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[. INTRODUCTION

The Hal Communications Model ST-6000 is a high performance FSK
demodulator and tone keyer designed for use with radio teleprinter systemms.
The ST-6000 incorporates the features and performance characteristics of
previous HAL demodulators as well as offering some features previously
not available.

The ST-6000 is an audio tone type of demodulator and keyer. Audio
tones from the receiver, representing the ''mark'' and ''space'' teleprinter
code states, are converted into keying pulses by the demodulator section.
Active input and discriminator filters are used in the ST-6000 so that a
wide range of input frequencies can be accomodated. Two standard audio
tone sets are normally stocked by the factory and special tone sets within
the 1200 - 3000 Hz frequency range are available on special order. The
standard tone sets are based on a mark frequency of 1275 Hz (''low-tone"
set) or a mark frequency of 2125 Hz ("high-tone'' set) for frequency shifts
of 170 Hz, 425 Hz, and 850 Hz. The tone keyer section of the ST-6000
generates the same set of tones for transmitting in addition to a narrow-
shift tone for Morse code identification.

The demodulator uses a pre-filter agc system, an active bandpass
filter, a high gain, wide bandwidth limiter, and active detector circuits.
This combination gives outstanding performance for a wide range of input
signal aplitudes even in the face of strong interfering signals. The
limiter stage gain can be reduced for non-limiting operation ("AM"). The
pre-filter agc and active detectors also assure improved non-limiting per-
formance when compared to previous demodulators. A three pole active lowpass
filter follows the detector stages to reduce the post-detection noise bandwidth.

An Automatic Threshold Correction (ATC) circuit can be switched into
the signal chain to provide correction for bias distortion generated by
the propagation path. This feature can also be defeated with a front
panel switch if desired. A Decision Threshold Hysteresis (DTH) circuit
can also be switch selected to provide correction for multi-path propagation
distortion of the teleprinter signal. .

CMOS digital circuitry is used to provide the automatic printer and
motor control as well as the antispace feature. The ST-6000 autostart
circuit senses the presence (or absence) of a valid teleprinter signal.
If the input signal is not recognized as a teleprinter signal, the printer
is held in the "mark-hold" condition. |f more than twenty seconds pass
without recognition of a valid signal, the pcwer to the printer motor is
removed. The response time of the autostart circuit is switch selectable
to allow "FAST' (1.5 sec.) or ''SLOW' (3.5 sec.) response. An antispace
circuit is also included in the digital control section that limits the
duration of a space signal to 250 ms or less, preventing the '"'running-
open'' machine condition on continuous space tones.

As mentioned earlier, the tone keyer section generates the same tone
set as is used in the demodulator section to assure true ''transceive'
conditions. The tone keyer will also generate an additional narrow-shift
tone that can be connected to an external keyer circuit for Morse code



identification. All tones of the tone keyer are derived from high fre-
quency crystal controlled oscillators. The output signal is a low dis-
tortion sinewave generated in a digital-to-analog converter and then
filtered in an active low-pass filter. A wide range of output amplitude
(into 500 ohms) is available from the ST-6000, adjustable with an internal
control. Unlike previous demodulators, the tone keyer data input circuit
is not internally connected to the demodulator but is available on a rear
panel connector. Thus, separate transmit and receive circuits (full-duplex)
can be accomodated by the ST-£000. Conversely, with appropriate rear-panel
jumpers, the tone keyer can be connected to the demodulator for a common
transmit - receive circuit (half-duplex) as was the case for the ST-6
demodulator. However, the shift of the tone keyer is controlled by the
front panel SHIFT switches. Also, the SENSE switch (NORM = REV) controls
both the tone keyer as well as the demodulator.

The ST-6000 input and output circuits have been designed to allow =
maximum of user flexibility. Many signal and control lines have been
brought-out to rear panel connections. Both pre- and post-autostart data
signals are available on the rear panel as are the inputs and outputs of
two separate high-level loop switches. The internal 175 volt, 60 ma loop
supply is also connected to the rear panel. Thus, the demodulator output
can be used to directly key the loop or be first passed through additional
signal processing (such as the popular UART and digital control devices),
and then routed back through the ST-6000 keyer stages, with the option of
using or not using the internal loop supply of the ST-6000. In addition,
the ST-6000 has both output and input signal connections that are compatible
with both the EIA - RS-232C and MIL-STD-188C data signal levels.

The ST-6000 also includes a Keyboard Operated Switch (KOS) circuit
that can be used to automatically switch the transmit - receive control
circuitry of the station. The KOS circuit senses teleprinter keyboard
and CW identification signal status. |If either the keyboard or the
CW-1D key is used, the KOS switching transistor turns ''ON' {low impedance to
ground). The KOS circuit also places the ST-6000 demodulator circuits in a
"'standby'' status to prevent feedback from the receiver while transmitting.
The NPN KOT switching transistor can be used to control a DC relay that is
supplied from a positive voltage source or a push-to-talk (PTT) control line
in a transmitter (providing the PTT line is derived from a positive DC source.)
Since the KOS sensing line is connected to the rear panél, it can also be
triggered by external devices.

The audio input to the dcmodulator and the audio output from the
tone keyer are both 500 ohms balanced (or unbalanced if jumpered) with
respect to ground and use audio transformers to maintain DC isolation.
The oscilloscope signals for a crossed-ellipse oscilloscope display are
connected to a rear panel connection. The ST-6000 is furnished with
a front panel tuning oscilloscope.

Internal, electronically regulated + 12 volt power supplies provide
operating voltages for the demodulator, control, and tone keyer sections
of the ST-6000. A 175 volt, 60 ma. loop power supply is also included
as a part of that option. The main power transformer of the ST-6000 can



be connected for operation with either 105 to 125 VAC or 210 to 250 VAC,
50 or 60 Hz power sources. Both the power line and the loop power supply
are fused with fuses accessable from the rear panel of the unit. The
ST-6000 requires approximately 20 watts of AC power and is housed in

an attractive brown and tan cabinet that matches the DS3100 ASR and

other HAL Communications Video Display Terminals. The cabinet can

be supplied for either table or relay-rack mounting.

A complete set of cables and connectors are furnished with the
ST-6000 to simplify the initial installation of the ST-6000. If you
are anxious to try your ST-6000, it is suggested that you skip to sections
3.1 and 3.2 of the installation chapter and then read sections 4.1 and
4.2 of the operation chapter before turning the equipment on. The balance
of this manual should then be studied before attempting any ''custom'
connections.



2. SPECIFICATIONS

Demodulator Section:
Input data:
Data rate:
Input Impedance:

Input frequencies:
"Low-tone'" set:

""High-tone' set:

"'Special' tone sets

Input signal amplitude:

Input Filter -3 dB Bandwidth:

(all tone sets)

Discriminator filters -3 dB

Bandwidth (all tone sets):

Low-pass filter bandwidth:
Tone Keyer Section:
Input data:

Data rate:
Input signals:

Output tones:

Serial Data
Up to 110 baud
500 ohms, balanced and isolated from ground

Mark = 1275 Hz

Space 1445 Hz (170 Hz shift)

1700 Hz (425 Hz shift)

2125 Hz (850 Hz shift)

2125 Hz

2295 Hz (170 Hz shift)

2550 Hz (425 Hz shift)

2975 Hz (850 Hz shift)

Audio frequencies between 1200 and 3000 Hz;
mark tone must be common to all shifts;
850 Hz maximum recommended shift.

Full limiting (FM mode) for signal
levels between -60 dBm and +20 dBm
(approximately 1 mV to 10 V rms).

When ""AM'' mode (non-limiting) is used,
input signal should be in the range
-40 to +20 dBm (approximately 10 mV

to 10 V).

850 Hz shift 1250 Hz

425 Hz shift - 775 Hz

170 Hz shift - 275 Hz

il

Mark

850 Hz shift - 180 Hz
L25 Hz shift - 125 Hz
170 Hz shift - 70 Hz

82 Hz (minimum for 110 baud)

Serial Data

Up to 110 baud

Can be externally connected for:
sensing of current loop

1.
2. sensing of EIA-RS-232C signals
3. sensing of MIL-STD-188C signals
L. sensing of '"dry'keyboard contacts
5. CW-1D key
6. CMOS-compatible signal

mark = 0V

space = +12 V
Standard - same tones as demodulator input
Special - any tones in the 1200 to 3000 Hz
frequency range, mark tone common to all
shifts. In addition, a CW ID tone is
generated 100 Hz below the mark tone;
CW ID = 1175 Hz for "'low-tones'', 2025 Hz
for "high-tones''.

2-1



Output muting: Tone keyer output can be turned off and
on via rear panel connection (TONE ENABLE)

Tone accuracy: + 0.1%

Tone amplitude: Adjustable from -40 dBm to 0O dBm
(approximately 10 mV to 1.0 V)

Amplitude variation: Less than + 0.5 dB at 0 dBm output

Qutput impedance: 500 ohms, balanced to ground

Distortion: A1l harmonics below the 9th are

attenuated greater than 40 dB
(Less than 1.0% total harmonic distortion).

Control Section:

Autostart response time: Switch selectable: Slow = 3.5 sec.
Fast = 1.5 sec.
Motor control delay time: 20 seconds nominal
Antispace time: Space condition greater than 250 ms
KOS delay: Turn-on: Space condition longer than 5 ms

or upon key down of CW ID key
Turn-off: Space condition longer than 500 ms

or Mark condition longer than

1 to 10 sec. (adjustable) or

] sec. after CW ID key opening

KOS NPN switch transistor: 0ff: +25 volts DC maximum
On: 500 ma maximum
Tuning Indicator: X - Y, 1" diameter oscilloscope display;

rear panel connections for additional
oscilloscope.

Automatic Threshold Control: Performs DC level restoration to provide
(ATC) correction for bias distortion in received
signals; can be disabled with front panel
switch.
Decision Threshold Hysteresis: Provides switching hysteresis to provide
(DTH) correction of distortion caused by multi-

path propagation effects; can be disabled
with front panel=switch.

Pemoduiator Outputs:

Current Loop: Two independent 250 volt, 100 ma NPN
switching transistors that may be connected
to the internal 175 volt, 60 ma loop
power supply or to external supplies.

EIS - RS-232C compatible: Mark = =12 VDC
Spare = +12 VDC
MIL-STD-188C Compatible: Mark = + 6 VDC
Space= - 6 VDC
CMOS compatible:
(4000 series, +12 supply): Pre-autostart data: Mark = 0 to +3.6 VDC
Space + +8.4 to 12.0 VDC
Post-autostart data: Mark + +0 to 3.6 VDC
Space = +8.4 to 12.0 VDC



Miscel laneous Data:

Fuse protection:

Power requirements:

Cabinet size:

Cabinet finish:

Weight:

Front Panel Controls:

SHIFT (HZ) (three swtiches):

LIMITER ON-OFF:

SENSE NORM-REV:

ATC ON-OFF
DTH ON-OFF:

PRINT LINE-LOCAL:

KOS ON-OFF:

AUTOSTART FAST-SLOW:

AUTOSTART ON-OFF:
POWER ON-OFF:

Oscilloscope:
INT:
FOC:
VER:
HOR:

Front Panel Indicators:

Oscilloscope

Main AC Power - 0.5 amp, slow-blow
Loop Power Supply - 0.1 amp.
Accessable from rear panel
105 to 125 or 210 to 250 VAC
50 or 60 Hz
20 Watts maximum (excluding printer motor)
Width 17 (43.2 cm) - table
19t (48.3 cm) - rack
Height: 3.5 (8.9 cm)
Depth: 9" (22.8 cm)
Light tan front and rear panels
Textured brown top, bottom, and side panels
Baked vinyl paint to match HAL video terminals
12.0 Ibs (5.45 kg) net
15.0 Ibs (6.82 kg) shipping

Select 170 Hz, 425 Hz, or 850 Hz shift;
controls both the demodulator and tone keyer
sections.

Allows the demodulator section to be

used in either limiting (FM) or non-
limiting (AM) modes.

NORM = mark is lower tone

REV = mark is hiagher tone

Affects both the demodulator and tone keyer
sections.

Turns Automatic Threshold Control on or off
Turns Decision Threshold Hysteresis circuit
on or off.

LOCAL = demodulator signals are inhibited
to permit "'local'' operation.

Turns the keyboard operated switch sensing
circuit on or off

FAST = 1.5 sec.~ response time

SLOW = 3.5 sec. response time

Turns the autostart circuit on or off

Turns AC power to the demodulator on or off

Controls intensity of oscilloscope trace
Controls focus of oscilloscope trace
Vertical trace position control
Horizontal trace position control

Indicates correct tuning with the standard
crossed-ellipse patterns.
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NOTE :

LOOP:

SPACE:

MARK:

KOS :

AUTO:

POWER:

Rear Panel Connections:

AC power input (unlabeled):

MOTOR:

Ground (ground symbol):
AC POWER .5A-SB:

LOOP .1A:
LOOP 1 & 2:

LOOP 3:
KOS:

RS-232 / MIL-188:

SCOPE:

AUXTLITARY CONTROL:

AUDIO OUTPUT:
AUDIO INPUT:

LED lamp that is on when Loop 1 is in
mark condition, regardless of autostart
or LINE-LOCAL condition.

LED lamp that is on whenever post-
autostart data is in space condition.
LED lamp that is on whenever pre-
autostart data is in mark condition.
LED lamp that is on whenever the KOS
circuit is 'in transmit condition.

LED lamp that is on whenever the
autostart circuit will pass data.

AC power-on indicator.

Universal U.S. / European standard
connector for 120 / 240 VAC non-captive
AC power cords.

Three-prong AC socket to supply printer
motor power controlled by the autostart
circuitry. The voltage available is the

same as the power line voltage to the ST-6000.

Cabinet ground connection for safety

and RF ground connection,

AC power fuse for ST-6000 only (not

for the MOTOR socket).

Loop power supply fuse

Main and auxiliary loop switch connections
Internal loop power supply connection
CW-1D hand key connection

Separate keyboard connection

Additional series loop connection that can
be used with loop 1 or loop 2.

KOS control line

Keyboard connection

Data input/output connections for EIA -
RS-232C and MIL-STD-188C connections,

CW 1D hand key conpection.

Connection for external X-Y oscilloscope
display

15 pin connector to provide access to

many control and signal lines of the ST-6000.

A circuit~-board jumper plug is furnished
to make '"normal'' jumpers.

Balanced 500 ohm tone keyer output
Balanced 500 ohm demodulator tone input

A1l of the above specifications are nominal, design-center values
and may vary in production units by as much as + 10 %.

Corp. reserves the right to alter any specifications without prior

notification.

2-4
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5. INSTALLATION

3.1 Initial Inspection

Upon receipt of the ST-6000, unpack and inspect it carefully for
shipping damage. If evidence of shipping damage is found, contact the
carrier immediately. Before discarding the packing material, check that
all parts and accessories are accounted for. If any are missing, please
notify the factory or distributor in writing so that replacements can be

supplied. The following parts and accessories are furnished with the
ST-6000:

Accesory parts:

1 - Non-captive AC power cord

1 = 15 pin Auxiliary jumper plug (shipped in place on Auxiliary
connector)

= 3 pin Loop 3 jumper plug (shipped in place on Loop 3 connector)

- Audio Input Cable (phone to three pin male connector)

= Audio Output Cable (phone to three pin female connector)

Loop | cable (2-conductor cable to female 6 pin connector)

KOS cable (2-conductor cable to male 3 pin connector)

- CW ID and RS5-232C Output cable (2, 2-conductor cables to
6 pin male connector, mates with R$S-232 / MIL~188 connector)

1

12 ft - 2-conductor shielded cable

2 - 6 pin female connector shells (03-09-2061)
2 - 6 pin male connector shells (03-09-1061)
b - 3 pin female connector shells (03-09-2031)
6 - 3 pin male connector shells (03-09-1031)
2 =15 pin female connector shells (03-09-2152)
60 - male cable pins (02-09-2143)
24 - female cable pins (02-09-1143)
2 - 0.5 ampere, slow-blow fuses
2 - 0.1 ampere fuses
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CAUTION! A SERIOUS SHOCK HAZARD MAY EXIST WHEN CONNECTING THE
X ST-6000 TO OTHER EQUIPMENT. BEFORE MAKING ANY CONN-

ECTIONS, BE SURE TO DISCONNECT THE ST-6000 AND OTHER
EQUIPMENT FROM THE AC POWER LINE.
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3.2 Use of Factory Supplied Cables

A total of five factory prepared cable-plug combinations and two
jumper-plugs are supplied with the ST-6000. These cables and plugs
can be used to make most standard input and output connections to the
ST-6000, particularly those connections in which an ST-6 or similar
demodulator is being replaced by the ST-6000. The use of these standard
cables and jumpers is discussed in the following sections. Figure 3.1

shows in pictorial form some of the possible connections to these standard
cables,

3.2.1 Audio Input Connection

The audio input cable supplied mates with the rear panel audio input
connector and has a phono pin plug on the other end for connection to the
station receiver. |If the receiver output does not have a phono connector,
the plug may be cut off of the cable and replaced with the proper type, or
a new cable can be prepared using the procedures described in section 3.3.

3.2.2 Audio Output Connection

A factory-prepared cable is likewise provided for connection of the
tone keyer output of the ST-6000 to the station transmitter. This cable
also has a phono plug connector which may be used or removed as the
particular connections dictate. The output level of the tone keyer is
adjustable with an internal control over the range of -40 dBm to 0 dBm. See
section 4,13 of the operations section for proper adjustment procedures., If
a different audio output cable is required, see section 3.3 for proper
preparation procedures.

3.2.3 Loop 1 Cable Connection

There are three ways in which current-loop operated devices may be
connected to the ST-6000; ''Loop 1'', using the ''Main'' trasistor keyer,
"Loop 2", using the "Auxiliary'' transistor keyer, and 'Loop 3', a jumper
connection in series with the interral 60 ma loop power supply. The
factory supplied cables and jumper plugs are arranged so that the internal
loop power supply, '"Loop 3" jumper, and ''Loop-.l'' main keying transistor
are series connected. ''Loop 2'' is not connected with the standard cables
and plugs. Alternate applications of the loop connections are discussed
in section 3.3.1. Current-loop sensing devices such as teleprinters
and electronic displays and keyboards can be connected to the nominal
60 ma loop circuit using the cable labeled '"Loop 1''. If the device is
polarity sensitive (such as the DKB-2010 keyboard and the DS-3000 KSR
Terminal), the white wire is the ''positive' connection and the black
the ''negative'. The shield of the cable is NOT connected in the loop
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Note: The data connection between the DS3100 and the ST6000 is via a loop
connection, not an RS232 connection. The "RS232" connector on the
ST6000 is only used to connect the CW ID line to the demodulator.
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circuit but is connected to the ST-600 cabinet. The shield wire
should therefore be connected to the cabinet of the teleprinter or

electronic device as a safety ground. A typical connection to a 60 ma.
teleprinter is shown in Figure 3.1. Notice that the selector magnets
and keyboard contacts of the machine are series connected. Also,

since the standard cables and jumpers connect the ST-6000 internal

loop supply, an external loop power supply should MOT be included in

the loop circuit. Additional TTY equipment can be connected in the loop
by breaking the jumper on the LOOP 3 plug and series connecting the
devices. On the LOOP 3 plug, pin | is positive, pin 3 is negative, and
pin 2 cabinet ground. Other loop connections possible with the standard
cables are shown in Figure 3.2. Alternate loop connections are discussed
in section 3.3.1.

3.2.4 Motor Power Connection

The power for the teleprinter motor can be supplied by the MOTOR
connector of the ST-6000. The power to this connector is controlled
by the autostart relay of the ST-6000. The TOTAL current supplied
by this receptacle should not exceed 10.0 amperes. The following
precautions should be observed when using the MOTOR receptacle:

1. The power to the MOTOR receptacle is NOT fused in the ST-6000.
The user should be sure that any device attached to this
connector has its own fuse protection.

2. The AC voltage furnished on the MOTOR receptacle is the SAME
as the AC power line voltage supplied to the ST-6000; if
the ST-6000 is operated from a nominal 240 VAC power line,
the MOTOR receptacle also furnishes 240 VAC.

3.2.5 KOS Cable Connection

The wires from the KOS cable can be connected to the transmitter
push-to-talk (PTT) control line for automatic transmit-receive control
of the station. The jumpers on the factory-supplied AUXILIARY jumper
plug allow operation of the KOS circuit when the keyboard and printer
sections of the teleprinter are series connected to LOOP 1 (or LOOP 3).
A complete discussion of the operation of the KOS _circuit is found in
section 4.9. Alternate KOS circuit connections are alse discussed in

a later section. The following precautions should be observed when
using the KOS cable:

1. The KOS switching transistor in the ST-6000 is an NPN transistor.
The transmitter push-to-talk (PTT) line should have a positive
voltage with respect to ground in receive condition.

2. Shunting the PTT line to ground should place the station in

transmit mode.

The voltage of the PTT circuit should not exceed +25 volts (receive).

The current drawn through the KOS transistor in transmit mode

should not exceed 500 ma.

5. If negative or AC voltages are to be controlled by the KOS
circuit, a DC relay should be used to isolzte the KOS and PTT
circuits.

6. The KOS connection is to the white wire (+) and the shield wire (ground).

W
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NOTE: JUMPER DS 2000 I/0 PINS 2 AND 3 TOGETHER
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Figure 3.2 Loop Connections to the ST-6000
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SEE FIGURE 3.6 FOR
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Figure 3.3 RS-232 1/0 Connections to the ST-6000
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NOTES ON THE USE OF ST6000 RS-232 1/0 CONNECTIONS

We recommend use of loop connections to the ST-6000 as shown in
figures 3.1 and 3.2. If R$-232 connection are required, however, please
read and follow the directions on this page carefully.

The following steps should help clarify use of the RS5-232 Input/Output

connections to the ST-6000 (such as with the DS3100 ASR terminal):

1. Modify the standard Auxiliary Jumper Plug circuit board by adding
a wire jumper between pin 13 (Transmit Loop Drive) and pin 14

(Local Data Qut).

2. Using the pins and connector shells provided, make a new jumper
plug for the Loop | & 2 connector (JB). Connect a wire jumper
between pin 1 (Loop - High) and pin 4 (Loop - Low); connect a
second wire jumper between pin 3 (Keyboard Data In) and pin 5
(Ground). Use a six pin female shell and male pins.

Plug-in the standard Loop 3 jumper plug furnished.

Use the standard RS-232 1/0 cable to connect to the terminal
or machine.

The ST-6000 and terminal will now operate in the half-duplex mode using
RS-232 1/0 interface connections. The RS-232 data from the terminal will
both drive the ST-6000 Loop | circuit and operate the KOS circuitry. A
teleprinter connected into the Loop 1 circuit will print data generated on
the RS-232 terminal or data demodulated by the ST-6000. A keyboard can be
connected in the Loop 1 circuit, if desired.

RS-232 Full-duplex operation with the ST-6000:

The following steps should help clarify use of the RS-232 Input/Output
connections for full-duplex operation with the ST-6000:

1. Refer to Figure 3.6 and modify the Auxiliary Jumper Plug circuit
board as shown, removing the circuit board jumpers between pins

] and 5 & between pins 11 and 15; add a wire jumper between pins
14 and 15. N

2. Using the pins and connector shells provided, make a new jumper
plug for the Loop | & 2 connector (JY). Connect a wire jumper
between pins | and 4 and a second wire jumper between pins 3 and
5 of the plug. Use a six pin male shell and female pins.

3. Plug-in the standard Loop 3 jumper plug furnished.

L, Use the standard R$-232 1/0 cable (as modified above) to connect
to the terminal or machine.

5. Use the front panel switch to turn the KOS circuit OFF,

A printer may again be inserted in the Loop | circuit but will now
print OHNLY received data and not data originating from the RS-232 terminal.
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3.2.6 Separate Keyboard Connection

The black wire and shield from the KOS cable can be connected to

a separate keyboard circuit that switches to ground (such as the DKB-2010).
The switch element should either be an NPN transistor (switching to ground)
or ''dry' contacts (keyboard contacts isolated from any voltage or current
sources). Since the standard connection of the teleprinter and DKB-2010

is in the series current loop (LOOP 1), this connection will not generally
be used. However, when the separate keyboard connection is used, operation
of the keyboard will also operate the KOS circuit.

3.2.7 RS-232C Cable Connection

Two factory prepared cables are attached to a 6 pin connector that
mates with the RS-232/MIL-188 rear panel connector. One of these cables
is labeled ''RS-232'', This cable can be used to drive the 'WOLTAGE', or
"EIA'", or '""RS-232" inputs of the RVD-1002, RVD-1005, or DS-3000 KSR solid-
state equipment. The white wire of the RS-232 cable is the RS-232 data
output and the black wire is for input of RS-232 data to the tone keyer
as connected by the AUXILIARY jumper plug. The white wire and shield
should be connected to the VOLTAGE or EIA/RS-232 input of the units.

In addition, the black wire may be connected to the RS-232 data output
connection of the DS-3000 KSR. Typical connections to the R$S-232 cable
are shown in Figure 3.3. Refer to page 3-6a before using RS-232 1/0
connections.

3.2.8 CW ID Key Cable Connection

A second cable from the RS-232/MI1L-188 connector is labeled '""CW-ID'".
This cable should be connected to the station Morse code hand key or
electronic keyer to provide narrow-shift CW identification of the trans-
mitted signal. When an electronic keyer is used, the output circuit for
cathode keying should be used, instead of the grid-block keying circuit.
In no case should the keyer reflect any negative voltage or positive
voltages greater than +12 to the ST-6000.

3.2.9 AC Power Cord Connection

The ST-6000 can be internally connected to operat€ from power sources
in two voltage ranges: 105 to 125 VAC or 210 to 250 VAC, 50 or 60 Hz.
The rear panel power cord connector is of the '‘universal" USA/European
type and mating power cords can be obtained for most common wall connectors.
The ST-6000 is normally factory wired for operation from 105 to 125 VAC,
50 to 60 Hz power lines. Upon request at the time of the order, the ST-6000
can also be supplied for 210 to 250 VAC, 50 to 60 Hz operation. When the
210 to 250 VAC connection is supplied, it is indicated by a small tag on
the rear panel of the ST-6000. If this tag is NOT on the rear panel, do
NOT connect the ST-6000 to a 240 volt line without first checking the
internal wiring of the power transformer. Particular attention should be

given to the precautionary notes of section 3.2.4 when connecting to the
MOTOR receptacle,



The proper power transformer primary connections are :

105 to 125 VAC, 50/60 Hz: jumper terminal 1 to 3 and 2 to 4, connect
power line to terminals 1 and &.

210 to 250 VAC, 50/60 Hz: jumper terminal 3 to 2, connect power line
to terminals 1 and 4.

These connections are shown in Figure 5.13.

3.2.10 Ground Connection

The ST-6000 cabinet should ALWAYS be connected to an adequate ground
system. A three-prong grounding type AC power plug is furnished for
connection to a grounded-outlet power system (105-125 VAC connection) .

If the wiring of the building is correct, use of the grounding AC plug
should provide an adequate SAFETY ground return for the instrument.
However, it is a good idea to first check the outlet wiring with a
multimeter before plugging=in the unit. |If a three-prong AC outlet is

not available, use a three to two-prong adapter at the wall socket and
connect a separate ground lead between the adapter ground lead or ST-6000
cabinet and a good ground. When using 210 to 250 VAC power mains, be
sure to connect the cabinet to a good safety ground. OPERATION OF THIS
EQUIPMENT WITHOUT AN ADEQUATE SAFETY GROUND INVALIDATES THE WARRANTY.

When the ST-6000 is used in a radio communications system that includes
a high-powered transmitter, a short length of low=-inductance wire (1/4"
wide shield braid is recommended) should be used to interconnect all equip-
ment cabinets, including the ST-6000 and all teleprinters, etc. Lack of
a good RF ground connection may cause false triggering of the logic in the
control sections or other improper operations. Open-wire antenna feedline
systems with high standing-wave~ratios can be particulary troublesome to
solid state equipment. In such cases, changing the antenna, matching
system, and/or feedline to a matched coaxial line system will usually clear-
up RF interference. When good RF grounds and low SWR feed-lines are used,
the ST-6000 will work with even very high powered transmitter systems.

3.3. Alternate Connections to the ST-6000

In order to achieve maximum interfacing flexibility, a great number
of the ST- 6000 signal and control lines are brought out to rear panel
connections. The most common connections are represented by the factory
prepared cables and jumpers. When these connections are used, the ST-6000
will function in a manner similar to that of the previous model ST-6
demodulator (with the addition of the extra features of the ST-6000).

A number of additional 1/0 connections, such as use of an external loop
supply, full duplex operation, and connection to a UART data conditioning
device can be accomodated by making additional cables and/or changing

the jumpers on the AUXILIARY connector. Spare connector pins and shells
are provided for these connections. Follow the instructions in Figure 3.4
when preparing the connectors. Be sure that the wire and pin are inserted
in the correct connector shell location. |If it is necessary to remove

the pin from the shell, a special tool, Molex ® part number HT-2038,

can generally be obtained at an electronics suppy store.
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Figure 3.4 Preparation of the ST-6000 Connections
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The general block diagram of the ST-6000 and a listing of the rear
panel pin connections is shown in Figure 5.1. The connections made by the
AUXILIARY jumper plug furnished are shown by the dotted lines. This figure,
as well as the discussions of section 5, Theory of Operation, should be
carefully studied before alternate connections to the ST-6000 are attempted.

The following sub-sections discuss some of the possible alternate connections
that may be desirable.

3.3.1 Use of External Loop Supplies and Multiple Loop Circuits

As can be seen from Figure 5.1, the ST-6000 contains two loop
switching transistors, Q1 (Main keyer stage) and Q2 (Auxiliary keyer
stage). Both of these transistors switch a positive voltage to ground
on Mark condition and are both driven from a common data source. The
internal, 175 volt, 60 ma (nomina) loop power supply is connected through
the LOOP 3 jumper plug to a pin on the LOOP 1 & 2 plug. The standard
connection to the loop is between pins 1 and 4 of this connector, thus
using the internal loop supply, LOOP 3 jumper, and Ql, the main keyer
stage. However, an external loop supply could be used simply be connecting
the loop circuit between pins 4 (Q1 collector and 5 (ground) of the LOOP | & 2
connector. When using this connection, be sure that the positive loop voltage
is applied to pin 4, the collector of Q1. Similarly, a SEPARATE loop supply
and equipment could be connected to use the auxiliary keyer stage, Q2, by
connecting between pins 2 (positive) and 5. When there are a large number
of mechanical machines to be drive, it is sometimes desirable to split
them into multiple loops to keep the total loop inductance (and therefore
distortion) to a minimum. These alternate loop connections are diagrammed
in Figure 3.5. The keyer transistors themselves, particulary the Auxiliary
Keyer (Loop 2), could also be used to switch any data circuit requiring
a switch-to-ground operation on mark within the ratings of the transistors
(+200 volts, 100 ma maximum). The Main Keyer (Loop 1) has the loop sense
emitter resistor and therefore may not ''puli-down' sufficiently when a high
current load is switched.

3.3.2. Separate Printer and Keyboard Connections

As mentioned previously in section 3.2.6, the keyboard contacts or
keying circuit can be separated from the printer circuit if desired.
To do this, connect the printer (or display) to the <loop or RS-232 circuit
as the conditions require and the keyboard circuit to the keyboard connections
available on the AUXILIARY, or KOS, or LOOP 1 & 2 connector. The standard
cables include a keyboard connection through the KOS connector. The key-
board circuit should be isolated from the loop and use either contacts
or an NPN switching transistor to ground. The separate keyboard data is
sensed by the KOS circuit and therefore all KOS features are available with
this connection. Note, however, that a jumper on the AUXILIARY jumper plug
should be removed for separate keyboard data input: carefully cut the path on
the AUXILIARY jumper circuit board between pins 1 and 5 with a sharp knife
or scribe.

3.3.3 Full Duplex Operation of the ST-6000
The receive (demodulator) and transmit (tone keyer) sections of

the ST-6000 are normally interconnected with the standard cables and
jumpers so that all keyboard generated data automatically drives the
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transmit data circuits to use a ''"full-duplex'' mode of operation. To
connect the ST-6000 for full-duplex operation, remove the jumpers

on the AUXILIARY jumper plug between pins 1 and 5 and between pins

11 and 15. Add a jumper to the AUXILIARY jumper plug between pins

14 and 15. The separate keyboard should now be connected as described
above in section 3.3.3. Received data will now be displayed on the
printer or visual display system but will NOT key the tone keyer section.
Keyboard data will trigger the KOS circuit and key the tone keyer section.
The same connections can be used for full-duplex operation with either
RS-232 or MIL-188 signal levels if the appropriate connections on the
rear panel connector are selected. Connection of the separate keyboard,
and full-duplex jumpers are shown in Figure 3.6. Since the KOS circuit
also places the ST-6000 in standby condition, KOS should be switched OFF
for true full-duplex operation.

3.3.4 External Data Processing Equipment

Since both the pre- and post-autostart data signals as well as the
inputs to the loop keyers are available on the AUXILIARY connector, external
data processing equipment can be connected between the ST-6000 demodulator
and keyer circuits. This feature allows connection of such external devices
as the various popular UART devices, digital autostart, electronic
stunt boxes, speed converters, and so on. The external equipment should
be compatible with the CMOS integrated circuits used in the ST-6000 and
should include its own, separate power supply. The +12 volt connection
on the AUX!ILIARY connector can be used for ''reference' or ''pull-up resistor"
applications ONLY. Be sure to use adequate shielding and RF by-passing
to prevent the feed-back of spurious RF energy into the ST-6000.

An external data processing device can be connected to the ST-6000,
using either the unconditioned data (Pre-autostart Data) or autostart
conditioned data (Post-autostart Data) as the device input signal and
then routing the device output signal back to the ST-6000 1/0 driver
circuits. ALL ST-6000 external data and control circuits use CMOS
compatible levels of 0 and approximately +12 volts. All data circuits
have the convention of MARK = 0 volts and SPACE = +12 volts. Control
circuits are labled using positive-true logic conventions (thus,

Remote Standby is in standby with 0 volts applied and in receive with

+12 volts applied). The user may wish to make-up His own AUXILIARY
connector plug with the pins and shell provided rather than make extensive
modifications to the AUXILIARY jumper plug circuit board. A typical con-
nection to a UART device is shown in Figure 3.7.

Obviously, a great many other /0 and control connections can be made.
The user should thouroughly study section 5 and understand how the various

sections of the ST-6000 operate and interact before these connections are
made.

3.3.5 External Oscilloscope Connections
The MARK and SPACE AC signals are available on the rear panel

SCOPE connector. The signals are approximately 2.0 volts peak-to-
peak amplitude into a recommended 100-k ohm minimum load impedance.
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The MARK signal is available on pin 3, the SPACE on pin 1, and signal
ground on pin 2.

3.3.6 Tone Keyer Control Connections

As noted in section 3.3.3, the ST-6000 tone keyer is normally connected
for half-duplex operation when the AUXILIARY jumper plug is used. With this
connection, the tone keyer is driven by any data that keys the loop, whether
it is received data or from keyboard (or TD) interruptions of the loop.
Under these conditions, the tone keyer output is ALWAYS present and repeats
the input to the demodulator when receiving. Thus the ST-6000 acts as
a repeater, processing the data in the demodulator and regenerating noise-
free tones in the keyer section. This is a particularly convenient
feature if it is desired to record the signal on an audio recorder {for
autostart recording, for instance) or to repeat the signal on another
communications link. (Use of the ST-6000 in a TTY repeater would be further
enhanced if the received data is first coupled through a UART digital data
regeneration circuit before driving the tone keyer section.)

There are, however, instances when it is desirable to be able to
separate the transmit and receive functions of the ST-6000 (as described
in section 3.3.3) or turn-off the tone keyer circuit externally. The
output of the tone keyer can be externally controlled with the TONE ENABLE
signal, available on pin 12 of the AUXILIARY connector. As indicated by the
labeling, this is an inverted control signal, 0 volts = tone on and +12
volts = tone off. As noted earlier, this control line should be driven by
CHCS compatible signals. |If the tone output is only required during transmit,
the KOS ON signal (pin 9, J3) can be connected to TONE ENABLE (pin 12, J3),
taking care to first remove the jumper between pins 8 (ground) and 12 of the

AUXILIARY connector (J3). In this case, the KOS circuit will actuate the tone
keyer output.
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4, (QPERATION

The ST-6000 contains many advanced features designed to allow operating
conveniences previously unavailable in FSK demodulators. The operating in-
structions presented in this section will help you to take full advantage of

the demodulator's capabilities.

L.1 Front Panel Controls and

Please read all sections carefully.

Indicators

The ST-6000 front panel has a total of twelve push-button switches
that allow operator control of the demodulator. Normal operation of the
demodulator with ALL automatic features active is obtained by depressing
all six of the right-hand bank of switches and the right-hand three
switches of the left bank.
be depressed to select the desired shift. These functions will be dis-

cussed in greater detail

later

One of three far left-hand switches should

in this section and in section 5. Tables

4,1 and 4.2 describe the front panel switches and indicators.

SWITCH

POWER

AUTOSTART
KOS

PRINT

DTH

ATC

SENSE

LIMITER

SHIFT (HZ)

Oscilloscope

Table 4.1
POSITION
ON - OFF
ON - OFF
FAST-SLOW
ON - OFF
LINE
LOCAL

ON - OFF
ON - OFF
NORM

REV

ON - OFF
170

425

850

INT

FoC

VER

HOR

ST-6000 Front Panel Controls

FUNCTION

Controls AC power to ST-6000

Turns autostart circuit on or off

Selects autostart response time (1 or 3 sec.)
Turns KOS circuit on or off

Allows received data to drive printer

Locks printer in mark for ''local-loop'' operatior

Turns DTH circuit on or off

-

Turns ATC circuit on or off

Normal signal polarity; mark = lower tone

Reverse signal polarity; mark = higher tone
Turns limiter stage on or off

Selects 170 Hz shift
Selects 425 Hz shift
Selects 850 Hz shift

Adjust oscilloscope trace intensity
Adjust oscilloscope trace intensity
Adjust oscilloscope vertical position

Adjust oscilloscope horizontal position
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INDICATOR

POWER
AUTO

MARK

KOS

SPACE

LooP
0sclLLOSC

Table 4.2

OPE

ST-6000 Front Panel Indicators

FUNCTION

Indicates AC power on when lit

Indicates when the autostart circuit will allow
passage of the data to the printer. This lamp
is on whenever the autostart senses a valid TTY
signal OR if the AUTOSTART switch if OFF.

Indicates marking condition on the pre-autostart
data output from the slicer stage.

Indicates that the KOS circuit is in TRANSMIT
mode.

Indicates that the post-autostart data is in
space condition.

Indicates marking condition in the LOOP 1 circuit.

Indicates tuning of receiver.

The rear panel connectors have been discussed in detail in_section 3
and internal adjustments will be discussed in detail later in this manual.

4,2 Simplified Operating Procedure

The following procedure is suggested for those operators who are
anxious to try the ST-6000 without reading the rest of this manual.

].

Use the ''standard' cables and jumper plugs supplied vith the
ST-6000 to connect the unit to a receiver and printer or display
as described in section 3.2. DO NOT CONNECT A TRANSMITTER WITHOUT
READING THE REST OF SECTION 4 OF THIS MANUAL.

AFTER CONNECTIONS ARE MADE, plug-in the-ST-6000 and other ecquipment
and turn-on the AC power to each. -

Set the ST-6000 switches as follows:

POWER

AUTOSTART

KOS
PRINT
DTH

ATC
SENSE
LIMITER
SHIFT

ON

OFF
FAST or SLOW

OFF
LINE
OFF
ON
NORM
ON

select desired shift
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L., Set the receiver to LSB mode and tune to a FSK RTTY signal.
(Approximately 3600 kHz at night and 14,000 kHz during the
day are good frequencies to look for 170 Hz shift radio amatuer
RTTY signals at 60 WPM.)

5. Tune the receiver dial until perpendicular ellipses are
displayed on the oscilloscope screen.

6. The printer should now print the received signal. If it doesn't
try reversing the SENSE switch or selecting different speeds on
the printer or display.

7. NOW, read the rest of this manual.

4.3 Reception of Radio Teleprinter Signals

Radio teleprinter signals are usually generated in two forms: direct
shifting of the transmitter carrier frequency by the mark and space tele-
printer data (called '"FSK'') or by shifting the frequency of audio tones with
the data and using the audio tones as modulation in either an AM or FM
transmitter (called "AFSK''). FSK transmissions are usually used in the HF
frquency range, below 30 MHz and AFSK is the normal technigue for VHF trans-
missions, above 30 MHz. A currently popular method used to transmit FSK
signals is to apply the frequency-shifted tones as modulation to a single
side-band (SSB) transmitter. Since a properly adjusted SSB transmitter
signal is the same as that by direct FSK, a separate RF frequency for
mark and space data conditions. Reception of such signals is therefore
exactly the same as if direct FSK had been used. Use of this technique will
be discussed in greater detail in section 4.13

4.3.1 Receiver for FSK Reception

The performance of the ST-6000 depends to a great extend upon the
characteristics of the receiver used and the care taken in tuning the FSK
signal. Obviously, the better suited the recéiver, the better the quality
of the printed displayed output. Some of the desirable receiver char-
acterisitcs and features are:

1. The receiver should preferably be of the SSB type with selectable
sideband. Standard convention is to use LSB mode for FSK reception.

2. The frequency stability of the receiver should be very good -
a small amount of drift when receiving a 170 Hz shift signal can
cause poor print from even very strong signals.

3. The tuning ratioc of the main tuning knob should be slow to
allow precise adjustment of the FSK signal into the receiver.

L. The selectivity of the receiver should be slightly greater than
the shift to be received: for 850 Hz shift, a bandwidth of
1200 to 2100 Hz is adequate; for 170 Hz shift, a bandwidth as
narrow as 400 Hz can be used. Two limitations should be kept in
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mind, however; the narrower the bandwidth, the greater the fre-
quency stability requirements on the receiver, and wider band-
widths permit more interference and noise to be processed with
the FSK signal.

5. A 'Yslow' agc with fast attack and slow decay is very desirable
when receiving FSK signals.

6. As mentioned in section 3.2.1, a 500 ohm audio output connection
or speaker to 500 ohm transformer are highly recommended for
connection to the ST-6000 input.

7. An adjustable BFO frequency or adjustable pass-band tuning are very
desirable features for reception of FSK signals.

Proper positioning of the receiver's BFO with respect to the IF pass-
band and the FSK signal is particulary important. The standard convention
when transmitting HF FSK signals is to transmit mark data at the higher RF
frequency and space at the lower. The separate mark and space RF fequencies
are both received within the receiver IF pass-band and mixed in the pro-
duct detector with the BFO to produce audio tone beat signals which then
drive the ST-6000. Since the audio filters of the ST-6000 follow the
demodulator standard of mark being the lower frequency audio tone, it
follows that the BFO of the receiver should be HIGHER in frequency than the
FSK signal. This corresponds to use of the LSB (lower side-band) mode of the
receiver. However, if the signals is inadvertantly tuned-in using USB
(upper side-band) mode, the sense can be corrected with the SENSE switch
on the ST-6000 front panel.

The receiver.BF0 frequency positioning also determines the RANGE of
audio frequencies that can be detected and used to drive the ST-6000. The
normal SSB receiver has generally been designed for optimum performance
with voice signals with a typical audio frequency pass-band of 300 to
2400 Hz. However, the so-called ''standard'' demodulator audio tones have
been 2125 Hz for mark with the space tone higher in frequency by the
amount of the shift received. For 170 Hz, both the mark (2125 Hz) and
space (2295 Hz) tones fall within the 300 Hz to 2400 Hz pass=-band,
although they are not centered. The 425 Hz shift space-tone at 2550 Hz
may or may not be detected by the receiver and the 850 Hz shift space
tone at 2975 Hz is not detected for all but the strongest FSK signals.
Obviously, the 425 Hz and 850 Hz shift FSK signals are NOT campatible with
the usual SSB receiver if the ''standard' demodulator tones are used. There

are two solutions commonly applied to this problem, both of which are usable
with the ST-6000.
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One solution is to simply change the receiver BFO frequency so that
the audio pass-band of the receiver is changed to, say 1500 Hz to 3600 Hz,
with will pass all of the ''standard'' demodulator tones, centering the
pass-band on the 850 Hz shift signal. In this case, the BFO frequency
should be changed so that it is FARTHER AWAY FROM THE CENTER OF THE IF
PASS-BAND by approximately 1000 to 1400 Hz. |If the receiver BFO is
adjustable, this is a simple solution. However, many modern SSB receivers
do NOT have adjustable BF0's; rather, the BFO'may be crystal controlled.
In such cases, the BFO crystal should be changed for one of the correct
frequency as determined above. Alternately, the second solution, outlined
below, may be used.

The receiver audio pass-band problem can also be solved by changing the
tones used by the deomodulator for detection of mark and space. This tech-
nique, commonly referred to as ''low-tones'' allows direct use of a voice SSB
receiver with no internal modifications to the receiver. The ST-6000 can be
furnished with filters designed to accept a mark frequency of 1275 Hz and
therefore space frequencies of: 1445 Hz (170 Hz shift), 1700 Hz (425 Hz
shift) or 2125 Hz (850 Hz shift). In some cases, this can be the best
solution. However, as discussed in the next section, it can lead to a
basic incompatibility when receiving AFSK VHF signals as well as presenting
some transmitter problems. The ST~6000 can also be adjusted for special
sets of input tones between 1200 and 3000 Hz on special order.
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L.3.2 Receiver for AFSK Reception

The receiver requirements for AFSK reception are not as exacting as
those for FSK reception. Since the teleprinter data is an AFSK modulation
of the transmitter, receiver stability is not generally critical. How-
ever, since the data is in the form of audio frequency modulation, the
frequency of the tones is determined at the transmitter and cannot be
changed at the receiver by simply adjusting a BFO or similar control. The
current VHF-AFSK standards in use by radio amateurs in the United States
use the higher-frequency ''standard' tones of 2125 Hz for mark and 2295,
2550, or 2975 Hz for space, depending upon the shift used. Therefore, a
demodulator with '"'low-tone' input filters will NOT be compatible with
reception of current VHF-AFSK signals. As in the case of the FSK receiver,
a 500 ohm audio output is certainly desirable, but may not be as important
to performance, particularly if strong-signal VHF=-FM signals are used.

4,3.3 Tuning a RTTY Signal

Tuning of the radio receiver for optimum recovery of the teleprinter
signal is an operation which may require some practice. The tuning objective
is to adjust the receiver tuning so that the output audio tones match the
center frequencies of the ST-6000 filter circuits, as indicated on the tuning
oscilloscope.

The oscilloscope takes the place of a tuning meter in the ST-6000.
The oscilloscope presents the standard crossed-ellipse display with the
mark signal on the horizontal axis and the space signal on the vertical
axis. Because the discriminator filters in the ST-6000 (like those of
the ST-5 and .5ST-6) are relatively broad-band, the mark and space scope
displays are NOT lines, but ellipses. The ellipses are fairly narrow when
850 Hz shift is received and wider when 170 Hz is selected. When the RTTY
signal is correctly tuned, the ellipses will have maximum length and be
essentially perpendicular. The major axis of the ellipse is ALWAYS the
parameter to observe and maximize. When the signal is incorrectly tuned,
the amplitude of the major axis will be reduced and the two traces may be rota-
ted and/or no longer perpendicular. After using _the tuning oscilloscope, the
user will discover that, in many cases, the trace positions and amplitudes can

be used to determine which direction the receiver dial should be adjusted for
correct tuning. ’
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Proper tuning adjustment of the receiver is much more critical when
the autostart circuits of the ST-6000 are active than when they are not.
This is because the autostart circuitry seénses the ''plus-plus'' voltage
which is quite sensitive to the centering of the signals in the discrimi-
nator filters. However, if the autostart is not active, the relatively
broad bandwidths of the discriminator filters themselves will allow good
reception of even poorly tuned RTTY signals. A good operating procedure,
then, is to turn the autostart OFF (with the front panel switch) while
tuning a signal. When the signal is correctly tuned, the autostart can
be activated, if desired. This technique is highly recommended for oper-
ators who are unfamiliar with the ST-6 and ST-6000 autostart circuits al-
though, with practice, you may prefer to tune with the autostart circuit on
to avoid the garbled print while tuning. Tuning when the autostart is active
requires experience and faith in the tuning indicators since there is a delay
of 1.5 to 3.5 seconds after correct tuning is achieved before the printer
is activated.

The above tuning procedures in general apply only to the reception
of FSK RTTY signals. Receiver tuning of AFSK-AM or FM signals will obvious-
ly not affect the frequency of the tones. Therefore, tuning of the receiver
is not at all critical for AFSK signals. The tuning meter or oscilloscope
will indicate the match between the transmitted audio tones and the ST-6000
discriminator filter rather than correct receiver tuning. Obviously, the
frequencies of the transmitted tones must match the discriminator filters
fairly well for satisfactory autostart operation. Most problems with AFSK
autostart systems can be traced to either off-frequency transmitter tones
or mis-alignment of the demodulator. The ST-6000 should NOT have these
problems since the frequencies of the transmitted tones are crystal controlled

and the discriminator filters are aligned to these same crystal-controlled
tones.

4.4 Use of the ATC Circuit

The ATC (Automatic Threshold Control) circuit is designed to provide

a degree of correction for bias distortion which may be caused by the prop-
agation of the signal. It is most useful when using the ''AM'' mode of the
demodulator (LIMITER switch OFF), but can also be used in an ''FM' mode of
demodulator operation (LIMITER switch ON). The ATC circuit should generally
be used only when receiving a signal that is transmitted at close to the max-
imum data rate for the given speed (transmitted at close to the ''tape rate').
.The ATC can cause distortion to signals that are hand-typed and it should

be switched off if problems are encountered with printing hand-typed signals.
The distortion is, however, minimal in most cases and the ATC circuit can
remain ON for most applications (as it is in the ST-6 demodulator).

4.5 Use of the DTH Circuit

The DTH (Decision Threshold Hysteresis) circuit will provide correction
for distortion caused by multiple-path propagation of RTTY signals. When
the signal between a transmitter and receiver is ionospherically propagated
over more than one path, the lengths of these paths are usually quite dif-
ferent. Therefore, the propagation time for each path is different. When
these various signals are summed in the receiving antenna, the antenna voltage
can vary over a wide range (phase addition and cancellation) or the transition
time from mark to space (or vice-versa) can be distorted. The voltage vari-
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ations (or fading) is neutralized in the high-gain limiter

and detector circuits of the ST-6000. The indeterminate transition time,
however, can cause distortion and mis-printing of the RTTY signal. The

DTH circuit provides enough hysteresis in the slicer stage to require ga
definite change of signal state before the slicer and therefore loop keyer
stages are allowed to switch. This multi-path distortion phenomena is
usually noticed only on signals from very high-powered transmitters and
therefore will NOT be a problem when receiving most radio amateur RTTY signals.
Therefore, unless the ST-6000 is used to receive signals from known very high-
powered transmitters, it is recommended that the DTH circuit be left OFF
until multi-path distortion is suspected.

4.6 Use of the Limiter Switch - FM vs AM

The ST-6000 has been designed for optimum performance when the input
signals are '"‘hard-limited'" (FM mode, LIMITER ON). To this end, a very
high-gain limiter stage, wide-dynamic range input filters, and wide band-
width discriminator filters are used in the demodulator. For MOST appli-
cations, the FM or LIMITER ON mode will provide superior performance due
to the quieting and capture-effect of a "hard-limited' FM receiver circuit.
However, a limiter has a minimum threshold, below which it is captured by
the noise rather than the signal and the limiter will also be captured by
the STRONGEST signal within its bandpass. Therefore, there is at least
a theoretical advantage to using a non-limited, "AM'" type of detection
system for very weak signals or in the face of heavy interference. When
the LIMITER switch is turned OFF, the gain of the limiter is reduced so
that it becomes a linear amplifier. |In this mode, the pre-filter agc
circuit and the active discriminator detectors provide a wide dynamic
range, almost as great as that achieved when the limiter is turned on.
Although the ST-6000 performance in AM mode exceeds that of the previous
model ST-6 demodulator, the actual mprovement in print may or may not be
noticed, depending upon the receiving conditions. It is recommended that
the ST-6000 be used with the LIMITER ON for most applications and the AM
mode used only in the face of strong interference or very weak signals.
Use of higher-gain directive receiving antennas will generally improve
weak-signal performance more than could be achieved with limiter~less
RTTY demodulation.

-

4.7 Use of the SENSE Switch

The SENSE switch allows the ST-6000 to receive signals with either
the normal polarity of mark=lower frequency or the reversed sense where
mark=higher frequency tone. ALL features of the ST-6000 function equally
well for either signal polarity. This reverse position is convenient if
the signal has been inadvertently tuned-in using USB rather that LSB
receiver mode. Unlike the previous model $T-6, BOTH the discriminator
filters AND the tone generator frequencies are controlled by this switch,
assuring true transceive conditions for both polarities.
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4.8 Use of the PRINT Switch

There are many occasions in which it is desirable to turn-off the
received data to the teleprinter loop circuit and just use the internal
loop supply to operate the RTTY machines at the station. Operations
such as local testing of equipment or preparation of punched paper tape
are typical examples. When the PRINT switch is in LINE position, data from
the receiver is allowed to key the loop circuit. When the switch is in LOCAL
position, the loop keyer stages are held in mark condition and received data
will NOT drive the loop. This circuit is also operated whenever the KOS cir-
cuit is in transmit mode to prevent feed-back of the transmitted signal back
through the demodulator. The demodulator can also be held in LOCAL position
by grounding the REMOTE STANDBY line on pin 2 of the AUXILIARY connector (J3).
Note that, as per the discussions of section 3.3, the PRINT switch or
REMOTE STANDBY line actually control the post-autostart data output. When
the AUXILIARY jumper plug furnished is used, the Loop 1 circuit is also
controlled. |[If, however, an external device such as a UART circuit is
connected between the pre-autostart data output and a keyer stage, the loop
status is NOT controlled by either the PRINT switch or the REMOTE STANDBY
line. In this case, the user will have to make his own, separate provisions
for control of the received data during transmit.

k.9 The KOS Circuitry

The ST-6000 includes an automatic transmit-receive circuit that functions
in a manner very similar to that of a VOX circuit in a SSB transmitter. This
is the KOS (Keyboard Operated Switch) circuit. The KOS circuit senses and
differentiates between received data (from the demodulator section) and data
to be transmitted (from the keyboard, tape distributor, etc.). Whenever
transmit data is sensed, the KOS output keying transistor is turned ''on"

(low impedance to ground). If the PTT (Push-To-Talk) line of the trans-
mitter is connected to the KOS line of the ST-6000, the transmitter will
automatically go on whenever transmit data is sensed. Also, the KOS circuit
senses the status of the CW-ID input to the tone keyer and stays in transmit
mode as long as the CW-ID key is active. The operation of the KOS circuit
is as follows:

1. The KOS is turned "on'' (transmit condition} when:
a. The keyboard circuit goes to space condition (open circuit)
for more than approximately 5 ms.
b. The CW-ID key is closed.

2. The KOS is turned "off'" (receive condition) when:
a. The keyboard circuit remains in space condition for more
than 0.5 second.
b. The keyboard circuit remains in mark condition for an
adjustable time period between | and 10 seconds.
¢. One second after the last CW-ID key closure.

The connections on the standard AUXILIARY jumper plug supplied with the
demodulator allow the keyboard and printer to be series-connected in the
same loop. In this case, the logic of the KOS circuit senses whether the
loop has been interrupted by a received signal or by the keyboard (or other,
external device in the loop). The KOS is only allowed to turn-on (transmit
mode) when the loop interruptions are NOT caused by receive signals. Thus,
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the ST-6000 KOS circuit does not necessarily require separate keyboard and
printer connections as have previous similar circuits. [If the AUXILIARY
jumpers are changed, a separate keyboard circuit can be used to trigger the
KOS or the presence of either RS 232 or MIL-188 input data can also be used
to trigger the KOS circuit.

When the KOS is used, typing on the keyboard will turn the transmitter
on and inhibit the data drive to the loop keyer stage. Use of the CW-ID
key will also turn the transmitter on or keep it on, as the case may be.
The transmitter can be turned off rapidly by simply holding down the break
key for more than 0.5 sec. or by pausing for more than the preset time
(1 to 10 sec.). The KOS mark-hold time is adjusted with a potentiometer
mounted on the control board directly behind the mid-point between the AUTO-
START ON- OFF switch and the KOS switch. The potentiometer is in the second
line of IC's back from the front panel.

In order to avoid distortion of the first character typed, it is recommended
that the transmission be started with some non-essential character, such as
a blank or space. |If it is not desired to use the KOS circuit, turn it off
with the front panel switch provided. When connecting the KOS transistor to
the PTT line, be sure to observe the voltage and current limitations given
in section 3.2.5.

4,10 Use of the Autostart Circuitry

The ST-6000 autostart circuit operates in a manner very similar to that
of the ST-6 and earlier TT/L and TT/L=Ildemodulators. The autostart provides
a two-step control of the printer - mark-hold and control of the AC power to
the printer motor. The autostart circuit senses the voltage on the'plus-plus’
line, which is, as described previously, proportional to the frequency match

between the signal tones and the discriminator filters. |[|f both mark and
space tones are not sensed in the discriminator, the '"plus-plus' voltage
remains at a low average value and the autostart circuit will be in the

standby condition, giving a continuous mark output. After the autostart

has remained in the standby or mark-hold condition for 20 seconds (nominal),

the power to the MOTOR AC socket on the rear panel is turned off with an

internal relay. |If valid mark and space tones are now sensed in the dis-
criminator, the '"plus-plus'' voltage will increas€ and activate the autostart

after a delay of either 3.5 seconds (AUTOSTART - SLOW) or 1.5 seconds (AUTOSTART -
FAST). The AC power to the MOTOR connector is now switched on and, the data

is allowed to drive the post-autostart data line. |Immediately after the tones
turn-off at the end of a transmission, the autostart returns the post-autostart
data to mark hold, completing the cycle.

Because of the turn-on delay inherrent in the autostart, it is recommended
that tuning of the RTTY signal be done with the AUTOSTART switch in the OFF
position during initial testing of the ST-60C0. After the operator has some
practice in tuning the receiver, he may then wish to leave the autostart cir-
cuit ON, remembering to account for the time delay of the autostart.

The autostart trigger voltage level on the '"plus-plus' line is adjustable
with a potentiometer mounted on the control circuit board inside the ST-6000
cabinet. The potentiometer is located behind and slightly to the left of
the KOS front panel switch and is labeled "AUTO" on the circuit board. Rotation



of the screw-drive adjustment CCW decreases the '"'plus-plus'' voltage required
to trigger the autostart, thus INCREASING the autostart SENSITIVITY, Conversely,
CW rotation decreases the autostart sensitivity. This control is normally
set at the factory to trigger the autostart on all signals giving a tuning
meter reading of 0.6 and higher. The user may adjust this control to fit

his own requirements. |f the autostart sensitivity is set too close to

the noise level, false printing may occur on noise or interfering signals;

if set to too high a level, the autostart may not trigger on all but the
strongest signals with exactly correct shift. Experience will determine

the optimum setting for a particular system. Notice that the ''plus-plus"
voltage and therefore autostart sensitivity are directly proportional to

the degree of match between the signal tone frquencies and the center fre-
quencies of the discriminator filters. |t may therefore be difficult to

set the autostart sensitivity and receiver tuning to respond to signals

with improper frequency shift. Also, if the transmitter OR receiver should
drift, the signal tones will soon no longer match the discriminator filters,
causing the autostart to ''shut-down''. If drifting is a problem, the receiver
should either be monitored often and manually retuned as required or the
autostart should be switched OFF.

L,11 Antispace Circuit

Like the ST-6, the ST-6000 incorporates a timing circuit that prevents
the continuous spacing condition (machine ''running-open')in the post-autostart
data output if a space tone longer than approximately 250 ms is received. When
a long space condition is detected, the antispace circuit activates the mark-
hold circuitry. A continuous space will NOT turn the motor power off. The
antispace circuit is always active, but ONLY controls the post-autostart data
output. The pre-autostart data output is NOT controlled by the anti-space,
autostart, or standby circuits.

L.12 Tone Keyer Circuit

The ST-6000 includes a crystal-controlled tone keyer that is very
similar in design to the previous HAL model XTK-100 tone keyer board. All
mark, space, and CW-1D tones are digitally synthesized from high-frequency
crystal oscillators. The crystal frequencies are either 2000 or 3000 times
the desired output tone frequency. Unlike previous tone keyers, the ST-6000
CW-1ID tone is generated at 100 Hz BELOW the mark tore instead of above. This
further reduces the chances of falsely triggering the autostart of the
receiving demodulator, even when 170 Hz shift is used. Also, the sense of
the ST-6000 tones is changed with the demodulator SENSE (NORM-REV) switch,
thus permitting transceive operation with either polarity, lower tone mark
OR higher tone mark. The tone keyer can be driven from separate keyboard
data, from a current loop, or other sources as explained in section 3. The
output of the tone keyer can also be turned on or off with a remote control
as explained in section 3.3.6. The tone output amplitude can be ad justed
over the range of 0 to -40 dBm (approximately 1.0 V to 10 mV across 500 ohms)
with an internal potentiometer. The amplitude is adjusted with the TONE LEVEL
potentiometer, located on the input circuit board, approximately two inches
directly behind the ATC front panel switch. This adjustment works exactly
the reverse of a volume control - full CW is minimum output apmlitude and
full CCW is maximum output. Although the output impedance of the tone keyer
is 500 ohms, virtually any load impedance from 500 ohms to several megohms
can be driven by the ST-6000. It is NOT necessary to terminate the audio
output connector in a 500 ohm load.



4,13 Transmitting Radio Teleprinter Signals

As mentioned previously in section 4.3, radio teleprinter signals are
generated by either shifting the transmitter RF frequency with the data (FSK)
or by modulating the transmitter carrier with audio tones whose frequencies
are shifted by the data (AFSK). Usually, FSK transmission is used for radio
frequencies lower than 30 MHz and AFSK above 30 MHz, The ST-6000 can be used
to receive AND transmit both FSK and AFSK types of signals.

L,13.1 Transmitting FSK Signals

There are two different techniques that are normally used to generate
a FSK teleprinter signal. The simplest method involves direct shifting of
the frequency of an oscillator stage in the transmitter. Typically, the
data signal is used to turn on or off a diode switching circuit that
effectively increases the oscillator tuned circuit capacitance on space,
thus lowering the transmitter frequency for space condition of the data. A
typical diode keyer circuit is shown in Figure 3.3. Note that the R5-232
or MIL-188 data outputs are ideally conditioned for this application.
Since one is the inverse of the other, the mark-space sense or polarity
can be changed by selecting either RS-232 or MIL-188 outputs. Further
information on this type of circuit can be found in a current edition of
the Radio Amateur's Handbook (ARRL, Newington, Conn.) or in the Radio
Handbook (Ore, Howard W. Sams, Inc., Indianapolis, Ind.), or other text
on radio transmitters. The standard radio amateur polarity convention is
to make the mark frequency higher in frequency than the space fequency,
although a number of exceptions are to be found, particularly in commercial
applications.

A second technique to generate FSK uses a SSB type of radio transmitter.
The AFSK tone output from the tone keyer is used as the audio modulation
for the transmitter. Since a properly adjusted SSB transmitter suppress
one sideband and the carrier of the AM signal, the RF output for a single
frequency tone input is simply an RF carrier, displaced from the original
carrier frequency by the tone frequency. When the tone frequency changes,
the RF output frequency also changes by the same amount. Historically, the
audio tone standard has been to designate mark as the lower frequency AUDIO
tone and space as the higher. Thus, to achieve '"mormal'' FSK RF output with
mark as the higher RF frequency, the LSB (lower sideband) mode is used in
the SSB transmitter (and receiver as explained in section 4.3). This tech-
nique is often mistakenly called the "AFSK-SSB' or simply "AFSK'' method.
However, the end result is exactly the same as if the transmitter were directly
frequency shifted by the data and "FSK'" is the true description of the RF
signal generated.

At first glance, this SSB method is very attractive; it requires no
internal modification to the transmitter and can use readily available SSB
transmitters., However, there are a number of precautions that must be
traced to the basic fact that SSB transmitters have been specifically designed
to transmit voice signals and the performance and specifications are optimized
for voice applications. The first conflict in specifications is in the
duty-cycle rating of the transmitter. The duty-cycle of the typical voice
is at best 50% (less compressors, etc.) while a RTTY transmission has a 100%
duty cycle. SSB transmitter power amplifier stages are usually designed to
take advantage of the reduced duty cycle of a voice signal to produce relatively
high output powers in small enclosures with proportionally smaller power supplies.
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If the same SSB transmitter is operated in RTTY service at full voice ratings,
the output amplifier and/or power supply will usually fail. Therefore, the
SSB transmitter rating must usually be reduced by at least 50% when 100%
duty-cycle RTTY transmission is used. There are a few commercially available
SSB transmitters that will accomodate RTTY at full power, usually with the
addition of a blower or heavy-duty power supply. The user should carefully
check the rating of his SSB transmitter before using it in RTTY service.

Another problem often encountered when the tones are used with a SSB
transmitter is very similar to the BFO-passband problem previously discussed
in section 4.3.1. Since the SSB transmitter is designed to transmit the
voice frequency range of 300 to 2400 Hz, it follows that some of the
standard ''"high-tones' will NOT be transmitted, particularly the 2975 Hz
space tone for 850 Hz shift. As with the SSB receiver, there are two ways
to solve this problem, shift the carrier oscillator frequency with respect
to the filter passband, or use lower frequency tones. The same procedure
used to change the receiver BFO frequency can be used to change the trans-
mitter carrier oscillator frequency. This may even be less convenient
to do in the transmitter than the receive since it usually involves changing
a crystal in the transmitter. Use of the ''low-tone'" set of keyer frequency
is always the simplest solution. However, use of the '""low-tones' should
be done with care for the following reasons:

1. SSB transmitters generally have no more than 55 dB of carrier
rejection when properly aligned. |If the balanced modulator
has not been recently re-adjusted, the carrier rejection may
well be no more than 25 to 35 dB. Transmission of a small amount
of carrier with a SSB voice signal is not usually objectionable.
However, when the SSB transmitter is used to transmit RTTY signals,
the unsupressed carrier is now a spurious emission which is illegal
and may cause receiving problems. In general, the carrier
supression and adjustment stability of a PHASING-TYPE of SSB
transmitter is even worse and this type of transmitter should NOT
be used to generate RTTY signals.

2. When the "low-tones' are used, the mark frequency is 1275 Hz. |If
there is any distortion in the SSB transmitter audio or modulator,
the second harmonic may be generated, causing radiation of still
another spurious signal. N

-

3. The present convention for AFSK-VHF transmission of RTTY signals
in the United States is to use the '""high-tones', 2125 Hz mark and
2295, 2550, 2975 Hz space tones. A demodulator set-up for ''low-
tones'' is NOT compatible with this application.

Conversely, if the transmitter carrier oscillator is shifted so that the
standard '"high-tones' can be used, the carrier rejection is greatly increased,
audio distortion products generated in the transmitter do NOT fall within
the transmitter filter passband, and the demodulator is then usable for BOTH
FSK and AFSK applications. HNote that 170 Hz shift with "“high-tones' can be
used without changing the transmitter carrier oscillator since both 2125 Hz
(mark) and 2295 Hz (space) fall within the voice passband. However, the
carrier rejection will be no better than it is for a voice transmission.



Alternately, the following points FAVOR the use of the ""low-tones'':
1. The current IARU international standards call for use of ''low-tones''.

2. The "low-tones' have been successfully used in commercial and
military applications for some time with satisfactory results.

3. If the precautions noted above regarding carrier rejection and
transmitter audio distortion are observed, the total system
performance using '"low-tones'' can be just as satisfactory as a
system using ''"high-tones''.

The "'optimum' choice between the two tone sets will vary with the appli-
cation intended and the preferences of the user. It is hoped that the
previous discussion will help alleviate some of the confusion that exists
concerning the use of "low-"" vs '"high-tones''.

4,13.2 Transmitting AFSK Signals

Transmitting AFSK RTTY signals is much simpler than FSK signals.
It is usually only necessary to connect the tone keyer output to the
transmitter audio input, adjust the tone level, and transmit. Again,
however, the duty-cycle rating of the transmitter should be considered.
In particular, most VHF=FM transmitters are designed for intermitant
duty and may NOT permit extended RTTY transmissions without reducing
the transmitter power.

4.13.3 Adjustment of the ST-6000 Tone Keyer

The tone frequencies generated by the tone keyer are all derived
from crystal oscillators and therefore do not require adjustment. The
audio output voltage can be adjusted with an internal potentiometer, as
explained in section 4.12. When the tones are used with SSB transmitter,
the tone level should be adjusted to produce the desired transmitter
output power. When used with an AFSK transmitter system, the tone level
should be adjusted to produce the desired modulation percentage (AM
transmitter) or deviation (FM transmitter). In all cases, avoid over-
driving the transmitter audio stages as this will cause distortion and
transmission of spurious signals. '

NOTE: DO NOT ATTEMPT TO TRANSMIT UNLESS THE PRINT SWITCH IS IN LOCAL
POSITION OR THE KOS 1S ACTIVATED AS DISCUSSED IN SECTIONS 4.8
AND 4.9 ABOVE.




5. ST-6000 CirculT DESCRIPTION

Most of the circuitry of the ST-6000 is constructed on two circuit boards,
the input board and the control board. In addition, a rear panel circuit board
provides connection and RF by-passing for the rear panel connectors and a
flexible circuit board connects the LED indicators to the control board. The
power supply and amplifiers for the optional oscilloscope are constructed on
two boards that are attached to the 'scope shield. A complete block diagram
of the ST-6000 is shown in Figure 5.1.

5.1 ST-6000 Analog Processing Circuits - input Circuit Board

The audio tones from the receiver are processed by a number of analog
circuits on the input board. These circuits are: input AGC circuit, active
bandpass filter, limiter amplifier, active discriminator filters, discrimi-
nator detectors, and active low-pass filter. The appropriate schematic diagram
is referenced for each discussion.

5.1.1 Input AGC Circuit (Figure 5.3)

The audio input to the ST-6000 is first coupled through a 500 to 500
ohm transformer to the input AGC amplifier. The transformer allows connec-
tion of the ST-6000 to either a balanced or unbalanced audio source and
provides DC isolation of the input. A MFCb04LO electronic attenuator IC
and a MC 1458 dual operational amplifier are used in a pre-filter AGC
circuit. This circuit is particularly intended to prevent overload of the
following active filters by very strong input signals. However, it also
provides some gain as well as smoothing of level variations in weaker signals.

5.1.2 Input Bandpass Filters (Figure 5.4)

A total of three multiple-feedback second-order active bandpass filters
are used in the ST-6000, each using 1/2 of a MCI458 operational amplifier.
The first filter, using IC3a is tuned close to the mark frequency (2125 Hz
for '""high-tones'', 1275 Hz for "low-tones''). The second filter is tuned close
to the space frequency. The center frequency of this filter is adjusted with
the shift switch to correspond to the space frequency of the selected shift.
A third filter, the''post-filter' is tuned midway betwWween the mark and space
frequencies. The gain, bandwidth, and center frequency of the post filter
are adjusted with the shift switch and alignment controls to give an over-
all flat bandpass filter response for the three stages while maintaining
steep skirt selectivity. It is NOT recommended that field adjustment of these
filters be attempted. Stable,high-quality components are used in this section
to assure trouble-free operation. |If problems do occur in this section, it is

highly recommended that the unit be returned to the factory for repair and
re-alignment.

5.1.3 Limiter Amplifier (Figure 5.5)
After passing through the input bandpass filter, the signal is next
processed by the limiter amplifier stage, IC11. The CA3130 integrated

circuit used in the limiter is capable of gains approaching 120 dB and
has, in addition, a wide bandwidth and high input impedance. When this
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IC is used essentially '"open-loop'" (no feed-back resistor), it becomes

a very effective audio limiter stage. The very large input signal dynamic
range of the ST-6000 (greater than C0 dB) is due, in large part, to the
performance of this stage. When the limiter switch is in the OFF position,
the gain of the CA3i130 is reduced to allow it to act as a linear amplifier
for ""AM" operation of the demodulator.

5.1.4 Discriminator filters (Figure 5.6)

Separate mark and space discriminator filters are constructed of two
high-Q active filters, one filter for each tone. These filters are speci-
fically designed for broad band-width, linear phase, response to assure optimum
signal recovery in the face of noise and to minimize phase distortion of the
signal. The space filter center frequency and the bandwidth and gain of both
mark and space filters are controlled by the shift switches and the alignment
potentiometers. As in the input filter section, user adjustment of these
filters is NOT recommended.

5.1.5 Discriminator Detectors (Figure 5.7)

The signals from the mark and space discriminator filters are detected

in separate active detector circuits that use a MCI458 (113) integrated cir-
cuit. This circuit avoids the normal non-linearities and offset voltages of
simple diodes and gives precision rectification of the AC signal over a wide
dynamic range of input signal amplitudes. These circuits further reduce sig-
nal distortion when using the '"FM'"' mode of reception (limiter ON). When com-
bined with the input AGC circuit, they provide exceptional performance when
using the "AM" mode (limiter OFF). The mark and space detectors are set-up

to generate opposite polarity DC voltages which are then combined to produce
the output data. When combined with the broad-bandwidth discriminator filters,
a very linear, high-performance discriminator is formed. The polarity of the
detected voltage is changed in both filters with the front panel SENSE Switch.

5.1.6 Meter Amplifier and Detectors (Figure 5.7)

A portion of both the mark and space signals are also rectified with
IN270 germanium diodes, filtered, and amplified in a type 741 operational
amplifier (115). Since the polarity of the two diddes is the same, the
output of the amplifier is positive for either mark or space signals, the
amplitude being proportional to the match in frequency between the input
tone and the discriminator mark or space filter. This is the "plus-plus'"
voltage previously discussed. This voltage is used to drive the tuning meter
(except when the oscilloscope option is installed) and the autostart circuit.

5.1.7 Active Low-pass Filter (Figure 5.7)
Both sections of a MCIL458 IC are used in a three-pole active low-pass
filter that follows the discriminator stage. The cut-off frequency of this

filter is set to approximately 82 Hz to minimize noise on the signal while
still allowing use of the ST-6000 at data rates up to 110 baud.
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5.1.8 ATC Circuit (Figure 5.7)

When using the ST-6000 in the "AM' mode (limiter OFF), selective fading
that reduces the amplitude of one of the tones but not the other can give rise
to bias distortion. The ATC (Automatic Threshold Control) circuit acts as
a ''DC-restorer' circuit that rebiases the input to the slicer to maintain
voltage symmetry for mark and space pulses. This circuit is of most benefit
in "AM'" mode when a continuous stream of RTTY data is being received (such
As a message transmitted by tape or from a semiconductor storage device).

In "FM'" mode (limiter ON), the ATC circuit may be useful for very deep selec-
tive fades but will, in general have little effect since both mark and space
tones will undergo heavy limiting before the discriminator. Since the ATC
level restoration depends upon RC time constants, chosen for a continuous
data stream, it may cause distortion when slowly hand-typed data is received
and should therefore be turned OFF when receiving this type of signal.

5.1.9 Tone Keyer (Figure 5.8)

The tone keyer section of the ST-6000 is very similar in design to
that used in the HAL XTK-100 AFSK Oscillator. The circuit is made up of
five basic sections: oscillators, keyer, divider, D/A converter, and
lowpass filter. Five separate crystal-controlled oscillators are used
in the tone keyer, one for each of the following outputs: mark (all shifts)
170 Hz space, 425 Hz space, 850 Hz space, and CW-1D (100 Hz below mark).
The crystal frequencies are 2000 times the desired output frequency for
"high-tones' (mark = 2125 Hz) and 3000 times the desired output for "low-
tones' (mark = 1275 Hz). Crystals for special tone requirements are chosen
to maintain a fundamental crystal frequency in the 3000 to 8000 kHz range
and the 2000 or 3000 divider ratio adjusted accordingly. All five crystal
oscillators operate continuously. The oscillators are IC's number 21 and 22.

Selection of which of the five oscillator outputs is passed along to the
divider is made by the control signals applied to gates 121, 123, and |24,
The control circuitry is arranged so that only one of the signals appears
at pin 10 of 124 (TP12) at any one time. The gated signal is then divided
by either 200 or 300 in circuits 120, 119, and 118. The jumpers labeled
“"H'" and- "'L'" on the schematic determine whether the divider ratio is 200 (H)
or 300 (L). The output of 118 is then divided by 10 again in the 117 ring-
counter circuit. The ten outputs of |17 are combined in a resistor network
to give the digital-to-analog (D/A) conversion. The D/A resistor network
is chosen to give a ten-step approximation to the desired sine-wave output.
One-half of integrated circuit |16 serves as a single-pole lTowpass filter
to further suppress any harmonics of the output signal. The second half of
116 is an adjustable gain output amplifier, capable of output signal levels
between 0 and -32 dBm into a 500 ohm load. As on the ST-6000 input
circuit, a 500 ohm isolation transformer is used on the tone keyer output
to permit driving a 500 ohm balanced load and to give DC isolation. The
only user adjustment in the tone keyer section is the output level control.
The space frequencies of the tone keyer are automatically changed with the
ST-6000 shift switch to permit true transceive operation. Also, the SENSE

(NORM-REV) switch on the ST-6000 also reverses the mark and space tones of
the tone keyer.



5.2 ST-6000 Control Circuit Board

All of the previous circuits described are located on the input (or
analog) circuit board. The conditioned data output of this section is now
used to drive the essentially digital sections of the ST-6000, the slicer,
DTH circuit, antispace, autostart, and output drivers and interfaces. With
the exception of the tone keyer section, all of the digital control, inter-
facing, and main power supply circuits are located on the control circuit
board. These circuits are discussed in the following sections. As before,
the appropriate schematic diagram is referenced for each discussion.

5.2.1 Slicer and DTH Circuits (Figure 5.9)

The analog data output from the ATC circuit (or lowpass filter if ATC
is OFF) drives a high-gain limiting amplifier to produce fast rise-time keying
pulses for mark and space data conditions. As discussed previously in section
4.5, RTTY signal timing distortion can be generated in high-power RTTY commun-
ications circuits by multiple path propagation between the transmitter and
receiver. The most serious effect this multi-path interference has on the
received signal is to introduce a time uncertainty when the mark-to-space
(or vice-versa) transition occurs. Since the ST-6000 is basically a hard-
limited, '"FM'" type of demodulator, this is fairly easily compensated for by
introducing hysteresis in the slicer stage, thus requiring a ""firm" transi-
tion in the data before the slicer output is permitted to change states. The
DTH (Decision Threshold Hysteresis) switch makes this modification with DTH ON.

5.2.2 Antispace Circuit (Figure 5.9)

If a signal at the space frequency is held for a long period of time,
the teleprinter will ''run-open', making an annoying, louder than normal noise.
To prevent this problem, sections of integrated circuits 2 and 3 are connected
in a timer circuit that senses the length of the space signal and places the
post-autostart data signal in a mark-hold condition whenever the space exceeds
250 ms. This section of the control circuitry is always active for the post-
autostart data output.

5.2.3 Pre-autostart data output (Figure 5.9)

A section of integrated circuit 12 is used to buffer and invert the
output of the slicer stage and provide a CMOS-compatible data output that
is NOT controlled by either the antispace or autostart circuits. This data
output is available on the AUXILIARY rear panel connector (J3, pin 3) for
use in those systems where the control is not desired or where user designed
control circuits are to be used.
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5.2.4 Autostart Circuit (Figure 5.9)

The ''plus-plus'’ voltage from the meter amplifier on the input circuit
board is used to drive the autostart threshold detector, integrated circuit
1. As explained previously, the ''plus-plus' voltage is proportional to the
frequency match between the input tones and the discriminator filter frequen-
cies. It is only maximum and non-varying when the two tones (mark and space)
match the filters. The offset bias applied to |1 is set to produce a rapid
positive voltage transition at |1 output (pin 7) whenever the 'plus-plus"
voltage exceeds the offset bias voltage. In practice, this adjustment should

be set so that 11 does not trigger on noise puises but does trigger whenever
a valid RTTY signal is received. This is an adjustment that the user may
wish to set to his own preference. |If the threshold pot is set too close

to the noise, the autostart will activate readily on noise and interference;
if set too high, the autostart may not trigger at all, even on good RTTY
signals.

The output of |1 drives an inverting amplifier and time delay circuit
that determines the autostart response time. The turn-on time of the auto-
start can be switch selected for either approximately 1.5 or 3.5 seconds
(AUTOSTART, SLOW-FAST switch). The turn-off time after loss of signal is
much shorter. The delayed control voltage is coupled through IC gates |3
(two sections) and 14 where it is combined with the antispace output and
the standby control line to produce the post-autostart data output. The
autostart may be defeated with the front panel AUTOSTART, ON-OFF switch.

The autostart output (as well as the standby line) also drives the
motor power control circuit, two secticns of 14 plus a MPS6518 relay driver
transistor. This circuit turns on the motor relay, applying power to the
MOTOR receptacle when the autostart senses a valid RTTY signal. A time
delay circuit keeps the motor power on until approximately 20 seconds after
the autostart senses loss-of-signal. At this time, power to the MOTOR recep-
tacle is turned off and remains so until another valid signal is sensed by
the autostart or until the standby line is activated. The motor power is
always on when the standby line is in standby condition (LOCAL position
of the PRINT switch). The motor circuit is NOT controlled by the anti-
space circuit.

5.2.5 Standby Circuit (Figure 5.9) -

The third control of the post-autostart data line is the standby circuit,
This can be activated by three sources. First, the front panel PRINT (LINE-
LOCAL) switch provides manual control. When the switch is in LINE position,
the post-autostart data line is controlled by the detected signal, providing
the autostart has activated. When in LOCAL position, the post-autostart data
line is locked in mark condition and the motor is held on feor '"local loop"
types of operation. This same control line can be controlled externally
through the Remote Standby connection on the AUXILIARY connector (J3, pin 2).
When this line is at +12 volts, the post-autostart data line can be driven by
the detected signal. When the line is grounded, the post-autostart data output
is held in mark-hold. The third control of the standby circuit is by the KOS
circuit. Whenever the KOS circuit is in transmit mode, the post-autostart
output is locked in mark condition to provide local loop operation (in half-
duplex operation) and to prevent re-triggering of the loop that might be
caused by reception and detection of the transmitted signal.
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5.2.6 Post-autostart Data Output (Figure 5.9)

The outputs of the antispace circuit, the autostart circuit, and the
standby control line are combined in gate |4 and buffered in 12 to give a
post-autostart data output of the ST-6000. This data signal is connected
to pin 10 of the AUXILIARY rear panel connector (J3). Either this signal
or the pre-autostart data signal can be used to drive the loop stages, the
R$-232/MIL-188 interfaces, or external equipment, as selected by jumpers
on the AUXILIARY connector. The standard jumper plug furnished with the
ST-6000 connects the post-autostart data signal to drive the loop keyer
stages. Both the pre- and post-autostart data signals are CMOS logic
signals with mark = 0 volts and space = +12 volts. Part of the versatility
of the ST-6000 lies in the fact that these signals are available for exter-
nal connection and can be jumpered to suit individual requirements.

5.2.7 Loop Keyer Stages (Figure 5.10)

The ST-6000 has two high-voltage loop keyer stages that can be con-
nected to drive up to two different loop circuits. Both keyer stages are
driven by the output of gate 110. Two inputs to this gate are provided
on the AUXILIARY connector; Transmit Loop Drive (pin 13) and Receive Loop
Drive (pin 6). Either input can be used to drive the keyer stages with the
reservation that the Receive Loop Drive input is also used to drive a circuit
to differentiate between keyboard interruptions of the loop and loop keying
due to received data. Both inputs require CMOS-compatible levels (mark = 0
space = +12 V.). The standard jumper plug for the AUXILIARY connector con-
nects the post-autostart data output (pin 10) to the Receive Loop Drive
input (pin 6).

)

Both keyer stages use a type 2N5655 keying transistor, rated at 100
ma (mark) or +200 volts (space) maximum. Both have series RC transient
protection across the collector circuits. One of these stages is called
the '""Main Keyer'' stage and has its collector connected to pin 4 of the
Loop 1 & 2 connector (J8), where it is called '"Loop !"'. The emitter of
this '""Main Keyer' stage has a series resistor to ground to sense the loop
current through the transistor. This signal is amplified by a MPS-3394 to
produce a CMOS-compatible output signal that has the same data as Loop 1,
whether it originates from a received signal or from external devices in
the loop (such as from a keyboard, tape transmitter, of other device).
This output signal is called '"Loop Sense' and is connected to pin 11 of
the AUXILIARY connector (J3). The standard jumper plug for the AUXILIARY
connector uses this signal to drive the tone keyer input (pin 15) and the
RS-232/MIL-188 data output interfaces. This Loop Sense signal is also com-
bined with the Receive Loop Drive signal in gate | to produce the Loop Keyboard
output signal (pin 1, J3). The Loop Keyboard output signal is again CMOS-
compatible and represents ONLY the data generated in the loop EXTERNAL to
the ST-6000. This signal is normally jumpered in the standard AUXILIARY
jumper plug to drive the KOS circuit (jumper from pin 1 to pin 5 of J3)
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The other keyer, called the "Auxiliary Keyer'' stage, simply switches
to ground on mark and does not have a current sensing circuit. The collector
of this keyer transitor is connected to pin 2 of the Loop | & 2 connector
(J8), where it is referred to as "'Loop 2''. This second loop keyer can be
used to switch external and separate loop circuits from Loop 1 or can be used
in any application requiring a switch-to-ground on mark type of control.

5.2.8 RS-232/MIL-188 interfaces (Figure 5.11)

The ST-6000 also includes interface circuits to allow interconnection
to devices requiring EITHER EIA-RS-232C or MIL-STD-188C data signal levels.
Input data from either RS-232 sources (pin 4 of J5, the RS-232/MIL-188
connector) or MIL-188 sources (pin 6 of J5) are combined with a Keyboard
data in signal (pin 5 of J3, pin 3 of J6, or pin 3 of J8) to produce the
CMOS-Compatible Local Data Output signal (pin 14 or J3). This Local Data
OQutput signal can then be used to drive the tone keyer or other devices.
This signal also drives the KOS circuit for automatic control of transmit-
receive functions of the station.

The Keyboard Data In signal can originate from the previously dis-
cussed Loop Sense signal (standard AUXILIARY plug jumper), separate keyboard
contacts or switching transistor that switches to ground, or other loop-iso-

lated data generation devices. Because of the various ways in which this input

can be used, parallel connections are provided on the AUXILIARY connector
(J3, pin 5), the KOS connector (J6, pin 3) and the Loop 1 & 2 connector
(48, pin 3).

Output signals compatible with RS-232 (pin 1 of J5) and MIL-188
(pin 3 of J5) devices are generated in the two sections of integrated
circuit 19, a type 5558 dual operational amplifier. The amplifiers are
driven by the signal called '"Interface Drive'" (pin 4 of J3, the AUXILIARY
connector). Thus, the interfaces can be driven from any CMOS-compatible
data source within or external to the ST-6000. The standard AUXILIARY
jumper plug connects the Loop Sense output signal to the Interface Drive
input so that all Loop 1 data is available with both FS-232 or MIL-188
compatible outputs. As suggested in section 3, these outputs can also
be used to drive diode FSK circuits or devices such as the HAL RVD-1002 or
RVD-1005 Visual Display Units (''Voltage' or "ETA" inputs).

5.2.9 KOS Circuit (Figure 5.12)

The KOS (Keyboard Operated Switch) circuit of the ST-6000 allows auto-
matic control of the transmit-receive functions of a radio station or can
be used for other control functions. The KOS circuit senses the data from
the Local Data signal output and the CW-ID hand key. Recall from the above
discussion that the Local Data output signal only reflects data to be trans-
mitted (from the keyboard, R$-232 input, or MIL-188 input). Therefore, ONLY
transmit data is allowed to trigger the KOS circuit. The KOS circuit will
switch to transmit mode IF a spacing condition of 5 ms or more is sensed
from the Local Data signal or IF the CW-1D key is clowed. Thus, the trans-
mitter will be activated by the KOS if any key on the keyboard is depressed
(KOS triggered by the start pulse) or if the CW-1D key is used. The KOS
will return to receive mode under three conditions; if the Local Data



remains in mark condition for more than 1 to 10 seconds (user adjustable),

or | second after completion of the CW-1D operation. Therefore, the station
reverts to receive condition if the teleprinter break key is used (‘'fast-break'!)
if typing is stopped for a preset length of time (1 to 10 seconds of mark),

or upon completion of the CW-1D sequence. Adjustment of the mark time delay

is discussed in section 4.9. Notice that, when the KOS is in transmit mode,

the post-autostart output data line is held in mark condition and the power

to the MOTOR receptacle is turned on.

b ——

5.3 Front Panel Indicators

The operation of the front panel indicators (see Table 4.2) can now
be explained in terms of the control circuitry of the ST-6000. The MARK,
SPACE, and AUTO indicators are shown in Figure 5.9. The MARK indicator is
driven directly from the output of the slicer stage. Thus, it ALWAYS indi-
cates the state of the received data (mark=on), regardless of the condition
of the autostart or KOS circuits. This lamp also indicates the status of
the pre-autostart data output.

Similarly, the SPACE lamp is used to indicate the status of the post-
autostart data (space=on) and will therefore be controlled by the autostart
and KOS circuits. -

The AUTO LED indicates the status of the autostart circuit and is on
whenever the autostart control line will allow passage of the received sig-
nal to the post-autostart data output. Notice that, if the autostart is
turned OFF with the front panel switch, this AUTO lamp will remain on.

The LOOP LED (see Figure 5.10) is driven directly from the Loop Sense \/
circuit and therefore indicates the status of the 'Main' keyer transistor,
or Loop 1. This lamp is on for mark condition and off for space condition.

The status of the KOS circuit is indicated by the KOS LED. This

lamp is on whenever the KOS circuit is in the transmit condition. (See
Figure 5.12), v

The POWER lamp (Figure 5.13) senses the presence of BOTH the +12 and
=12 volt outputs of the main power supply. Thus, a fajlure or either voltage

will reduce the intensity of the lamp ahd a total power failure will extinguish
the lamp.

5.4 Power Supply (Figure 5.13)

The main power supply rectifiers, filters, and regulators are con-
structed on the control circuit board. The power transformer, loop resistor,
and fuses are mounted directly on the cabinet.

The +12 and -12 voltages required by the ST-6000 are derived from a
full-wave bridge rectifier. The +12 volt supply is regulated with a type
7812 integrated circuit regulator, the -12 volt by a type 7912 IC. As
noted previously, the POWER LED indicates presence of BOTH voltages.



The +175 volt, 60 ma. loop voltage is derived from a full-wave recti-
fier. The LOOP fuse and current limiting resistor are mounted on the cabinet.
The plus lead of the loop supply is routed to the rear-panel connector board,
through the fuse, the limiting resistor, to the Loop 3 connector (J7, pin 1).
Pin 3 of the Loop 3 connector is then connected via the circuit board to pin
1 of the Loop 1 and 2 connector (J8), where it is called '"Loop High(+)".
Therefore, a jumper or TTY machine MUST be connected between pins 1 and 3 of
the Loop 3 connector to use either the 'Main'' (Loop 1) or "Auxiliary'" (Loop 2)
keyer stages.

5.5 Oscilloscope (Figure 5.14)

The tuning oscilloscope section in the ST-6000 includes the 1'' cathode-
ray-tube, its front-panel controls, vertical and horizontal deflection amp-
lifiers, high voltage power supply and a power transformer with high-volt-
age winding for the CRT. The high voltage supply is contained on one circuit
bcard that mounts directly to the tube shield. The supply is arranged to
generate both +480 volts and -240 volts. Thedeflactionamplifiers and bias
networks for the CRT are constructed on a second circuit board, mounted on
the other side of the tube shield. The two deflection amplifiers are
identical and have sufficient voltage gain to permit more than full screen
deflection with the 2 volt p-p signals available from the discriminator
filters. Gain controls are provided for both horizontal and vertical
amplifiers to permit user adjustment of the screen deflection, if desired.
The gain control potentiometers are located on the board to the right of
the CRT, looking back from the front panel. The control closest to the
front panel is for vertical gain and the other control is for horizontal
gain adjustment. A third potentiometer on this board is the ASTIG adjust-
ment. This control can be used in conjunction with the FOCUS and INTENSITY
front panel controls to provide a sharp, well defined trace. This control
has been factory adjusted and should not require readjustment unless the
CRT itself is replaced. The front panel controls are self-explanatory and
may be adjusted to the user's preference.

5.6 Cabinet Wiring

The ST-6000 is constructed in semi-modular form with most of the
circuitry on the two large circuit boards, the. input and control boards.
The six LED indicators are mounted on a flexible cireuit board which is
attached directly to the switches on the control board. All of the rear
panel connectors (with exception of the MOTOR and power line connectors)
directly connect to a rear panel '"mother' board that provides all RF by-
passing and interconnection points to other connectors and circuit boards
of the demodulator. Connections between the circuit boards and to cabinet-
mounted components are made with either 16-conductor ribbon cables and
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plugs or plastic multi-conductor connectors similar to those used on the
rear panel. All subassemblies are designed to permit quick removal for
testing or replacement without unsoldering connections. Figure 5.14
shows the cable listings for each interconnect cable used in the ST-6000.

5.7 User Servicing

As discussed in this section and in section 4, there are a number of
internal adjustments that the user may wish to trim to his requirements.
Be careful to adjust ONLY these specific controls. Adjustment of other
interior controls, particularly those in the active filter circuits is
NOT RECOMMENDED. These adjustments should not change with time. |f
problems with these circuits are encountered, it is best to have the
factory or authorized service representative test and service the complete
unit. The user can check for presence of the indicated power supply
voltages, if desired, but it is preferable to have all repairs made by
the factory. |If you should have to return the unit to the factory for
service be sure to:

1. Write us in advance (or call) and get a return authorization.

2. Pack the unit CAREFULLY with ADEQUATE soft packing material
to prevent shipping damage.

3. INCLUDE IN THE BOX WITH THE EQUIPMENT a list describing the
failure mode(s) encountered.

L. Ship the unit (via UPS, preferred) to
HAL Communication Corp.
1201 W. Kenyon Rd.

Urbana, IL 61801
Attention: Service Department
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ST-6000 Operating and Trouble-shooting Guide

General Notes on Receiving:

1) The signal type should match the printing equipment being used. Normal sig-
nals are standard Baudot or ASCI! code (no greater than 110 baud).

2) HAL video printing equipment will only copy asynchronous data.

3) Normal/Reverse switch should be set to Normal and transceiver on Lower Side-
band for most Amateur Radio RTTY.

L) The receiver passband should be sufficient to pass both mark and space tones,
or attenuation of the higher tone may result.

5) In the presence of selective fading, use the ATC only if the sending rate is
relatively fast. Otherwise, turn ATC off.

6) Use DTH only with high signal levels.

7) If you intend to run RS-232 or MIL-188 signals out of the 6000 to drive a
printer, be sure to refer to sections 3 and 4 of the manual!

8) Cables are extremely important. Check all cables and pin connections care-
fully before operating the unit. This should include the auxiliary jumper
plug (J3) on the back of the 6000 to insure that it is properly seated and
all pins are making contact.

RCV
Does the 6000 receive off the air? —> Go to XMIT
No Yes
is power on? —— Check AC fuse, power cord, power
No line voltage
Yes
is the tuning indicator working? ——>- Check audio input cables, proper
No ~ shift selected, Limiter on
Yes -
Is the Auto light on? —> Is the signal valid and being pro-
No perly tuned, has the ST-6000 been
on long enough for autostart to
Yes activate, check SLOW-FAST position,

Limiter on, check and adjust auto
threshold potentiometer (internal)

Are Mark and Space lights both flashing? ——> Print switch in line mode, KOS not

No  active, check REMOTE STANDBY (J3-2)
line - should be high, check loop 3
jumper, loop fuse, check series
loop (J8) circuit, ungrounded loop,
loop polarity observed when neces-
sary? Check all cables, auxiliary
jumper plug (J-3), ribbon cables
inside unit

Yes
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Are you now getting print? ——> Retrace RCV section if no success,
No more information needed (if using
Yes R$-232/MIL-188, see special in- —

structions)
Now check other shifts and speeds.

General Notes on Transmitting:

1) DO NOT overdrive the transmitter if you are using the microphone input. |If
you notice that the ALC circuit of your transmitter becomes active, you are
overdriving your transmitter.

2) If you use a speech processor for voice transmissions, be sure you turn it
of f or disconnect it during RTTY transmission.

3) Reduce the power output of your transmitter while transmitting RTTY. RTTY

is 1004 duty cycle and failure to reduce power could cause damage to your
transmitter.

L) Make sure that the passband of your transmitter is of sufficient width to
pass both the Mark and Space tones you are usimg.

THERE ARE THREE WAYS TO SET THE ST-6000 FOR TRANSMITTING:

1) KOS activated
2) Print switch in LOCAL position
3) TREMOTE STANDBY (J3-2) line grounded

XMIT
Is the 6000 producing any output tones? — > TONE ENABLE (J3-12) should be low,
No tone level set?, cable to trans-
Yes mitter OK, shift switch selected

\
Is it making Mark to Space transition? ——> Check continuity: Loop sense
No hooked to XTK DATA IN (J3 pins,
11, 15), signal on J3-15 toggle
Yes with loop (mark to space, etc.)?
CW ID on? (pins J8-6 or J5-2)

Is the station transmitting: ——> Retrace XMIT section, if no suc-

y No cess more information needed
- Yes

Check other shifts, if desired.

5-12



AAEAQ dOCT Xyl

8 _ L 9 | g v ¢ 2 1

P S7_L A8 ddv

m\oﬁrv OZ T ==L A8 N¥a %Aﬂ Si)
" 6-5r 150%] S5t g-grtz-sr zi-s0
— 3W0S|  GiE1 ¥ ANAC3ILva =7 O (™ot -g a oo f [
= p
WYHOYIO %0048 Ly joaos | =1®| £ NIYLYG
C009-1¢ =-5Q (OVSTH = ¢ doo™ VY ,w 4| BIMOd ¢ X o Al anes
16 34N9 14 . N0 504 _
1=8f s TienT F
10819  SIONITTI ‘vNVEYN ‘SO XO8 SECUREE S < L. R
‘dHOU SNOILVIINAWWBDD TVH var .ull_ uiA .00 S0
‘ B O Mo 7 @b ® aBvoRAM
Y8 O ARG T Ao
BT WAMA 851~ 9 Wi O
aNnoY9 % Asn2s 4o MM

NI oWAvYA ZEZ. su v 0@ @)% -£f o
o e g £ s|e &)z Viva aan 8601 O

A az-ahd 7 1@ B 9-£F o (zn

'l

NG wANQ Z2Z-8u
(400 MoLTIoD

?
.

ARV AZI-AMD

23114 /2 E%-Sa

$1-60 O A d607 YL

A}

§- 50 Oy A T BET A

2 | ~50 O -
~57 R E
anaous LG EEE-5] “ |
(23 MOy -1 aoot v £00)e Y2l O FREA AW ARAINL | “
NI wiva gavogiad v 20 0Ojs NO1103S SoM t:._mli_ | I
() mol-Zdoct ¥ (OO)V | _
(+) HOIH— aooeT 1 =50 o EEva 56 ! I
.
{3y HMOLIANNOD ¥ B 1 000 |
98" O —E FE TN D “ TNz ON [
Y-St o hE g Tn en _F LY Jqu_r.uu\,ln
e-ar ey e e =
NI viva YLX @l ,ﬁ,?mm.rﬂo T WLWA QuMoD AN 3dOITO 1950
400 HAYQ YHOOY I " NOTIDAS AOvAHAINT O/% Raacinl e
BMYA OO LTSN EL EIEANEY =
. 0 A =°
2IPUNS BNOL P NN HOLO F/M\_ S
25n3S doed w/m & oL % T
YLVO LUVLISOLOW-L50d I 4 . o
MO oM B 5 mf, O£ O 57w eem ] S e EECES
e P "
SNOOUD SISEVHY 8 e o wwﬂww walii g s _ -, LAWS LANS
(AINO 20M2UZATR) A2 2 . [T N T Lo ERRTE s
DAMA aoe 3aa024 g 1|0 O Ot waLNa _ “ e IS . 4
NI wiva awwogran 5 O O Ol §-500GTua o/v - aud E sswe ot [T ! “erv m ®
“van Aovanaanz y SO OO w3 | I - - o - @)
a SHALTS ‘NMAL.
WG Luwisolav-244 ¢ 2/0O O Oy wroe SBO S A at+- s sivioiie Jrye 00
sganuss atoway ¢ HQ00)! e [FE (I 3swasm e vt e ] Hoenz Loans
LOO Viva AuHOAAA® doOoT ‘) [nraa] HON
Ax:hv HOLIANNOD 10HLNOO AUYITIXOV NOII335 18VlSoLNY E NOTILO3S "WolvwindowWzada
8 L _ o _ s _ v | € _ 2 t




8 | L | 9 S v g

2 1
. S7 L A8 ddv
zzziv OZ 1 & A8 Nua YolA HAANTS - WS NAAOHS FSIM A IALO S50 )
— 308 w\«.,m\‘.nw\zg 3lva A1V - L] BhbI LN bt 2 SNOULDFNNDD HANCA
SNOILNTANOD DM MY HA
o002-.LS
TG FUN9IA AZUNUAHLO
10813 SIONITTI ‘vNvEdN ‘S9¢ X08 SHOLSIGIH T
'dHOD SNOILYOIINANWGD IVH

artveoy LnaNT -2

Mol N1 S2 AW IMIXNY - A

MIW YT S5O0 ) PAo2E TYNATLNA - )
dQ0t -

FA00S My panalhn /WAL A

MNOLLNANANDD ~MAAN
FNaw? Neaata / 90M1a aa Nd-9|

NOVULNBANDGD MIMNS
WOILDINNOD . YN S NOLIANNDS , Ao5¥!
HALNNC SMOLLZINANIOT 1Y QALOANNGD NMuNsis -G HOM  BAE0MOoXA
crvod YO NOVLw201 ' S Anasia

NI SALYNIOIR0 THNSS — ¥Q-11'S
/ . ' ! Y\ 3AODA
° | o @ [
| 1

NG SuvAddY MYNS ~ (TVa)

Lzoy
AJONA - M3 W0
(sL1on 0) § Seov ‘goov ' 1ooe
LIt L 2NN D +3938 BON
CMADAD NOILDANNOD ON W _
o [ ~ I
— - oo™ —_
- 2 = 2 [
|—‘ MI
13
INPIEWEININ/=N] 6v0b szoy b wiow ‘vop
AG L NG AR AT NO1LIINNGD vwz NN

5-15




8 | L 9 S v ¢ 2

'Y ‘0 S7_L A8 ddv

voZily Z 'Che= 0T A8 Nua

— 3WoS| 2.61'0 ‘N 3iva

QLB 12 DA W AR
1 SIOHLLNOD NIVD D11VuWoLay 3
= advoga LOdNI O002-1¢
6 AHND4
10819 SIONITI ‘YNVEHN ‘G9E XOd
‘dHOI SNOILYIINNWNIINGD TVH
a a
_ L4
AL H_H =
250° |_| ANYL H
— NOZ/A47001 ﬁ YN , -
l\/\(
R Jell
)
2 A9/ o T
oLENt &k wn
or -
(+9) |_|
09V 150d
w“u )\w\: el (o229 ﬁ:) o1
g AN LOdNT 2]
A% ie oof toox < Glany
% a 600WLO3
— ool |
\aL "
v
) L 9 S | 2 1




8 | L 9 g b g 2 1

I 7.1 A8 ddv
21117 ON T~ /A8 NMa

—— 3708 2260711 NOfr 31va

SY L4 LOdNT -
QMO8 10ANT CO0S 16 ML LS04 .
¥'S 2HO9/4

10819 SIONITII ‘vNvVEYN ‘G9¢ XO8
‘dHOD SNOILYIINNWNWNWOD IvYH

(S92
— b 100 y3L7i7 LSOd
] , A9/1*
- P _
- A0 5, 4l poeap s 2 B g
M 006z %ol 'Adeoed oo Mor[ o
s = v yI
N\ [ T MH 09 |~ I:_
ke I T '
= o1k o i ¥> 7 mo&
[ 097 4qid 2t u\oww& e
2\
R ; = : . ——
[«]
O\M\W\ 1% b4 o1 mm_ _ul oOLY
- ot > (CRAEASER D
— - - TN
b Abe) ) Qe 0053 2674 Q0L =
w,\m ST v 3 oa9
210% I Y- G-
H T 4 H N [ RFRININL
mgmiméw,
M H o ) Lats out)
D D orAl ALt
OBT (G sams)
Dol
= AL \nw,r
L mH+m?3 Tu 9y "
85| | < 5
= 1 8a-5'S
’ WS .
/ T ay) wiyd oL Oy L5od
A2/t E
ol O
o.Y
RARS




8 _ L 9 g v ¢ 2 1
o0/ * Ss74 A8 ddv
Vo5t ON w1 e ™A NEQ
.— 3OS 2,611 NOF 3iva
246V 4 NAN W ADM
MAL AT
/g LiNT CO09-18
99 3809214
10819 SIONITTI ‘vNvEHN ‘G9¢ xo8
‘dHOD SNOILVIOINNININGD TVH
a
L]
—— ¥
_ ANYL A (s o]
5 = AGZ/4T T T Y
. 0¥2 - o
12580 WD =
L00 HaLnat w? 5 OnIsY
% Gt nz
M vA-rs
— = 2 ~Is AN 100 dAL™MIA 150d
e [ Aee
Asgfaes +
Sdl
g QNN/M
S I_W|
T ad 28
—y
] ~O & M huhQ %1001
]
v
8 L 9 | g | t g 2
)




8 _ L

[*] 14 € 2 1
~por . 7L A8 ddv
o \\.\ /0 s
clil N o fe - AG NYQ
~ 3Wos| 946111 'NOr 3lva
SO LYNINIHOS!IA =
CIndwOs] LOdNTI QOO -LE
2'¢ 3HNDIA veu }M‘
M —AA
10819 SIONITTI ‘vNvENN ‘G9¢ X08 _.—E Ggw W
. (2 m
dEHOD SNOILVYIINNNNDGD IVH I——AA- AN
ysw 2|
Z om\wu AN~ )ﬁ
| 2w gru prul RS
| V) Y- L S Yo-vS 9l :n 10 ¢.n 2107 2L
0 (015 - Y, W%y ] oon o] 210y B3
_ A FdOOT MY ES T Py 12 91 |5 LT 2
LI Lx =) /=) \_ i_
(1 S 52-9S  |[F yo-vs S -y
100 m%.&w — = iAo 2 oor E Il 4 sors | v AN
s
b! _ = | %t'sdook
+m A c
/)
IS O'T | 3wt + o %1100z
- N AN ox || “h)
& 2 Y\ % 00T g4t r
La L = J7 1
91t4d 0OLT %l Ho0Y ,
= LI-5%'%
+
Loo
6T mhm\ﬂ \n\l_| CETRING
- Ay ex | (&0
tn_. g PYREpdse / 25! ]
iz & . .\((
_MJI__ (ove) o~ . r %1'34 00LZ 1" o0Y
, X 3d005 %) d . o1t uo«w )
gl0p[ © o[ © oL ey pum o
5 951¢4d 0oL «_ 205¢ o5k o £
(1:5) om X ot |2 = L 5 e L
N0 AxY! ]
AL AUYIN N ‘A . o b sz | o= L -
T 1o 4 & b =
Y335 Vol giop| 1 | 2w ¢ | 2er o
2n G2d 93¥u 4 € _q MIli
A% Al
2 forAt) %2
IS AN )ﬁ
2q.L RN ol 4
AN ANy )m
G2d R %z
8 L S v g 2 _ 1

5-19



8 _ L 9 _ [+ b
M/N\:\ .OZ \v. 7 L A8 ddv
7L /A8 N¥a
— 3v3S A6 H NI 34
3 1o3L3d wiva T
QXUVYOa LANI OO09-1§ ' 69 | s
LG 3U09 SO~ S0 1d =
4 LINT kmqpmnﬁw< (=] < sit| 1v2 we L
10819 SIONITII *vNVEHN ‘S98 X08 | A7 vor T
__| rewos snouvainnwwes vk :i (019 “ i w44
— (+) waiaw Fl—m- “i
| NeLv “
| = )
oL E omaz_ AVA
q ) Sd\
ey “+ < svxm | &
wiva ERER 94wt Ba2s
204NY i Ao ' A~ LOO
_ _H_ 5o 0% 2ovds
- WHON
] z = = ——
WHON : QFNZ. V.ON
440 H O N&w o&z_.H e < H H 1<o<. Ho = I
oLZN ’ g
- S+ GiL- ¥ 2oy
S Ilo._,< ANAML A3w _
o Nz 2 o i w.E\o/ﬂ\ WHON Add £t OLYNL _ 10%
i .UZM\ML iR ON«Z.JW ZI° = IR
! 2\0v
T
o1 4dooLe
Je L =
Gctl O e | (zns HOLy
] T S : o
E e Vv 4B (z1)
&MM ooLZ 1oLy | osv! x e
N N >mj
z olgw | MoZ
F—AA 2
— 08T o [ oL =
210%
i} o] -
Py 2 ozNI | w07
v 3 o TIL = 5
S10%
AN—
%02
8 L
9 S
14 ¢ _ 2 1

5-20



8 L 9 g _ v ¢ 2 1
VWO, ‘0 S7.L A8 ddv
o v N 1L A8 Nua
—3wos|  9.6/.G/ 'NOT 3.va 29— &S 1a-2vs (oL01)
HOLYYANAD ASAY | gioi'vy >3a 1y A [EYNA ANOL AL o
avyon 10dnI_ooos-le | HT T 228 18 T 2 —[F]—-—E-— s (Tox ﬁ - 3
8% aHa914 EARIEE _
10819 SIONITTI ‘YNVEYN ‘S9g X08 —AN
‘dHOD SNOILVIINNWINDOD TVvH 182
Ik —
_ SaANoL 119\ Suviy w_w_mﬂm
T AW AI00 T = =
= SANOL AOT noy . mopotv N
AW A72100 =YD -
(2¢ @) T oxe o vez v -5 g
1ad100 oze2 . . % (oLom) znxwﬂdo
ovany T oosi00s VY K . * . loswl
GooW.Les / \
woor \Wr T | gan Wiy —< HH A
- \
E— HedL O t4 =
¥ b
ALY n_\<o T
Troo 2k nov . 509§
o 77T 7y 0058
worz g wry W word nodl] 2o s s wzed nooi bk m._m 14
o] t 6 2 ki { = L L4 [~ B9 )] ~
c B 4 2 9 v s 2 [ [5) AN~ = 147 2 ..1
N
° Loy LI ufe "o T e
ER) D_ |_|uat.
£1 | )]
— - ; = 20MdS 058X
JnH. 39 $I-¥'G
Ay 282y
., ox|_ .12
= = AL
o I PR - m
S £t 51 <) 2 120v ¥ \\oy ot
rﬂv =2 471 = 2 i 7 O1F1 oz=x Q..P. ° S
=¥ a1 = e e iy o y2= ros -
— t 9
116V 110% T _4 I : _ < _
— - v oy sex | ¥O-k.5
<1+ 7 AL ¥ ' i —
AN~ Q0Ll
ToY B MLz
k7%
RAL=BS AN =
v AIND Y- AT Y- 189 I U+ v
zakiwvuzwwﬁivuq - “D" xﬁ#v
) — A
SCNAR 2uunad A4k AL AL oziy
L 9 g v 3 _ 2 1




8 | L | 9 g v e 2 1
. S7.L A8 ddv
Fooiiy ON| 37t A8 e
e sl 'L AON G AT — [20aN05 MO ] ————
— 3708 2461 '91 NN 31lva )
— 2461 21 o Y ALY
AUVLEOLAY [ ¥ADIIS
Qrvoa MOHAINOD 00992-13%
6'S A9
10819 SIONITII ‘VNVENN ‘S9c X0g
‘dHOD SNOILVIINNWINGD TYH AbEY
.;:.«‘r HOLOW
ASE/A7 TS
BH 14N
=11
A 2
| | yI
I | ! ol
si-se or [—mm~a i ] @9 = |
| ! ANYL - Sls 250 Tt Ya- LS
| | ; NS/ AT YT y oS Febi n.__ (s0td-sa1d)
-t o [Wsgmeara—r——{s ] (39 ooy o TF N 3 N LOdNT.
| 0 - | ldvisoray
o4 L.IE. + |
[ cou G107 ¢ 0% (47001 S
| ~\r — - - _ (0L T |
AIIAMTI[&T!&A@I.! = . .
| oLy j' - AI|_H@_
_ No A4 ASwA .Wﬂ
: _ [ _H_ -
_ H L [T&visoiay] — = gl
-5 oA 2|
| Aoot/i0” (34 4 Z
Axxill uv \_l L
GCT et ]
AMYLS PTE AYd _ Yor 7]
|
| = = - 7]
O\-5.C QL _ H H LML ALY A!fﬁL 1]
| OLYN! Soot/10” ooy T
(Aukr s i_\ s ¥ 5474 |
«F(P [5} Al ¥ S N — I
AMYATOLOY -180d | "ot 2 sy !
98 _71'g (z-srox ! LA _
Afanis 310wan [T} | - | ®sa-.s
[ N e s tlolod} WA
»A/ AEONYLS AL WAE A/ i D0TYNY
evoy
o2
s 007 =
Advas 4300
[2ovas] —J
HLiQ
8 _ 4 _ o _ S | v _ g _ 2 1

5-22




8 | L 9 g v ¢ | 2
. S7.4 A8 ddv
SrEIV ON| e e _
- 3voS 9461 '] *NAM 31va SLEY "6 'NYD 18 A3 |
a ISNIS/ INEA OO £e8L LN Y IS [ =i~
adyog 1OYLNCD 00Q9-1S 0t
0l.g 3HNII4 |
10819 SIONITTI ‘vVNVENN ‘Gog X08 W. T
‘dHOD SNOILVIINAWNWOD TVH \
] g
HI R0 |

VALAW QL

|
FATEE BALAW _rm_u Ya-Ls

- -@_

a |
\~sr 3A0VS YUNVRALNS oM |
~S0F O
IABQ dOO1 FAEDAV | uuu - @._ § "
T O'SA 335 490 . o0
] NT 3onam3ddra =1/ | A0 A :
LN WiV QUWOAAIN 1007 [Z] :
QatnZsy | _
MU 5 ] (WuvLd .
‘ - -9
35N35 4001 L5 24l {-%r oL ﬂ X mao% 8
9 \ ~\+ ) Aado28 _ (2vds) -9
A o NaELxa ou | ST¥C O 3 — X 3a00s o] 82-9%
ET=Iea] T = |
Z-veor o
- - = 2
— ¥
= BN =
el ve =
_ AOOY/1 ! Mook " @-sr on
AR 20)
v -8f oL ! oLy hhw\mz«\_ v 2t 2/1aa
- oM ~ AN = I doo+t amaoan
g SESREyE *
_ - N ‘% %001 ! A
T Al = O
" AW T = [2] Anmva
A00¥ /) T HO0N LiLiSNNRA
— | |
Z-80 oA | oLy %\ GS995NY A
_ - ALY
(- MO - Z doo™ 2] S
" AR XOY
v NN
8 L 9 ] 14 € 2

5-23



8 L | 9 g v | ¢
/) ‘0 S7 4+ A8 ddV
G/ ON] S e e
— 3WOs|  Yp/ 4/ N 3iva =
FOWAHILNT VW[ ¢13 M
OHWOE MO LNOD ©OOOD-LS | (et yo!
1'g 340914 ( _ gavl _~iE
B BV = 94)
0819 SIONITTI ‘vNVEHN ‘G9€ XO08 Lo 881111 ;M A <_6F
‘dHOD SNOILYIDINNNINDGD VM | |z
|
r 1 Yol OA
< = (rouw=9)
? ﬁ_nn_ ARG 3OVAYAINT
| (¢ _
\-SM i | 25v! % A
(v = 25) N
100 pEEsa _W_L~ pe4a »/mH '
1 J?
X MJS_
2 '
- X
“ 9-S¢ o
ﬁ/_ L
YGELSAW L,>+1 1 CELIAESY)
MEOLLIONOD WY QUYOa AN 1 T NT 881w
QWO NYAS HoA QadMOouD AY AFOW 142 !
SLONANT QAEWOANAN DML IO AND oA - |
(SlAdn T OUWODRHN NWHL W3IHLO - = o _
SANISOH WAWA YwI01 RAWHINID OL 3LON ﬁ \PP] | mTMao\r
YBLESIW A > 9)
6voY ££99 |- W] v
o<} ALYy _
} EA W |
| MO i 3
H1—~er oA | —]s-90 ox
(A tted 2 O) @ o
LOO YANWA WO _ "
Il.m. -8rox.
(z1e) nes = (AR =)
YANO MYIO . pivee
5 A A NI VIMQ QRVOBXIN
I.E S-SCOM
Qa3so
r@ 1ON
A
14 <€ 2 1

5-2h



8 | L 9 v ¢ 2
. S74 A8 dd¥
dZetie 'ON 1= "/~ A8 MO
— 308 2,61 'L 'NOT 3lva
LOSSA508d SOv 2461 'L AQN g AT E
3 GrwOg MOWANOD 0002-1§ 9461’21 DAA W ARn

Z'e 2380914

10819  SIONITTI ‘vNvasn ‘G9e X089

‘dHOD SNOILVIINNINNWOD TVvH E

H L,Zi\_ww\
ITTELS 2 (8'9)
60y T M
o,u&_ﬁ\m Dt =
NI
a FHIHN @ 2-sron
, oLy 101 _ OI-MD
X
= AR \+
= ? 7] 9-8r o8
[\ J J
] No (o351~ 27 A¥12a azx MO "
[sov] Lo ‘
| e =
ACOI AV 10" == = e
9 &~ on | /4 N L rzpave BY0Y
1N |
NO SO T N QAM
PRIV Y
AR
%OOol Wi
J— C J
(03¢ 01-1 ~2) 440-NUQAL Nuvi
(6' = =
Z-80 O H ANy
ABANMAS Wi NG/ Ly
a 2102y 6v0% Hﬁ 349/
1 .
m_oA__s K «Aﬂ'l PRYESRTEIS
BYIYNI
S , (CETANER))
-or on (o514 005 ML) A40-NHAL BOWdS Yixa Moo
—_— 10C SOW - -
Qa, bar sy H AN
A A > rifarho ooy
o
Zz-2r oL .||_| mvo¢A4__ l_i Kt oA
ol [ ™~ Ed 3
v 1N
h (Pesw G~ 2 ) NO-NANL FOVLS
14 € L1 1

5-25




8 | L 9 S | v € 2 1
. A8 ddv
0 741
oL N Uy~ A8 NMa _
— 31v0s 96112 NOr 3iva @
AMdd s HIMOE _ GAL IO AR X F I HPASNY L 3
©000-18 ) HINLIF MO S0 SNId
g1S AYnd m_u ' MOIALYHIAO DYAQYY HOd i BLON
|
0819  SIONITII ‘vNvEdNn ‘G9¢ XOd ©
'dHOD SNOILVIINNWNOD TVH T 2015
@ THLAW
I
Aoa9a AV3713 e
ASY ANWL AN ASY @ Wﬂ
Jvoal A7y = ALy w0001 | wyeoty
= = = = ONIRANNON NA a
(D — — NOISARA WALAA NE 037 DAYVNGBL ONY Bl DL
I T b % _w o B wima ws 0w :
i
AL~ o O
100N\ |
BVIMOA |
auHoel ou LMD O No - | v AYI3X
o313 . 10313 =
\1@@ L>|& LINbL HOLIAINNDD Nid 9 L ey | o HOLOW “
4700 ALy = w Wiy A7000! _ |
%&% = = % = = | HAMOd T To'ﬂWoll ] &
I 1oovN _ D M ° ¢
TTF o =~ UTT a foo o |7 h
o @] P9 fom @ o _ > JuAs
! M
f | _ )00 U0
auwos JOULNOD NO “ LARATNGE RETS “3h ||%o||«\ —
HOLDINNOD N 9 |
| Nua 3
3) QAs-HS
AT _ apE13 _ & 3
V-LC ‘opstre Wi _ T AOSY T SoovN _ O3 ( S a
HIIN- 4007 -0 M MY %8.”_” WA OE ! : T Jloo
! ¥adwae | MO0\ e + | M‘
\scinmbr@ﬂ& . hwnatcs T \“l L ) _ @ EAL EE] M
.- .H | SO0¥NI p ) _ _ Mi um( owAs
V-3¢ :
HoIH- JOOY | e I | /oo W
l ~ —¢ NED e [
| REIYEED i T
OUYOR YeLI2NNOY QUYEA XHd0S HA3MO ¢ Guwen 1ouines Mo
Bd00s OAL N JLDAMNDD N D
Ol
] v
L @_ A YALL,
TIOLIANNGD |
Nigy 9
8 L 9 S _ v g 2 1




8 )
_ _ 9 g ; 14 3 2 1
N \.: ,q\ .OZ s7L A8 dd¥
O..l ™~ A8 N¥g
- 3AWOS| @Gt T¥ “NOf 3Lva
WOLYDIANT 34008 A-X G e N Ty AT
o002 -1%
yi'e 20914
10818 SIONITTI ‘vNvEHN ‘S9¢ X08
‘dHOD SBNOILYVOINAWINOD TVH
_ —
e | !
| [ ! I
- a3y ~
= >
HAdHOL “ _ ES« “ |
~SMY L d = A4 |
HOLGNNDD | ~ e > M08, ' auvoR |
Nia 2 | ! ooy 25 ow AN 22NN |
| T vee
| | B3] [ |
@ asw ST R ava Pmos €] Y~ I |
! WAED H ! TNT e | = = " |
D O O—AN
O ;e > 007 nooy [ ol = 4 |ﬁ ﬁJI'H
, don , <y | !
_ _ WL e DEEI AT Aol |
| \ OiA _>>. 1OLY Nre | |
_ anrea _ Mo | Wt _ |
_ ’ ZhV SAW | 0%z !
Mg _ ..... 1
i REIN | & O\I_ H A 24005
_ HUIMOA ~ : zzwwl_ A/ P
| oov/ior ” | |
| = [ ERs! | mé @3N S ¥ |
= _ _ %068 Ao ] Wi _ |
o _ _
A | “ h w‘i@ A2~
i
! [ i = |
| o3z = = , _ | | - H "
I TN | f “ o— 2] A2+
| Aoy \_I Mhﬁo,__ * | ~ ul . = | l A
@ g _ AT o = A0/ e ._«l (2)8vIvNy < |
I LOOYN | Nuo AOrZ~ | B = Y =& _
| | \ = [RE-31 ket Uw o5y | _
! i - CrVS ! _
| oz = = | | it i X I 21 x 24008
| A0OS ! AT < %058 A9/ ! i
|/ 10V M| | w05z oy/io " NUWOX “ |
+ 1082 ¢ 3 <. N ot
E—b T _ | sy | 106% ?o:‘ M,r:  GUNOD ORI NES
| oo P nosre _ : | 201 9la Na 9
8 L
_ 9 S v * € _ 2 1

5-27



8 | L 9 g v ¢ 2

011 0 S7_1 A8 ddv
V20! id Z QLA™ A Nyg
(MO4 3wos| 2,612\ MO 3lva GLE\ 'S MYP I ATR
JO0AE™ ABHOA LIA0UID A0aNT —— (ZH) LAIHg ———y
O00Q-L8S oLy JeNAS WAL OLL f=r 2% oS8
SI'e AUN914

10819 SIONITII ‘vNvadn ‘seg xo8

'dHOD SNOILVIINNWNGD TVvH

© 8.z 84 @
R |S8% » n%
(2) M(ﬁ 1R -y
oLEIN Je A =]
- =N v o= =
- Hmu w — R —
] ”wlﬂn@ = \ @ ~ T g —a)
QUYOa MOHLNOD s R 5 Y @800i2) gy T
o oLaNE m ) 6 2L ey == o gy oY
I T.Nm@ M= +Ou§o. g4 l.HUd.‘..*u« bl = e @oern)
g -3 ")
Z| -
xowﬁ -~ Il xS S ﬁwwm 3 E
e — : - |
W2 @ uuﬁﬂvmm I_HT,Nw mﬂ —Sd L
S e B e [ == w2 )
TIAZT INCL > e @E S u &2 — = 3
Haiaoo0 ——— | 200} @1 s 5 @y L2 G@wn
04100 - B
NETS o 3 @& ool @0 ©
v @715 G@ED om0 9§ WS Bl e
=PI m— Y ' A07 i ML _— ) |® « 1§ ——
= C¥ D, 201 jrim=—u I Ays —
[y Pe— r
IN T, 2 ) ror = i 8T o
@ &5 @ D o= N b @oain '.us@m-l@ o
O - o . a9
mv - = @ I7) e

NO1L03UIA ONISYARHIND
JLONAQ SAMNCHUY
‘aa~akvy

b
‘6l
~
o
(-

L

Ca

B

&0
————i%Y —— A2z
E s N = @ ¢

OH

Gl

‘ = &=
ASONRL NVHL WAHLO =1y Se M
Slod isorad LON oa :3LON T oo === EUTD
= opss h ay
——-X0v [C2LPR4 1D oor
W
fy — 714 i == W
REVLES [ GDQ syiyy - 3o\
WALAW X =
Yy -8 1%Nwlnl —+ AV
Pt QI =
oy ; Z10¥ —-8
zX O [ 323 g MES 7N\ 800 LD
> < —-
um mﬂ H'omax * A — 100°
- O.:..”..Tm
105%1
=z M ©
X O
N
k)&knO\ Lagny
owany oliaoy

[ ]
~
([}
"o}
<
—
2]
o

5-28




8 | L | 9 g v ¢ 2
. S T4 A8 ddv
W 2011¢ 'ON s a8 Nag N -
104 3W0s| 9/61' g1 AP 3uvag] G4t e MYT b asa

LAOOAYH QUYOEl LINOUIO MOAINOD

0009-18
o1°G 3UD4

10819  SIONITTI ‘VNVEYN ‘G9€ X08
‘'dHOD SNOILVIINNWWOD TVH

MEZLLO3E N SN SWARINT
SILONIQ MOA MUY

AY12AQ SOWN

NOILLOZEG ONI2IW X
SALON3A MO¥YE
CIOHSEVW L
1HYISOLIaVY

(B3MOd) (—Lavisoiow—) [ (HOYY  (Niud) (G

T )

[CELNI-V N (30D Quqzv_ [CI=ES) [EFREY RGP

—*N¥Q
s ouwoa 'O
a3v WY :.zuw aza’ o
Hamed o1 (=5 Y ; BAOIS MWNUARLNIT
— B 3 » N .
§ N SOy = COIN Py /9313w
cZov _ _r 7607 @ _ — paseT AN Ok
o YL o £ Y “lo \'T J —
= - o - |.vx|m\ <
mlbW.I,HW SrIYNI W WW mlwm\
b wu,xmuwa & x® MIAUACT | (0 l  owwoad laanz
ey or 14 o 0T T
el o | o
? 3z < g
X I — (= <
-3 & __ _
s Qmmmmﬁ $525 23 2 g8 I
-
Aoot DD%G 3@@%5@%@ 8@@% A?uov L ~MoaiNod puviixay
, J. oa
@w%.,w,w wor—f A
= S
Q“”\WMM doom m*:«z.tr}u&m L—1 _
-
J+  roa3ma i r+ =TS _ ooy @hﬁ T
AS%/2vO00 Jriy =4 > — " ~TU T3 /SOv
* 13313 33 (039 % /BdODS NWNUILXZ
4700\ Anws oo X F . s X Oa
HoLMS G AR FE I FEN S
WANQA OL - Lozma 4Ly e AOO m%m vm 2 m Pz e VU PR
A .
AGY]4™O00! 'w.\z. Ay Y OQ m.mw. < < EQGE#W AAY NI
rth oo (OO d3m el
ENN N3O 4+ AR mmmmnm/
D Q ®0 calt / HOLSISNWAL
IH. Oy 4 A= XAy
® 0 . 10313 + ®® I
HOLOANNOS ©® AOGZ /A 001 Q@
s A N
AN 9y 2 o5 =
SOGYNI  0OVNI
O "voLianmad N S2Nmeo
HBAWROASNY UL \ SNOUL o
400~ O
8 L 9 _ S v _ € _ 2

5-29



L

Youtd 'oN

s 7 1 A8 ddv
Q= TS A8 Ny

2.6!'g1 A1 31va

SALOOAY™ QuEYOs L100oud
Ad0ITOMNIIS0O 0009-18

LvG 30914

SIONITTI ‘¥wNvadn ‘c9s x08
‘dHOD SNOILYIDINNWWOD IVH

QAuYORA MOWANOD

[aR28 ol ]

BAMATAWY

OnvoR
Ndd s WAMOd

m%@vz_ OO Qv

nose Dzi@,
(B> \ ©)
A

©)

O

ol
s
ANOSSE
Aoy
_u T
O
ﬁ | T woroannod
YR HNBOASNYYL

5-30




8 L 9 S 14 2
‘0 $ 7 1 A8 ddv
lﬂmv\\m Z Y &~ A8 NHa
A 3Tv0s L6192/ A0 3iva
SNOLLIANNOIAR NI auvost L{AJ1D
D002-LS
2.6 3AODIS
10819 SIONINTI ‘yNvEYdN ‘G9¢ X08
"dHOD SNOILYIINNINWOD TVH ouwoa
I A IdINY
2d00S wWOL2ANNDI S (A,
a HEACWMH A G2A02AMNDD X
PR PAaW  NOISHAA WAL HOA
34005 ‘NANOHSE 31 NOVSA3N 24005 310N

NI PNl DN N

A=\ T 1T

andon 0WiNOD - ]
(Na9) [ A ¢ anvoa
CUONSABRL NEIN
AHWISoLIAY n . z Y ladaNT
Ko Ny N
=3
) G302
R = - R E CERE oY
- LAaadino
HONT (vug) [ A
[ M
[°] ‘ o]
7 - RELEN
)
Jsaga1003n flq\mwmﬂ
APYLIOA A
BINT
AN
A0SNT
@Vﬂ/ owany
1 anvon
OLOANN
— (us xv L = ov
A
L ] [ ] 1
m T @0 (50 N TR
BOLOW 3504 3s0a R A @0 88t e Adl00 tasNE
LAINI OV OND WAMOA o0 4004 SOW  /YEYSH 3dos 0 oY
~“OYUALMOD
AUM1XOY
(L0)
S a0
8 L 9 S 4 4

5-31




APPENDIX A

1. RF-INDUCED PROBLEMS

HAL Communications equipment is designed to operate in close proximity
to radio frequency transmitting and receiving equipment. Particular attention
has been paid to the shielding of circuitry through the use of all-metal enclosures
and good common grounds. However, under certain conditions in an rf-saturated
environment, HAL equipment may be susceptable to rf-induced interference. This
may manifest itself in any of a number of ways, such as partial or complete lack
of response to operator commands, or erratic behavior of a video display..

The first thing that should be checked if rf problems are suspected is
the ground system. The transmitter should be properly grounded for rf (in
addition to electrical ground) and all other station equipment grounds should
be connected to the transmitter chassis. The rf ground should consist of a
short length of heavy copper wire or braid terminated at a good earth ground
(ground rod or copper cold-water pipe). |If a water-system ground is used, be
sure that the pipes are 100 percent metal from the point of connection to the
water mains -- plastic plumbing will break the ground path. |If the distance
between your transmitter and ground rod or water-main ground is more than a
quarter wavelength at the highest operating frequency, make the ground wire a
half wavelength, or a multiple of a half wavelength long. |If you plan to operate
on 10 and 15 meters you may need to run a separate ground wire for each band if
the distance requires the use of half-wavelength wires. For example, if the
distance from the ground point exceeds about 8 to 10 feet, a 10-meter half-wave
ground wire (16 feet long) and a 15-meter half-wave ground wire (22 to 23 feet
long) would be used. Consult any of the amateur handbooks or antenna books for
a more in-depth discussion of grounding techniques.

The best way to confirm that a problem is being caused by rf induction is
to temporarily eliminate the source. This may be done in stages, starting with
a partial reduction in exciter drive, and ending with transmitter shut-off.
Since rf energy can be induced in the demodulator or video terminal circuitry
through several different paths, connecting the transmitter to a dummy load may
not eliminate all rf related problems, although this is an excellent first step
in verifying rf problems.

Radiation of rf energy from linear amplifiers, antenna tuners, coaxial
switches, monitor scopes, and interconnecting coax-cable jumpers is also possible.
In fact, it is this type or radiation that is most likely to be coupled into
nearby 1/0 and power cables going to HAL equipment. To locate the point or
points of radiation, experiment with different cable arrangements to see if the
rf-induced problem can be eliminated by reducing coupling between any of the
HAL cables and nearby coaxial lines carrying rf power. Fig. 1A contains several
cable arrangements, both bad and good, showing how to keep rf coupling to a
minimum. The drawing in Fig. 1B shows the use of high-mu (950 or 2000) ferrite
toriods or rods to choke the flow of rf on audio and control lines.

If cable rearrangement doesn't yield positive results, then begin
eliminating pieces of equipment and sections of coaxial cable until the trans-
mitter is connected directly into a shielded dummy load. As each piece of
equipment is removed from the transmission line, check to see if the rf-related

problems have diminished or disappeared. |f the rf problem persists with the
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FIG. 1 -- (A) Cable arrangements, showing ways to reduce rf coupling.
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flow of rf on audio and control lines.



RF-INDUCED PROBLEMS (CONT.)

exciter connected directly to a dummy load reduce the drive level to see if
that eliminates the problem.

I'f operation into a dummy load does not significantly reduce the rf-
related problems, disconnect all 1/0 cables from the affected piece of HAL
equipment. Test operation of the unit while it is connected only to ac power.
At the same time, enable the transmitter so that it sends a CW signal into a
dummy load. If rf problems are still present, then rf energy is probably being
introduced to the HAL equipment circuitry through the power cord by means of
the common ac power line. This is usually indicative of poor ac-line filtering
in the radio transmitter power supply section. Fig. 2A shows a common bypass-
filter method used in many transmitters. The drawing in Fig. 2B depicts a
brute-force ac-line filter that can be added to transmitters or other equipment
to eliminate the flow of rf on power lines.

Rf-induced problems that cannot be cured, or ones that appear not to be
the fault of inadequate transmitter filtering should be referred to HAL factory
Customer-Service personnel. In cases where this is not feasible, or where station
rearrangementis necessary to affect complete elimination of rf problems, the
information in the following section may be of some help.

2, MINIMIZING RF-RELATED PROBLEMS THROUGH ANTENNA SELECTION

In addition to the liberal use of rf bypassing capacitors on station
equipment, the use and deployment of certain antennas will offer reduced levels
of rf in the radio room in many cases. Whenever possible, use resonant Yagi,
quad, dipole, or vertical antennas. Try to achieve a good impedance match
at the antenna instead of relying on an antenna tuner. Random-length wire
antennas and others that require tuning from the shack are more lTikely to create
high levels of rf within the vicinity of the operating position.

The location of the transmitting antenna with respect to the radio room
also has an effect on the rf energy that is coupled into interconnecting cables.
Apartment dwellers may have the most difficulty achieving a good installation
since many times an indoor antenna is the only type allowed. When this is the
case, locate the antenna as far away from the operating position as possible.
Where outdoor antennas are allowed, they should be placed as high as practicable.
Not only will this provide optimum reception, but it will also reduce the level
of rf in the shack -- all other factors being constant. Excellent antenna install-
ation information can be found in radio & electronics handbooks and antenna theory
and construction booklets, as well as in articles published in electronics
periodicals.

In most situations, coaxial cable feed line is preferred over open-wire,
twin-lead or single-wire type feed systems as its self-shielding property reduces
the chance of unwanted rf coupling.
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FIG. 2 -- (A) Simple rf-bypass method used in many transmitters.
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ANTENNA SELECTION (CONT.)

Rf energy may also be conducted back to the station by coupling of rf
between the antenna and the outside shield braid of the coaxial cable feed.
The use of a balun on a center-fed dipole fed with coaxial cable may also help
reduce coupling, and therefore reduce interference. An rf choke constructed
by winding five or six turns of coaxial cable in a coil approximately six inches
in diameter may also help reduce the flow of rf currents on the outside of the
coaxial-cable braid. If such a choke is used, it should be wrapped with elec-
trical tape to hold the windings together, and be secured as close as possible
to the feed point of the antenna.

Try to dress the coaxial cable feed lines so that they drop perpendicular
to the antenna wire, and not parallel to the radiating portion of an element.
In some cases, it may be necessary to run the coaxial cable straight to the
ground and bury it for the run to the transmitter to reduce the coupling
between the outside shield braid of the coaxial cable and the antenna. |If
there is a moderate SWR on the line, try adjusting the coaxial cable length so
that a low impedance (high feed current) is presented to the transmitter. This
may help reduce the level of rf in the vicinity of the transmitter.
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HAL COMMUNICATIONS CORP
P.0. BOX 365
URBANA, IL 61801

LIMITED WARRANTY

HAL Communications Corp of Urbana, Il1linois, hereby warrants to the original
purchaser only that any new equipment manufactured by HAL Communications Corp
shall be free from defects in materials and workmanship for a period of one
year from the date of original purchase. In the case of parts kits, this
warranty applies only to materials and not to workmanship in kit assembly.

In the event of a defect in materials or workmanship during the warranty
period, HAL Communications Corp will, at its own expense, repair the defec-
tive unit and replace any defective parts. Costs of shipping the unit to
HAL Communications Corp shall be paid by the purchaser, as well as costs of
removal and reinstallation of the unit. HAL Communications Corp will bear
the shipping costs incurred in returning the unit to the purchaser (48
contiguous states only).

To obtain service under this warranty, the original purchaser should do the
following:

1. Notify, as soon as possible, the Customer Service Department at

HAL Communications Corp, Urbana, I1linois, either in writing or by
telephone, of the existence of a possible defect;

2. At the time of notification, identify the model or serial number,
the approximate date of purchase, the place of purchase, and the
possible defect;

Hold the unit until a written return authorization is received.
Return the unit, freight prepaid, upon the receipt of the written
return authorization.

= w

Correct installation, use, maintenance, and repair are essential for proper
performance of this product. The purchaser should carefully read the tech-
nical manual.

This warranty does not apply to any defect which HAL Communications Corp
determines is due to any of the following: N
1. Improper maintenance or repair, including the installation of parts
or accessories that do not conform to the quality and specifications
of the original parts;
2. Misuse, abuse, neglect, improper installation, or improper operation
(including operation without a proper safety ground connection);
3. Accidental or intentional damage.

A1l implied warranties, if any, are limited in duration to a period of one
year from the date of original purchase. Some states do not allow limitations
on how long an implied warranty lasts, so the above limitation may not apply
to you.

HAL Communications Corp disclaims any liability for incidental or consequen-
tial damages arising out of the use of, or inability to use, this product.

Some states do not allow the exclusion or limitation of incidental or conse-
quential damages, so the above limitation or exclusion may not apply to you.

This warranty gives you specific legal rights, and you may also have other
rights which vary from state to state.
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The ST-6000 has been tested and is verified by HAL Communications Corp.
to be in compliance with Part 15, Subpart J of the FCC Rules and Regu-

lations, Class B computing device. The following text is a requirement
of that regulation:

"This equipment generates and uses radio frequency energy and if not
installed and used properly, that is, in strict accordance with the
manufacturer's instructions, may cause interference to radio and tele-
vision reception. It has been type tested and found to comply with
the l1imits for a Class B computing device in accordance with the speci-
fications in Subpart J of Part 15 of FCC Rules, which are designed to
provide reasonable protection against such interference in a residential
installation. |[If this equipment does cause interference to radio or
television reception, which can be determined by turning the equipment
off and on, the user is encouraged to try to correct the interference
by one or more of the following measures:

--reorient the receiving antenna

--relocate the computer with respect to the receiver

--move the computer away from the receiver

--plug the computer into a different outlet so that computer

and receiver are on different branch circuits.

If necessary, the user should consult the dealer or an experienced
radio/television technician for additional suggestions. The user
may find the following booklet prepared by the Federal Communications
Commission helpful:

""How to ldentify and Resolve Radio-TV Interference Problems."
This booklet is available from the US Government Printing Office,
Washington, DC 20402, Stock No. 004-000-00345-4."

In addition, the following rear-panel label is located on the ST-6000 rear-
panel:
"This equipment has been tested and found to comply with the technical
specifications in Part 15 of the FCC rules for a Class B computing device."

Also, the following FCC text applies to use of peripherals attached to the
ST-6000:
"WARNING: This equipment has been verified to comply with the limits
for a Class B computing device, pursuant to Subpart J of Part 15 of
FCC Rules. Only peripherals (computer input/output devices, terminals,
printers, etc.) certified to comply with Class B limits may be attached
to this computer. Operation with non-certified peripherals is likely
to result in interference to radio and TV reception.'



