 44.9 89.8 55.6 111.2

264 100.7 45.0 90.0 55.7 111.4

265 100.9 45.1 90.2 55.8 . 111.6

266 101.1 45.2 90.4 55.9 111.8

267 101.3 45.3 90.6 56.0 112.0

268 101.5 45.4 90.8 56.1 112.2

269 101.7 45.5 91.0 56.2 112.4

270 101.9 45.6 91.2 56.3 112.6

271 102.1 45.7 91.4 56.4 112.8

272 102.3 45.8 91.6 56.5 113.0

273 102.5 45.9 91.8 56.6 113.2

274 102.7 46.0 92.0 56.7 113.4

275 102.9 46.1 92.2 56.8 113.6

276 103.1 46.2 92.4 56.9 113.8

277 103.3 46.3 92.6 57.0 114.0

278 103.5 46.4 92.8 57.1 114.2

279 103.7 46.5 93.0 57.2 114.4

200 103.9 46.6 93.2 57.3 114.6

281 104.1 46.7 93.4 57.4 114.8

282 104.3 46.8 93.6 57.5 115.0

283 104.5 46.9 93.8 57.6 115.2

284 104.7 47.0 94.0 57.7 115.4

285 104.9 47.1 94.2 57.8 115.6_____

286 105.1 47.2 94.4 57.9 115.8
287 105.3 47.3 94.6 58.0 116.0
288 105.5 47.4 94.8 58.1 116.2
289 105.7 47.5 95.0 58.2 116.4

290 105.9 47.6 95.2 58.3 116.6
291 106.1 47.7 95.4 58.4 116.8

292 106.3 47.8 95.6 58.5 117.0
293 106.5 47.9 95.8 58.6 117.2
294 106.7 48.0 96.0 58.7 117.4
295 106.9 48.1 96.2 58.8 117.6
296 107.1 40.2 96.4 58.9 117.8
297 107.3 48.3 96.6 59.0 118.0
298 107.5 48.4 96.8 59.1 118.2
299 107.7 48.5 97.0 59.2 118.4
300 107.9 48.6 97.2 59.3 118.6
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3.3: Input Converter (6900-2000)
3.3.1: The input converter amplifies the input signal and mixes it down to a
10.7 MHz IF. It consists of a FET cascode amplifier followed by a FET balanced
mixer. A crystal oscillator is also included within the unit. Refer to the
Schematic 6900-2035. The input converter has an overall gain of 20dB nominal.
3.3.2: The input signal from the antenna or mast mounted preamp comes in at
J201. This jack is either at DC ground or at 24 VDC, depending on whether L201
or L203 is used. Normally (when a preamp is not cable powered from this unit),
L201 is used, and J201 is at DC ground. This prevents any static buildup on the
antenna. However, when a preamp is being cable powered, L203 connects the input
to the 24 volt supply and L201 is not used.
3.3.3: The input signal is matched to the input of Q201 by a two pole matching
network. The network consists of C201, C2O2, C205 , L202, and L204 and is design­
ed to provide equal attenuation above and below the FM band. L205 provides neu­
tralization for Q201. Q201 and Q202 form a cascade amplifier. T201 provides
feedback from the source of Q201 to its gate. The transformer feedback allows
the device to be both noise and powere matched. This means the amplifier is
matched for optimum noise figure while still having a very good input VSWR.
Q201*s bias current is set by R204.
3.3.4: The output of Q201 is fed directly into Q202 through C208. The topol­
ogy of this circuit i.e. a common source amplifier feeding a common gate stage
directly, is called a cascode amplifier. This type of amplifier provides a very
high level of isolation between input and output. The isolation in this partic­
ular amplifier is further enhanced by neutralizing Q201.
3.3.5: Bias for Q202 is set by R205. At the output of Q202 the signal enters
a highly selective two pole filter. L207, C214, and C213 form one resonator and
L209 with C210 and C211 form the other. Coupling is controlled by C212 and the
loaded 'Q' or selectivity is controlled by L208. C216, C217, and L210 are an
optional trap set at the image frequency for situations where there is strong
interference at this frequency.
3.3.6: At the output of the filter, the signal is at a 75 ohm impedance and
goes through a three selector switch. With the switch in the center position,
the signal is connected directly to the mixer stage. When the switch is set to
the left position, the output of the amplifier is connected to J204 to facilitate
alignment of the input stage. Setting the switch to the right side connects the
input of the mixer stage to J204, allowing alignment of that stage.
3.3.7: The mixer consists of a matched pair of FETs, Q205 and Q206, and is of
the singly balanced type. The LO is fed in-phase at the gates, and the input is
fed 180° out-of-phase at the source. The IF output developing at the drains is
also 180° out-of-phase. This type of mixer is used to maximize the dynamic range
of the input section.
3.3.8: T202 splits the signal coming from the preceding stage into two signals,
180° out-of-phase. These two signals are fed to the source of Q205 and Q206.
The center top of T202 is at RF ground and is connected to ground by R206. R206
is a variable resistor that sets the bias current through Q205 and Q206. L211
is connected across the two sources of Q205 and Q206. This inductor resonates
with C218 and C219 at the input signal's frequency. Note that C218 and C219
appear in series at the input frequency, yet appear in parallel to the local
oscillator's signal which is in-phase at the gates of Q205 and Q206. Therefore,
C218 and C219 provide a relatively low impedance to ground for the local oscilla­
tor current at the source while at the same time not bypassing the input signal
since they are resonated with L211.

3.3.9: The IF signal appearing at the drain of Q205 and Q206 enters a two pole
filter consisting of L212 and T203, and the capacitors around them. T203 also
matches the balanced signal to the unbalanced output. The coupling of this
filter is controlled by C222 and C225 and is set to be slightly over coupled.
The 3dB bandwidth of the filter is about 400 kHz. C221 and C227 resonate with
L212 at the IF frequency. They also provide a low impedance to ground for both
the input and the LO signal current. The center top of L212 is at RF ground and
connects the drains of Q205 and Q206 to the B+ supply through R207.
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3.3.10: The gates of Q205 and Q206 are tied together and are at virtual ground
at both the input and IF frequency. The gate capacitance of these two devices
are resonated with L213 at the LO frequency. The LO voltage present at the
gates, nominally 1 to 3 volts, is detected by D201 and fed to the external test
point for monitoring. This detected voltage is compared to the DC voltage at
TP-1 when the unit is aligned. A sample of the LO voltage is also taken at this
point by R209 and R210 and is connected to the LO monitor jack (J203).
3.3.11: The LO is developed directly from a crystal oscillator operating at
10.7 MHz above the input frequency. No frequency multiplication is used as it
allows the generation of potentially troublesome spurious products. The
oscillator consists of Q203 in a Colpitts configuration, with the crystal, X201,
operating at its series resonant point. L215 is used to resonate out the inter­
plate capacitance of the crystal. The ferrite bead on the base of Q203 prevents
spurious oscillation at UHF. Otherwise the base is bypassed to ground by C237.
The collector of Q203 is resonated by L216 and the series combination of C234 and
L232. This ’tapped’ capacitor matches the high impedance at Q203’s collector
to the low impedance necessary to drive the crystal. L216 has a slight effect
on the oscillator’s frequency and is adjusted at the factory in setting the fre­
quency .
3.3.12: The output of the oscillator is taken across C232. This output is
buffered by Q204. Base bias for Q204 is provided by R212. Q204 operates as a
common emitter amplifier, with its gain set by R211. R211 is variable and is
adjusted as part of the alignment procedure. The output of Q204 is taken at its
collector through C230. L214 is a choke connecting Q204’s collector to the
24 volt supply.
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3-4: IF AMPLIFIER PC BOARD (6900-3000)
3-4.1: The IF amplifier PC board contains most of the amplification and
filtering in the translator. The board also contains limiting to remove any
AM component on the input signal. A slignal level detector is also provided
with the turn-on/turn-off control circuitry. Refer to Schematic 6900-3035.
3-4.2: The 10.7 MHz from the front end enters at J301. It first is amplified
by Q301 before being filtered. Q301 has negative feedback provided by T301 and
the emitter resistor, R301. This feedback stabilizes the gain and impedance of
the stage. An additional effect of T301 is to increase the reverse isolation
of the stage. Q301 has a power gain of 8dB.
3.4.3: The output of Q301 enters a 5 pole bessel filter. L301, L3O2, L313,
L304, L305, and their associated capacitors make up the filter. Coupling the
poles C703, C310, C311, C315, C316, C320, and C319. Both C311 and C316 are
variable to enable the coupling to be adjusted to optimum. The filter is tuned
at the factory for a 2dB bandwidth of 200 kHz. The filter's insertion loss is
about 5dB, making the overall signal gain from J301 to the input of Q302 about
3dB.
3-4.4: The input of Q302 is at 50 ohms impedance. The signal connection at
this point is brought out to TP302 to facilitate alignment at the factory.
Q302's configuration is identical to Q301. The output of Q3O2 also enters a
5 pole filter identical to the preceding filter. Since Q302's gain is 8dB and
the filter's insertion loss is 5dB, the overall gain from J301 to S302 is about
6dB.
3-4.5: The output of the filter goes through S302 and is applied to a set-up
transformer, T304. The output of T304 is then connected to the input of IC301A.
IC301 contains two differential amplifier stages. Each differential stage con­
tains three transistors, two (Qa, Qb) doing the amplifying and the third (Qc)
providing the bias for the other two. The output of the differential stage is
at the collectors of Qa and Qb. This output is tuned by L316 and C373. C374
neutralizes the collector base capacitance of Qa. R349 on the output adjusts
the gain of the stage. It is used to set the turn-on threshold of the translator.
3.4.6: The balanced output of IC301B via C371 and C369. IC301B is identical
to the preceding stage except the input to it is balanced. Because of this,
there are two neutralizing capacitors, C367 and C368. R344 and B341 on the
inputs of IC301B provide a ground return for the bases of Qa and Qb respectively.
The output of IC301B is tuned by L315 and C366. This output is fed t^ both
inputs of two differential stages. IC302A and IC302B. IC302A is a stage iden­
tical to the preceding one. The output of it is fed to another stage, IC303A.
3.4.7: The output of IC302B is fed to a diode detector consisting of D301 and
D302. The output of the detector is a DC current which is fed to the inverting
input of IC304A. IC304A is an op amp.configured as a current to voltage con­
verter. The output of IC304A varies from 0 to 20 volts, depending on the input
signal strength and the setting of R349. This voltage is fed to IC304B, which
compares it to a reference. The output of IC304B switches to +20 volts when
IC304A's output is raised above 8 volts. IC304B switches to 0 volts when
IC304A's output is dropped below 5.2 volts. This hysterisis is caused by R324
and allows the turn-off point to be 3dB lower than the turn-on point. The
output of IC304B is fed to an emitter follower, Q303 before being sent to the
PLL board via P301-4. When S303 is in the BYPASS position, P301-4 is connected
directly to 24 volts.

3-4.8: The output of IC303A is fed to the input of IC3O3B. From the output
of IC303B the signal travels to the output connector, J302 via the step down
transformer T303.
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3.5.9: After the pad, the signal enters a double-balanced mixer, DBM-401,
which mixes it with the local oscillator to produce a 10.7 MHz sample of the VCO.
The local oscillator is supplied by a conventional crystal oscillator with a
buffer amplifier.

Local Oscillator
3.5.10: Q405 and its associated circuitry forms a crystal oscillator operating
between 98 and 118 MHz. The crystal, X401, is a series resonant fifth overtone
type. L409 tunes out the interplate capacitance of the crystal. The crys­
tal presents a feedback path from the collector of Q405 to its emitter. The
base of Q405 is RF grounded by C424 so Q405 acts as a common base amplifier.
The collector of Q405 is tuned by L408 and the series combination of C426 and
C428. These two capacitors match the high impedance of Q405's collector to the
low impedance of the crystal.
3.5.11: The output of the oscillator is taken across C428 and is applied to
the base of Q406. R446 and R447 bias Q406 just at its turn on point. Q406
amplifies the crystal oscillator output. The output of Q406 at the collector
is matched down to 50 ohms by L411 and C429. It then enters a PI attenuator
consisting of R449, R450, and R442. The LO port of the DBM-401 is connected to
the output of this PI attenuator. R449 also supplies DC current to Q406 from a
+24 volt jack, J405 is connected to Q406's output through an L-pad consisting of
R485 and R486.
3,5.12: The 10.7 MHz output of DBM-401 at Pins 3 and 4 is connected to a low
pass filter consisting of L406, C421, L405, and C420. This low pass filter has
a cut off frequency of 20 MHz. C422 and R441 terminate the mixer's output at
the LO and VHF image frequencies. The output of the low pass filter is fed to
two (2) mixers, IC403 and IC401. The other inputs of these two mixers come from
the IF amplifier board via J401.
3.5.13: The IF input at J401 first goes through a 3dB pad consisting of R401,
R402, and R403. L401 is a choke to ground. From here the 10.7 MHz enters a
network consisting of L402, C404, R507, R433, and C415. This network serves to
feed the inputs of IC401 and IC403 at Pin 8 in quadrature (90° out-of-phase)
from each other.
3.5.14: The outputs of IC403 and IC401 are balanced and come out at Pins 6 and
12. During normal operation, these outputs are a DC voltage that is proportional
to the phase difference between the 10.7 MHz input and the 10.7 MHz sample of the
output. Since the IC's are fed in quadrature at one input, the DC outputs are
opposite in polarity from each other.
3.5.15: The output of IC403 is fed to one set of inputs of IC402 at Pins 1 and
4 via R430 and R434. IC402 is identical to IC403 and IC401 except it operates
with DC voltages. Because of this it can be considered to be a multiplier. Its
output voltage at Pins 6 and 12 is a product of the voltages at Pins 8 and 10
and Pins 1 and 4. Note that all inputs are balanced. Pins 1 and 4 are connected
to the output of IC403 while Pins 8 and 10 are connected indirectly to IC401.
3.5.16: The output of IC401 first goes through a limiter, and then an amplifier
before entering the input of IC402 at Pins 10 and 8. The limiter consists of
two pairs of back to back diodes (D401, D402, and D403, D404). The amplifier
stage is a differential pair of transistors, Q401 and Q402. This combination of
limiters and amplifiers maintains a constant voltage at the input of IC402 re­
gardless of the DC output of IC401. Therefore, during normal operation IC401
and its associated amplifier and limiters does not do anything to affect the
output of IC403. One can consider the output of IC403 to be the input from
IC402 multiplied by one (1). IC401 only comes into play when a fault occurs and
the VCO is off frequency. This will be discussed later.
3.5.17: Only one output of IC402 is used. This output at Pin 6 is connected
to a constant current source consisting of Q404 and Q403. Q403 temperature
compensates Q404. The current at the collector is equal to the voltage across
both R411 and R409 divided by R410, or about 1mA. The constant current source
is used to magnify the DC output of IC402. The output at Pin 6 enters a low
pass network consisting of R452, R453, and C439. The cut off frequency of this
network is adjusted by R453. The AC gain of IC402 is controlled by R454 and
R455. C433 bypasses these resistors to ground. The output of the low pass net­
work across C439 is applied to the varicap diodes, D411 and D413.



3.5: PLL UPCONVERTER P.C. BOARD 
3.5.1; The PLL (phase-locked loop) Upconverter P.C. Board takes the 10.7 MHz
output from the IF P.C. Board and upconverts it to the output frequency. The
upconversion utilizes a voltage controlled oscillator (VCO) that is phase-
locked to the IF input. The output of this VCO is then amplified before being
sent out to the power amplifiers. The board also contains protection circuitry
that will shut off the output if some fault is present in the phase-locked loop.
This protection circuitry also provides the shutdown mechanism when the origina­
ting station goes off the air. The PLL board has three (3) outputs. Two 50 ohm
+16dBM outputs go to the power amplifiers. The third output is connected to the
front panel monitor jack. A monitor output of the local oscillator is also pro­
vided. The following paragraphs give a detailed description of the circuitry.
Refer to Schematic 6900-5035, Voltage Controlled Oscillator.
3.5.2: Q411 is a voltage controlled oscillator (VCO) that is operating at the
output frequency. The oscillator is in a Colpitts configuration with the tank
circuit at the drain and feedback present between the drain and the source. The
tank circuit consists of L414 and the series combination of D411 and D413. Feed­
back to the source is provided by a capacitive voltage divider consisting of
C468 and C469. . >
3.5.3: The capacitance of D411 and D413 is dependent upon the voltage present
at their cathodes. This means the tank circuit's resonant frequency and hence
the oscillator's output frequency is controlled by the voltage present at the
junction of D411 and D413. The values of the tank circuit are set so a voltage
change of approximately .25 volts across D411 and D413 will shift the oscilla­
tor's output frequency by 75 kHz.
3.5.4: DC is supplied to Q411 via a choke (L424) from a 15 volt, 3 terminal
regulator, IC406. The 15 volt output of IC406 goes through an RC low pass
filter consisting of R511 and C471 before it is applied to Q411. This filter
removes any audio noise from the regulator's output, preventing it from mod­
ulating the oscillator. Bias current is set by R512 at Q411's source. Noise
on the -8 volt supply does not modulate the oscillator so an audio filter is
not necessary.
3.5.5: The voltage controlled oscillator's (VCO) output is taken at Q411's
source. It goes through C470 and C451 before being applied to the gates of
Q408 and Q409. R513, at the junction of C470 and C451, loads the VCO to swamp
out any effect that Q418 or Q409 will have on the VCO. A voltage divider,
consisting of R492 and R494, supplies a bias voltage to the gates of both tran­
sistors. Both Q408 and Q409 are enhancement type dual gate MOSFETS.
3.5.6: The output amplifier, Q409, amplifies the VCO's output and applies it
to the base of Q410 through a tuned matching network. This network is of a PI
configuration and consists of C455, L418, and C456. R498 loads the output of
Q409 while providing a DC return to the supply. The gain of Q409 is controlled
by the DC voltage on it's No. 2 gate. This voltage is approximately 10 volts
during normal operation and -2 volts when the output is shut down. The No. 2
gate of Q409 is connected to the turn on/off circuitry through R495.
3.5.7: Q410 amplifies the signal at its base to about +20dBm. R5O3 and C460
provide emitter degeneration at the output frequency. Negative feedback is also
provided by R560 and L419. The transistor is biased by R499 and R501 at the
base, and R502 at the emitter. R497 drops the 24 volt supply to about 18 volts.
This 18 volts supplies both Q409 via R498 and Q410 through L420. The output of
Q410 enters a tuned circuit through C461. This tuned circuit, consisting of
C461, C462, L423, and L422, suppresses all harmonics while matching Q410's out­
put down to a 25 ohm impedance at the input of T401. T401 splits the output to
two (2) outputs, each connected to a 50 ohm jack (J403 and J404). The monitor
jack, J402 is connected to the input of T401 through an 'L' pad consisting of
R506 and R404.

VCO RF Feed Back Path
3.5.8: While Q409 sends the VCO's signal on to the output, Q408 sends it back
to the phase comparator. Q408's configuration is the same as Q409's except its
No. 2 gate voltage is fixed by a voltage divider to the 24 volt supply. This
voltage divider consists of R489 and R491 and sets Q408's gate voltage at 10
volts. The output of Q408 at the drain is matched down to 50 ohms by L417 and
C448. The signal then goes through a PI attenuator consisting of R487, R483,
and R484. R487 also serves as a return to the 24 volt supply for Q408.
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3.5.18: To consolidate the operation of this feedback loop; if the VCO’s out­
put changes in phase related to the IF input, this will cause the DC voltage at
the output of IC403 to change. The output of IC402 at the collector will also
change correspondingly since IC401 has no effect. This change or error voltage
is sent to the varicap diodes, D411 and D413 via the low pass network. The
varicap diodes will cause the output frequency of the VCO to change. The VCO
must change frequency in the magnitude and direction which would cause the error
voltage on the output of IC403 to be minimum. Therefore, the VCO's output will
follow exactly the input frequency deviations of the IF input (ie the translator's
input). The VCO's phase is locked to the IF input by the feedback loop of IC403
and IC402. This gives the term phase-locked loop.
3.5.19: The voltage across D411 and D413 will vary with audio modulation as the
VCO's frequency tracks with the input frequency. This audio voltage is amplified
by IC404B and sent out to the control and metering board. IC404A is configured
as a voltage follower to buffer the varicap voltage from the window detector
(discussed later) and the front panel metering.

Out of Lock Operation
3.5.20: IC401 comes into play whenever the VCO's output is not locked to the
input. This occurs when the translator is first turned on or when some short­
term fault exists (the supply voltage is accidently shorted, for example). This
also occurs when the modulator is activated. When the VCO is not locked, the
outputs of IC401 and IC403 are no longer DC voltages. Instead, they are an AC
voltage whose frequency is precisely the difference in frequency between the
input 10.7 MHz IF and the mixed down sample of the VCO's output. Since one of
the inputs of IC401 and IC40 3 are 90° out-of-phase, the AC signals at their out­
puts are also 90° out-of-phase. The outputs of IC403 are connected directly to
the inputs of IC402 and no additional phase shift occurs.
3.5.21: The output of IC401 , however, is partially bypassed by C403, and an
additional phase shift occurs to the AC signal present. This phase shift is
proportional to the frequency of the AC signal. The limiters and amplifier
following IC401 remove the varying amplitude of the signal caused by C403 while
preserving the additional phase shift. The inputs of IC402 at Pins 8 and 10
will see a constant amplitude AC signal with a phase shift proportional to the
frequency of that signal. The other inputs at Pins 1 and 4 of IC402 will see
an AC signal whose frequency is exactly identical to the other input, but whose
phase is constant. Remember IC402 is identical to IC401 and IC403 and is a
phase detector. Because of this, the output of IC402 at Pin 6 is a DC voltage
proportional to the phase difference between the AC signals from IC401 and IC403.
This phase difference is proportional to the difference frequency of the VCO's
sample and the IF input. Therefore the DC voltage at IC402's Pin 6 will depend
on the frequency difference between the VCO's output and the correct output
frequency. This error voltage will tend to bring the VCO back on frequency so
the phase-locked loop mechanism will take over.
3.5.22: Additional protection circuitry is used to ensure the translator will
not transmit if, due to some fault, the VCO goes off frequency. If a fault
occurs the output of IC402 will want to swing to either 24 volts or ground. This
will occur because of the constant current source magnifying any change in
IC402's DC output. When this happens either D405 or D406 will conduct, causing
C433 to charge to +8 or discharge to +14 volts depending on the voltage at Pin 6
of IC402. IC405A is a "window detector" in the sense that its output will only
be high if its input is between 8 and 14 volts. The input of the window detector
is connected to Pin 6 of IC402. The output of the window detector is at the
junction of D409 and D410. This output is fed to an emitter follower, Q407,
through R480. The output of Q407 is connected to the gate of Q409. So if a
fault occurs, the window detectors output will drop to ground, turning off Q409
which kills the output of the board.
3.5.23: The turn on/off control line from the IF P.C. Board is connected to
one input of the window detector. When this line drops to ground, the output
of the window detector drops to ground, shutting off the translator's output.

Translator Identification
3.5.24: The audio tone from the TVK morse code identifier is AC coupled to the
gate of Q409. When this tone is present, Q409 will amplitude modulate the output.
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