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I, InrnoDUCTroN

The Hal Communications Model ST-5000 is a high performance FSK

demodu Iator and tone keyer des igned for use with rad io tel epr inter systerrs.
The ST-5000 incorporates the features and performance characteristics of
previous HAL demodulators as wel I as offering some features previously
not avai lable.

The ST-5000 is an audio tone type of demodulator and keyer. Audio
tones from the receiver, representing the "markrr and ilspace" teleprinter
code states, are converted into keying pulses by the demodulator section.
Active input and discrinrinator filters are used in the ST-5000 so that a

wide range of input f requenc ies can be accomodated . Turo standard aud io
tone sets are normal Iy 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 l7O H2,425 Hz, and B5O Hz. The tone keyer section of the ST-5000
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, oR 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 apl itudes even in the face of strong interfering signals. The
Iimiter stage gain can be reduced for non-limiting operation ("AM"). The
pre-f ilter agc and active detectors also assure improved non-limiting per-
formance when compared to previous demodulators. A three pole active lot',,pass
f ilter follows the detector stages to reduce the post-detection noise bandwidth.

An Automatic Threshold Correction (nfC) 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 (0fH) circuit
can also be switch selected to provide correction for multi-path propagation
d i stort ion of the tel epr i nter s i gna I

CM0S digital circuitry is used to provide the Jutomatic printer and
motor control as wel I as the ant i space feature. The 5T-6000 autostart
circuit senses the presence (or absence) of a val id teleprinter signal.
lf the input signal is not recognized as a teleprinter signal, the printer
is held in the rrmark-hold'r cond it ion. I f more than twenty seconds pass
without recognition of a valid signal, the pc\{er to the printer motor is
removed. The response t ime of the autostart c i rcu it is srvi tch selectabl e
to allow "FASTT' (1.5 sec.) or "SL0W" (3.5 sec.) response. An antispace
circuit is also included in the digital control section that I imits the
duration of a space signal to 250 ms or Iess, preventing the "running-
open" mach i ne cond i t ion on cont i nuous space tones.

As mentioned earl ier, 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 narro\^r-shift
tone that can be connected to an externa I keyer c i rcu it for Mc,,rse code
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identif icatiorr. AII 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
f iltered in an active low-pass f ilter. A wide range of output ampl itude
(into 500 ohnrs) it available f rorl the ST-5000, adjustable with an internal
control. Unlike previous demodulators, the tone keyer data input circuit
is not internal Iy 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 Sf-6000. Conversel y, wi th appropr i ate rear-panel
jumpers, the tone keyer can be connected to the demodulator for a common
transmit receive circu it (lralf -duplex) ut was the case for the ST-5
demodulator. However, the shift of the tone keyer is controlled by the
f ront panel SH IFT switches. Al so, the SEIISE switch (tlOnm REV) controls
both the tone keyer as well as the demodulator.

The 5T-6000 input and output circuits have been designed to allow a
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. fhe internal 175 volt, 50 ma Ioop
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-5000 keyer stages, with the option of
using or not using the internal loop supply of the 5T-6000. tn addition,
the ST-6000 has both output and input signal connections that are compatible
with both the ilA - RS-232C and MIL-STD-IBBC data signal Ievels.

The ST-6000 also includes a Keyboard Operated Switch (fOS) circuit
that can be used to automatically switch the transmit receive cont;-ol
circuitry of the station. fhe f..0S circuit senses teleprinter keyboard
and CW identification signal status. lf either the keyboard or the
CW-lD key is used, the K0S switching transistor turns "0|J" (low impedance to
groun,j). The KOS circuit also places the 5T-6000 demodulator circuits in a
"standby'r status to prevent feedback from the receiver whi le transmitting.
The NPN K0: switching transistor can be used to control a DC relay that is
supplied f rom a positive voltage source or a push-to-talk (PTT) control I ine
in a transn'ritter (providing the PTT Iine is derived from a positive DC source.)
Since the K0S sensing I ine is connected to the rear pan6l, it can also be
t r i ggered by externa I dev i ces .

The aud io input to the dt,modu lator and the aud io output f rom the
tone keyer are both 500 ohms balanced (o. unbalanced if jumpered) with
respect to gr,:u:,d and use aud io transformers to maintain DC isolation.
The oscilloscope signals for a crossed-ellipse oscilloscope display are
connected to a rear panel connection. The ST-5000 is furnished with
a front pane I tun i ng osc i I I oscope.

lnternal , e lectronical ly regulated + 12 volt power suppl ies provide
operating voltages for the demodulator, control, and tone keyer sections
of the 5T-6000. A 175 volt, 50 ma. loop power supply is also included
as a part of that option. fhe main power transformer of the ST-5000 can
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be connected for operation with either 105 to 125 VAC or 210 to 25a VAC,

50 or 50 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

5T-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
5T-6000 ro simplify rhe initial instal Iation of the Sf-5000. lf you
are anxious to try your ST-5000, it is suggested that you skip to sections
3.1 and 3.2 of the instal lat ion chapte.r and then read sect ions 4.1 and

\.2 of the operation chapter before turning the equipment on. The balance
of this manual should then be studied before attempting any "custom"
connect ions.
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2, SpTctFICATIoNS

Demodulator Section:

lnput data: Ser ia I Data
Data rate: Up to ll0 baud
lnput lrrrpedance: 500 ohnrs, balanced and isolated f rom ground
I npu t frequenc i es:

"Low-tonerr set: Mark = 1275 Hz

Space = 1445 Hz (tZO Hz shift)
1700 Hz (\25 Hz shift)
2125 Hz (BSo Hz shift)

"H igh-tone'r set: Mark = 2125 Hz
2295 Hz (tZo Hz shift)
2550 Hz (\25 Hz shift)
2975 Hz (BSo Hz shift)

"Special" tone sets Audio frequencies between 1200 and 3000 Hz;
mark tone must be common to all shifts'
850 Hz- max imum recornmended sh if t.

lnput s ignal ampl itude: Full I imit ing (fm mode) for s ignal
Ievel s betvreen -50 dBm and +20 dBm
("pproximately I mV to 'l 0 V rms).
When lrAMrr mode (non-l imit ing) is used,
input signal should be in the range
-40 to +20 dBm (approx imarely l0 mV

to l0 V).
lnput Fi lter -3 dB Bandwidth: 850 Hz shift - lZ5O Hz

(all tonesets) \ZSHz shift- l75Hz
l7O Hz shift - 275 Hz

Discriminator filters -3 dB
Bandwidth (all rone sets): 850 Hz shift - lB0 Hz_

\25 Hz shi ft - 125 Hz
l7O Hz shift - 7A Hz

Low-pass f i I ter bandwidth: 82 Hz (min imum for I I0 baud)

Tone Keyer Sect ion:

I nput data:
Data rate:
lnput signals:

Serial Data
Up to ll0 baud
Can be external Iy connected for:

l. sensing of current Ioop
?. sens
3. sens
4. sens

ng of EIA-RS-232C signals
ng of MIL-STD-IBBC signals
ng of "drV'keyboard contacts

5. C'/-lD key
6. CMOS-compatible signal

mark = 0V
space = +12 V

Standard - sanre tones as derncdulator input
Special - any tones in the 1200 to 3000 Hz
frequency range, mark tone common to all
shifts. ln addition, a CW lD tone is
generated 100 Hz below the mark tone;
Ct^/ lD = l 17 5 Hz f or " lov;- tones", 2A25 Hz
for "high-tones".

0utput tones:
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Output muting: Tone.keyer outPut can be turned off and
on via rear panel connection (tole ENABLE)

Tone accu racy: + 0.lZ
Tone ampl itude: -Adjustable from -40 dBm to 0 dBm

(approximately lo mv to l.o v)
Anrplitude variation: Less than + 0.5 dB at 0 dBm output
Output impedance: 500 ohms, balanced to ground
Distortion: Al I harmonics below the 9th are

attenuated greater than 40 dB
(Less than l.OZ total harmonic distortion) '

Control Sect ion:

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

KQS delay: Turn-on: Space condition longer than 5 ms

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

or Mark condition Ionger than
I to l0 sec. (adjustable) or
I sec. after CW I D key oPen i ng

KOS NPN switch transistor: Off: +25 volts Dc maximum
0n: 500 ma maximum

Tuning lndicator: X Y, l" diameter osci'l loscope displ"y;
rear panel connections for addi tional
osci I Ioscope.

Automat ic Thresho'ld Control : Performs DC level restorat ion to prov ide
(nrc ) correct ion for bias d istort ion irr received

signals; can be disabled with front panel
swi tch.

Decision Threshold Hysteresis: Provides switching hysteresis to provide
(orn) correct ion of d i stort ion caused by mu I t i -

path propagat i on effects; can be d i sabl ed

r^;i th f ront panel 'swi tch.

Demodulator 0utputs:
Current Loop: Two independent 250 volt, 100 ma NPN

switching transistors that may be connected
to the internal 175 volt, 50 ma looP
power supply or to external supPlies.

EIS - RS-232C compatible: Mark = -12 VDC

Space = +12 VDC

t4lL-STD-IS8CCompatible: Mark=+6VDC
Space = - 6 VDC

CM0S compatible:
(4oob series, +12 supply): Pre-autostart data: Mark = I 1x, +l .S VDC

Space + +8.4 to 12.0 VDC

Post-autostart data: Mark + +0 to 3,6 VDC

Space = +8.4 to I2.0 VDC
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Miscel laneous Data:

Fuse prc>te.cLion: l'1ain AC Por;cr - 0.5 arllli, slovr-bl<lw
Loolr Por,ver SuPPIY - 0.1 arnP.

Acces>ablt f rotlt rcar Panel
Pov;er rcquirenrertts: 105 to 125 or 210 to 250 VAC

5C or 60 Hz

20 Watts rl)axinluttt (e^cluCinq printe'r motor)

Cabinet size : Width 17" U+l .Z crn) - lable
19" (l{8.3 cni) - rack

Height: 3.5" (B.g cm)

Depth: g" (ZZ.B crn)

Cabinet finish: Light tan front and rear panels
Textu red b rown top , bot tom, and s i de pane'l s

Baked vi nyl pai nt to match HAL vi deo termi nal s

we isht: 12.0 I bs (5.\5 kg) net
I5.o lbs (6.82 kg) shiPPins

Front Panel Controls:

SH I FT (ff Z1 (t hree swt iches ) : Se lect 170 Hz, tt25 Hz, or BIO Hz sh i f t ;

controls both the demodulator and tone keyer
sections'

LIMITER 0N-0FF: Allows the demodulator section to be

used in either limiting (FM) or non-
I im i t ing (AM) modes.

SENSE NORM-REV: NORM = rnark is lower tone
REV = mark is hiqher tone
Affects both the demodulator and tone keyer
sect i ons.

ATC 0N-0FF : Turns Automat i c Threshol d Cont rol on or off
DTH 0N-0FF: Turns Decision Threshold Hysteresis circuit

on or off .

PRINT LINE-L0CAL: LOCAL = demodulator signals are inhibited
to pernrit "local" oPeration.

KOS 0N-0FF: Turns. the keyboard operated swi tch sens i ng

crrcuit on or off
AUT0START FAST-SLOW: FAST = I .5 sec.* response t ime

SLOW = 3.5 sec. respoise time
AUT0START 0N-0FF: Turns the autostart c i rcu i t on or off
P0t^lER 0N-0FF: Turns AC power to the denrodu lator on or of f

0sci I loscope:
I NT:
FOC:

VER:
HOR:

Front Panel lnd icat()rs :

0scilloscope

Controls intensity of oscilloscope trace
Cont rol s focus of osc i I loscope t race
Vertical trace position control
Hor i zon ta I t race pos i t i on cont ro I

I nd i cates correct tun r ng wi th the standard
crossed-el I ipse patterns.
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L00P: LED lamp that is on when Loop I is in
mark condition, regardless of autostart
or L INE-LoCAL condition.

SPACE: LED lamp that is on whenever post-
autostart data is in space condition.

|'1ARK: LED lamp that is on whenever pre-
autostart data is in mark condition,

K0S: LED lamp that is on whenever the KOS

circuit is'in transmit condition.
AUTo: LED lamp that is on whenever the

autostart circuit wi I I pass data,
P0WER: AC power-on ind icator.

Rear Panel Conn ec t ion s :

AC power input (unlabeled): Universal U.S. / European standard
connector for 120 / 2l+O UAC non-captive
AC power cords.

tlOToR: Three-prong AC socket to supply printer
motor power control led by the autostart
circuitry. The voltage avai lable is the

Ground (eround symbor), #F,n:; ;::,ffi-::"[::,::'i::",:;"tl'sr-6000'
and RF ground connect i on.

AC POWER .5A-SB: AC power fuse for ST-5000 only (not
for the l40T0R socket).

L00P .lA: Loop power supply fuse
L00P I E 2: l,,la in and auxil iary loop switch connections

lnternal loop power supply connection
CW- lD hand key connection
Sepa rate keyboard connect ion

L00P 3: Additional series loop connection that can
be used with loop I or loop 2.

KOS: KOS control I ine
Keyboard connect ion

RS-232 / MIL-IBB: Data input,/output connections for EIA -
RS-232C and HIL-ST0-188C connections,
CW lD hand kby congection.

SCOPE: Connection for external X-Y oscil loscope
d ispl ay

AUXILIARY C0NTRoL: l! pin connector to provide access to
many control and signal lines of the ST-5000,
A circuit-board jumper plug is furnished
to make lnorma l I jumpers.

AUDIO 0UTPUT: Balanced 500 ohm tone keyer output
AUDIO INPUT: Balanced 500 ohm demodulator tone input

NOTE: Al I of the above specifications are nominal, design-center values
and may vary in production units by as much as + l0 Z. HAL Communications
Corp. reserves the right to alter any specifications without prior
notification.
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3,

3.1

I rusrnLLAT r oN

lnitial lnspection

Upon receipt of the ST-5000, uopack and inspect it carefully for
shipping damage. lf evidence of shipping damage is found, contact the
carrier immediately. Before discarding the packing material, check that
all parts and accessories are accounted for. lf any are missing, please
notify the factory or distributor in writing so that replacements can be
suppl ied. The f ol lowing parts and accessor ies are f urn ished with the
ST-5000:

Accesory parts:

I - Non-capt i ve AC power cord
1 - l5 pin Auxil iary jumper plug (shipped in place on Auxiliary

connector)
3 pin Loop 3 jumper plug (shipped in place on Loop 3 connector)
Aud io lnput cable (phone to three pin male connector)
Audio 0utput cable (phone to three pin female connector)
Loop I cable (2-conductor cable to female 6 pin connector)
KOS cable (2-conductor cable to male 3 pin connector)
c|{ lD and RS-232c 0utput cable (2, 2-conductor cables to
6 pin male connector, mates with RS-232 / MIL-lBB connector)

12 ft 2-conductor shielded cable
2 - 6 pin female connector shel ls (03-09-2061)
2 5 pin male connector shells (Ol-09-1061)
4 3 pin female connector shel I s (Ol-Og-2031 )
6 - 3 pin male connector shel ls (03-09-1031)
2 -15 pin female connector shells (Ol-Og-Zl5Z)

60 male cable pins (Oz-og-2lt+3)
24 female cabte pins (OZ-Og-l 143)
2 - 0.5 ampere, slow-blow fuses
2 0. I ampere fuses

.r- ;kzr - -l-

.t-,r -t-i: CAUT ION: A SER IOUS SHOCK HAZARD MAY EX tST WHEN CONNECT ING THE ;!
-t-

sr-5000 T0 OTHER EQU I PMENT. BEFoRE MAKTNG ANy coNN- :k.t.
-t--t-,. ECT IONS, BE SURE TO D ISCONNECT THE 5T-6000 AND OTHER ;T
-i-;t EOU IPMENT FROM THE AC POWER L INF. ;i:k 

Lyvtr rrLrtt I t\vtl tttt_ nrJ I vwLl\ LllIL. 
-r--t-,\ .1.

-t.,r -t-
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3.2 Use of Factory Suppl ied Cables

A total of five factory prepared cable-plug combinations and two
jumper-plugs are supplied with the ST-5000. These cables and plugs
can be used to make most standard input and output connections to the
ST-5000, particularly those connections in which an ST-5 or similar
denrodu lator is be ing repl aced by the 5T-6000. The use of these standard
cabl es and jumpers i s d i scussed i n the fol lowi ng sect ions. Fi gure 3. I

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

3.2.1 Aud io I nput Connect i on

The audio input cable supplied mates with the rear panel audio irrput
connector and has a phono pin plug on the other end for connection to the
station receiver. lf 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 Aud io 0utput Connect ion

A factory-prepared cable is I ikewise provided for connection of the
tone keyer output of the 5T-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. lf
a d if f erent aud io output cable is requ i red, see sect ion 3.3 for proper
preparat ion procedures.

3.2.3 Loop I Cable Connection

There are three ways in which current-loop operated devices may be
connected to the 5T-6000; "Loop 1", using the "Mainrrtrasistor keyer,
"Loop 2", using the t'Auxiliary'r transistor keyer, and rrloop 3", a jumper
connection in series with the internal 6O 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 ser ies connected. "Loop 2" is not connected wit'tr 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
6O ma loop circuit using the cable labeled "Loop I". lf 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 "negativer'. The shield of the cable is NOT connected in the loop
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circuit but is connected to the ST-500 cabinet. The shield wire
should therefore be connected to the cabinet of the teieprinter or
electronic device as a safety ground. A typical connection to a 60 ma.

teleprinter is shown in Figure 3. I. Notice that the selector magnets
and keyboard contacts of the machine are series connected. Also,
since the standard cables and jumpers connect the 5T-6000 internal
loop supply, an external loop power supply should t'!0T be included in
the loop circuit. Additional TTY equipment can be connected in the loop
by breaking the jumper on the L00P 3 plug and series connecting the
devices. 0n the L00P 3 plug, pin I is positive, Pin 3 is negative, and
pin 2 cabinet ground. 0ther loop connections possible with the standard
cables are shown in Figure 3.2. Alternate loop connect ions are d iscussed
i n sect ion 3.3. I .

3 .2 .\ Motor Power Connect ion

The power for the teleprinter motor can be supplied by the M0T0R

connector of the ST-5000. The power to this connector is controlled
by the autostart relay of the sT-5000. The ToTAL current suppl ied
by this receptacle should not exceed I0.0 amperes. The following
precautions should be observed when using the M0T0R receptacle:

l. The power to the M0T0R receptacle is NOT fused in the 5T-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 M0T0R receptacle is the SAME

as the AC power line voltage supplied to the ST-5000; if
the ST-5000 is operated from a nominal 2\0 VAC power line,
the l'40T0R receptacle also furnishes 2\0 VAC.

3 .2.5 KOS Cab l e Connect ion

The wires from the KOS cable can be connected to the transmitter
push-to-tal k (PTT) control I ine for automatic transmit-receive control
of the stat ion. The jumpers on the factory-suppl ied AUX I LIARY jumper
plug allow operation of the KOS circuit when the keyboard and printer
sections of the teleprinter are series connected to L00P I (or L00P 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 whe,n

us i ng the KOS cabl e:

l. The KOS switching transistor in the 5T-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
transmi t mode.

3. The voltage of the PTT circuit should not exceed +25 volts (receive).
4. The current drawn through the KOS transistor in transmit mode

should not exceed 500 ma.
5. lf negat ive or AC voltages are to be control led by the KOS

circuit, a DC relay shouId be used to isol:te the K0S and PTT

circuits.
6. The KOS connect ion is to the wh ite wi re (*) and the sh ield wi re (ground ) .

3- t+
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NOTES ON THE USE OF ST5OOO RS-232 I/O CONNECTIONS

We recommend use of loop connections to the 5T-6000 as shown in

f igures 3.1 and 3.2. lf RS-232 connection are required, however, please

r"id and fol low the directions on this page careful ly'
The following steps should help cl'ar"i fy use of the RS-232 lnput/0utput

connections to the 5T-6000 (such as with the DS3100 ASR terminal):

1. t'lodify thc standard Auxil i

a wi re jumper between Pin
(Local Data Out).

Z. Using the pins and connector shells plovided, make a new jumper
p lug for the Loop I A 2 connector (JB) . Connect a wi re j urnper

between pin I (Loop High) and pin 4 (Loop Low); connect a

seconcl wire jumper between pin ) (f.yboard Data ln) and pin 5

(Ground). Use a six pin female shel I and male pins.

3. Plug-in the standard Loop 3 junrper plugt furnished.

4. Use the standard RS-232 l/O cable to connect to the terminal
or machi ne.

The 5T-6000 and terminal will now operate in the half-duplex mode using
RS-232 l/0 interface connections. The RS-232 data from the terminal wi I I
both drive the ST-5000 Loop I circuit and operate the KOS circuitry. A

teleprinter connected into the Loop I circuit will print data generated on

the RS-232 terminal or data demodulated by the 5T-6000. A keyboard can be

connected in the Loop I circuit, if desired.

RS-232 Full-duplex operation with the ST-5000:

The following steps should help clarify use of the RS-232 lnput/0utput
connections for full-duplex operation with the 5T-6000:

l. Refer to Figure 3.6 and modify the Auxil iary Jumper PIug circuit
board as shown, removing the circuit board jumpers between pins
I and 5 F, between pins I I and l5; add a wire jumper between pins
14 and 15. ' 

-
2. Using the pins and connector shells provided, make a new jumper

plug for the Loop I S 2 connector (Jb). Connect a wire jumper
between pins I and 4 and a second wire jumper between pins ) and

5 of the plug. Use a six pin male shell and female pins.

PIug-in the sEandard Loop 3 jumper plug furnished.
Use the srandard RS-232 l/O cable ("t rnodif ied above) to connect
to the terrnina I or mach ine.

5. Use the front panel svritch to turn the KOS circuit 0FF.

A printer nray aga in be inserted in the Loop I ci rcui t but wi I I now

print 0r{LY received data and not data originating fronr the RS-232 terminal

ary Junrper PIug circuit.board by adding
I3 (Transmit Loop Drive) and Pin I4

3.
I{.

3- 6a



3.2.6 Separate Keyboard Connect ion

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 ttdryt' contacts (keyboard contacts isolated f rom any vol tage or current
sources). Since the standard connection of the teleprinter and DKB-2010
is in the series current loop (t-OOp l), 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 Cab I e Connect ion

Two factory prepared cables are attached to a 6 pin connector that
mates with the RS-232/l4ll-l88 rear panel connector. One of these cables
is labeled rrRS-232". This cable can be used to drive the "VOLTAGE", or
"ElA", or "RS-232" inputs of the RVD-1002, RVD-1005, or DS-3OOO 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 V0LTAGE or EIA/RS-232 input of the units.
ln addition, the black wire may be connected to the RS-232 data output
connection of the DS-3000 KSR. Typical connections to the RS-232 cable
are shown in Figure 3.3. Refer to page 3-5a before using RS-232 l/0
connect i ons .

3.2.8 Ct^/ lD Key Cable Connection

A second cable f rom the RS-232/l4l L-lBB connector is labeled "CW- lDil
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
gathode keying should be used, instead of the grid-block keying circuit.
ln no case should the keyer reflect any negative voltage or positive
vol tages greater than +12 to the ST-5000.

3 .2.9 AC Power Cord Connec t ion

The 5T-6000 can be internal ly connected to operate' f rom pov/er sources
in two vol tage ranges: 105 ro lZ5 VAC or 2lO ro 250 VAC, 5O 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-5000 is normally factory wired for operation from 105 to lZ5 VAC,
5O to 50 Hz power lines. Upon request at the time of the order, the ST-5000
can also be supplied for 210 to 250 VAC, 5O 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-5000. lf this tag is NOT on the rear panel, do
NOT connect the ST-5000 to a 24C 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.\ when connecting to the
M0T0R receptac I e.

1'1



The proper power transformer primary connections are :

I 05 to 125 VAC,
power I i ne

210 to 250 VAC,
to term i na

50/50 Hz: jumper
to terminals I and
50/60 Hz: jumper

ls I and 4.

nal I to 3 and 2 to l+, connect

nal 3 to 2, connect power I ine

term i

4.
termi

These connect i ons a re shown i n F i gu re 5. 13 .

3 .2.l0 Ground Connect ion

The 5T-6000 cab inet shou ld AI-WAYS be connected to an adequate ground
system. A three-prong ground irtg type AC power plug is furn ished for
connection to a grounded-outlet power system (105.125 VAC connection).
lf 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-irr the unit. lf a three-prong AC outlet is
not available, use a three to two-prong adapter at the wall socket and
connect a separate grouncJ lead between the adapter ground lead or ST-5000
cab inet and a good ground . When us ing 210 to 250 VAC power ma ins , Lie

sure to connect the cabinet to a good safety ground. 0PERATI0N 0F THIS
EqUIPMENT WITHOUT AN ADEQUATE SAFETY GROUND INVALIDATES THE WARRANTY.

When the 5T-6000 is used in a radio communications system that includes
a high-powered transmitter, a short length of Iow-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 sect ions or other improper operat ions. 0pen-wi re antenna feed I i ne
systems with high standing-wave-ratios can be particulary troublesome to
sol id state equ i pment. I n such cases, chang i ng the antenna, matchi ng
system, and/or feedl ine to a matched coaxial I ine system will usually clear-
up RF interference. When good RF grounds and low SWR feed-lines are used,
the 5T-6000 will work with even very high powered transmitter systems.

3.3. Al ternate Connect i ons to the 5T-6000

ln 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 ccmmon connections are represented by the factory
prepared cables and jumpers. When these connections are used, the 5T-6000
wi I I f unct ion in a manner s imi Iar to that of the prev ious model ST-5
demodulator (with the addition of the extra features of the 5T-6000).
/r number of additional l/0 connections, suc.h 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. SJrare connector pins and shells
are provided for these connections. Fol low the instructions in Figure 3.1+
when preparing the connectors. Be sure that the wire and pin are inserted
in the correct connector shell location. lf it is necessary to remove
the pin from the shell, a special tool, Molex@ part number HT-2038,
can genera I I y be obta i ned at an el ectron i cs suppy store.
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The general block diagram of the ST-5000 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 I ines. This f lgure,
as wel I as the d iscuss ions of sect ion 5, Theory of Operat ion, should be
careful ly studied before alternate connections to the ST-5000 are attempted.
The fol lowing sub-sections discuss some of the possible alternate connections
that may be desirable.

3.3.1 Use of External Loop Suppl ies and Multiple Loop Circuits

As can be seen from Figure 5.1, the ST-5000 contains two loop
switching transistors, Ql (Main k.eyer stage) and QZ (Ruxil iary 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
interna I , 175 vol t, 60 rna (nomina) loop power supply is connected through
the L00P 3 jumper plug to a pin on the L00P I S ? plug, The standard
connection to the loop is between pins I and 4 of this connector, thus
using the internal loop supply, L00P 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 (qt ccllector and 5 (ground) of the L00P I a 2

connector. When using this connection, be sure that Ehe positive loop voltage
is applied to pin \, the col lector of Ql . Similarly, a SEPARATE loop supply
and equipment could be connected to use the auxiliary keyer stage, Q2, bY

connecting between pins 2 (poritive) and 5. When there are a Iarge number
of mechanical machines to be drive, it is sometimes desirable to spl it
them into multip'le loops to keep the total Ioop inductance (and therefore
distortion) to a minimum. These alternate loop connections are diagrammed
in Figure 3.5. The keyer transistors themselvesr psrticulary 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 l) has the loop sense
emitter resistor and therefore may not t'pul l-downil suf f iciently when a high
current load is switched,

3.3.2. Separate Printer and Keyboard Connections

As ment ioned 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 displ"y) to the -loop or RS-232 circuit
as the conditions require and the keyboard circuit to the keyboard connections
available on the AUXILIARY, or K0S, or L00P I s 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 I and 5 with a sharp knife
or scr i be.

3.3.3 Full Duplex Operation of the 5T-6000

The receive (demodulator) and transmit (tone keyer) sections of
the 5T-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 "fuII-duplex" mode of operation. To
connect the ST-6000 for full-duplex operation, remove the jumpers
on the AUXILIARY jumper plug between pins I and 5 and between pins
ll and 15. Add a jumper to the AUXILIARY jumper plug between pins
l4 and 15. The separate keyboard should now be connected as described
above in sect ion 3.3.3. Received data wi I I now be d isplayed on the
printer or visual display system but wil I tl0T 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 ful I-duplex operation with either
RS-232 or MIL-lBB signal levels if the appropriate connections on the
rear panel connector are se'lected. Connect ion of the separa [e keyboard,
and full-duplex jumpers are shown in Figure 3.6. Since the KOS circuit
also places the ST-5000 in standby condition, KOS should be switched OFF

for true fu I I -dupl ex operat ion.

3.3.\ External Data Processing Equipment

Since both the pre- and post-autostart data signals as well as the
inputs to the Ioop keyers are available on the AUXILIARY connector, external
data processing equipment can be connected between the 5T-6000 demodulator
and keyer circuits. This feature al lows connection of such external devices
as the various popular UART devices, d igital autostart, e lectronic
stunt boxes, speed converters, and so on. The external equipment should
be compatible with the CM0S integrated circuits used in the 5T-6000 and
should include its own, separate power supply. The +12 volt connection
on the AUXlLIARY connector can be used for "referencet'or "pulI-up resistorrl
appl ications 0NLY. Be sure to use adequate shielding and RF by-passing
to prevent the feed-back of spurious RF energy into the ST-5000.

An external data processing device can be connected to the 5T-6000,
using either the unconditioned data (Pre-autostart Data) ot autostart
condit ioned data (Post-autostart Data) as the device input signal and

then routing the device output signal back to the 5T-6000 l/0 driver
circuits. ALL ST-5000 external data and control circuits use CMOS

compatible levels of 0 and approximately +12 volts. AI I data circuits
have the convention of MARK = 0 volts and SPACE = +12 volts. Control
circuits are labled using positive-true Iogic conventions (thus,
Remote Standby is in standby with 0 vol ts appl ied and in receive with
+12 volts applied). The user may wish to make-up lfi s own AUXILIARY
connector plug with the pins and shell provided rather than make extensive
modifications to the AUXILIARY jumper plug circuit board.
nection to a UART device is shown in Figure 3.7.

A typical con-

Obviously, a great many other l/0 and control connections can be made.
The user should thouroughly study section 5 and understand how the various
sections of the ST-5000 operate and interact before these connections are
made.

3.3.5 External 0sci I loscope Connections

The MARK and SPACE AC signals are available on
SC0PE connector. The signals are approximately 2.0
peak amplitude into a recommended 100-k ohm minimum

the rear panel
vol ts peak-to-
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-5000 tone keyer is normally connected
for half -duplex operat ion when the AUX ILIARY jurnper plug is used. With this
connection, the tone keyer is driven by any data that keys the loop, whether
it is received data or f rom keyboard (o. TD) interrupt ions of the Ioop.
Under these conditions, the tone keyer output is ALWAYS present and repeats
the input to the demodulator when receiving. Thus the ST-5000 acts as
a repeater, processing the data in the demodulator and regenerating noise-
free tones in the keyer sect ion. Thi s i s a particularly conven ient
feature if it is desired to record the signal on an audio recorder (f,:r
autostart recording, for instance) or to repeat the signal on another
communications link. (Use of the 5T-6000 in a TTY repeater would be further
enhanced if the received data is first coupled through a UART digital data
regenerat ion c i rcu i t before dr iv i ng the tone keyer sect ion. )

There are, however, instances when it is desirable to be able to
separate the transmit and receive functions of the ST-5000 (". described
in sect ion 3.3.3) or turn-of f the tone keyer c i rcu it externa I ly. 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 of f . As noted earl ier, this control I ine should be driven by
Cl10S compatible signals. lf the tone output is only required during transmit,
the KOS 0N signal (pin 9, J3) can be connected to T0NE ENABLE (pin 12, J3),
taking care to first remove the jumper between pins B (ground) and 12 of the
AUXILIARY connector (J3). ln this case, the KOS circuit wil I actuate the tone
keyer output.
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4, 0pEnRrloru

The ST-5000 contains many advanced features designed to al low 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 capabil ities. PIease read al I sections carefully.

4. I Front Panel Control s and I nd i cators

The ST-5000 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. One of three far Ieft-hand switches should
be depressed to select the desired shift. These functions will be dis-
cussed in greater detail later in this section and in section 5. Tables
4.1 and \.2 describe the front panel switches and indicators.

SW I TCH

POI^/ER

AUTOSTART

KOS

PRINT

DTH

ATC

SENSE

LIMITER

sH rFT (HZ)

Table 4.1

POSITION

ON OFF

ON OFF

FAST-S LOW

OFF

OFF

OFF

ST-5000 Front Panel Control s

FUNCT I ON

Controls AC power to 5T-6000

Turns autostart circuit on or off
Selects autostart response time (l or 3 sec

Turns KOS circuit on or off

Al lows received data to drive printer

Locks printer in mark for "local-loopil operatior

ON

L INE

LOCAL

ON

ON

NORM

REV

ON

170

\25

850

INT

FOC

VER

HOR

Turns DTH

Turns ATC

Selects 170 Hz shift
Selects \25 Hz shift
Selects 850 Hz shift

Adjust osci I loscoPe

Adjust osci I loscope

Adjust osci I loscope

Adjust osci I Ioscope

rcuit on or of f

rcu i t oi or off

cl

ct

Normal signal polarity; mark = lower tone

Reverse signal polarity; mark = higher tone

OFF Turns I imi ter stage on or off

trace intensity
trace intensity
verti cal posi tion
horizontal position

0sci I loscope

4-l



Table \.2 ST-5000 Front Panel lnd icators

I ND ! CATOR FUNCT 1 OIJ

POWER lndicates AC power on when I it
AUTO lnd icates when the autostart circuit will al low

passage of the data to the printer. This lamp
is on whenever the autostart senses a val id TTY

signal 0R if the AUT0START switch if OFF.

HARK I nd icates marki ng cond i t ion on the pre-autostart
data output from the sl icer stage.

KOS lndicates that the KOS circuit is in TRANSMIT
mode.

SPACE I nd i cates that the post-autostart data i s i n
space condition.

L00P Indicates marking condition in the L00P I circuit.
OSCILLOSC0PE lndicates 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 Simpl if ied Operat ing Procedure

The fol lowing procedure is suggested for those operators who are
anxious to try the ST-5000 without reading the rest of this manual.

I. Use the "standard" cables and jumper plugs supplied vith the
ST-6000 to connect the unit to a receiver anci pr-irrter or display
as described in sect ion 3.2. D0 NOT C0NNECT A TRANSMITTER WITH0UT
READING THE REST OF SECTION 4 OF THIS MANUAL.

2" AFTER C0NNECTIONS ARE MADE, plug-in the-ST-5000 and other equiprnent
and tu rn-on the AC pot^ler to each .

3. Set the ST-5000 switches as fol lows:

POWER - ON

AUrosrARr ?l!, or sLor^/

KOS OFF

PRINT LINE

DTH - OFF

ATC ON

SENSE - NORM

LIMITER ON

SH I FT sel ect des i red sh i ft
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Set the receiver to LSB mode and tune to a FSK RTTY signal.
(npproximately 3600 kHz at night and ll+,000 kHz during the
day are good f requencies to look for" l7O Hz shift radio amatuer
RTTY signals at 5O u/PM.)

Tune the receiver dial unti I perpendicular el I ipses are
displayed on the osci I Ioscope screen.

The printer should now print the received signal. lf it doesn't
try reversing the SENSE switch or selectinq different speeds on

the printer or display.

N0[^/, read the rest of th i s manua I I

\.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 I'AFSK"). FSK transmissions are usually used in the HF

frquency range, below 30 MHz and AFSK is the normal technique 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
s ide-band (SSg) transmi tter . S i nce a properl y adj usted SSB transm i tter
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 FSF,. had been used. Use of this technique will
be discussed in greater detail in section 4.13

l+.3.1 Receiver for FSK Reception

The performance of the 5T-60CC delrerrds to a great extend upon the
characteristics of the receiver used and the care taken in tuning the FSK

signal. 0bviously, the better suited the recEiverr -the better the qual ity
of the printed displayed output. Some of the desirable receiver char-
acterisitcs and features are:

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

The frequency stabi I ity of the receiver should be very good
a small amount of drift when receiving a I70 Hz shift signal can
cause poor print from even very strong signals.

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

The selectivity of the receiver shou'ld be sl ightly greater than
the shift to be received: for B5O Hz shift, a bandwidth of
1200 to 2100 Hz is adequate; for I7O Hz shift, a bandwidth as
narrow as 4OO Hz can be used. Two Iimitations should be kept in

4.

5.

6.

7.

2.
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mind, however; the narrower the bandwidth, the greater the fre-
quency stabi I i ty requ i rements on the receiver, and wider band-
widths permit more interference and noise to be processed with
the FSK s i gnal .

5.

6.

7.

A "slow" agc with fast attack and
when receiving FSK signals.

As mentioned in section 3.2.1, a
or speaker to 500 ohm transformer
connection to the 5T-6000 input.

slow decay is very desirable

500 ohm audio output connection
are highly recommended for

An adjustable BFO frequency or adjustable pass-band tuning are very
des i rabl e features for recept ion of FSK s i gna I s.

Proper positioning of the receiver's BFO with respect to the lF 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 lF pass-band and mixed in the pro-
duct detector with the BFO to produce audio tone beat signals which then
drive the ST-5000. Since the audio filters of the 5T-6000 follow the
demodulator standard of mark being the Iower 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
?'eceiver. 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 5T-6000 front panel.

The receiver.BFO frequency positioning also determines the RANGE of
audio frequencies that can be detected and used to drive the ST-5000. 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 I70 Hz, both the mark (2125 Hz) and
space (ZZSS Hz) tones fall within the 300 Hz to 2$00 Hz pass-band,
although they are not centered. The \25 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 al I but the strongest FSK signals.'
Obviously, the \25 Hz and 8lO Hz shift FSK signals are NOT campatible with
the usual SSB receiver if the ttstandard!' demodulator tones are used. There
are two solutions commonly applied to this problem, both of which are usable
with the ST-5000.
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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 l5OO Hz to 3600 Hz,
with will pass all of the rrstandardl' demodulator tones, centering the
pass-band on the 8SO Hz shift signal. ln this case, the BFO frequency
should be changed so that it is FARTHER AWAY FROM THE CENTER 0F THE lF
PASS-BAND by approximately 1000 to I400 Hz. lf the receiver BFO is
adjustable, this is a simple solution. However, many modern SSB receivers
do NOT have adjustable BFOrs; rather, the BFO'may be crystal controlled.
ln such cases, the BFO crystal should be changed for one of the correct
f requency as determined above. Alternately, the second solution, outl ined
below, ffidy 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" al lows direct use of a voice SSB
receiver with no internal modifications to the receiver. The ST-5000 can be
furnished with filters designed to accept a mark frequency of 1275 Hz and
therefore space f requencies of : 1445 Hz (tZO Hz shif t), lTOO Hz (t+ZS Hz
shift) or 2125 Hz (BSO Hz shift). ln 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 5T-6000 can also be adjusted for special
sets of input tones between 1200 and 3000 Hz on special order.
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\ .l .Z Rece iver for AFSK Recept ion

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 h igher-f requency rrstand.ardrr 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 f ilters 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 stronE-signal VHF-FM signals are used.

\.3.3 Tun i ng a RTTY S igna I

Tuning of the radio receiver for optimum recovery of the teleprinter
signal is an operation which may requi.re some practice. The tuning objective
is to adjust the receiver tuning so that the output audio tones match the
center frequencies of the 5T-6000 filter circuits, as indicated on the tuning
osci I loscope.

The oscilloscope takes the place of a tuning meter in the ST-G000.
The osc i I loscope presents the standard crossed-el I i pse d i spl ay wi th the
mark signal on the horizontal axis and the space signal on the vertical
axis. Because the discriminator f ilters in the ST-5000 (tit<e those of
the ST-5 and.ST-5) are relatively broad-band, the mark and space scope
9itplays are NOT lines, but ellipses. The ellipses are fairly narrow when
850 Hz shift is received and wicler when 170 Hz is selected. When the RTTY
signal is correctly tuned, the ell ipses wi ll 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. Af ter using_the tuning oscil loscope, the
user will discover that, in many cases, the traci posiLioni and amplitutJes can
be used to determine which direction the receiver dial should be adjusted for
cor rect tun i ng
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Proper tuning adjustment of the receiver is much more critical when

the autostart circuits of the ST-5000 are active than when they are not.
This is because the autostart circuitry s€nses the t'plus-plust'voltage
which is quite sensitive to the centering of the signaIs in the discrimi-
nator fi lters. However, if the autostart is not active, the relatively
broad bandwidths of the discriminator f ilters themse'lves will allow good
reception of even poorly tuned RTTY signals. A good operating procedUF€r
then, is to turn the autostart 0FF (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 unfamil iar with the 5T-6 and ST-5000 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 I.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 wil I obvious-
Iy not affect the frequency of the tones. Therefore, tuning of the receiver
is not at all critical for AFSf'. signals. The tuning meter or oscilloscope
will indicate the match between the transmitted audio tones and the ST-5000
discriminator f ilter rather than correct receiver tuning. 0bviously, the
f requencies of the transmitted tones must match the discriminator f ilters
fa i rl y wel I for sat i sfactory autostart operat ion. Most probl ems wi th AFSK
autostart systems can be traced to either off-frequency transmitter tones
or mis-al ignment of the demodulator. The ST-5000 should NOT have these
problems since the frequencies of the transmitted tones are crystal controlled
and the d iscriminator f i lters are al igned to these same crystal-control Ied
tones.

4.4 Use of the ATC C i rcu i t

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. lt is most useful when using the rrAMil mode of the
demodulator (LIMITER switch OFF), but can also be used in an rrFMrl mode of
demodulator operation (t-tlllTER switch 0N). 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 shou'ld
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 0N for most applications (as it is in the 5T-6 demodulator).

\.5 use of the DTH C ircu it

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 signa'l s are summed in the receiving antenna, the antenna voltage
can vary over a wide range (phase add ition and cancel lat ion) or the transition
time from mark to space (or vice-versa) can be distorted. The voltage vari-
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at ions (or fad ing) is neutra I ized in the h igh-ga in I im i ter
and detector circuits of the ST-5000. The indeterminate transition time,
however, can cause distortron and mis-printing of the RTTY signal. The
DTH circuit provides enough hysteresis in the sl icer stage to require a
definite change of signal state before the slicer and therefore loop keyer
stages are al lowed to switch. This multi-path distortion phenomena is
usual ly not iced only on signal s from very high-powered transmi tters and
therefore wi I I ll0T be a problem when rece ivi ng nrost rad io amateur RTTY s igna I s.
Therefore, URless the 5T-6000 is used to receive signals from knownvery high-
powered transmitters, it is recommended that the DTH circuit be left 0FF
until multi-path distortion is suspected.

\.6 Use of the L imiter Swi tch FM vs AM

The ST-5000 has been designed for optimum performance when the input
signals are I'hard-limited" (fm mode, LIMITER 0N). To this end, a very
high-gain limiter stage, wide-dynamic range input f ilters, and wide band-
width discriminator f ilters are used in the demodulator. For M0ST appli-
cations, the FM or LIMITER 0N mode will provide superior performance due
to the quieting and capture-effect of a ilhard-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 STR0NGEST signal within its bandpass. Therefore, there is at least
a theoret ical advantage to us ing a non-l imited, rrAMrr type of detect ion
system for very weak signals or in the face of heavy interference. When
the LIMITER switch is turned 0FF, the ga in of the I imiter is reduced so
that it becomes a linear amplifier. ln 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 oo.
Although the 5T-6000 performance in AM mode exceeds that of the previous
model 5T-6 demodulator, the actual hprovement in print may or may not be
noticed, depending upon the receiving conditions. lt is recommended that
the ST-5000 be used r^rith the LlMITER 0N 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 demodu Iat ion.

\.7 Use of the SENSE Swi tch

The SENSE switch allows the ST-5000 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-5000 function equal ly
wel I 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 ST-5, B0TH the discriminator
f i lters AND the tone generator f requencies 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. 0perations
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 Ioop circuit. When the switch is in L0CAL
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 L0CAL position
bygroundingtheffilineonpin2oftheAUXILlARYconnector(J3).
Note thatr Bs per the discussions of section 3.3, the PRINT switch or
ffilineactuallycontrolthepost-autostartdataoutput.When
the AUXILIARY jumper plug furnished is used, the Loop I circuit is also
controlled. lf, 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 REM0TE STANDBY
Iine. ln this case, the user will have to make his own, separate provisions
for control of the received data during transmit.

\.9 The KOS C i rcu it ry

The ST-5000 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 (f"yboard 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
transmi t data i s sensed , the KOS output key ing trans istor is turned rtonrr
(low impedance to ground). lf the PTT (Push-To-Talk) line of the trans-
mitter is connected to the KOS line of the ST-5000, the transmitter will
automatically go on whenever transmit data is sensed. Also, the KOS circuit
senses the status of the CW-lD input to the tone keyer and stays in transmit
mode as long as the C\^/-lD key is active. The operation of the KOS circuit
is as follows:

I. The K0S is turned "on" (transmit .oniition) when:
a. The keyboard circuit goes to space condition (open circuit)

for more than approximately 5 ms.
b. The CI^/-lD 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 I and l0 seconds.
c. One second after the last CW-lD 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. ln 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-5000 KOS circuit does not necessar
pr i nter connect i ons as have prev i ous s i m i
jumpers are changed, a separate keyboard
KOS or the presence of either RS 232 or M

to trigger the KOS circuit.

When the KOS is used, typing on the
on and inhibit the data drive to the loop
key wi I I al so turn the transmi tter on or
The transmitter can be turned of f rapidly
key for more than 0.5 sec. or by pausing
(t to l0 sec.). The KOS mark-hold time i

mounted on the control board directly beh
START 0N- OFF switch and the KOS switch.
I ine of lCrs back from the front panel.

I y requ i re separate keyboard and
ar circuits. lf rhe AUXILIARY
ircuit can be used to trigger the
L-lBB input data can also be used

I

I

C

I

keyboard will turn
keyer stage. Use

keep it otr, as the
by simply holding

for more than the
s adjusted with a

ind the mid-point
The potent ionreter

the transmi tter
of t he C\./- I D

case may be.
down the break

preset t i me

potentiorneter
between the AUT0-
is in the second

ln order to avoid distortion of the f irst cfraracter typed, it is recommended
that the transmission be started with some non-essential character, such as
a blank or space. lf it is not desired to use the KOS circuit, turn it off
with the front panel switch provided. [,lhen connecting the K0S transistor to
the PTT line, be sure to observe the voltage and current I imitations given
in section 3.2.5.

4. I 0 Use of the Autostart C i rcu i try

The 5T-6000 autostart circuit operates in a manner very similar to that
of the ST-5 and earl ier fT/L and TT/L- I I demodulators. The autostart provides
a two-step control of the printer mark-hold and control of the AC power to
the pr inter motor. The autostart c ircu i t senses the vol tage on the'p'l us-plus"
I ine, which is, as described previously, proportional to the f requency match
between the signal tones and the discriminator f ilters. lf 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 wil I 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 M0T0R AC socket on the rear panel i s turned off wi th an
internal relay. lf valid mark and space tones are now sensed in the dis-
cr iminator, the "plus-plus" vol tage wi l l increasd and a_ct ivate the autostart
af ter a delay of either 3.5 seconds (RuTOSTART - SL0l,/) ir I.5 seconds (nUTOSTART
FAST). The AC power to the M0-f0R connector is now switched on and. the data
is allowed to drive the post-autostart data Iine. lmmediately after the tones
turn-off at the end of a transmission, the autostart returns the post-autostart
data to mark hol d, compl et i ng the cycl e.

Because of the turn-on delay inherrent in the autostart, it is reconrmended
that tuning of the RTTY signal be done with the AUTOSTART switch in the OFF
position during initial testing of the ST-5000. After the operator has some
practice in tuning the receiver, he may then wish to leave the autostart cir-
cuit 0N, rementbering to account for the tinre delay of the autostart.

The autostart trigg"r voltage level on the "plus-plus" I ine is adjustable
with a potentiometer mounted on the control circuit board inside the ST-5000
cabinet. The potentiometer is located behind and slightly to the lef t of
the KOS front panel switch and is labeled "AUTO" on the circuit board. Rotation

f-
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of the screw-drive adjustment CCW decreases the "plus-plusil voltage required
to trigger the autostart, thus IIICREASING 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 0.5 and higher. The user may adjust this control to fit
his own requirements. lf 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 shif t. Experience wil I determine
the optimum setting for a particular system. Notice that the "plus-plusrl
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 f ilters. lt may therefore be diff icult to
set the autostart sensitivity and receiver tuning to respond to signals
with improper frequency shift. AIso, if the transmitter 0R receiver should
drift, the signal tones will soon no longer match the discriminator f ilters,
causing the autostart to "shut-downrr. lf drifting is a problem, the receiver
should either be monitored often and manually retuned as required or the
autostart should be switched OFF.

4.ll Antispace Circuit

Like the ST-5, the ST-5000 incorporates a timing circuit that prevents
the continuous spacing condition (machine t'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 0NLY controls the post-autostart data
output. The pre-autostart data output is ll0T controlled by the anti-space,
autostart, or standby c i rcu i ts.

l+.12 Tone Keyer Circuit

The ST-5000 includes a crystal-controlled tone keyer that is very
s imi lar in des ign to the prev ious HAL model XTK- I00 tone keyer board. Al I
mark' space, and CW-lD tones are digital ly synthesized from high-frequency
crystal osci I lators. The crystal frequencies are either 2000 or 3000 times
the desired output tone frequency. Unl ike previous tone keyers, the 5T-6000
Cl^/- lD tone i s generated at 100 Hz BEL0W the mark tonie instead of above. Th is
further reduces the chances of falsely triggering the autostart of the
receiving demodulator, even when l7O Hz shift is used. AIso, the sense of
the 5T-6000 tones is changed wi th the demodu laror SEIISE (ruOnm-REV) s*i tch,
thus permitting transceive operation with either polarity, lower tone mark
0R higher tone mark. The tone keyer can be driven from separate keyboard
data, from a current Ioop, 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 ampl itude can be adjusted
over the range of 0 to -40 dBm (approximately l.O V to lO mV across 500 ohms)
with an internal potentiometer. The amplitude is adjusted with the TgNE 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 CCI,J 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-5000. lt is NOT necessary to terminate the audio
output connector in a 500 ohm load.
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4.13 Transmitting Radio Teleprinter Signals

As ment ioned prev ious ly in sect ion l+.3 , rad io telepr inter s igna ls are
generated by either shifting the transmitter RF frequency with the data (fSf)
or by modulating the transmitter carrier with audio tones whose frequencies
are shifted by the data (nfSf) . Usually, FSK transmission is used for radio
frequencies lower than 30 MHz and AFSK above 30 MHz. The ST-5000 can be used
to receive AND transmit both FSK and AFSK types of siqnals.

4.13.1 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 RS-232
or 14lL-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 Amateurts Handbook (ARRL, Newington, Conn.) or in the Radio
Hand@, lnc., lndiinapol is, lnd.), or ot6?7-text
on radio transmitters. The stahdard 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
app I icat ions.

A second technique to generate FSK uses a 5SB 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 AUDI0
tone and space as the higher. Thus, to achieve rhormal" FSK RF output with
mark as the higher RF frequency, the LSB (lower sidebant) mode is used in
the SSB transmitter (and receiver as explained in section 4.3). This tech-
nique is often mistakenly called the TTAFSK-SSBrr or simply 'rAFSKrr 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

s i gna I generated.

At first glance, this 5SB 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 transmitteis 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 transmi tter. 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 ampl ifier 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 proport ional ly smaller power supplies.
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lf the same SSB transmitter is operated in RTTY service at ful I voice ratiDgs,
the output ampl ifier and/or power supply wi I I usual ly fai l. 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 commercial ly 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 BF0-passband problem previously discussed
in section 4.1. t. 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" wil I NOT be transmitted, particularly the 2975 Hz
space tone for BSO Hz shift. As with the SSB receiver, there are two ways
to solve this problem, shif t the carrier oscil lator f requency 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 usual ly involves changing
a crystal in the transmitter. Use of the "low-tone" set of keyer frequency
is always the s implest sol ut ion. However, use of the "low-tonesrt should
be done with care for the following reasons:

SSB transmitters generally have no more than 55 dB of carrier
rejection when properly al igned. lf the balanced npdulator
has not been recently re-adjusted, the carrier rejection may
well be no more than 25 to 35 dB. Transmission of a small anpunt
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. ln general, the carrier
supression and adjustment stabil ity of a PHASING-TYPE of SSB
transmitter is even worse and this type of transmitter should NOT
be used to generate RTTY signals.
When the "low-tonestrare used, the mark frequency is 1275 Hz. lf
there is any distortion in the SSB transmitter audio or modulator,
the second harmonic may be generated, causing radiation of stil I
another spurious signal. * 

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

Conversely, if the transmitter carrier oscillator is shif ted so that the
standard "high-tonesrrcan be used, the carrier rejection is greatly increased,
audio distortion products generated in the transmitter do NOT fal I within
the transmitter filter passband, and the demodulator is then usable for BOTH
FSK and AFSK applications. lJote that l7O Hz shift with "high-tonesil 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.

2.

3.
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Al ternately, the following. points FAVOR the use of the "low-tonesrr:

I. The current IARU international standards call for use of 'rlow-tonesrl

2. The "low-tones" have been successfully used in commercial and

mil itary appl ications for some time with satisfactory results.

3. tf the precautions noted above regarding carrier rejection and

transmitter audio distortion are observed, the total system
performance usingItlow-tones'r can be just as satisfactory as a

system using "high-tonesr'.

fhe "optimum" choice between the two tone sets will vary with the appl i-
cation intended and the preferences of the user. lt is hoped that the
previous discussion wil I help alleviate some of the confusion that exists
concerning the use of "low-t'vs "high-tonesr'.

\.13 .2 Transm i tt ing AFSK S igna I s

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 inputn adjust the tone Ievel , and transmit. Again,
however, the duty-cycle rating of the transmitter should be considered.
ln particular, most VHF-FM transmitters are designed for intermitant
duty and may NOT permit extended RTTY transmissions without reducing
the transmitter power.

\.13.3 Adjustment of the ST-5000 Tone Keyer

The tone frequencies generated by the tone keyer are all derived
from crysta I osc i I I ators and therefore do not requ i re adj ustment. The

audio output voltage can be adjusted with an internal potentiometer, as

explained in section \.12. When the tones are used with SSB transmitter,
the tone Ievel should be adjusted to produce the desired transmitter
output power. \^Jhen used with an AFSK transmitter system, the tone I evel
should be adjusted to produce the desired modulation percentage (nm

transmitter) or deviat ion (fm transmitter) . *l n al I cases, avoid over-
driving the transmitter audio stages as this will cause distortion and

transmission of spurious signals.

NOTE: DO NOT ATTEMPT TO TRANSMTT UNLESS THE PRINT SWITCH IS IN LOCAL

POS IT I ON OR THE KOS I S ACT IVATED AS O IffiTO IN SECT I ONSTE-
AND 4.9 ABOVE.
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5, ST-5000 Crncurr DrscRrPrroN

Most of the circuitry of the ST-5000 is constructed on two circuit boards,
the input board and the control board. ln 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 5T-6000 is shown in Figure 5.1.

5.1 5T-6000 Analog Processing Circuits - lnput 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 f ilter, I imiter amplif ier, active discriminator f ilters, discrimi-
nator detectors, and active low-pass fi lter. The appropriate schematic diagram
i s referenced for each d i scuss ion.

5.1.1 lnput AGC Circuit (Figure 5.3)

The audio input to the ST-5000 is first coupled through a 500 ro 500
ohm transformer to the input AGC ampl ifier. The transformer al Iows connec-
tion of the ST-5000 to either a balanced or unbalanced audio source and
provides DC isolation of the input. A MFCb040 electronic attenuator lC
and a HC I45B dual operational ampl if ier are used in a pre-f ilter AGC

circuit. This circuit is particularly intended to prevent overload of the
following active filters by very strong input signals. However, it also
prov ides some ga ir-r as wel I as smooth ing of I evel var iat ions in weaker s igna I s.

5.1.2 lnput Bandpass Fi lters (Figure 5.4)

A total of three mul tiple-feedback second-order active bandpass fi I ters
are used in the ST-5000, each using l/2 of a MCI458 operational amplif ier.
The first filter, using lC3a is tuned close to the mark frequency (ZIZS 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 f ilter, the I'post-f ilterrr is tuned midway betr^7een the mark and space
frequenc ies. The ga i n, bandwidth, and center frequency of the post fi I ter
are adjusted with the shif t switch and al ignment controls to give an over-
all flat bandpass filter response for the three stages while maintaining
steep skirt selectivity. lt is NOT recommended that field adjustment of these
fi lters be attempted. Stable, high-qual ity components are used in this section
to assure trouble-free operation. lf problems do occur in this section, it is
highly recommended that the unit be returned to the factory for repair and
re-al ignment.

5.1.3 Limiter Ampl if ier (Figure 5.5)

After passing through the input bandpass filter, the signal is next
processed by the I imiter amplif ier stage, !Cl l. The CA3l30 integrated
circuit used in the limiter is capable of gains approaching I20 dB and
has, in addition, a wide bandwidth and high input impedance. When this
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lC is used essential ly "open-loop" (no feed-back resistor), i t becomes
a very effective audio limiter stage. The very large input signal dynamic
range of the ST-5000 (greater than e O dB) is due, in large part, to 'the
performance of this stage. t/hen the I imiter switch is in the OFF pos i t ion,
the gain of the CA3i30 is reduced to al low it to act as a linear amplif ier
for rrAMrr operat ion of the demodulator.

5. I .4 D i scr imi nator f i I ters (Fi gure 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-
f ically des igned for broad band-width, I inear phase, response to assure opt imum
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
potent iometers. As i n the i nput f i I ter sect ion, user adj ustment of these
filters is NOT recommended.

5.1.5 Discriminator Detectors (Figure 5.1)

The signals from the mark and space discriminator filters are detected
in separate active detector circuits that use a MCl458 (ll3) integrated cir-
cuit. This circuit avoids the normal non-l inearities and off set voltages of
simple diodes and gives precision rectification of the AC signal over i wide
dynamic range of input signal amplitudes. These circuits further reduce sig-
nal distortion when using the rrFMrr mode of reception (t imiter ON) . VJhen com-
bined with the input AGC circuit, they provide exceptional performance when
using the 'rAMr! mode (t imiter OFF) . The mark and space detectors are set-up
to generate opposite polarity DC voltages which are then cornbined to produce
the output data. t^/hen combined with the broad-bandwidth discriminator f ilters,
a very Iinear, high-performance discriminator is formed. The polarity of tlre
detected voltage is changed in both filters with the front panel SENSE Svuitch.

5.1.6 Meter Ampl ifier and Detectors (Fisure 5.7)

A portion of both the mark and space signals are also rectified with
1N270 germanium diodes, filtered, and ampliFied in a type 74t operational
ampl if ier ( ll5). Since the polarity of the two di6des is the same, the
output of the amplif ier 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 f ilter. This is the ,,plus-plusrt
voltage previously discussed. This voltage is used to drive the tuning meter
(except when the oscilloscope option is instal Ied) and the autostart circuit.

5.1.7 Active Low-pass Filter (Figure 5.7)

Both sections of a MCl45B lC are used in a three-pole active low-pass
f ilter that follows the discriminator stage. The cut-off f requency of this
f ilter is set to approximately BZ Hz to minimize noise on the signal while
stil I al lowing use of the 5T-6000 at data rates up to I IO baud.
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5.1.8 ATC Circuit (Figure 5.1)

When using the ST-5000 in the rrAMrr mode (timiter 0fF), se lective fading
that reduces the ampl itude 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 rrAMri mode when a continuous stream of RITY data is being received (such
as a message transmitted by tape or from a semiconductor storage device).
ln rrFllrr mode (l imiter 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 I imiting before the d iscriminator. Since the ATC
level restoration depends upon RC time constants, chosen for a continuous
data stream, it may cause d istortion when slowly hand-typed data is received
and should therefore be turned 0FF when receiving this type of signal.

5.1.9 Tone Keyer (Figure 5.8)

The tone keyer section of the 5T-6000 is very similar in design to
that used in the HAL XTK-I00 AFSK 0scillator. 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 fol lowing outputs: mark (al I shif ts)
l7o Hz space, \25 Hz space, 850 Hz space, and Ct,J-lD (l0o Hz below mark).
The crystal frequencies are 2000 times the desired output frfrG-cy for
"high-tones" (mark = 2125 Hz) and 3000 times the desired output forrrlow-
tonesrr (mark - 1275 Hz). Crystals for special tone requirements are chosen
to maintain a fundamental crystal frequency in the 3000 to SOOO kHz range
and the 2000 or 3000 divider ratio adjusted accordingly. AII f ive crystal
oscillators operate continuously. The oscillators are lC's number 2l and 22.

Selection of which of the f ive oscillator outputs is passed along to the
d ivider is made by the control s ignals appl ied to gates l2l , lZ3, and lZ4.
The control circuitry is arranged so that only one of the signals appears
at pin l0 of 12\ (fetZ1 at any one time. The gated signal is then divided
by either 200 or 300 in circuits lzO, ll9, and llB. The jurnpers Iabeled
I rHr I and "L" on the schemat ic determ ine whether the d iv ider rat io i s 200 (ff )or 300 (t) . The output of llB is then divided by l0 again in the ll7 ring-
counter circuit. The ten outputs of ll7 are combined in a resistor network
to give the digital-to-analog (OZn) 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 ll5 serves as a single-pole lowpass f ilter
to f urther suppress any harmon ics of the output s igna I . The second lra I f ofll5 is an adjustable gain output amplifier, capable of output signal Ievels
between 0 and '32 dBm into a 500 ohm load. As on the 5T-6000 input
circuit, a 500 ohm isolation transformer is used on the tone keyer outputto 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
5T-6000 sh if t switch to permit true transceive operat ion. AIso, the SENSE
(UOnm-REV) switch on the ST-5000 also reverses the mark and space tones of
the tone keyer.
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5.2 ST-5000 Control C i rcu it Board

AI I of the prev ic;us c ircu its descr ibed are located on the input (or
analog) circuit board. The conditioned data output of this section is now
used to drive tlre essentially digital sections of the ST-5000, the slicer,
DTH circuit, antispace, dutostart, and output drivers and interfaces. With
the except ion of tlre tone keyer sect ion, sl I of the d igital control , inter-
facing, and main pov{er supply circuits are Iocated on the control circuit
board. These circuits are discussed in the following sections. As before,
the appropriate schemalic diagram is referenced for each discussion.

5.2.1 Slicer and DTH Circuits (Figure 5.9)

The analog data output from the ATC circuit (ot lowpass filter if ATC

is OFF) drives a high-gain Iimitirrg amplif ier to produce fast rise-time keying
pu I ses for mark drrd space data cond it ions. As d iscussed prev ious I y in sect ion
\.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 5T-6000 is basically a hard-
limited, rrFHrr type of demodulator, this is fairly easily compensated for by
introducing hysteresis in the sl icer stage, thus requiring a "firmil 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 0N.

5.2.2 Ant ispace C ircu i t (F igure 5.9)

lf a signal at the space frequency is held for a long period of time,
the teleprinter wil I rrrun-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 sect ion of integrated c ircu it 12 is used [o buf f-er 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 (..l3, 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.\ Autostart Circuit (Figure 5.9)

The "plus-plus" voltage f ronn the meter amplif ier on the input circuit
board is used to drive the autostart threshold detector, integrated circuit
ll . As explained previously, tlre "plus-plus" voltage is proportional to the
frequency match between the input tones and the discriminator f ilter frequen-
cies. lt is only rnaximum and non-varying when the two tones (mark and space)
match the filters. The offset bias appl ied to ll is set to produce a rapid
positive voltage transition at ll output (pin 7) whenever the ilplus-plus"
voltage exceeds the of f set bias voltage. ln practice, this adjustment should
be set so that ll does not trigger on noise pulses b'ut does trigger whenever
a val id RTTY signal is received. This is an adjustment that the user may
wish to set to his own preference. lf 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 ll drives an inverting ampl if ier 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
(nurOsfART, sLOw-FAST switch). The rurn-off time after Ioss of signal is
much shorter. The delayed control voltage is coupled through lC gates l3
(two sections) and l4 where it is combined vuith the antispace output and
the standby control I ine to produce the post-autostart data output. The
autostart may be defeated with the front panel AUT0START,0N-0FF switch.

The autostart output ("r well as thestandby Iine) also drives the
motor power control circuit, two sections of l4 plus a MPS55lB relay driver
transistor. This circuit turns on the motor relay, applying power to the
M0T0R 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 Ioss-of-signal. At this time, power to the M0T0R recep-
tacle is turned off and remains so until another valid signal is sensed by
the autostart or unt i I the standLiy I ine is act ivated. The motor power is
always on when the standby I ine is in standby condition (l-OCnl position
of the PR INT switch) . The motor c i rcu it i s I,l0T control Ied by the ant i-
space circuit.

5.2.5 S tand by C i rcu i t (F i gu re 5. 9)

Tire th i rd control of the post-autostart data I ine is the standby c i rcu it.
Th is can be act ivated by three sources. F i rst , the f ront panel PR INT (t- truf -
L0CAL) r*itch provides manual control. When the switch is in LINE position,
the post-autostart data I ine is controlled by the detected siqnal, providing
the autostart has activated. When in LOCAL position, the post-autostart data
I ine is locked in mark condition and the motor is held on fcr "local looprl
types of operiltion. This same control I ine carr be control led external'l y
through the Remote Standby connection on the AUXILIARY connector (.t3, pin 2).
When this I ine is at +12 volts, the post-autostart data Iine can be driven by
the detected signal. When the I ine is grounded, the post-autostart data output
is held in nark-hold. The third control of the standby circuit is by the KOS

circuit. L,/henever the K0S circuit is in transmit mode, the post-autostart
output is locked in mark conCition to provide local Ioop operation (in half-
duplex operation) and to prevent re-triggering of the loop that might be
caused by recept ion and detect ion of the transmi tted s ignal .
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5.2.6 Post-autostart Data 0utput (F isure 5. 9)

The outputs of the antispace circuit, the autostart circuit, and the
standby control line are combined in gate l4 and buffered in l2 to give a
post-autostart data output of the sT-6000. This data signal is connected
to pin I0 of the AUXILIARY rear panel connector (J3). Either this signal
or the pre-autostart data signal can be rrsed to drive the loop stages. the
RS-232-/l4l L-lBB interfaces, or external equ ipment, as selected by jumpers
on the AUXI LIARY connector. The standard jumper plug furn i shed wi th the
ST-5000 connects the post-autostart data signal to drive the loop keyer
stages. Both the pre- and post-autostart data signals are CM0S logic
signals with mark = 0 volts and space = +lZ volts. part of the versati I ity
of the ST-5000 I ies in the fact that these signals are avai lable for exter-nal connection and can be jumpered to suit individual requirements.

5.2.7 Loop Keyer Stages (Figure 5.lo)

The 5T-6000 has two high-voltage loop keyer stages that can be con-
nected to drive up to two different loop circuits. Both keyer stages aredriven by the output of gate llO. Two inputs to this gate are provided
on the AUXILIARY connector; Transmit Loop Drive (pin il) and Receive LoopDrive (pin 6). Either input can be used to drive the keyer stages with thereservation that the Receive Loop Drive input is also used to drive a circuitto differentiate between keyboard interruptions of the loop and Ioop keying
due to received data. Both inputs requ i re CMOs-compat i bl e I evel s (mark'= 0,
space = +12 V.). The standard jumper plug for the AUXILtARY corrnector con-
nects the post-autostart data output (pin l0) to the Receive Loop Driveinput (pin 5).

Both keyer stages use a type 2N5655 keying transistor, rated at lO0
ma (mark) or +200 volts (space) maximum. Both have series RC transientprotection across the collector circuits. One of these stages is calledthe "Main Keyer" stage and has its collector connected to pin 4 of the
Loop I e 2 connector (.18) , where it is ca I led "Loop l,'. The em i tter of
th is I'Ma in Keyer[ stage has a ser ies res istor to ground to sense the loopcurrent through the transistor. This signal is ampl ified by a MpS-33g\ toproduce a CMOs-compatible output signal that has the same data as Loop l,
whether it originates from a received signal or from external devices in
the Ioop (such as from a keyboard, tape transmitter, ol other device).
This output signal is called "Loop Sense" and is connected to pin Il of
the AUXILIARY connector (J3). The standard jumper plug for rhe AUX lLlARy
connector rsg: this signal to drive the tone keyer input (pin l5) and the
RS-232/l lL-lBB data output interfaces. This Loop Sense signal is also com-bined with the Receive Loop Drive signal in gate I to produce the Loop Keyboardoutput signal (pin l, J3). The Loop Keyboard output signal is again CMoS-compatible and represents 0NLY the data generated in the loop EXTERNAL tothe ST-5000. This signal i:, normally jumpered in the standard AuxlLlARyjumper plug to drive the KOS circuit (Jr*p"r from pin I to pin S of Jj).
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The other keyer, called the "Auxil iary Keyeril 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 I e 2 connector
(.18), where it is referrec! to as "Loop 2". This second Ioop keyer can be
used to switch external and separate Ioop circuits from Loop I or can be used
in any application requiring a switch-to-ground on mark type of control.

5.2.8 RS-232/tll L-lBB lnrerfaces (Figure 5.ll )

The ST-5000 also includes interface circu its to al Iow interconnect ion
to devices requiring EITHER ElA.-RS-232C or MIL-STD-188C data signal Ievels.
lnput data f rom either RS-232 sources (pin I{ of J5, the RS-23z/Ml L-l88
connector) or MIL-188 sources (pin 5 of J5) are combined with a Keyboard
data in signal (pin 5 of J3, pin 3 of J6, or pin 3 of JB) to produce the
CM0S-Compatible Local Data 0utput signal (pin l4 or J3). This Local Data
0utput signal can then be used to drive the tone keyer or other devices.
This s ignal also dr ives the KOS circu it for automat ic control of transmit-
receive functions of the station.

The Keyboard Data ln signal can originate from the previously dis-
cussed Loop Sense s igna I (standard At,X I L IARY pl ug 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, pdrallel connections are provided on the AUXILIARY connector
(.13, pin 5), the KOS connector (J5, pin 3) and the Loop I e 2 connector
(-r8, pin 3).

0utput signals compatible with RS-232 (pin I of J5) and MtL-188
(pin 3 of J5) devices are generated in the two sections of integrated
circuit 19, a type 5558 dual operational amplif ier. The ampl if iers are
driven by the signal called rrlnterface Drive" (pin 4 of J3, the AUXILIARY
connector). Thus, the interfaces can be driven from any CM0S-compatible
data source within or external to the 5T-6000. The standard AUXILtARY
jumper plug connects the Loop Sense output signal to the lnterface Drive
input so that all Loop I data is available with both P.S-232 or MtL-188
compatible outputs. As suggested in section 3, these outputs can also
be used to drive diode FSK clrcuits or devices such as the HAL RVD-1002 or
RVD-1005 Visual Display Units ("Voltage,' or "614rr inputs).

5.2.9 KOS C i rcu i t (F i gu re S.lZ)

The KOS (fuyboard Operatt:d Switch) c i rcu i t of the 5T-6000 a I lows 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 CVJ-lD hand key. Recall from the above
discussion that the Local Data output signal only reflects data to be trans-
mitted (from the keyboard, RS-232 input, or MIL-l88 input). Therefore, ONLy
transmit data is allowed to irigger the KOS circuit. The KOS circuit will
switch to transmit mode lF a spacing condition of 5 ms or more is sensed
from the Local Data siqnal or lF the CW-lD key is clo..ed. Thus, the trans-
mitter will be activated by the l(0S if any key on the keyboard is depressed
(fOS triggered by the start pulse) or if the CW-ID key is used. The KOS
will return to receive mode under three conditions; if the Local Data
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rema i ns in mark cond it ion for more than 'l to l0 seconds (user ad j ustable) ,or I second af ter complet ion of the CW- lD operat ion. Therefore, the stat ion
reverts to receive cond it ion if the telepr inter break key is used ("fast-break',)
if typing is stopped for a preset Iength of time (t to I0 seconds of mark),
or upon completion of th9 CW-lD sequence. Adjustment of the mark time delayis d iscussed in sect ion 4.9. Not ice that, when the KoS is in transmit mode,
the post-autostart output data line is held in mark condition and the power
to the M0T0R receptacle is turned on.

5 .3 Front Pane I I nd i cators

The operation of the front panel indicators (see Table 4.2) can now
be explained in terms of the control circuitry of the 5T-6000. The MARK,
SPACE, and AUT0 indicators are shown in Figure 5.9. The MARK ind icator is
driven directly f rom the output of the slicer stage. Thus, it ALWAYS indi-
cates the state of the received data (mark=on), regardless of the conditionof the autostart or KOS circuits. This lamp also indicates the status of
the pre-autostart data output.

Similarly, the SPACE Iamp 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 AUT0 LED indicates the status
whenever the autostart control line wil
nal to the post-autostart data output.
turned OFF with the front panel switch,

The status of the KOS c i rcu i t i
Iamp is on whenever the KOS circuit is
Figure 5.12).

of the autostart circuit and is on
I allow passage of the received sig-
Notice that, if the autostart is
this AUT0 lamp wi I I remain on.

s indicated by the KOS LED. This
in the transmit condition. (See

The L00P LED (see Figure 5.10) is driven directly from the Loop Sensecircuit and therefore indicates the status of the'rMain" keyer transistor,or Loop l. This lamp is on for mark condition and off for space condition.

The P0trER lamp (Figure 5.13) senses the
'12 volt outputs of the main power supply.
will reduce the intensity of the lamp ahd a
the lamp.

presence of B0TH the +12 and
Thuf, a fa-i Iure or either voltage
total power fa i I ure wi I I ext i ngu i sh

5.\ Power Supply (Figure 5.13)

The main Power supply rectifiers, fi Iters, 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 -lZ vol tages regu i red by
full-wave bridge rectifier. The +lZ volt
TBlZ integrated circuit regulator, the -lz
noted prev ious I y, the pOt^rER LED i nd icates

the 5T-6000 are derived from a
supply is regulated with a type
volt by a type 7912 lC. As

presence of B0TH voltages.
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The +175 volt, 60 ma. loop voltage is derived f rorn a full-wave recti-
fier. The L00P fuse and current I imiting 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 linriting resistor, to the Loop 3 connector (17, pin l).
Pin 3 of the Loop 3 connector is then connected via the circuit board to pin
I of the Loop I and 2 connector (JB), where it is called "Loop High(*)".
Therefore, a junrper or TTY mach ine MUST be connected betrreen p ins I and 3 of
the Loop 3 connector to use either the'rl4ain" (Loop l) or "Auxiliary" (Loop 2)
keyer stages.

5.5 Osci I loscope (Figure 5. I 4)

The tuning oscilloscope section in the ST-5000 includes the 1r1 cathode-
ray-tube, its front-panel controls, vertical and horizontal deflection amp-
I if iers' high voltage power supply and a power transformer with high-volt-
a99 winding for the CRT. _ The high vo.ltage supply is contained on one circuit
bcard that mounts directiy to the tube shield. The supply is arranged to
generate both +480 vol ts and -2\O vol ts. The def I ect ion ampl i f i ers and bi as
networks for the CRT are constructed on a second circuit board, mounted on
the other side of the tube shield. The two def Iection amplif iers are
identical and have suff icient voltage gain to permit more than ful.l screen
def lection with the 2 volt p-p signals availab-le from the discriminator
filters. Gain controls are provided for both horizontal and vertical
amplifiers to permit user acljustment 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 def ined 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 userrs preference.

5.6 Cabinet Wiring

The ST-5000 is constructed in semi-modu lar form with nrost of thecircuitry 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 d irect ly to the sr..ritches ()n the control board. Al I of the rearpanel connectors (with except ion of the l'10T0R and power I ine connectors)directly connect to a rear panel 'rmother" board that provides all RF by-passing and interconnect ion points to other connectors and circuit boardsof the demodulator. Connect ions between the ci rcui t boards and to cabinet-
mounted components are made with either l5-conductor ribbon cables and
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plugs or plastic multi-conductor connectors similar to those used on the
rear panel. Al I subassembl ies are designed to pernrit quick rernoval for
testing or replacement without unsoldering connections. Figure 5.14
shows the cable I istings for each interconnect cable used in the ST-5000.

5.7 User Serv ic ing

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 speci fic control s. Adjustment of other
interior controls, particularly those in the active filter circuits is
NOT RECOMMENDED. These adjustments should not change with time. lf
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 povrer supply
voltagesn if desired, but it is preferable to have all repairs made by
the factory. lf you should have to return the unit to the factory for
service be sure to:

['/rite us in advance (or ca]l) and get a return authorization.
Pack the un i t CAREFULLY r'rith ADEQUATE sof t packing mater ia I

to prevent sh i pp i ng damage.

INCLUDE lN THE BOX WITH THE EQUIPMEIIT a list describing the
fa i I ure mode (s) enccuntered.
Sh i p the un i t (vi a UPS, preferred) to

HAL Communication Corp.
1201 W. Kenyon Rd.
Urbana, lL 51801
Attention: Service Department

?

3.

4.
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ST-6000 Operating and Trouble-shooting Guide

General Notes on Receiving:

l) The signal type should match the printi
nals are standard Baudot or ASCI I code

2) HAL vi deo pr i nt i ng equi pment wi I I on I y

3) Normal/Reverse swi tch should be set to
band for most Amateur Radio RTTY.

ng equipment being used. Normal sig-
(no greater than 110 baud).

copy asynchronous data.

Normal and transceiver on Lower Side-

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

5) ln the presence of selective fading, use the ATC only if the sending rate is
relatively fast. 0therwise, turn ATC off.

5) Use DTH only with high signal levels.

7) lf you intend to run RS-232 or MIL-IBB 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 auxi liary jumper
plug (i3) on the back of the 6000 to insure that it is properly seated and
all pins are makirrg contact.

RCV

Does the 
'OOOO

t*o
I s power on?

I

I Yes
Y

ls the tuning

| ,",
v

I s the Auto I

Yes

Are Ma rk

receive off the air?

indicator

i ght on?

-----* Go to
Yes

-->- 
Check

No I ine

XMIT

AC fuse, power cord, power
vo I tage

and Space I

Yes

working?

i ghts both f lash i ng? --->-
No

------>- Check aud io i nput cab I es , p roper
No - shif I selected, Limiter on

----+ ls the signal valid and being pro-
No perly tuned, has the 5T-6000 been

on long enough for autostart to
acti vate, check SL0W-FAST pos i ti on,
Limiter oo, check and adjust auto
threshold potentiometer ( i nternal )

P r i nt swi tch i n I i ne mode, KOS not
active, check ffi (J3-2)
line - should be high, check loop 3
jumper, Ioop fuse, check series
loop (JB) ci rcui t, ungrounded loop,
loop polarity observed when neces-
sary? Check al I cables, auxi I iary
jumper plug (l-l), ribbon cables
inside unit
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Are you now get
II Yes

'1,

Now check otlrer

ting print?

shi fts and speeds.

--> 
Retrace RCV sect

No more information
RS-2 32/ttt L- 188,
structions)

ion if no success,
needed (if using

see special in-

Genera I Notes on Transmi tt i ng:

I ) D0 NgT overdrive the transrnitter i f you are us ing the microphone input. I f
you notice that the ALC circuit of your transmitter becomes active, you are
overdri vi ng your transmi tter"

2) lf you use a speech processor for voice transmissions, be
off or disconnect it during RTTY transmission.

3) Reduce the power output of your transmitter while transmit
is 100% duty cycle and failure to reduce power could cause
transmitter.

sure you turn i t

t i ng RTTY. RTTY

damage to your

4) Make sure that the passband of your transmitter is of
pass both the Mark and Space tones you are using.

THERE ARE THREE WAYS TO SET THE ST-5OOO FOR TRANSMITTI

1 ) KOS act i vated
2') Print switch in LOCAL position
3) ffi (.ll-Z) line grounded

XM IT

the 5000 producing any output tones?ls

g Mark to Space transi tion?

ion transmi tting:

shifts, if desired.

sufficient width to

NG:

TONFTNABTE (ll-tz) should be low,
No tone level set?, cable to trans-

mitter 0K, shi f t swi tch selected

-----* Check continuity: Loop sense
No hooked to XTK DATA lN (.t I p i ns ,

11, 15), Signal on J3-15 toggle
wi th Ioop (mark to space, e tc. ) ?

CW I D on? (pi ns J8-6 or J5-2)

---------> Retrace Xl"llT section, if no suc-
No cess rto re i n fo rma t i on needed

ls it

ls the

C heck

Yes

kin

Yes

tat
Yes

her

I
ma

5

,I

ot
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APPEND I X A

1, RF-TNDUcED 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) . lf 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 wilI break the ground path. lf 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. lf 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 lo-meter half-wave
ground wire (16 feet long) and a l5-meter half-wave ground wi re (22 to 23 feet
Iong) 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 el iminate 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 el iminate 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.
ln fact, it is this type or radiation that is most likely to be coupled into
nearby l/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 coupl ing 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 coupl ing to a
minimum. The drawing in Fig. 1B shows the use of high-mu (950 or 2OOO) ferrite
toriods or rods to choke the flow of rf on audio and control lines.

lf cable rearrangement doesnrt 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. lf the rf problem Persists with the
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exciter connected directly to a dummy load reduce the drive level to see if
that e I i mi nates the prob I em.

lf operation into a dummy load does not significantly reduce the rf-
related problems, disconnect all l/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. lf rf problems are still present, then rf energy is probably being
introduced to the HAL equipment circuitry through the por,re r 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. 28 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 referrei to HAL factory
customer-service personnel. ln cases where this is not feasible, or where station
rearrangementis necessary to affect complete elimination of rf problems, the
information in the fol lowing section may be of some help,

2, MINIMIZING RF-RELATED PROBLEMS THROUGH ANTENNA SELECTION

ln 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 impe-dance 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 likely 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 dwel Iers may have the most difficulty achieving a good instaliation
since many times an indoor antenna is the only type al lowed. when this is the
case, locate the antenna as far away from the operating position as possible.
where outdoor antennas are al lowed, they should be placed as high as practicable.
Not only will this provide optimum reception, but it wi ll also reduce the levelof rf in the shack -- all other factors being constant. Excellent antenna install-ation information can be found in radio E electronics handbooks and antenna theory
and construction booklets, as well as in articles publ ished in electronics
per iod ica I s,

ln most situations, coaxial cable feed line is preferred over open-wi re,
twin-lead or single-wi re type feed systems as its serf-shierding property reduces
the chance of unwanted rf coupl ing,
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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 f ive 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. lf 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 paral lel to the radiating portion of an element.
ln 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. lf
there is a moderate SWR on the line, try adjusting the coaxial cable length so
that a low impedance (h igl-' feed current) i s presented to the transmi tter. Th i s
may hel p reduce the level of rf i n the vicinity of the transmitter.

###



HAL COMMUN I CAT I ONS CORP

P.0. Box 365
URBANA, !L 51801

LIMITED WARRANTY

HAL Communications Corp of Urbana, lllinois, 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. ln the case of parts kits, this
warranty appl ies only to materials and not to workmanship in kit assembly.

ln the event of a defect in materials or workmanship during the warranty
period, HAL Communications Corp will , dt 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
fol lowing:

1. Notify, as soon as possible, the Customer Service Department at
HAL Communications Corp, Urbana, ll I inois, either in writing or by
telephone, of the existence of a possible defect;

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

3. Hold the unit unti I a written return authorization is received.
4. Return the unit, freight prepaid, upon the receipt of the written

return authorization.

Correct instal Iation, use, maintenance, and
performance of this product. The purchaser
ni cal manual .

repai r are essential for proper
should careful ly read the tech-

This warranty does not apply to any defect which HAL Communications Corp
determines is due to any of the following: -

1. lmproper maintenance or repair, including the Jnstal lation of parts
or accessories that do not conform to the quality and specifications
of the original parts;

2. Misuse, abuse, neglect, improper instal lation, or improper operation
(including operation without a proper safety ground connection);

3. Accidental or intentional damage.

AII implied warranties, if atry, are I imited in duration to a period of one
year f rom the date of original purchase. Some states do not al low I imitations
on how long an implied warranty lasts, so the above limitation may not apply
to you.

HAL Communications Corp disclaims any I iabi I ity 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 5T-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-
Iations, Class B computing device. The fol lowing 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
manufacturerts i nstructions, ffiay cause i nterference to radio and tele-
vision reception. lt has been type tested and found to comply with
the I imits 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. tf this equipment does cause interference to radio or
television reception, which can be determined by turning the equipment
off and oo, the user is encouraged to try to correct the interference
by one or more of the fol lowing 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 recei ver are on di fferent branch ci rcui ts.

lf necessary, the user should consult the dealer or an experienced
radio/television technician for additional suggestions. The user
may f ind the fol lowing booklet prepared by the Federal Communications
Commi ss ion hel pful :

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

ln addition, the following rear-panel label is located on the
panel:

"This equipment has been tested and found to comply with
specifications in Part 15 of the FCC rules for a Class B

5T-6000 rear-

the techn i ca I
computi ng devi ce. I'

Also, the fol lowing FCC text appl ies to use of peripherals attached to the
sT-5000:

"WARNlllG: This equipment has been verified to comply with the Iimits
for a Class B computing device, pursuant to Subpart J of Part 15 of
FCC Rules. 0nly peripherals (computer input/output devices, terminals,
printers, etc.) certif ied to comply with CIass B I imits may be attached
to this computer. Operation with non-certif ied peripherals is likely
to result in interference to radio and TV reception.r'


