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NOTICE

The information contained in this document has been
carefully reviewed and is believed to be accurate. However, no
responsibility is assumed for inaccuracies.

References to product features in this document does
not imply that those features are made available to this system.
Options and accessories covered are available (subject to some
option capability restrictions), and are included in the document
to ensure the customer has received the latest information
available on system operation.
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1.02

1.03

SECTION I - SHIPPING AND RECEIVING

INTRODUCTION

1.01.1 This section <contains instructions for receiving,

inspecting, wunpacking, preparation for shipment,
and the preparation for storage of Cushman Electronics
equipment.

RECEIVING

1.02.1 Upon receipt, the shipping containers should be

visually inspected for signs of external damage
which might indicate damage to the contents, and such damage
noted on the transporting agencies Receipt Invoice.

1.02.2 Carefully remove the equipment from the packing
containers, and save the containers and packing
material for future use. Visually examine the exterior of

the unit on all sides for damage.

1.02.3 Any signs of damage seen should be documented as

completely as possible to expedite the claims
response (photographs are recommended). Claims made should
be filed as quickly as possible with the responsible
transporting agency.

PREPARATION FOR SHIPMENT

1.03.1 In the event factory service or repair is needed,

contact the Cushman Electronics Customer Service
Department for further service information or to make
arrangements for shipment to the factory or Service Center.
The factory address is:

Cushman Electronicecs, Inc.
Customer Service Department
1525 Atteberry Lane

San Jose, CA 95131

1.03.2 The following is a general guide for repackaging

Cushman Electronics instruments for shipment. Use
care when packaging to minimize the possibility of damage
during shipment.

CATTIOX

FEDERAL REGULATIONS PROHIBIT SHIPPING INSTRUMENTS WITH
THE BATTERIES CONNECTED. ALWAYS DISCONNECT BATTERIES
(IF INSTALLED) BEFORE SHIPPING ANY INSTRUMENT.
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1.03.3 Before packing an instrument for shipment to the
factory or regional Service Center for repair,
attach a tag with the following information:
* Owner's name
* Model Number
* Serial Number
* Service/Repair Action Required

1.03.4 If the original container is to be used, place the
instrument in the container as shown in Figure
1-1. If the original container is not available, one can be
purchased from Cushman Electronics. Seal the container with
packaging tape approved by the transporting agency.

1.03.5 If the original container and packing material are
not used,‘proceed as follows:

a. Wrap the tagged instrument in plastic or
heavy paper and place in an inner container.

b. Place packing material around all sides of
the wrapped instrument.

c. Place the instrument and inner container in a

heavy carton or wooden box and seal with
strong (shipping or reinforced strapping) tape or
metal bands.

1.03.6 Mark the shipping container as follows on at least
two sides:

DELICATE
ELECTRONIC INSTRUMENT
FRAGILE

PREPARATION FOR STORAGE
1.04.1 If preparing the equipment for storage, the

procedures of 1.03.3 or 1.03.4 above should be
followed to ensure proper storage protection.

NOTE

If the optional 12Vdc battery is installed in the
instrument battery compartment, the battery should
be disconnected before shipment or storage.
Federal Regulations prohibit shipping instruments
with the batteries connected.
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2.01

2.02

2.03

SECTION II - INSTALLATION
INTRODUCTION

2.01.1 This section contains information pertaining to
installation requirements of the CE-6000 Series
Radio System Analyzer. It covers environmental requirements,
RF field interference, power source requirements, (optional)
battery replacement, and Special Cautions for operating.

ENVIRONMENTAL REQUIREMENTS
2.02.1 CE-6000 Series instruments are designed to operate
between 0°C and +55°C ambient temperature. In the
field these temperatures can easily be exceeded if proper
precautions are not taken, For instance, the internal
temperature of a closed automobile trunk may exceed +65°C
during summer daylight hours. Exceeding the upper or lower

temperature limits for extended periods may not result in
noticeable damage to the instrument, but may cause poor
performance or actual malfunctioning.

2.02.2 Care should be taken not to block the cabinet's
ventilation ports. Blocked air flow can cause the

internal instrument temperature to rise to upper limits,

again causing possible poor performance or malfunctioning.

2.02.3 Also, ambient humidity which exceeds a 907 maximum

for an extended period of time can cause
problems with accummulations of moisture in the instrument
changing signal paths and component values.

RF FIELDS

2.03.1 When the CE-6000 Series instruments are used near

one or more high power transmitters, adjacent
channel interference may be encountered. 1f satisfactory
measurements cannot be made with the antenna connected to
the ANT INPUT connector, the transmitter to be monitored may
have to be connected directly to the CE-6000 SIG GEN OUT/RF
IN connector and its attenuator.

CATTIOX

DON'T CONNECT "ANT IN" DIRECTLY TO THE TRANSMITTER
OUTPUT IF TRANSMITTER LEVEL IS GREATER THAN O dBm.

MAXIMUM POWER INPUT 1S 150 W. AN AUDIBLE ALARM WILL
SOUND IF HIGH POWER LOAD TEMPERATURE EXCEEDS 759C.

For further information, contact the Cushman Electronics Customer
Service Department.
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POWER REQUIREMENTS

2.04.1 The CE-6000 Series instruments can be operated
from any one of the following sources:

115 Vac, +/-10%7, 50-400 Hz, 80W (max)

230 Vac, +/-107Z, 50-400 Hz, 80W (max)
(Optional) External +11 to +15Vdc, 70W (max)
(Optional) +12 Vdc Battery Pack

* k% %

2.04.2 The instrument is fuse protected at the rear panel.
The source voltage to be used is selected at the
rear panel. A slide switch selects 115 or 230 Vac as
applicable. A special adapter ceble is uscd to provide +11
to +15 Vdc power from a motor vehicle DC power receptacle.

GCEOFR

Figure 2~1., Battery Pack Installation and Removal



2.05

2.06

2.07

BATTERY PACK INSTALLATION AND REMOVAL (Figure 2-1)

2.05.1 Before the optional battery can be installed, the

DC-DC Converter option must be installed, as it
contains the circuits for dc operation. Both options are
contained in CE-6000 option OP-01. If it is installed, the
battery can be installed and removed as follows:

a. Make certain the instrument is disconnected from
any AC or DC source.

b. Remove the rear panel battery compartment. Note
that this compartment also contains the charging
circuits for the unit.

c. Place the battery inside the battery compartment.
.

d. The optional +12 Vdc rechargeable battery has a
connector and cable assembly attached to the
battery terminals. Locate the harness connector
inside the battery compartment (coming from the
battery charging circuitry) and plug it into the
battery connector.

e. Replace the battery compartment on the rear panel.
Connect the DC interconnect cable on the side of
the compartment to the CE-6000 rear panel DC input
connector. Extermal DC input is now to the DC
connector on the side of the battery compartment,
DC operation is selected by the EXT DC/BATT switch
on the opposite side of the battery compartment.

f. To remove the battery,reverse Steps a.- e. above,

BATTERY CHARGING

2.06.1 The CE-6000 Series optional battery will charge as

required while the instrument is connected to an
external source of dc power. To ensure the battery is at
full charge when using battery power for operation, it
should be charged for at least 15 hours before using.

SPECIAL ACCESSORIES AND OPTIONS

2.07.1 OPTIONS

2.07.1.1 There are four basic versions of the CE-6000

Radio System Analyzer. They are the CE-6020,
CE-6030, CE-6232, and CE-6488. Each version can be
operated to its full capabilities immediately upon
receipt. System capability can be increased with the
addition of special accessories and options available
from Cushman Electronics.
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07.

2.07.1.2 The basic CE-6000 Series Radio System

Analyzer is a portable instrument designed to
monitor and test the frequency characteristics of
transceivers in the VHF/UHF range to 1000 MHz. It
combines in one instrument the functions of a spectrum
analyzer, RF signal generator, frequency comparator,
audio generator and modulator, RF power meter, FM
modulativn deviation meter, % AM modulation meter,
frequency error meter, oscilloscope, and SINAD receiver
sensitivity meter. In addition, the basic instrument
can be equipped with either an 0OP-07 IEEE-488 (CE-6488)
or OP-09 RS-232C (the CE-6232) data bus option to
provide a system interface capability.

2.07.1.3 The CE-6020 Radio System Analyzer includes

the basic instrument capability plus OP-04
Tracking Generator (TG) option, and the Cable Fault
Location function.

2.07.1.4 The CE-6030 Radio System Analyzer includes

all functions of the CE-6020 instrument plus
an Offset Frequency Generator (0OP-03), and a Model 6408
Signal Center Encoder (OP-05).

2.07.1.5 Additional options available for the CE-6000
Series instruments include an oven-controlled
crystal oscillator reference (OCX0) to replace the
standard temperature-compensated crystal oscil lator
reference (TCX0), optien OP-02, and a rechargeable
batteryfor portable operation (option OP-01).

2.07.1.6 The purchase of a more basic instrument does

not limit the overall CE-6000 capability.
Any CE-6000 instrument can be updated at any time to
include these additional capabilities, subject to some
option capability restrictions. Contact Cushman
Electronics for further information.

2 ACCESSORIES

2.07.2.1 Each CE-6000 Series instrument is shipped

with an accessories package containing a
telescoping whip antenna (which connects to the ANT IN
connector), 74" coaxial cahle, power cord, front rover,
an owner's manual, and extender boards for maintenance.
Other accessories available include a shipping trunk, a
soft zippered cover with shoulder strap, and vehicular
power cord.



SECTION III - OPERATING CONTROLS, CONNECTORS, AND INDICATORS

3.01

3.01.1

INTRODUCTION

Controls,

connectors,
Series equipment are shown
Panel) and Figure 3-2 (Rear Panel).

and indicators of the CE-6000
in Figure 3-1 (Front
The functions of each

are described in Tables 3-1 and 3-2.

TABLE 3-1
CE-6000 SERIES FRONT PANEL CONTROLS, CONNECTORS, AND INDICATORS
NUMBER FUNCTION DESCRIPTION

1 METER FUNCTION Seven position switch for selecting
desired function and scale.

2 ZERO ADJUST SCRLW For zeroing FUNCTION metcr (power OFF)

3 FUNCTION Meter Measures selected function: SINAD, PWR
X1 and X10, ZAM, and FM deviation from
1.5 to 15 kHz.

4 ANT 1IN A fused signal input connector used to
make measurements in the KECEIVE mode.
Maximum input level of 0.5V peak/peak.

5 S1G LEVEL LED lights when the selected RF signal
level at ANT IN exceeds RECEIVE mode
squelch level and can be measured.

6 SELECTIVITY Selects IF bandwidth (NARROW, MEDIUM,
or WIDE) for CE-6000 receive functions

7 SENSITIVITY/SQUELCH [Concentric switch sets dBm reference
level (REF LEVEL dBm) to one of four
detented positions (using the outside
switch). Inside switch is a variable
squelch adjustment.

8 HORIZ CAL Detented potentiometer/switch used in
conjunction with HORIZ/DIV switch to
vary horizontal scale when out of the
detented CAL position.

9 HORIZ POS Adjusts left-to-right position of the
CRT trace.

10 | OFF/INTENSITY ON/OFF switch for CRT display; when ON

adjusts brightness of CRT trace.
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TABLE 3-1 (CONT'D)

CE-6000 SERIES FRONT PANEL CONTROLS, CONNECTORS, AND INDICATORS

NUMBER

FUNCTION

DESCRIPTION

11

12
13

14

15

16

17

18

19

20

21

CRT

FOCUS

VERT POS

VERT CAL

HORIZ/DIV
VERT

ZERO SCAN

UNCAL (Vert)
UNCAL (Horiz)

SCOPE VERT IN

AC/DC

In normal oscilloscope mode, displays
modulated signals the CE-6000 Series
instrument receives or generates; with
external input to SCOPE VERT IN, can
use as 500 kHz oscilloscope; in the
SPECTRUM MONITOR mode, displays signal
spectrums up to 1000 MHz over a 115 dB
range. Automatic sync circuits lock
the sweep to the incoming signal.

Adjusts sharpness of the CRT trace.
positioning of CRT

Controls vertical
display.

Used in oscilloscope mode only. Varies
vertical CRT scale between calibrated
range selected on VERT control and its
next lower range (when out of the CAL
detent position).

Ten-position switch selects calibrated
time base per division on oscilloscope
display; in Spectrum Monitor, selects
frequency per division.

Eight-position switch for selection of
calibrated vertical sensitivities for
CRT display.

Stops Spectrum analyzer scan to allow
use for accurate frequency selective
measurements of signal strength. Has 2
kHz BW (for best resolution, a 10 kHz
HORIZ/DIV setting is recommended).

When lighted, LED indicates VERT CAL
is not in the CAL (detented) position.

When lighted, LED indicates HORIZ CAL
is not in the CAL (detented) position.

Used when CRT is used as an external
oscil loscope, or in a tracking scope
mode, Provides vertical deflection for
CRT external signal 1inputs.

Selects AC or DC coupling for signals
input to the SCOPE VERT IN jack.

10




CE-6000 SERIES FRONT PANEL CONTROLS,

TABLE 3-1 (CONT'D)

CONNECTORS, AND INDICATORS

NUMBER

FUNCTION

DESCRIPTION

22

23

24

25

26

27

28

29

30

31

MOD IN/SINAD IN

MOD OUT

LEV CAL

CAL OLUT

DEMOD OUT

SPECTRUM DISPLAY/
1 dB VARIABLE REF

SWEEP/CENTERTNG

FREQUENCY ERROR

RANGE (kHz)

Zero Adjust Screw

Input BNC for an external modulation
source; also used to measure the 12 dB
SINAD sensitivity of a receiver under
test, with reading made on the CE-6000
FUNCTION meter.

BNC jack makes the modulation signals
available for external use.

This screwdriver adjustment sets the
Log Amplifier gain (used in Spectrunm
Monitor mode only).

BNC output provides a precise internal
200 MHz signal at -20 dBm to be used
for calibrating the CE-6000 Spectrum
Monitor display, and troubleshooting
when used in con junction with other
CE-6000 functione.

Makes the recovered audio from the RF
signal available for external use.

This concentric switch/potentiometer
provides for variation of the Spectrum
Monitor display. The outer 3-position
switch selects 1 or 10 dB/DIV, or an
external detector (EXT DET). The inner
potentiometer provides a calibration
reference adjust for 1 dB/div setting.

Concentric switch/potentiometer allows
variation of CRT sweep in 0-1000 MH:z
position. The center potentiometer is
used to center sweep on display.

Meter displays frequency difference
between received or generated signal
and the frequency value contained in

the CE-6000 FREQUENCY SELECT display.

Three-position switch selects 1.5, 5,
and 15 kHz ranges for FREQUENCY ERROR

meter display.

Used to zero the FREQUENCY ERROR meter
when instrument power is OFF. Adjusts
the meter mechanical movement.

11




TABLE 3-1 (CONT'D)

CE-6000 SERIES FRONT PANEL CONTROLS, CONNECTORS, AND INDICATORS

NUMRBRER

FIINCTTON

DESCRIPTION

32

33

34

35

36

37

38

39

40

OFFSET (PUSH)

MOD/OFF/MOD+1kHz

MOD ADJ

MOD IN ADJ

PWR VOL

ON

MIC

+ 1 kHz ADJ

SIG GEN (FINE)

When pressed, provides an offset to
the generator output of up to -15 kHz
(fully CCW) or +15 kHz (fully Cw) frorm
the value contained in the FREQUENCY
SELECT display. Offset is "O" when the

knob is in normal position.

Three-position switch selects normal
modulation (MOD), removes modulation
(OFF), or adds 1 kHz to the modulation
frequency (MOD + 1 kHz).

Adjusts modulation level of the audio
oscillator for internal modulation or
external audio output.

Adjusts audio input level to produce
desired amount of modulation from an
external source.

Turns "ON" power to the CE-6000 when
moved from the "OFF" position. Turning
clockwise (CW) increases the volume of
the demodulated signal.

LED indicates that the PWR VOL switch
has been moved from the "OFF" position
and CE-6000 is "ON".

Connector provides for modulation from
a microphone input; the mic. level is
controlled by the MOD IN ADJ pot. Unit
automatically switches to the GENERAT
mode when microphone is keyed.

Adjusts level of 1 kHz tone when the
MODULATIONswitch is in "MOD + lkHz".

Cuncentric .switch/potentiomcter. When
moved clockwise out of OFF (detent)
position, turns on RF Signal Generator
(S1G GEN), and adjusts the SIG GEN OUT
level within the 10 dB steps of the
SIG GEN (COARSE) control. Inner scale
is calibrated in dB level (43 to -10)
while outer scale 1is two scales; the
inner side is calibrated 1-3, and the
outer 1-10, Voltage level depends on
SIG GEN (COARSE) setting.

12




CE-6000 SERIES FRONT PANEL CONTROLS,

TABLE 3-1 (CONT'D)

CONNECTORS, AND INDICATORS

NUMBER

FUNCTION

DESCRIPTION

41

42

43

44

45

46

47

48

49

FUNCTION

NORMAL (LED)

SIG GEN (COARSE)

SIGC GEN OUT/RF 1IN

DUPLEX (LED)

FREQUENCY ENTRY

MEMORY RCL

MEMORY STO

DEC

Concentric switch selects CE-6000 unit
functions, Outer switch selects Signal
Generator (GEN), Receiver and Spectrum
Monitor (RCV/SPECTRUM), and Duplex
(DPLX) functions. Inner switch selects

CW, AM, FM, and SSB (RCV only).

When lighted, the green LED indicates
output level at the SIG GEN OUT port.

RF output attenuator adjusts the SIG
GEN OUT level in 10 dB steps from -120
to 0dBm (.3 uV to 300 mV rms).

Connector for the RF Signal Generator
output, or for the input signal whose
power is to be measured. Automatically
switches to PWR measurement function
when signal input is detected at this
connector (maximum of 150 W).

Green LED lights when DUPLEX mode is
selected at FUNCTION switch, and the
DUPLEX level is -70 dBm to -140 dBm.
Indicates a calibrated RF signal is
available at SIG GEN OUT/RF IN while
an input of up to 150 W is being
measured at the Power Meter circuits.

A ten-key pad numbered O - 9 which is
used to enter the desired frequency.

When pressed and released, the memory
locations 00 - 69 can be recalled from
memory and frequencies stored there
displayed. Each memory cell can hold 3
frequencies: a 1-19999.9 Hz MOD TONE,
and frequencies (to 999.9999 MHz) for
the GENERATE and RECEIVE functions.

When pressed, stores frequency entered
into frequency entry display in the
selected memory cell for later recall
and use.

Decreases (decrements) the memory cell
or frequency number selected with the
display cursor.

13




TABLE 3-1 (CONT'D)

CE-6000 SERIES FRONT PANEL CONTROLS, CONNECTORS, AND INDICATORS

NUMBER FUNCTION DESCRIPTION
50 M When pressed once, enables operator to
select a memory cell for display. When
pressed again, disables the memory
select function.
51 DISPLAY SELECT Selects the function of the frequency

52

53

54

55

56

57

58

INC

CURSOR

"cursor"

MHz/UNLOCK/Hz

FREQUENCY

GENERATE/RECEIVE/

MOD TONE/ERROR

MEMORY

shown on the frequency entry display:
GENERATE, RECEIVE, or MOD TONE.

Increases (increments) the memory cell
or frequency number selected with the
display cursor.

Moves "cursor" on the frequency entry
display in the direction of the arrow
on the key pressed. Cursor can move to
each digit of the frequency entry and
memory cell location displays.

A small triangular marker which can be
moved to each digit of the frequency
and memory cell entry displays. Has
automatic wrap-around at both high and
low ends. Indicates the digit to be
acted upon for frequency and memory
cell entries.

Information display which indicates
the frequency displayed is in MHz or
in Hz, or that there is an UNLOCK
condition in one (or more) of the CE-
6000 Phase Lock Loops.

Displays a seven digit fregquency (in
MHz) when GENERATE or RECEIVE function
is selected, or a six digit frequency
(in Hz) when MOD TONE is selected.

Lighted indicators which display the
function selected for frequency entry
or recall on the CE-6000. ERROR will
illuminate for offsets over 11.999 MHz
unless there is exactly 45 MHz between
RECEIVE and GENERATE frequencies.

The two digit memory location (00-69)
where frequencies are stored for later
recall and operations.
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CE-6000 Series Rear Panel

TABLL 3-2

CE~6000 SERIES REAR PANEL CONTROLS, CONNECTORS, AND INDICATORS

NUMBER FUNCTION DESCRIPTION
1 RF LOAD RF power load <capable of dissipating
up to 150W for more than 5 minutes.
2 ID Plate Provides the MODEL number snd SERIAL
number information for the instrument,
3 Cord Rack Storsge rack for AC or DC power cord.
4 AC In Connector for three conductor AC power
cord to AC source voltapge.
5 115/230 Slide switch to &ccommodate either a
115Vac or 230Vac power source.
6 EXTERNAL DC Power cord connector for 411 to +15Vdc
11 TO 15V source voltage input.
7 FUSE Fuse for DC power souvrce (10.0D ASB)
8 FUSE Fuse for AC power source (3.0 ASB
for 115Vac; 1.5 ASB for 230Vac)
9 BATTERY/EXT DC Rocker switch selects DC power source

8s being from internal battery or from
an external +11 to 415Vdc source.
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4.01

4.02

SECTION IV - OPERATION

INTRODUCTION

4,01.1 This section covers the operation of the CE-6000

Series Radio System Analyzer, and includes
procedures for unit power source selection, turn-on,
frequency selection, and testing of radio systems.

POWER SOURCE SELECTION
4.02.1 The CE-6000 Series Radio System Analyzer can
operate with any one of the following input power
sources:
* 115 Vac, +/-10%, 50 - 400 Hz
* 230 Vac, +/-10%, 50 - 400 Hz
* (Optional) External +11 to +15 Vdc Converter
¥ (Optional) +12 Vdc Battery Pack
4.02.2 The following procedures are used at the CE-6000

Rear Panel to select one of the above power
sources for system operation:

4.02.2.1 115 or 230 Vac SOURCE

a. Move the 115/230 slide switch so the number
visible on the switch <corresponds to that
of the source voltage.

b. Ensure that the 115/230Vac fuse installed 1is
the correct rating for source voltage input
(3.0 ASB if 115 Vac, or 1.5 ASB if 230 Vac).

c. Install three conductor AC power cord from
the CE-6000 to input source voltage.
4.02.2.2 (Optional) EXTERNAL +11 to +15 Vdc SOURCE

a. Ensure that the fuse installed in the DC
Converter panel is a 10AFB rating.

b. Install power cord from the CE-6000 External
DC connector to the input source voltage.

NOTE

The CE-6000 Series instruments, if connected
to an AC source, automatically switch to AC
operation even if simultaneously connected to
a DC power source.

16



4.03

4.02.2.3 (OPTIONAL) +12 Vdc BATTERY PACK

a. Set the BATTERY/EXT DC rocker switch (on the
battery pack) to the BATTERY position.

b. Ensure that the fuse installed on the DC
converter panel is a 10A FB rating.

c. Connect the ©power cord from the Battery Pack
to the DC input connector on the CE-6000 rear
panel.

SYSTEM TURN-ON AND WARM-UP

4.03.1 To turn on the CE-6000 Series Radio System

Analyzer, ensure that the correct power source is
selected at the CE-6000 rear panel. If the optional Battery
Pack provides the source voltage, ensure that the battery
has charged for at least 15 hours. This allows the battery
to operate for its full 1/2 hour (nominal) capability.

NOTE

Very low ambient temperatures (when below 0°cC)
directly affect battery performance. The battery
operational time can be reduced significantly if
thebattery-operated CE-6000 has been exposed to
low temperature for an extended period.

4.03.2 Turn the PWR VOL switch «clockwise (CW) from "OFF"
detent, and adjust the control for a <comfortable
listening level from the internal speaker.

4.03.3 When the PWR VOL switch is turned ON, all segments

of the LCD display will be illuminated for 10
seconds (displays all "8's"). After 10 seconds, the LCD's
will display the frequency stored in memory location 0l, as
determined by the position of the FUNCTION switch, and the
cursor will move to the most significent digit (MSD) of the
frequency display. This is the normal, or "Home" position
of the cursor. See Figure 4-1.

4.03.4 The standard CE-6000 contains a TCXO (Temperature

Compensated Crystal Oscillator) time base. Normal
warm-up time for the TCXO is approximately 30 seconds,
although very low ambient temperatures may require a longer
warm-up period. If the optional Oven Controlled Crystal
Oscillator (OCX0) is used, the CE-6000 will require no warm-
up time if the unit has been plugged into its power source
for longer than 1 1/2 hours.
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.04

4.04.

FREQUENCY ENTRY INTO MEMORY

1 To enter new frequencies into memory, set the
FUNCTION switch to RCV, GEN, or DPLX as required,

a. To set RCV frequencies, press and release the
DISPLAY SELECT key until RECEIVE-MHz or MOD TONE
function (as required) is illuminated on the
Frequency Display. Then go to Steps d.-h. to enter
the frequency.

b. To set GEN frequencies, press and release the
DISPLAY SELECT key until the GENERATE-MHz or MOD
TONE function (as required) is illuminated on the
Frequency Display. Then go to Steps d.-h. to
enter the frequency.

c. To set DPLX, or split channel frequencies, press
and release the DISPLAY SELECT key to select (as
required) the MOD TONE, RECEIVE-MHz, and GENERATE-
MHz functions on the Frequency Display. As each
desired function illuminates, go to Steps d.-h.
and enter its frequency.

NOTE

Frequencies for RECEIVE and GENERATE are in MHz. The
frequencies for MOD TONE are in Hz. Both the decimal
point and cursor of the frequency display will shift to
indicate the difference.

d. To set the frequency, move the cursor to the most
significant digit (MSD) position of the frequency
to be entered.

e. Press the O - 9 number keys of the displayv to
enter the selected frequency. The cursor will
automatically advance as each digit is entered.

b When the last digit of the frequency is entered,
press the STO key. The cursor will now move to the
MEMORY portion of the display.

g. Press the O - 9 number keys of the display to
enter the memory location (00 ~ 69) where the
frequency is to be stored. Verify that the memory
location is displayed and flashing.

NOTE

Verify the memory location entered is correct.
Any entry to the memory location will overwrite
its previous contents, which are destroyed.

18



h. Press the STO key sgain. The memory location will
stop flashing, and the cursor will move back to
the frequency field of the display. The frequency
previously entered will now be stored in the
selected memory location. Up to three frequencies
can be stored in each memory location (one for
RECEIVE-MHz, one for GENERATE-MHz, and one for MOD
TON E-H Zz ) .

™~
RADIO SYSTEM ANALYZER
BU7 LEVI. @Be ELECTIVITY ANT IN N N
@-‘ 6 @ MEMORY FREQUENCY
AR 0T o O35 GOT5 = |
(BEE TiviTY. ~8OUEiCH $yean) ) ..JE’ -
X oo
(\ ] 1 2 3 4 - - INC
5 s ? s ’ neL || str]|oec || w
SEETER FUNCTION
BAM S M MORY = SEARCH
" .t
of fWR
w se — [ MODULATION ( FuncTiON Y [ %G GEN coanu:
L-—- 1 SINAD _J RCVAPECTRUM @,ﬂ q‘“@_
monmp 900 ADJ AM M N
W It GEN oPLX
/—\ O O o sss
o bl (s
MO0 v ADJ VeMz ADY \ J
FREQUENCY ERROR O O $IG GEN 1wt
. MIN [kl y N
wE W | w0 Py
¢: O |LOd@)|.: o Qs
AR OF§ G QENTE OF 6 ® von y
J

Figure 4-1.

Frequency Entry Display and Controls
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.05 FREQUENCY RECALL

4.05.1

Frequencies entered into memory locations can be
recalled for viewing on the Frequency Entry

display by the following procedure:

a. Press the RCL (Recall) key. The cursor will move
over to the memory location of the display.

b. Enter the memory location number to be recalled
(00-69) on the O - 9 number keys of the display.

c. Frequencies stored in that memory location will
appear in the Frequency Display of the CE-6000
depending upon which Display Function is selected.
To select other DISPLAY FUNCTION's, press the
DISPLAY. SELECT key.

.06 SCANNING MEMORY
4.06.1 A1l CE-6000 memory location . frequencies may be

scanned either individually, in groups, or in

total by following these procedures:

a.

Press and release the DISPLAY SELECT key until the
desired Display Function (RECEIVE, GENERATE, or
MOD TONE) is illuminated.

Press the M/SEARCH key. The cursor will move to
the memory area of the Frequency Display.

On the 0 ~ 9 number keys of the Display, enter the
number of the first memory location to be
observed. The frequency stored at that location
will be displayed.

To look at (scan) memory locations above the first
location selected, press the INC key once for each
location to be observed. To look below the first
location, or to reverse the scan, press the DEC
key.

To exit the memory scan, press the M/SEARCH key

once again,. The cursor will move back to the
frequency area of the display.
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.07

TRANSMITTER/RECEIVER TESTING

4.07.1 The CE-6030 has three basic FUNCTIONS. It can

GENERATE signals to verify radio receiver
operation. It can RECEIVE signals from transmitters to
check the transmitter functions. And it can perform a
DUPLEX function, generating and receiving signals
simultaneously. This allows it to test a repeater or other
transceiver's response to known inputs.

4,07.2 Within each FUNCTION, there are different MODES
of operation which allow the CE-6000 to measure
results of the functions performed. The combinations of
FUNCTIONS and MODES within one CE-6000 allow it to perform
the functions of up to 12 separate laboratory and field
instruments with no more than two cable interconnects.

4.07.3 GENERATE (GEN) FUNCTION (RECEIVER TESTING)
4.07.3.1 CW MODE (Squelch Level Test)

a. Refer to steps 4,03.1 - 4.03.4 and turn on
the CE-6000. Set the FUNCTION (outer) switch
to GEN, and inner switch to CW. Turn the
MOD/OFF/MOD + 1kHz switch to OFF,

b. Enter the RF frequency of the receiver under
test i1nto the CE-6000 Frequency Entry display
by using the frequency RCL function, or by

keying in the frequency on the O ~ 9 number
keys. Refer to paragraph 4.04.1 for frequency
entry. .

c. Set the SIG GEN (COARSE) switch to the output

level desired between .1 uV and 300 mV. For
levels between the 10 dB switch increments,
adjust the SIG GEN (FINE) control.

d. Connect the SIG GEN OUT/RF IN connector on
the CE-6000 to the input of the receiver to
be tested.

NOTE

The CE-6000 is protected against inadvertent
transmitter keying by an automatic switching circuit
which directs incoming RF on the SIG GEN OUT/RF 1IN
connector to the Power Measuring Circuits.

e. Adjust the SIG GEN (COARSE) and SIG GEN
(FINE) controls until the receiver under test
just breaks squelch, and note the combined
squelch level selected on the two controls.
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4,07.3.2

AM MODE (Modulation Check)

Refer to steps 4.03.1 - 4.03.4 and turn on
the CE~-6000. Set the FUNCTION (outer) switch
to GEN, and inner switch to AM. Turn the
MOD/OFF/MOD 4 lkHz switch to MOD.

Enter the RF frequency of the receiver under
test into the CE-6000 Frequency Entry display
by using the frequency RCL function, or by
keying in the frequency on the 0 - 9 number
keys. Refer to step 4.04.1 for frequency
entry.

If a modulation frequency is to be generated
by the CE-6000, it can be selected by using
the frequency RCL function, or by keying in
the frequency on the O - 9 number keys. Refer
to step 4.04.1 for frequency entry,

For external modulation, connect an external
signal source to the CE-6000 MOD IN/SINAD IN
connector. Turn the MOD/OFF/MOD 4+ 1lkHz
switch to OFF. Both the internal and
external modulation signals will modulate the
output RF if the MOD/OFF/MOD 4 1kHz switch is
in the MOD or MOD + 1kHz position.

The amount of AM modulation can be set from
0- >90 percent with the MOD ADJ control (for
internal modulation), or MOD IN ADJ control
(if external modulation). To set it to the
level desired, place the METER FUNCTIONS
switch to the ZAM position and monitor the
FUNCTIONS meter reading while adjusting the
MOD ADJ control.

The modulating signal can also be monitored
on the CE-6000 oscilloscope. Turn on the
oscilloscope with the INTENSITY/OFF control.
Set the VERT switch to the IF position, and
ad just the INTEN and FOCUS controls for a
sharp, clear trace on the CRT. Center the
trace on the CRT with the VERT and HORIZ
controls.

To simultaneously modulate the CE-6000 RF
output with an audio frequency plus a
constant known (1 kHz) trequency, place the
MOD/OFF/MOD + 1kHz switch to the MOD + 1kHz
position. The audio frequency is selected bv
the entry into the Frequency Display, while
the 1 kHz is constantly applied. The 1 kHz
modulation level can be changed by the + lkHz
ADJ control from O - 100 percent.

23



4.07.3.3

a.

FM MODE (Modulation Check)

Refer to steps 4.03.1 - 4.03.4 and turn on
the CE-6000. Set the FUNCTION (outer) switch
to GEN, and inner switch to FM. Turn the
MOD/OFF/MOD + lkHz switch to MOD.

Enter the RF frequency of the receiver under
test into the CE-6000 Frequency Entry display
by using the frequency RCL function, or by
keying in the frequency on the 0 - 9 number
keys (if necessary, refer to paragraph 4.04.1
for frequency entry.

If the modulation frequency is to be
generated by the CE-6000, it can be selected
by using the frequency RCL function, or by
keying in the frequency on the O - 9 number
keys (if necessary, refer to paragraph 4.04.1
for frequency entry.

For external modulation, connect an external
signal to the MOD IN/SINAD IN connector.
Turn the MOD/OFF/MOD + lkHz switch to the OFF
position. Both the internal and external
modulation signals will modulate the output
RF if the MOD/OFF/MOD + lkHz switch is left
in the MOD or MOD + lkHz positions.

The amount of FM modulation can be set from
O - 15 kHz deviation by the MOD ADJ control
(for internal modulation) or MOD IN ADJ
control (if external modulation). To set it
to the level desired, place the METER
FUNCTIONS switch to the 15 kHz position (if
less deviation is needed, better resolution
can be achieved by using a lower frequency
deviation position). Monitor the FUNCTIONS
meter while adjusting the modulation to the
desired FM frequency deviation. A modulating
signal can also be monitored by turning on
the oscilloscope as described in step
4.07.3.2 (f) and viewing the displayed

signal.

To simultaneously modulate the CE-6000 output
RF with an audio frequency plus a constant
known frequency, place the MOD/OFF/MOD + 1kBHz
switch to the MOD + 1kHz position. The audio
frequency is selected by the entry into the
Frequency Display, while the 1 kHz is
constantly applied. The 1 kHz modulation
level can be changed by the 1 kHz ADJ control

from O - 15 kHz frequency deviation.
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4.07.3.4 12 dB SINAD SENSITIVITY

a. The SINAD meesurement of receiver sensitivity
is really a measurement of the quality of the
output signal delivered to its speaker, and
can be a useful tool in performing receiver
alignment. To make SINAD measurements, make
the following connections and control
settings.

CATTIOK

SOME RADIOS HAVE VOLTAGE ON THE SPEAKER LEADS.
USE COUPLING CAPACITORS ON BOTH SPEAKER LEADS
WHEN MAKING THE FOLLOWING RADIO CONNECTIONS.

RADD SYSTEM ARALY LR

— o )

o7 = B15.2325 ~ |

RADIO_UNDER TEST

Figure 4-3., SINAD Measurement Interconnect
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m.

Connect the radio to the CE-6000 as shown in
Figure 4-3, Sinad Measurement Interconnect.

Refer to steps 4.03.1 - 4.03.4, and turn on
the CLE-6000. Set the FUNCTION (outer) switch
to GEN, and inner switch to AM or FM as
needed for receiver modulation requirements.

Set the MOD/OFF/MOD + 1lkHz switch to the
MOD + 1kHz position, and turn the MOD IN\
adjust to minimum (fully counter-clockwise).

Set the METER FUNCTION switch to the 5kHz
position.

Adjust the lkHz ADJ potentiometer to 2/3 full
sy'stem deviation as read on the FUNCTION
meter (i.e., this would be 3.3 kHz for a
narrow band FM radio with 5 kHz system
deviation).

Set the SIG GEN (COARSE) attenuator to the
-60 dBm position, and turn the SIG GEN (FINE)
control to OFF.

Set the METER FUNCTION switch to the SINAD
position.

Turn on the CE-6000 oscilloscope by moving
the INTENSITY/OFF control from the OFF
position. Adjust the INTENSITY and FOCUS
controls for a sharp, clear trace on the CRT.
Center the trace using the VERT POS and HORIZ
POS controls. Set the VERT switch to .5V/DIV
and HORIZ/DIV switch to 1 mS/DIV. Set the
AC/DC switch to AC.

Monitor the CRT for a display of receiver
noise. If not present, check the receiver
SQUELCH setting.

Adjust the receiver VOLUME control so the CE-
6000 FUNCTION METER pointer swings nearly
full scale, and center it in the white box
area. Take care not to overdrive the SINAD
meter input.

Turn on the CE-6000 SIG GEN (FINE) control.
Ad just both the SIG GEN (FINE) and SIG GEN
(COARSE) levels until the FUNCTION METER
pointer reads 12dB on the SINAD scale.

The SINAD sensitivity is the total of the SIG

GEN (COARSE) and SIG GEN (FINE) control
settings at the 12dB SINAD level.
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4.07.4 RCV/SPECTRUM FUNCTION (TRANSMITTER TESTING)

INTRODUCTION

4,07.4.1 There are two methods of making measurements

in the RECEIVE function of the CE-6000 unit,
Transmitter output can be measured remotely, over the
CE-6000 antenna, or by direct connection from the
transmitter to the SIG GEN OUT/RF IN connector. The
direct connection allows more tests to be made, and has
automatic switching to protect the CE-6000 circuits.
If the FUNCTION switch is in the GEN (signal generator)
mode, any RF detected by the CE-6000 at the SIG GEN
OUT/RF IN connector will cause it to automatically
switch to the RECEIVE function.

4.07.4.2 CARRIER FREQUENCY/LEVEL MEASUREMENT

a. Refer to steps 4.03.1 - 4.03.4 and turn on
the CE-6000. Set the FUNCTION switch to
RCV/SPECTRUM (outer switch) and inner switch
to AM, FM, CW, or SSB as required for
transmitter under test.

b. If performing remote testing of a transmitter
carrier frequency, connect CE-6000 antenna to
its ANT 1IN connector. If performing 1local
testing, connect the transmitter output (if
150 W or less) to CE-6000 SIG GEN OUT/RF IN.

CAUTIOX

DO NOT CONNECT TRANSMITTER OUTPUT DIRECTLY TO ANT IN
CONNECTOR. MAXIMUM SIGNAL INPUT TO ANT IN IS O dBm.

c. Set SELECTIVITY switch to WIDE (if necessary,
use NARROW or M to attain better adjacent
channel selectivity while remembering that
this reduces maximum deviation measurement
capability).

d. Set the SENSITIVITY/SQUELCH (outer) switch to
MAX (if the remote input is being received
over the antenna), or REF LEVEL O dBm (if
directly connected from transmitter output
to SIG GEN OUT/RF IN). Set SQUELCH (inner
control) so that the squelch is just open
(critical position).

e. Set the METER FUNCTION switch to PWR (X10),
and the RANGE (kHz) switch to 5 kHz.
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Enter the RF frequency of the transmitter
under test into the CE-6000 Frequency Entry
display by using the frequency RCL function,
or by keying in the frequency on the 0 - 9
number keys. Refer to step &4.04.1 for
frequency entry.

CAUTIOK

MAXIMUM POWER INPUT IS 150 W. AN AUDIBLE ALARM WILL
SOUND IF THE HIGH POWER LOAD TEMPERATURE EXCEEDS 75°C.

Key transmitter. Adjust SENSITIVITY/SQUELCH
control wuntil the SIG LEV 1light just
illuminates. The carrier frequency error is
the difference between the CE-6000 frequency
display and the transmitted frequency, and is
displayed on the FREQUENCY ERROR meter. The
RANGE (kHz) switch may be changed to better
read frequency error on the meter.

MADIO SVETEM amAL YZER W
= —onncy W
L1 acers ERCERCIN
by
-,

i
— A — ;s

I EMEEEL
IR E L]

- ———

FUC TOn

¢ Guvinm;

L)

SmAL -

7~ NN

Q) @

G R @
N N\ "
© @ -
h‘h

VAR CT

r_'-'s'&'--——

Figure 4 - 4. Trensmitter Testing Interconnect (Closed Loop)
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4.07.4,.3 MEASURE TRANSMITTER OUTPUT POWER

Transmitter output power can be measured by
repeating steps 4.07.4.2 (a - g) above and reading
the output power level on the FUNCTION meter,
Output power can be read in two switch positions:
PWR X1 (0 - 15 W), or PWR X10 (0O - 150 W, the
maximum level).

4.07.4.4 MEASURE TRANSMITTER FREQUENCY DEVIATION

a. If using the CE-6000 antenna for transmitter
signal input, repeat 4.07.4.2 (a - e). Set
METER FUNCTION switch to the lowest DEV kHz
range which gives an on-scale reading of
frequency deviation on the FUNCTION meter
when the transmitter is keyed.

b. If the transmitter is directly connected to
CE-6000 SIG GEN OUT/RF IN, repeat steps
4.07.4.2 (a - g). Turn on the oscilloscope
by moving the INTENSITY/OFF control from the
OFF position. Adjust the INTENSITY and FOCUS
controls for a sharp, clear trace on the CRT.
Center the trace on the CRT with the HORIZ
POS and VERT POS controls.

c. Key transmitter and read FM deviation on the
oscilloscope. Deviation peaks appear above
and below the CRT center-1line, and are read
directly on the CRT through the scales marked
there, (selected by the VERT control). The
HORIZ control adjusts duration.

d. Adjust the VOL control for the desired level
output of the demodulated FM through the
speaker. The demodulated output is also
available at the DEMOD OUT connector.

NOTE

The CE-6000 sensitivity allows it to measure FM or
AM deviation when the antenna is connected to the
ANT 1IN connector, and the Analyzer placed in close
proximity to a properly loaded and keved
transmitter. Measurement is done just as shown
in step 4.07.4.4 (a) above. Modulation can also
be monitored on the oscilloscope while it is
being measured on the FUNCTION meter.
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4.07.4.5 MEASURE TRANSMITTER AM MODULATION

a. Repeat steps 4.07.4.4 (a) (except set METER
FUNCTION switch to the %Z AM position), or
4,07.4.4 (b-c). The 7% AM modulation can be
read directly from the FUNCTION meter or from
the oscilloscope, as desired.

b. Adjust the VOL control for desired speaker
level out. The demodulated signal 1is also
available at the DEMOD OUT connector.

c. To analyze the modulation envelope of the AM
transmitter on the oscilloscope, set the VERT
switch to IF, and adjust the oscilloscope
controls for best viewing.

.08 OSCILLOSCOPE EXTERNAL OPERATION

a. The CE-6000 500 kHz oscilloscope can be used asa
stand-alone instrument, apart from its usual
RCV/SPECTRUM operation. The SCOPE VERT IN input
is coupled through the AC/DC switch circuits,
while the horizontal input is through the MOD
IN/SINAD IN front panel connector.

b. Turn on the CE-6000 oscilloscope by moving the
INTENSITY/OFF control clockwise from OFF. Adjust
INTENSITY and FOCUS controls for a sharp, clear
trace on the CRT. Center the trace using the VERT
POS and HORIZ POS controls. Set the AC/DC switch
for the type of input signal being measured. Use
the VERT and HORIZ controls to set the amplitude
and duration of the signal on the CRT.

CAUTIOX

PROLONGED DISPLAY OF A STATIONARY HIGH INTENSITY
SIGNAL OR TRACE MAY DAMAGE THE CRT PHOSPHOR COATING.
INTENSITY SHOULD BE SET NO HIGHER THAN NECESSARY FOR
COMFORTABLE VIEWING.

c. Connect the input signal to the SCOPE VERT IN
connector, and set the VERT control to the EXT
(per div) 5mV - 5V position as required. Setthe
HORIZ control to the 10 uS to 10 mS position which
gives the best viewing.

d. If an external HORIZ input signal is needed for
external oscilloscope operation, connect it to the
MOD IN/SINAD IN connector. Set the HORIZ control
to INT, and MOD/OFF/MOD + 1 kHz to OFF.
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4.08.1 MEASURE MODULATION FREQUENCY (LISSAJOU)

a. Refer to steps 4.07.4.2 (a.~ e.) to set up
the CE-6000.

b. Turn on the CE-6000 oscilloscope by moving
the INTENSITY/OFF control from the OFF
position. Adjust the INTENSITY and FOCUS

controls for & sharp, clear trace. on the CRT.

c. Center the CRT trace with the VERT POS and
HORIZ POS controls, and turn the HORIZ
control to the INT TONE position,

d. Turn the MOD ADJ control until a circular or
elliptical Lissajou pattern can be seen on
the CE-6000 CRT.

e. Adjust the modulation frequency at the
Frequency Entry display until the Lissajou
pattern stops rotating and is steady. The
modulation frequency of the input RF signal
ie that frequency selected on the Frequency
Entry display. '

Figure 4 - 5, Example of Lissajou Pattern
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4,

09

SPECTRUM MONITOR OPERATION

4.09.1

Spectrum Monitor operation provides the
capability of looking at a signal and

determining its RF frequency, the receive level,
ad jacent frequencies which might ¢tause interference,
and modulation characteristics.

4.09.2

a.

CALIBRATION

Refer to steps 4.03.1 - 4.03.4 and turn on
the CE-6000. Set the FUNCTION (outer) switch
to the RCV/SPECTRUM position (inner switch
can be at any position).

Set the SIG GEN (FINE) control to OFF.

Switch the HORIZ/DIV switch to the 10 kHz
position. The VERT switch can be in any
position.

Set the SPECTRUM DISPLAY switch to the 10
dB/DIV position.

Enter 200.0000 MHz on the Frequency Entry
display by using the frequency RCL function
or by entering the frequency on the 0 - 9
number keys.

Set the SENSITIVITY switch to REF LEVEL -20
dBm. The level selected will be the level at
the REF LEVEL O dB 1ine on the CRT graticule,
and subsequent readings of level will be from
this reference. In this case, with the
switch in the -20 dB position, the CRT REF
LEVEL "0" dB line will be -20 dBm. Then the
-10 dB line would be -30 dBm (-20 dBm plus
the additional -10dBm), the -20 dB line would
be -40 dBm, etc.

Connect the CE-6000 CAL OUT connector to the
ANT IN connector. A 200 MHz signal should
appear at the center of the CRT on the
baseline trace, and extend upward to the REF
LEVEL "O" dB line on the CRT. The signal
amplitude can be adjusted by the recessed LEV
CAL control on the front panel near the CAL
OUT connector.

Set the SPECTRUM DISPLAY switch to 1 dB/DIV.
Ad just the 1 dB VARIABLE REF control to put
the trace exactly on tke REF LEVEL "0" dB
line on the CRT. Calibration of the Spectrum
Monitor circuits is now complete.
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4.09.3

SPECTRUM MONITORING
Repeat steps 4.09.2 (a - e).

Enter the RF frequency of the signal to be
monitored into the CE-6000 Frequency Entry
display by using the frequency RCL function,
or by keying in the frequency on the 0 - 9
number keys. I1f necessary, refer to step
4,04.1.

Set the HORIZ/DIV scan width of the CRT to
the 0 - 1000 MHz, 10 MHz, 1 MHz, 100 kHz, or
10 kHz position as desired for viewing. 1In
the O - 1000 MHz scan width, each division of
the CRT scale represents 100 MHz starting
with 10 MHz at the left edge, and ending at
the right edge with the CE-6000 maximum
frequency of 1000 MHz. The input signals will
appear on the scale at the position which
corresponds to their frequency. In all other
scan width positions, the CRT center will
correspond to the CE-6000 tuned frequency.
The divisions to right or left will be the
value set by the HORIZ/DIV switch setting.
For example, an input frequency of 300 MHz
will appear at the CRT center of a unit tuned
to that frequency. If the HORIZ/DIV switch
is set to 10 MHz, then a signal two divisions
to the left would be at 280 MHz (300 MHz - 20
MHz) while a signal two divisions to the
right would be at 320 MHz (300 MHz + 20 MH:z).

If the input signal is to be monitored
off-the-air, (as it should be for low-powered
transmitters), connect the monitor antenna to
the ANT IN connector. Set the SENSITIVITY
switch as required for an input signal on the
CRT which extends from the baseline
vertically to a point no higher than the top
line of the CRT scale, and high enough to be
easily seen.

If the monitor antenna input is not used,
connect the transmitter output to the SIG GEN
OUT/RF IN connector.

CAUTION

DO NOT CONNECT THE TRANSMITTER RF OUTPUT
DIRECTLY TO THE ANT IN CONNECTOR. THE
MAXIMUM SIGNAL INPUT TO THIS CONNECTOR IS O

dBm.
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If the frequency of an unknown signal is to
be determined,) it can be input to the CE-6000
Spectrum Monitoring circuits. The HORIZ/DIV
switch is set to O - 1000 MHz. Determine the
approximate frequency by the signal location
on the baseline (100 MHz/DIV starting at 10
MHz and going from left to right on the CRT).

Enter this approximate tfrequency into the
Frequency Entry display, and change the
HORIZ/DIV switch to 10 MHz/DIV. The signal
should appear near the center of the CRT.

Move the cursor on the Frequency Entry
display to the 10 MHz digit position using
the CURSOR arrow keys.

If the signal appears at left of CRT center,
press the DEC key on the display. If it is
to the right of center, press the INC key.
Press and release the keys to move the signal
to within 1/2 division of CRT center,

Change the HORIZ/DIV switch to the 1 MHz/DIV
position. Move the cursor to the 1 MHz digit
position using the CURSOR arrow keys.

Again press the INC or DEC keys to bring the
signal to within 1/2 division of CRT center.

Change the HORIZ/DIV switch to 100 kHz/DIV,
and move the cursor to the 100 kHz position.
Again, center the signal within 1/2 division
with INC and DEC keys.

NOTE

CE-6000 activates its SEE and HEAR ' M

function when the HORIZ/DIV switch is in the
100 kHz or 10 kHz position. This enables the

FREQUENCY ERROR and FUNCTION meters, and the
audio circuits of the unit.

Adjust the PWR/VOL control to a comfortable
audio level. Change the HORIZ/DIV switch to
10 kHz/DIV. Move the cursor to the 10 kHz
position, and again center the signal within
1/2 division with the INC and DEC keys.

With the signal now centered on the CRT, its
frequency can be read by adding the plus or
minus error of the FREQUENCY ERROR meter to
the Frequency Entry. And modulation on the
signal can be read from the FUNCTION meter.
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4.10

TRACKING GENERATOR OPERATION

4.10.1 The Tracking Generator function is used to

make swept frequency measurements. It is
available on the CE-6020 and CE-6030, and optionally
available on the CE-6232 and CE-6488. There are no
additional controls, connectors, or indicators for the
Tracking Generator function. Controls and connectors
are given additional functions as follows:

a. The SIG GEN OUT/RF IN connector is the
Tracking Generator output when the FUNCTION
switch is in the RCV/SPECTRUM position, the
HORIZ/DIV switch is in the 10 MHz, 1 MHz, 100
kHz, or 10 kHz positions, and the SIG GEN
(FINE) control is out of the OFF position.

b. The Tracking Generator output level is set by
the SIG GEN (COARSE) and SIG GEN (FINE)
controls.

c. All other controls, connectors, and
indicators remain as described in Table 3-1.

4.10.2 SWEPT FREQUENCY MEASUREMENTS (10 dB/DIV)

a. Except for the frequency and output level
settings, connections and settings given here
are the same for all applications of Tracking
Generator sweep operation. See Figure 4-8,

b. Set the FUNCTION switch to the RCV/SPECTRUM
position. Euter the center frequency needed
for the application into the Frequency Entry
display (refer to step 4.04.1).

c. Set the HORIZ/DIV switch to the 10 MHz, 1
MHz, 100 kHz, or 10 kHz position as required
for the application. These HORIZ/DIV switch
settings set the Tracking Generator sweep
ranges (for full CRT deflection) of 100 MHz,
10 MHz, 1 MHz, and 100 kHz, respectively.

d. Set the SENSITIVITY control switch to the
approximate output level (0, -20dB, -40 dB,
or MAX) needed from the Tracking Generator
for the swept frequency application.

e. Place a double shielded coaxial cable (RG223
or RG142) on the CE-6000 SIG GEN OUT/RF IN
connector. Place another coaxial cable on the
ANT IN connector. Connect the two cables
through & BNC barrel adapter as shown in
Figure 4-9 for Swept Frequency Calibration.
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4,10.3

Set the SIG GEN (COARSE) control to a level
10 dB higher than the SENSITIVITY switch
setting. For example, if the SENSITIVITY
switch is at -20 dB, set the SIG GEN (COARSE)
control to -10 dB., Adjust the SIG GEN (FINE)
control to approximately -10 dB to place the
trace on the REF LEVEL O dB line of the CRT.

Remove the BNC barrel connector from between
the two cables. Connect the cable from the
SIG GEN OUT/RF IN connector to the input of
the device under test, and connect its output
to the cable from the ANT IN jack (refer to
Figure 4-10 for Swept Frequency Alignment).

The trace on the CRT will outline the
insertion loss of the device under test, and
its frequency response around the selected
center frequency. )

SWEPT FREQUENCY MEASUREMENTS (1 dB/DIV)

To monitor the Tracking Generator output with
greater resolution through the device under
test, set the SPECTRUM DISPLAY switch to the
1 dB/DIV position.

Set the FUNCTION switch to the RCV/SPECTRUM
position. Enter the center frequency needed
for the application into the Frequency Entry
display (refer to Step 4.04.1).

Set the HORIZ/DIV switch to 10 MHz, 1 MHz,
100 kHz, or 10 kHz as required for the
application (to cover bandwidth of device
under test).

Repeat the steps of 4.10.2 (d. - g.) above,
Adjust the (inner) SPECTRUM DISPLAY control
(1 dB VARIABLE REF) to set the trace at the
same Log Ref graticule line as for the 10 dB
setting (this calibrates the 1 dB to 10 dB).
The trace on the CRT will outline the
insertion loss of the device under test (in
vertical 1 dB/DIV increments), and its
frequency response around the selected center
frequency (in increments corresponding to the
setting of the HORIZ/DIV switch).
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.11

OFFSET GENERATOR/DUPLEX OPERATION

4.11.1

Duplex operation is used when it is necessary
to simultaneously transmit and receive on

different frequencies. The function is standard on the

CE-6030,

and optionally available (under bus control)

on the CE-6020, CE-6232 and CE-6488. A typical example
of Duplex operation would be to set the FM modulation
level of a repeater.

a.

Set the VERT switch to 6 kHz, and the
HORIZ/DIV switch to 1 mS. Set the METER
FUNCTION switch to 5 kHz DEV. Set the RANGE
(kHz) switch (for the FREQUENCY ERROR mctecr)
to 1.5 kHz.

Set the FUNCTION (outer) switch to GEN, and
the inner switch to FM,

Switch the SIG GEN (COARSE) control to -120
dBm, and SIG GEN (FINE) control to mid-range.

Turn the MOD/OFF/MOD + 1 kHz switch to MOD +
1 kHz, Turn the + 1 kHz ADJ control until a
correct deviation level (see manufacturer's
specifications for the repeater) is measured
on the CFE-6000 CRT and FUNCTION meter.

Change the FUNCTION (outer) switch to DPLX.
Enter the repeater transmitter frequency into
the Frequency Entry display RECEIVE display
function, and the repeater receiver frequency
into the GENERATE function. Refer to
paragraph 4.04,1 for frequency entry.

Attach the CE-6000 antenna to the ANT IN
connector (not needed if Single-cable Duplex
option OP-08 is installed). Connect the SIG
GEN OUT/RF IN connector to the duplexer
input. Refer to Figure 4-11.

Set the SELECTIVITY switch to MEDIUM (M).
Increase the SIG GEN (COARSE) and SIG GEN
(FINE) control's output level until it keys
the repeater transmitter, and the demodulated
audio can be seen on the CRT (use only enough
signal to unsquelch the receiver), If OP-08
is installed, the green DUPLEX LED above the
SIG GEN (COARSE) control will 1light,
indicating maximum output level is -70 dBm
for single port duplex operation.

Adjust the repeater receiver audio bus output

level until it is equal to the level set in
paragraph 4.11.1 (d) above.
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.12

CABLE FAULT LOCATION

4.12.1 This procedure is used to determine the
distance to a high VSWR condition (a short or
open) in a transmission line. The distance can be
determined by calibrating the CE-6000 unit with a known
length of cable of the same type as that to be tested.
Cable Fault location ie standard on the CE-6030, and is
optionally available on the CE-6232 and CE-6488.

a. Connect an RG223 coaxial cable from the SIG
GEN OUT/RF IN connector to one side of a
BNC "Tee" connector at the ANT IN connector.
See Figure 4-12.

b. Connect a known length of the cable to be
tested (called a "Reference stub") to the
other side of the ANT IN "Tce" conncctor.

c. Set the HORIZ/DIV switch to the 0 - 1000 MHz
position, Switch the SPECTRUM DISPLAY switch
to 10 dB/DIV, and the SWEEP control to VAR.

d. Set the SENSITIVITY switch REF LEVEL dBm
switch to -20 dBm, and the SQUELCH control to
minimum,

e. Turn the MOD/OFF/MOD + 1 kHz switch to OFF.

f. Set the FUNCTION (outer) switch to
RCV/SPECTRIIM .

g. Switch SIG GEN (COARSE) to -30 dBm, and SIG
GEN (FINE) to 1 volt.

h. Adjust the SWEEP/CENTERING controls for one
ripple across the CRT.

i. Remove the Reference stub from the ANT IN
"Tee" connector, and connect the transmission
line to be tested in its place. Refer to
Figure 4-13.

3. Set the SPECTRUM DISPLAY switch to 1 dB/DIV
and count the ripples on the CRT display.
Multiplying the number of ripples by the
length of the reference cable will give the
length of the transmission line.

k. A short or open in the transmission line is
displayed on the CRT as a deep, sharp change
in the reference ripple display. By counting
ripples to that point, and multiplying by the
reference length, the short or open will
be located in distance from the CE-6000.
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5.01

5.02

SECTION V - PERFORMANCE VERIFICATION

INTRODUCTION

5.01.1 This section is intended only as a verification of

CE-6000 Series Radio System Analyzer operation.
The troubleshooting aids given are to assist only in
determining if a problem is in the CE-6000 Series
instrument, or external to it, and do not require any
disasscmbly of the equipment.

5.01.2 If a problem has been 1localized to the CE-6000
Series equipment, contact the Cushman Electronics
Customer Service Department for instructions on returning
the unit to service. In California, call telephone number
(408) 263-8100. Qutside California, call (800) 538-7020.

5.01.3 If it becomes necessary to return equipment to

Cushman Electronics, refer to the information
contained in Section I of this manual for packing and
shipment.

5.01.4 The only test -equipment required to verify the
6000 Series equipment operation is another CE-6000
Series Radio System Analyzer. If not available, an

equivalent RF Generator, Audio Generator, AM and FM
demodulation meters, Frequency counter (1 Hz to 20 kHz),
Frequency counter (10 MHz to 1000 MHz), SINAD meter,
oscilloscope, and spectrum analyzer (HP 8555) may be used.
Procedures will be described using another CE-6000 Series
Radio System Analyzer for verification.

VISUAL INSPECTION

a. Verify that all CE-6000 Rear Panel controls and
connectors are set for operation with the source
voltage available, and that the correct fuses are
installed and are not blown,

b. Verify that all Front Panel controls are set to
the correct function for the test to be performed.

c. Verify that cabling interconnects have been made
correctly, and that coaxial cables have correct
impedance and operating specifications for the
operation to be performed. Check cables for open
or shorted conditions.

d. Turn on the CE-6000 Series Radio System Analy:zer,
using the procedures of SECTION IV, paragraphs
4.03 - 4.06. If any portion of the turn-on
procedure fails to operate as described in those
paragraphs, the problem is with the CE-6000.
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NOTE

In the following procedures for localizing problems
to the CE-6000 or an external source,it is assumed
that the Visual Inspection procedures of paragraph
5.02 have been completed. No troubleshootingsteps
should be started without first completing the
procedures for Vigsual Ingspection.

RF SIGNAL GENERATOR VERIFICATION

a. Ensure that the Visual Inspection procedures of

paragraph 5.02 have been completed.

b. On the CE-6000 to be verified (unit under test):

* Set the FUNCTION (outer) switch to GEN,
inner switch to CW.

#* Switch the SIG GEN (COARSE) control to
dBm, and SIG GEN (FINE) to O dBm.

* Enter 90.0000 MHz into the Frequency Entry
display using the O - 9 number keys. Retfer

to paragraph 4.04.1 if necessary.

* Set the MOD/OFF/MOD + 1 kHz switch to OFF
c. On the testing (reference) CE-6000:
* Calibrate the testing CE-6000 by attaching a

cable from the CAL OUT connector to ANT IN.
Enter 200.0000 MHz into the Frequency Entry
Display using the O - 9 number keys (refer to
paragraph 4.04.1). Set the testing CE-6000
SENSITIVITY control to ~20 dBm, and SQUELCH
to open. The CAL OUT signal should be seen
on the CRT as a signal rising from the CRT
baseline to the O dBm reference line. Adjust
the LEV CAL control if necessary. Now,
connect the cable from the reference CE-6000
ANT IN connector to SIG GEN OUT/RF IN of the

CE-6000 under test. Refer to Figure 5-1.

¥ Set the FUNCTION (outer) switch to RCV/
SPECTRUM and inner switch to CW. Turn the SIG

GEN (FINE) control to OFF.

* Enter 90.0000 MHz into the Frequency Entry
display wusing the O - 9 number keys (refer

to paragraph 4.04.1).

* Set the METER FUNCTION control to 15 kHz Dev,
and RANGE (kHz) to 15. Turn the oscilloscope
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5.04 SIGNAL GENERATOR MODULATION VERIFICATION

a. Repeat the instructions of 5.03 (b) and (c) above.
On the CE-6000 under test, move the MOD/OFF/MOD +
1l kHz switch to MOD, and adjust the MOD ADJ
control for 5 kHz modulation on the FUNCTION meter
with the METER FUNCTION control at 15 kHz DEV and
FUNCTION (inner) switch set to FM,

b. On the testing (reference) CE-6000, switch the
FUNCTION (inner) control to FM, and METER FUNCTION
control to 15 kHz DEV. The reference CE-6000 unit
should show 5 kHz deviation on the FUNCTION meter,
and display the frequency deviation on the CRT.
If not, contact the Cushman Electronics Customer
Service Department for instructions on repair of
the problem CE-6000 (unit under test).

5.05 RCV/SPECTRUM VERIFICATION

5.05.1 Ensure that paragraph 5.02 procedures for visual

inspection have been completed. Testing verifies
operation of CE-6000 Series instrument's RECEIVE functions
of oscilloscope, Spectrum Monitoring, modulation, RF Level
and Frequency measurement, and RF Power measurement.

NOTE

Many of the CE-6000 RECEIVE operations can be verified
by the internal CALIBRATE signal, with no other test
instrument required. Proceed as described below to
test the unit, except tune the Frequency Entry Display
to 200.0000 MHz, and connect the CAL OUT connector
through a coax to the ANT IN connector. The signal
measured will be at a -20 dBm level.

a. On the CE-6000 to be verified (unit under test):

* Switch the FUNCTION (outer) control to
RCV/SPECTRUM, and (inner) switch to FM.

¥ Set VERT switch to 6 kHz, HORIZ/DIV to ! mS,
and SENSITIVITY to -20 dBm, or as needed.

* Set SQUELCH until it just opens, and set the
SELECTIVITY switch to WIDE (for deviation).

* Enter 90.0000 MHz into the Frequency Entry
display wusing the O - 9 numberkeys (refer
to paragraph 4.04.1).

* Set the METER FUNCTION switch to 15 kHz DEV,

the RANGE (kHz) switch to 15, and the
SPECTRUM DISPLAY switch to 10 dB/DIV.
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b. On the testing (reference) CE-6000:

* Set the FUNCTION switch (outer) to GEN, and
(inner) switch to FM.

. Set SIG GEN (COARSE) to -20 dBm, and SIG GEN
(FINE) to ~10 dBm. .

* Enter 90.0000 MHz into the Frequeéncy Entry

display using the O - 9 number keys (refer
to paragraph 4.04.1).

* Switch the MOD/OFF/MOD + 1 kHz control to the
MOD + 1 kHz position. Adjust the 4+ 1 kHz ADJ
potentiometer for 5 kHz output deviation.

r

LINIT UNDER
TEST

REFERENCE INIT

)
!

= -
@ o | 08@®)|.

Figure 5-2. RCV/Spectrum Verification Set-Up
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c. Connect a coax from the ANT IN of the CE-6000 unit
under test to the testing CE-6000 SIG GEN OUT/RF
IN connector (see Figure 5-2). Adjust the SQUELCH
control until the SIG LEV LED just comes on.

d. The FREQUENCY ERROR meter of the CE-6000 under
test should be within 4+/- 100 Hz error, while the
FUNCTION METER shows a deviation of 5 kHz.

e. Monitor the oscilloscope of the CE-6000 under
test. The signal should be a1l kHz sine wave with
a vertical amplitude to the 5 kHz deviation
markings on the CRT graticule.

f. On the unit under test, move the HORIZ/DIV switch
to 10 MHz/DIV. The Spectrum Display on the CRT
should show a signal at CRT center rising to the
-10 dB graticule line.

g. Change the HORIZ/DIV switch to 10 kHz. The signal
should stay at CRT center at -10 dB, and sidebands
should be seen rising 1 kHz away from the
fundamental signal. All other signals should be
>40 dB down from the fundamental.

h. Switch the FUNCTION switches (inner) of both the
CE-6000's to AM and check the AMmodulation of the
CE-6000 under test.

i. If any of the tests of paragraphs c. through h.
above are not correct, or cannot be performed,
contact the Cushman Electronics Customer Service
Department for unit repair instructions.

.06 OFFSET GENERATOR (DUPLEX OPERATION) VERIFICATION

5.06.1 Ensure Lhat the visual inspeclion procedures of

paragraph 5.02 have been completed. Testing will
verify operation of the CE-6000 Series equipment functions
for offset generation and duplex operation.

a. On the CE-6000 to be verified (unit under test):

* Set the FUNCTION switch to DPLX/FM, and the
MOD/OFF/MOD+1kHz switch to MOD.

* Enter 90.0000 MHz into the Frequency Entry
display (GENERATE) memory wusing the O - 9
number keys. Enter 5.000 kHz into MOD TONE
memory, and 94.0000 MHz into RECEIVE memory
(refer to paragraph 4.04.1 if necessary).

* Set SIG GEN (COARSE) TO -70 dBm, and SIG GEN
(FINE) to O dBm.
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*

Set SIG GEN (COARSE) TO -70 dBm, and SIG GEN
(FINE) to O dBum.

b. On the testing (reference) CE-6000:

*

Set FUNCTION switch (outer) to RCV/SPECTRUM,
and inner switch to FM.

Set SENSITIVITY switch to -40 dBm, and adjust
SQUELCH until it just opens.

Set SELECTIVITY switch for WIDE.

Enter 94.0000 MHz into the Frequency Entry
display using the 0 - 9 number keys. If
necessary, refer to paragraph 4.04.1 for
frequency entry.

Set HORIZ/DIV switch to 1 MHz, and SPECTRUM
DISPLAY to 10 dB/DIV.

c. Connect the SIG GEN OUT/RF IN connector of the
CE-6000 unit under test to the ANT IN connector ;of

the testing CE-6000.

Figure 5-3.

UNT_UNDER TEST

Offset Generator Function Verification
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The testing CE-6000 should now have & spectrum
display centered at 94.0000 MHz, and no higher
than the -50 dB line of the CRT (-90 dBm). There
should also be two sidebands (at 90.0000 MHz and
98.0000 MHz) at the -30 dB line (-70 dBm).

Change the testing CE-6000 frequency.dzsplay to
90.0000 MHz and center the signal on th,e CRT with
the SWEEP CENTERING control.

Change the HORIZ/DIV switch to 10 kHz. Observe
that the GENERATE signal spectrum of the CE-6000
unit under test displays modulation sidebands of 5
kHz. Adjust the modulation output and verify the
changes are made in the display.

If any of the Offset Generator tests cannot be
performed. or are not correct. contact the Cushman
Electronics Customer Service Department for unit
repair instructions.
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5.07

5.08

TRACKING GENERATOR VERIFICATION

5.07.1 Ensure that the visual inspection procedures of

paragraph 5.02 have been completed. Testing will
verify operation of the CE-6000 Series equipment Tracking
Generator functions.

a. On the CE-6000 to be verified:
* Set the FUNCTION switch to RCV/SPECTRUM
* Set the HORIZ/DIV switch to 1 MHz
* Turn SENSITIVITY reference level to -20 dBm.
* Switch SPECTRUM DISPLAY to 10 dB/Div.

* Set SIG GEN (COARSE) to -10 dB, and SIG GEN
(FINE) to -10 dB,

* Connect the SIG GEN OUT/RF IN connector to
ANT IN as shown in Figure 5-4.

b. Adjust the SIG GEN (FINE) control to set trace to
top of CRT graticule (O dB line).

c. Increase the SIG GEN (COARSE) attenuation in -10
dB steps and verify that the trdace droups down the
CRT graticule by -10 dB steps, tracking the input
level, Return the SIG GEN (COARSE) and SIG GEN
(FINE) controls both to their -10 dB positions.

d. Change the SPECTRUM DISPLAY switch to 1 dB/DIV and
adjust the 1 dB VARIABLE REF control to place the
trace back to the top of the CRT graticule (the O
dB line).

e. Change the SIG GEN (FINE) control in 1 dB steps,
and verify the trace tracks the input level down
the CRT graticule.

f. If any of the Tracking Generator tests cannot be
performed as described, or are not correct,
contact Cushman Electronics Customer Service
Department for unit repair instructions.

CABLE FAULT LOCATION VERIFICATION CHECK

5.08.1 To verify operation of the Cable Fault Location

function, repeat the steps of paragraph 4.12.1
with a piece of cable whose length and condition are known.
Again, contact the Cushman Electronics Customer Service
Department if there is any problem with the procedure, or
the results are not correct.
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SECTION VI - SPECIFICATIONS

Specifications for the CE-6000 Series Radio System Analyzer
purchased are inserted here for reference, and are the latest
release available of specifications for this product at the time
of sale.

Maintenance procedures included in this manual are intended
to verify system operation only, and should not be used to verify
product specifications. In some instances, this requires special
and laboratory type equipment not normally available in a field
environment.

TABLE 6-1

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

MONITOR

FUNCTIONS
Frequency error, FM deviation, 7AM, Power, SINAD, audio
frequency (Lissajou), SSB

FREQUENCY
Range: 0.45 to 999.?999 MHz (usable to 50 kHz)
Accuracy: +1 x 10 7/ + (time base stability)

INPUTS

2 BNC connectors: high sensitivity (2uV) antenna input,
and a high power input/output for direct connection of
transceivers of up to 150 W transmitter power.

SENSITIVITY (NARROW SELECTIVITY)
FM: 2uV (0.6uV typical) for SINAD +10 dB;
frequency >2.0 MHz
AM; 2uV typical for S/N = 10 dB; Frequency > 10 MHz

SELECTIVITY/SQUELCH
Selects IF and audio 3 dB bandwidths: Narrow=22 kHz & 3
kHz; Medium=22 kHz & 21 kHz; Wide=220 kHz & 21 kH=z
(Concentric controls adjust squelch and receiver
sensitivity)

FREQUENCY ERROR METER
Zero centered meter reads offset from display frequency
Ranges: +1.5, +5, and +15 kHz
Resolution: 50 Hz

FM DEVIATION
FM peak deviation read simultaneously on meter and CRT
Ranges (meter and CRT): 1.5, 5, and 15 kHz peak
Accuracy: +57 of full scale on meter
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

AM MODULATION
% AM modulation read simultaneously on CRT display and
calibrated meter.
Meter range: O to 1007
CRT Range: +15%, +50%, and +150%
Accuracy: +57% of meter scale

POWERRHETER 1w to 15w; 10W to 150W

Accuracy: +#10% full scale from 1-500 MHz; +20% full
scale from 500 - 1,000 MHz.

Frequency range: 1 - 1,000 MHz

Power handling: 150 watts for 5 minutes typical. Then
thermal safety alarm sounds if load temperature
reaches 25°C

SINAD METER
Range: O to 20 dB
Accuracy: 10, 12, and 20 dB SINAD +1.5 dB
Frequency: 1,000 Hz

INTERNAL TONE
Connects MOD OUT to horizontal scope input to measure
frequency of audio tones using Lissajou method.

FM RESIDUAL NOISE
L100 Hz £. > 10 MHz, 20uV input, narrow selectivity

DEMOD OUT
Level: 2V peak-to-peak for 15 kHz FM deviation, typical

SIGNAL GENERATOR

FREQUENCY RANGE
.45 to 999.9999 MHz (usable to 10 kHz)

ACCURACY
FM, AM, CM: +1 x 107/ + (time base stability)

VARIABLE FREQUENCY OFFSET 3
+15 kHz about dialed-in frequency with single knob
control (push to activate)

LEVEL
Range: 0.1uV to 300 mV rms, continuous.
Accuracy: +3 dB overall; +2 dB typical for levels
between 0.7uV to 100 mV,
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

MODULATION
FM Internal: Frequency, accuracy; refer to the audio
synthesizer specifications.
Deviation: 1.5, 5, and 15 kHz peak deviation full
scale ranges on meter and CRT.
Accuracy: 457
FM External Deviation:
Sine Wave: 30 Hz to 10 kHz, 15 kHz max. deviation
Square Wave: 5 Hz to 300 Hz, 3 kHz max. deviation
AM Internal: Frequency, accuracy; refer to the audio
csynthecizer specifications.
Range: O to 1007 full-scale range on meter; +15,
+50, and +150% full-scale ranges on CRT.
AM External Frequency: 30 Hz to 10 kHz
Spurious Outputs
Harmonics (freq. >1 MHz): >30 dB. (60 dB typical)
Non-harmonics: >35 dBC (60 dB typical)
Residual FM: <100 Hz .

SPECTRUM MONITOR

FREQUENCY RANGE
10 to 1,000 MHz (usable to 100 kHz)

DYNAMIC RANGE
+0 to -115 dB

RF ATTENUATOR
> 40 dB in 20 dB steps

DISPLAY RANGE
70 dB (10 dB/div.), and
8 dB (1 dB/div.)

VERTICAL OFFSET RANGE
> 20 dB (1 dB/div. only)

LOG SCALE LINEARITY
+1.5 dB from O to -60 dB (10 dB/div.)
+0.25 dB from O to 8 dB (1 dB/div.)

ABSOLUTE LEVEL ACCURACY
+4.5 dB (S/N > 20 dB)

SCAN WIDTHS
Fixed: 10, 100 kHz/div.; 1, 10 MHz/div.; 0 - 1,000 MHz
Variable: 10 to > 350 MHz (for cable fault)

MINIMUM RESOLUTION

3 kHz for 2 cqual signal levels
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

AUDIO SYNTHESIZER

FREQUENCY MODES
GEN: 0.1 Hz to 19,999.9 Hz
GEN + 1 kHz: Simultaneous 1 kHz tone + GEN frcqucncy

ACCURACY
1 kHz: Time base stability

MOD OUT LEVEL RANGE
0 - 2V peak-to-peak into 1 K ohm typical. Separately
adjustable controls for GEN frequency and 1 kHz tone.
Resolution: 0.1 Hz

OSCILLOSCOPE

FREQUENCY RANGE
DC to 500 kHz, 3 dB bandwidth (usable to 1 MHz)

CRT SCALE
8 divisions high x 10 divisions wide

VERTICAL SENSITIVITY (CALIBRATED)
5 mv/div., 50 mV/div., 0.5 V/div., 5.0 V/div (+5%)
Continuously adjustable between ranges

HORIZONTAL SWEEP RATE (CALIBRATED)
10 msec/div., 1 msec/div., 100 usec/div., 10 usec/div.
(+5%) Continuously adjustable between ranges

EXTERNAL INPUTS
Vertical and horizontal inputs (horizontal through MOD
IN connector)
Vertical input impedance: 1 megohm, +5%, in parallel
with 30 pF.

TRACKING GENERATOR (Optional for CE-6232 and CE-6488)
Swept frequency output is exactly equal to input frequency
of Spectrum Monitor.

FREQUENCY RANGE
10 MHz to 999.9999 MHz (usable from 450 kHz)

SWEEP WIDTHS
Fixed: 100 kHz, 1 MHz, 10 MHz, 100 MHz, and 1,000 MHz
Variable: 10 MHz > 300 MH:z

OUTPUT LEVEL
0.1 uV to 300 mV, continuous
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

OUTPUT
BNC Connector at SIG GEN OUT. Controlled by ON/OFF
position on S1G GEN (FINE) attenuator control.

INTERNAL LEAKAGE
60 dB typical below O dB ref. on Spectrum Monitor (CRT)
display, and SIG GEN (FINE) attenuator below -10 dB

DISPLAY MODE
Spectrum Monitor; External detector; oscilloscope

DISPLAY RANGE
60 dB typical on Spectrum Monitor with SIG GEN (FINE)
attenuator control below ~10 dB level.

DYNAMIC RANGE
>10 MHz: > 100 dB, typical
455 kHz to 10 MHz: >70 dB, typical

OFFSET GENERATOR (Optional for CE-6020, CE-6232, CE-6488: Must be
installed before option OP-08 can be incorporated). In DPLX
mode, offset signal is generated simultaneously.

FREQUENCY RANGE
10 MHz to 999.9999 MHz offset from monitor receiver

frequency.

FREQUENCY OFFSET
+0.10 to +11.999 MHz, and +45 MHz about the monitor
frequency (Frequency > offset frequency)

RESOLUTION
1 kHz

OUTPUT LEVEL
0.1 uV to 300 mV (uncalibrated)

OUTPUT SPECTRUM
DSB suppressed carrier (2 signals of equal level above
and below monitor display frequency).

CARRIER SUPPRESSION
Received frequency suppressed 20 dB min., 30 dB typical

MODULATION
AM; FM
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TABLE 6~1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

IEEE-488 BUS

TRANSFER RATE: 2,500 bytes/second (Baud)
BUS MODES: Talker/Listener

BUS FUNCTIONS SUPPORTED:

Source Handshake (SH) Allows data transfer
Acceptor Handshake (AH)

Talker (T) Talker/Listener without
Listener (L) secondary addresses
Service Request (SR) Data available indicator
Remote/Local (RL) Allows controller to take

over CE-6488 instrument.

INSTRUMENT BUS ADDRESS
Select resident memory location number 70; enter
desired address (1-15) at CE-6488 front panel keyboard.
Address is retained in memory until changed.

INSTRUMENT FUNCTIONS UNDER BUS CONTROL
Monitor Signal Generator
Offset Generator Audio Synthesizer

RS-232C INTERFACE BUS

TRANSFER RATE: 300 bytes/second (Baud); half duplex
BUS MODES: Talker/Listener

BUS FUNCTIONS SUPPORTED

Transmit Interrupt (TI) Allows data transfer
Talker (T Talker/Listener without
Listener (L) secondary addresses.
Service Request (SR) Data available indicator
Remote/Local (RL) Allows controller to take

over CE-6232 instrument

INSTRUMENT BUS ADDRESS
Select resident memory location number 70; enter
desired address (1-15) at CE-6232 front panel keyboard.
Address is retained in memory until changed.

INSTRUMENT FUNCTIONS UNDER BUS CONTROL
Monitor Signal Generator
Offset Generator Audio Synthesizer
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

GENERAL

WEIGHT

43 1bs. with top and bottom covers

38 1bs. without top and bottom covers
DIMENSIONS

Height: 8 1/4"  Width: 15"  Depth: 18"

POWER SOURCES
115/230 Vac (+10%), 50-400 Hz, 85 watts
External 11-15 Vdc at 7.5 amps. (Optional)
Self-contained battery pack and charger (Optional)

FREQUENCY STABILITY6 TIME BASE 7
TCX0: 1 x 107° per year after 30 seconds; + 3 x 10~
per month after 30 ys.

Oven: (gptional) 2 x 107/ per year after 25 minutes at
25%C.

FREQUENCY SELECTION
Microprocessor based, keyboard entry (with LCD display)
69 memory locations for RF and analog tone frequencies.

AUTOMATIC OVERLOAD PROTECTION
SIG GEN OUT/RF IN port automatically protected in SIG
GEN mode against accidental transmitter keying for
150 watts maximum power for 5 minutes.

MICROPHONE INPUT
For optional Cushman microphone with built-in DTMF pad,
or to connect Cushman's Model CE-6408 Signal
Center Encoder.

TEMPERATURE OPERATING RANGE
0°C to +55°9C (32°F to 131°F)

OPTIONS

OP-0l: External 11-15 Vdc and Battery Pack/Charger
(not available on units containing OP-07 or OP-09)

OP-02: OCXO Oven Controlled Oscillator

OP-03: Offset Generator (bus or local control. Included
with the CE-6030)

OP-04: Tracking Generator (local control. Included with
the CE-6020 and CE-6030)

OP-05: CE-6408 Signal Center Encoder (local control. Is
included with the CE-6030)
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TABLE 6-1 (cont'd)

CE-6000 SERIES RADIO SPECTRUM ANALYZER SPECIFICATIONS

OP-06: External 11 - 15 Vdc (less battery pack/charger)
Not available on units containing OP-07 or OP-09.

OP-07: 1EEE-488 Interface bus. Included in CE-6488 (not
available for units equipped with OP-01 or OP-06.

OP-08: 150 watt Single-Cable Duplex (instrument must be
equipped with OP-03)

OP-09: RS-232C Interface bus. Included in CE-6232 (not
available for units containing OP-01 or OP-06).

ACCESSORIES
AK - 102 Accessory kit
1720-0002 Microphone with DTMF pad (included in AK-102)
5285-0020 Instrument mounted Accessory. Pouch (recommended
for CE-6408 Signal Center Encoder)
5287-0068 Fiberglass Carrying Trunk

5287-0069 Soft Protective Cover

MODEL CE-6408 SIGNAL CENTER

FREQUENCY RANGE:

Single Tone Generator 0.1 to 3275 Hz
Multi-Frequency Tone Pairs 0.1 to 2100 Hz each
RESOLUTION 0.1 Hz
ACCURACY +0.01%
ANALOG OUTPUT
Wave Shape Sinusoidal
Distortion <1.0%7 at 1 kHz
Phase Jitter £3.0° p-p
Frequency Response
(as measured at modular -input) +0.25, -1.0 dB

INTER-TONE TIMING
Tone ON/QFF

(Control and Delay Range) 0 - 64 seconds
Resolution 1 ms
Display 8 digit LCD

60




ADDENDUM TO CE-6000 SERIES OPTIONS

OPTION-12

CUSHMAN 6000's SIMULCAST OPTION

Frequency Error Meter has been replaced with a counter. Counter counts
internal I.F. of the 6020/6030. Counter has one Hertz and 10 Hertz
resolution. Zero frequency error is 30000 Hz and will display error
from this frequency.

In addition, a digital Deviation Meter is installed below the Frequency
Error Counter. This Deviation Meter measures the deviation of tone
signal and is calibrated in dB. 0 dB is set at 1 kHz deviation.*

The Offset (push) Control and the Range (kHz) Switch are removed and no
longer used. OP-02 also is installed with OP-12.

*As per Quintron Electronics specifications



SECTION VII
SIGNAL CENTER UNIVERSAL ENCODER

(OPTIONAL) MODEL CE-6408

Cushman BIGNAL CENTER
r ™
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FEET.I=
FUNCTION
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Figure 7-1. Cushman Model CE-6408 Signal Center

DESCRIPTION

7.0 The Cushman Model CE-6408 Signal Center is a dual

microprocessor~control led universal encoder that can
generate tone and digital formats used for selective signalling
over voice-grade communications channels. The front panel
FUNCTION switch provides eight of the most common analog tone
signalling formats (1 tone, two tone, single tone, DTMF, MTS,
IMTS, 5/6 TONE, and tone remote), plus a digital position which
allows the selection of digital-coded squelch (CDCSS), and
POCSAG, NEC, and Motorola GOLAY digital pager address/display
codes when the proper mode number is entered.

7.1 Each function selected generates a specific sequence of
tones and data from a preprogrammed set of parameters

stored in the CE-6408 memory., Or the user can reprogram the

memory parameters for special purpose signalling requirements.

7.2 The Model CE-6408 Signal Center is standard with the
Cushman CE-6030 Series 6000 Radio System Analyzer, and
optionally available for the CE-6020, CE-6488, and CE-6232 units.
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TABLE 7-1.

MODEL CE-6408 CONTROLS and INDICATORS

NUMBER CONTROL FUNCTION
1 LCD Display An 8-digit liquid crystal display (LCD).
Displays selected register contents, or
a selected tone sequence which is to be
generated.
2 OFF/ON Power ON/OFF switch for CE-6408.
3 Function Switch positions select the following

functions (signal level is controlled by
adjusting the CE-6000 unit MOD IN ADJ):

1 TN - Provides continuous tone from .1
Hz to 3275 Hz. For generating CTCSS and
other in-band tones.

SGL - Single Tone 2805 Hz at 10 pps
standard programming. Can be used for
any single interrupted or continuous
tone formats.

2 TN - Provides two-tone paging formats
(standard and programmable). User can
program frequencies for first and second
tones, tone durations, inter-tone gap
time, number of repeats, and delay time
between repeated sequences.

DTMF - Dual Tone Multi-Frequency format
which is preprogrammed, but can be user
programmed to other dual-tone pairs.

MTS - (Mobile Telephone System). Format
used for mobile telephone testing.

IMTS - Improved Mobile TelephoneSystem.
For mobile telephone testing.

5/6 TN - Provides all standard EIA 5 and
6 tone pager signalling formats,
including preamble and dual address
sequences.

TN RMT - Provides the standard sequence
to generate base station control and
function tones necessary to fully
emulate control point signalling.

DGTL - Provides DPL, Motorola Golay, NEC
and POCSAG digital paging formats when
the proper mode number is selected.
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TABLE 7-1. MODEL CE-6408 CONTROLS and INDICATORS (cont'd)

NUMBER CONTROL

FUNCTION

4 Keyboard

5 Microphone

Pushbutton switches to

sequences.

store (STO),

recall (RCL), clear (CLR), and
(SND) selectively displayed tone

send

Connector to allow microphone to be used
simultaneously with Signal Center to

test voice modulation.

Cushppan SIGNAL CENTER
4 )
FUNCTION
oTmr TS s sF A [J
21w i 0 1 2 3 4 - STR | [ RCL oN
GL TN RMY
1% DGTL 3 6 7 ] 9 2ND CLR SND OFF
\ \ s /E [4 D/ J
TN\ ] ]
3 4 @5

Figure 7-2. Model CE-6408 Signal Center Controls and Indicators
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OPERATION

7.3 This section provides information for installing and
operating the Model CE-6408 Signal Center with the
Cushman CE-6000 Series Radio System Analyzer.

POWER-ON AND CHECKOUT

7.4 To turn on power and check out the Model CE-6408,
perform the following:

a. Connect the CE-6408 Signal Center to the CE-6000
Series Radio System Analyzer MIC connector. (Note:
a second microphone jack is supplied with the
CE-6408 Signal Center if a microphone and signal
encoding are needed simultaneously.

b. Press the ON key and observe the display for
"CE6408d". If nothing appears, check the 1/4 Amp

fusc in the rear panel fuse holder.

c. Set the FUNCTION switch to any one of the nine
functions available.

d. Turn the FUNCTION switch to a different function;
the display should now show only a single zero.

e. To control the level of the signal, adjust the
CE-6000 Series Radio System Analyzer MOD IN ADJ
control as required.

7.5 Verify that all of the keyboard keys are operational by
performing the following tests:

a. Enter the digits "1" through "8" by pressing each
of the corresponding digit keys on the keyboard.
As each key is pressed its corresponding number
should be entered into the display. The display
should now read "1 2 3 4 5 6 7 8",

b. Press the CLR key to clear the display. Note that
the display again shows a single zero. v

c. Enter the digits "9" and "O0" by pressing the
corresponding keys. Then enter the DTMF digits
(2nd) A, (2nd) B, (2nd) C, and (2nd) D by first
pressing the "2nd" key (to select the key's
second function) followed by the STO/A, RCL/B,
CLR/C, and SND/D keys (respectively). The display
should now read "9 0 A B C D".
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d. Enter the DTMF characters "2nd *" and "2nd #" by
pressing the "2nd /%" key two times for the "#"
character, and then the "2nd" key followed by the
"./#" key for the "#" character.Since the "2nd *"
is displayed as "E", and the "2nd #" as "F", the
display should now read "9 O A B CDE F".

KEYBOARD BASICS

7.6 The following paragraphs describe in detail the use of
the keyboard function keys.
7.6.1 The CE-6408 keyboard contains 16 operation keys.
However, to fully utilize the spower of the Model
CE-6408 Signal Center, it is necessary to be able to enter
22 different operations - either data or commands. This
means that 6 keys must perform more than one function. The
six dual function keys are listed with thelr funclLiovns iun
Table 7-2.
a. To use the first function associated with a key,
just press that key.
b. To use the second (2nd) function, press the "2nd"
key followed by the key corresponding to the
function desired. Refer to paragraphs 7.5 (c.)
and (d.) above.
TABLE 7-2, DUAL FUNCTION KEYS
DUAL FUNCTION KEY FIRST FUNCTION SECOND FUNCTION
STO/A STO - Store display data Enter "A" character
in a register.
RCL/B RCL - Recall and display Enter "B" character
register contents.
CLR/C CLR - Clear LCD display Enter "C" character
SND/D SND - Send sequence Enter "D" character
2nd/* 2nd - Select 2nd function Enter "*" character
for next key pressed. Displayed as "E".
I # . - Enter decimal point Enter "#" character

Displayed as "F".

65




ERROR MESSAGES

7.7 The message "ERROR - - - - " indicates that one ofthe
following types of invalid keyboard operations was
performed:

a. Attempt to store (STO) or recall (RCL) a function
register that does not exist.

b. Sending a sequence (SND) before the cap-code or
dialed digit information has been entered (for 5/6
tone and IMTS, Mode 2).

c. Storing a number (STO) that is larger than that
allowed for frequency and timing parameters.

7.8 If an error message is displayed, press the CLR key and
then enter the correct information.

PREPROGRAMMED FREQUENCY AND TIMING PARAMETERS

7.9 Each function that the Model CE-6408 is capable of

generating has from 1 to 16 memory locations associated
with it. Each memory location or register is designated by a
number from O - 9, or the letters A, B, C, D, or the characters

LR

or "#" (displayed as "E" and "F", respectively). The
registers hold fregquency and timing information to be used by the
particular function selected when a sequence is generated. Each
time the Model 6408 Signal Center is turned on, all registers are
preprogrammed with the frequency and timing parameters most often
used with each function. Refer to TABLE 7-3.

DISPLAYING PARAMETERS - RCL KEY

7.10 To display a register's contents for a particular

function, first set the FUNCTION switch to that
function. Then, using TABLE 7-3, determine the register number
for the desired parameter. To display the parameter value, press
the RCL key, followed by the key corresponding to the register
number. The display will now show the register number (in the
farthest left digit position), followed by the value stored in
that register. If the register holds frequency information, a
decimal point will also be displayed. Otherwise, the register
holds timing or miscellaneous information which has no decimal
point.

7.11 All frequency information is displayed in Hz with a
resolution of 0.1 Hz. Timing information is displayed
in milliseconds (ms), with a resolution of 1 ms. Therefore, one

second will be displayed as "R 1000", where "R" is the register
number. :
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TABLE 7-3.

PREPROGRAMMED PARAMETERS

MANUAL REGISTER PROGRAMMED
SECTION | FUNCTION DESCRIPTION NUMBER VALUE
7.15 DTMF Mode Number 0 0
Tone On Time 1 100 ms
Tone Off Time 2 100 ms
MF Row Frequencies 3-6 0.0 Hz
MF Column Frequencies 7-A 0.0 Hz
7.20 MTS Frequency 1 1 600.0 Hz
Frequency 2 2 1500.0 Hz
Dial Pulse Width 3 100 ms
Interdigit Time 4 500 ms
7.22 IMTS Mode Number 0 1
Idle Tone Frequency 1 2000.0 H:z
Seize Tone Frequency 2 1800.0 Hz
Dial Pulse-Break Time 3 50 ms
Dial Pulse-Make Time 4 50 ms
Interdigit Time 5 250 ms
Delay Time before ANI 6 500 ms
7.26 ITN Single Tone - 0 Hz
7.27 SGL Tone Frequency 1 2805.0 Hz
Dial Pulse-Break Time 2 50 ms
Dial Pulse-Make Time 3 50 ms
Interdigit Time 4 250 ms
7.39 DGTL Mode Number O 0 134 Hz
Mode Number 1 0 DPL
Mode Number 2 0 MOT GOLAY
Mode Number 3 0 NEC
Mode Number 4 0 POCSAG
Mode Number O ] NORMAT,
Mode Number 1 1 INVERTED CODE
Mode Number O 2 SEND ONCE
Mode Number 1 2 SEND
REPEATEDLY
7.28 2 TN Number of 2-Tone Cycles 0 1
First Tone Frequency 1 1000.0 Hz
Second Tone Frequency 2 500.0 Hz
First Tone On Time 3 1000 ms
Intertone Gap Timc 4 250 ms
Second Tone On Time 5 2500 ms
Delay Time Until Repeat 6 2000 ms
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TABLE 7-3. PREPROGRAMMED PARAMETERS (cont'd)

MANUAL REGISTER PROGRAMMED
SECTION | FUNCTION DESCRIPTION NUMBER VALUE
7.31 5/6 TN |Digit O Frequency 0 600.0 Hz
Digit 1 Frequency 1 741.0 Hz
Digit 2 Frequency 2 882.0 Hz
Digit 3 Frequency 3 1023.0 Hz
Digit 4 Frequency 4 1164.0 Hz
Digit 5 Frequency 5 1305.0 Hz
Digit 6 Frequency 6 1446 .0 Hz
Digit 7 Frequency 7 1587.0 Hz
Digit 8 Frequency 8 1728.0 Hz
Digit 9 Frequency 9 1869.0 Hz
Preamble On Time A 633 ms
Preamble Tone Frequency B 600.0 Hz
Digit Tone On Time C 33 ms
Dual Address Tone Freq. D 2010.0 Hz
Repeat Tone Frequency * (E) 459.0 Hz
7.37 TN RMT [Guard Tone Frequency 0 2175.0 Hz
Function Tone Frequency 1 1950.0 Hz
High Level Guard Tone
Burst Time 2 125 ms
Function Tone Burst Time 3 40 ms

MODIFYING REGISTER INFORMATION - STO KEY

7.12

Any of the parameters stored in the registers listed in
TABLE 7-3 can be modified by the following procedures:

a.

b.

Select the particular function to be modified.

Enter the new value of the parameter, using the
keyboard, into the LCD display. If necessary, use
the CLR key to clear mistakes and then enter the
correct information.

NOTE

The CLR key clears the display only, and not the
contents of the register. Register contents can
only be modified by the STO (store) function.

With the desired information to be stored now
displayed, press the STO key, followed by the key
corresponding to the desired register number, The
left-most digit of the display will now indicate
the register in which the information was stored.
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7.13 The following rules apply to storing data in registers:

a. If an attempt is made to store data in a register
that does not exist for the function selected, the
error message will be displayed.

b. Frequency information may not exceed 3275 Hz, and
timing information may not exceed 64,000 ms (64
seconds).

c. Frequency information may be programmed with a

resolution of 0.1 Hz, If a decimal point is not
entered, it will be assumed to be located to the
right of the last digit entered. If a decimal
point is entered, then only one additional digit
will be accepted.

EXAMPLE
TABLE 7-3 lists the single (SGL) tone frequency as 2805 Hz,
and it is stored in register 1 under that (SGL) function. To
modify it to generate a 2700 Hz tone instead, select the SGL
function on the FUNCTION switch, and press the "2", "7", "0", and

"O" (again) keys on the CE-6408 keyboard. Then press the "STO"
and "1" keys. The display should now read "1 2700", and Lhe
Model CE-6408 should now be generating a 2700 Hz tone.

DIALED DIGIT OUTPULSING

7.14 Dialed digits may be outpulsed in a group of from 1 to
8 digits, or outpulsed individually (one at a time) for
the DTMF, MTS, IMTS, and SGL functions.

a. To outpulse digits individually, first clear the
display. Press the SND key and wait for the "-"
(dash) to be displayed. Then, enter the digit to
be outpulsed. A dash will again be displayed when
the CE-6408 has completed outpulsing the digit.
As soon as the dash appears, the unit is ready to
accept another digit for outpulsing.

b. To outpulse groups of digits, first clear the
display and then enter the group of digits. The
first digit to be outpulsed is entered first.
Then press the SND key to start the outpulsing,
which outpulses the left most digit of the display
first. The dash will again be displayed when all
of the digits in the group are outpulsed. Once
the dash is displayed, the user may press the RCL
key (do not enter a register number) to recall the
last group of digits outpulsed back dinto the
display to be outpulsed once again by pressing
the SND key. Or a new group of digits may be
outpulsed, if desired, by entering the individual
digits as before and again pressing the SND key.
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USING THE MODEL CE-6408 SIGNAL CENTER FUNCTIONS
DTMF FUNCTION

7.15 The DTMF function is used to generate any of the

standard tone pairs associated with the 16 DTMF digits
using Mode 0, as well as custom user defined Multi-Frequency (MF)
tone pairs using Mode 1. There are 11 registers associated with
the DTMF function. The first 3 registers are preprogrammed with
parameters on power-up, and are listed in TABLE 7-3 with their
preprogrammed values. Registers 3 through A, which are used in
Mode 1 only, contain all zeroes and must be programmed by the
user with row and column frequency information.

7.16 The DTMF digits may bc scnt (outpulsed) as a group or

individually. The rate at which the digits are sent
depends on the information stored in registers 1 and 2. Each
time a digit is outpulsed, the tone pair corresponding to the
digit entered is generated for the amount of time specified in
register 1, followed by a gap of no tone for the amount of time
specified in register 2.

7.17 To select the standard DTMF tone pair frequencies,

enter a zero in register 0O (i.e., select Mode O0).
Registers 3 through A are not used in Mode O, therefore the
frequency information stored in these registers has no effect on
the tone pair frequencies for standard DTMF generation.

7.18 To generate custom MF tone pairs, first store a 1l in

register 0 (RO) to select the bank of user frequencies
stored in registers 3 - A (R3 -~ RA). Then, program row
frequencies in registers 3 - 6 (R3 - R6), and column frequencies

in registers 7 - A (R7 - RA). The following TABLE 7-4 shows the
relationship between the keyboard digits and the row and column
frequency registers.

TABLE 7-4
R3 7 8 9 A
(ROW) R4 4 5 6 B
R5 1 2 3 C
R6 # 0 # D
R7 R8 R9 RA
(COLUMN)
7.19 The tone pair frequencics for a particular digit

corresponds to the frequency stored in the two (row and
column) registers associated with the digit in the above matrix.
For example, the frequency pair associated with the digit 6 in
the above matrix are the frequencies stored in R4 (the row) and
R9 (the column) registers. NOTE: The largest frequency that may
be generated in this mode is 2100.0 Hz.
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EXAMPLE

Generate 2+2 signalling consisting of a 1500/800 Hz tone
pair for 1 second, followed by a 900/750 Hz tone pair for 1

second.

STEP 1: Using the digit 1 for the first tone pair, and 5
for the second pair, (other digits conuld he used)
we can determine that the row and column registers
associated with digit 1 are (respectively) R5 and
R7. Likewise, the registers associated with digit
5 are (respectively) R4 and RS.

STEP 2: Program the frequencies for digit 1 (the first
tone pair) by storing 1500.0 in register R5 and
800.0 in R7,

STEP 3: Program the frequencies for digit 5 (the second
tone pair) by storing 900.0 in register R4 and
750.0 in RS8.

STEP 4: Program the tone duration times by storing 1000 in
register R1 (1000 ms = 1 second), and the tone off
time by storing O in R2 (no time between tones).

STEP 5: Generate the tone sequence by entering digits 1
and 5 into the CE-6408 and pressing SND. To send
the same tone sequence again, press RCL and SND.

STEP 6: To send different frequencies, repeat STEPS 1 - 5
and enter the new frequencies instead of the
frequencies of STEPS 2 and 3.

MTS (MOBILE TELEPHONE SYSTEM) FUNCTION

7.20 The MTS function is used to generate Mobile Telephone

Scrvice (MTS) 600/1500 Hz signalling at 10 pps.
However, in this function the Model CE-6408 Signal Center is not
limited to generating only the standard frequencies and timing
associated with MTS. The user may change the two frequencies
used, as well as the outpulsing rate. The MTS digits may be
outpulsed in a group or individually. Table 7-5is a list of the
four registers associated with MTS signalling and their
preprogrammed values. .

TABLE 7-5
DESCRIPTION REGISTER # PREPROGRAMMED VALUE
Frequency 1 1 600.0 Hz
Frequency 2 2 1500.0 Hz
Dial Pulse Width 3 100 ms (10 pps)
Interdigit Time 4 500 ms
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7.21 In the MTS function, pressing the SND key causes a
clcaring pulsec to be genecrated before the digits in the
display are outpulsed. The clearing pulse consists of 710 ms of
frequency 1, followed by 710 ms of frequency 2. FEach digit is
separated by the interdigit time stored in register 4 (R4).

IMTS (IMPROVED MOBILE TELEPHONE SYSTEM)

7.22 This function is used to generate IMTS base-to-mobile,

mobile-to-base, and general purpose FSK signalling.
The type of signalling generated depends on the information
stored in the 7 registers associated with the IMTS function.
Table 7-6 lists these 7 registers and their preprogrammed values.

TABLE 7-6
DESCRIPTION REGISTER # PREPROGRAMMED VALUE
Mode Number 0 1
Idle Tone Frequency 1 2000.0 Hz
Seize Toune Freguency 2 1800.0 Hlz
Dial Pulse-Break Time 3 50 ms
Dial Pulse-Make Time 4 50 ms
Interdigit Time 5 250 ms
Delay Time Before ANI 6 500 ms
7.23 The number stored in register O (RO) determines which
type of signalling the CE-6408 Signal Center is to
generate. For IMTS base-to-mobile signalling, a 1 must be stored
in RO. Then, registers 2 through 5 determine the frequency and
timing of the digits to be outpulsed. Also, the user can change
these parameters to generate custom FSK type signalling. For
IMTS mobile-to-basce signalling, a 2 must be stored in RO. Using

this mode, the user can either originate a call to an IMTS
terminal or simulate a mobile's response to a call from an IMTS
terminal. Registers 2 through 5 are not used in IMTS mode 2.

7.24 Since the Model CE-6408 Signal Center does not decode
signalling from the IMTS terminal, it can't know when
the terminal is ready to accept the mobile's ANI digits. To

ensure that ANI is not sent before the terminal is ready, it is
delayed before sending by the time stored in register 6 (R6).

7.25 There are two modes of IMTS operation on the CE-6408.
Mode 1 is for base-to-mobile signalling, and Mode 2 is
for mobile-to-hase signalling.

Base-to-Mobile (Mode 1)

7.25.1 In IMTS Mode 1, the CE-6408 Signal Center
will initially generate idle tone when the
function is selected. To signal an IMTS mobile, enter

the mobile's ANI digits (from 1 - 8) and press the SND
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key. The ANI digits will then be outpulsed according
to the timing parameters stored in R3 - R5. After all
the digits have been outpulsed, a dash will be
displayed. The user may then do one of the following:

a. Enter additional digits to be outpulsed,
one at a time. Enter zeroes to simulate
ringing to the mobile.

b. Press the RCL key to return to sending
idle tone and recall the 1Tast ANT sent.

c. Press the CLR key to return to sending
idle tone and clear the display.

Mobile-to-Base (Mode 2)

7.25.2 IMTS Mode 2 is used for testing the operation

of IMTS Central Office terminal equipment. In
this mode, the CE-6408 Signal Center may be used to
simulate a call from an IMTS mobilec or to simulate the
mobile's response to a terminal originated call. In
IMTS Mode 2, three of the keyboard keys take on a
special meaning, as described below:

KEYBOARD DIGIT NEW FUNCTION
2ND * Send Acknowledge Tone
2nd # : Send Answer Tone
2nd D Send Disconnect Tones
7.25.3 To simulate a call from a mobile to an IMTS

terminal, a 2 must be stored in the register
0O (RO) of the IMTS function (must be in Mode 2). Enter
the mobile unit's ANI digits (from 1 - 8 digits).
While the digits are displayed, press the SND key. The
CE-6408 Signal Center will generate a connect sequence,
delay (wait) for the amount of time stored in R6, and
then send the ANI which was displayed at 20pps (with
parity).

7.25.4 When all the ANI digits have been outpulsed,

a dash will be displayed., At this time, the
user may simulate IMTS mobile dial pulsing by cntering
each digit, one at a time, Each time a digit is
entered, it will be outpulsed and the dash again
displayed to indicate that the CE-6408 is ready to
accept the next digit.

7.25.5 While the dash is displayed, the user may
(instead of simulating dial pulsing) press
the RCL key to recall the last ANI sent. Or mobile
disconnect signalling can be sent by entering the 2nd D
character. After the disconnect tones are sent, the
display will automatically recall the last ANI sent.
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7.25.6 To simulate a mobile's response to an IMTS

terminal call, first clear the display. When
the IMTS terminal completes base-to-mobile signalling,
send the mobile acknowledgement tone by entering the
2nd ¥ character. Then press the 2nd # key to simulate
mobile answer. Press the 2nd D key to send disconnect.

1TN (CONTINUOUS TONE)

7.26 To generate a CTSS, or continuous tone, select ITN on
the FUNCTION switch. Enter the desired frequency into
the CE-6408 Signual Center display and press the 3ND key.

SGL (SINGLE FUNCTION)

7.27 The SGL (Single) function may be used for generating

single tones (i.e., CTCSS tones), but is primarily used
for single-tone interrupted signalling. Single-tone interrupted
digits may be outpulsed in a group or individually. There are 4
registers associated with the SGL function, and they are listed
with their preprogrammed values in Table 7-7.

TABLE 7-7
DESCRIPTION REGISTER # PREPROGRAMMED VALUE
Tone Frequency 1 2805.0 Hz
Dial Pulse-Break Time 2 50 ms
Dial Pulse-Make Time 3 50 ms
Interdigit Time 4 250 ms
7.27.1 When the SGL function is selected, a tone 1is

generated at the frequency stored in register
R1. To change the frequency, first clear the display,
enter the new tone frequency, then press the STO and 1
keys. The CE-6408 Signal Center will now generate the
new frequency being displayed.

2 TN (TWO - TONE FUNCTION)

7.28 The 2 TN (Two-Tone) function has 7 registers, and can
generate 2-Tone sequential signalling. The registers
and their preprogrammed values are listed in Table 7-8.

TABLE 7-8
DESCRIPTION REGISTER # PREPROGRAMMED VALUE

Number of 2-Tone Cycles 0 1

First Tone Frequency 1 1000.0 Hz
Second Tone Frequency 2 500.0 Hz
First Tone On Time 3 1000 ms
Intertone Gap Time 4 250 ms
Second Tone On Time 5 2500 ms
Delay Time Before Repeat 6 2000 ms
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7.29 To send a Two-Tone sequence, first store the desired
first and second tone frequencies in registers R1 and

R2 (respectively). Press the SND key to generate the tone
sequence according to the timing parameters stored in registers
R3 - R5. 1If more than one sequence is to be generated, store the

total number of cycles in RO and the delay time between sequences
in R6. Then press the SND key to start the cycle.

7.30 While the first tone is being generated, the display

will read " 1". During the intertone gap, the
display will be " 1-", and during the generation of the
second tone, it displays " 1-2". 1f the value stored in R6
is greater than 1, the display will read " 1-2-" during the
repeat delay period.

5/6 TONE FUNCTION

7.31 The 5/6 Tone function can generate sequences of froml

to 8 tone bursts. There are 15 registers associated
with the 5/6 Tone function, and they are listed in Table 7-9
with their preprogrammed values.

TABLE 7-9

DESCRIPTION REGISTER # PREPROGRAMMED VALUE
Digit O Frequency 0 600.0 Hz
Digit 1 Frequency 1 741.0 Hz
Digit 2 Frequency 2 882.0 Hz
Digit 3 Frequency 3 1023.0 Hz
Digit 4 Frequency 4 1164.0 Hz
Digit 5 Frequency 5 1305.0 Hz
Digit 6 Frequency 6 1446.0 Hz
Digit 7 Frequency 7 1587.0 Hz
Digit 8 Frequency 8 1728.0 Hz
Digit 9 Frequency 9 1869.0 Hz
Preamble On Time A 633 ms
Preamble Tone Frequency B 600.0 Hz
Digit Tone On Time C 33 ms
Dual Address Tone Frequency D 2010.0 Hz
Repeat Tone Frequency * (E) 459.0 Hz

7.32 In the 5/6 Tone code plan, each digit in the cap-code

of the pager represents a specific tone frequency. In

the CE-6408 Signal Center, these digits (0 - 9) also correspond
to the registers in which the decimal digits frequency is stored.
Therefore, the tone frequencies sent are those stored in the
registers corresponding to the cap-code.

NOTE
If the cap~code consists of 2 or more identical digits in a

row, the code plan resumes, but the repeat tone frequency stored
in R ¥ will be automatically sent in place of the digits entered.
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7.33 To signal a 5-Tone pager, simply enter the pager's five
digit cap-code, as is, and press the SND key.

7.34 To signal the pager dual address, enter the same five
digit cap-code, followed by 2nd D. Press the SND key.

7.35 To send a preamble tone before the address signalling,

first press the 2nd B key. Then enter the five digit
cap~-code (i.e., the cap-code less the preamble digit). If a dual
address is desired, now press the 2nd D key. Finally, to send
the entire sequence, press the SND key.

NOTE

The preamble register (RB) must be programmed with the
preamble frequency being used.

7.36 To program the preamble frequency in register RB, first

determine the preamble digit from the cap-code. Then,
use the CE-6408 Signal Center to determine the corresponding
frequency for this digit by pressing the RCL key, followed by "P"
(where P is the preamble digit). Then, while the frequency is
being displayed, press STO and 2nd B to program the register RB
with the preamble frequency to be generated.

TN RMT (TONE REMOTE) FUNCTION

7.37 The TN RMT function generates the tone sequence used in
tone remote control of base station equipment. The TN
RMT sequence consists of a burst of high~level guard tone (at O
dBr), followed by a burst of function tone (also at O dBr),which
is followed by low-level guard tonme (-20 dBr transmit hold tone).
There are 4 registers associated with the TN RMT function, and
they are listed with their preprogrammed values in Table 7-10.

TABLE 7-10
DESCRIPTION REGISTER # PREPROGRAMMED VALUE
Guard Tone Freguency 0 2175.0 Hz
Function Tone Frequency 1 1950.0 Hz
High-Level Tone Burst Time 2 125 ms
Function Tone Burst Time 3 40 ms
7.38 To start the tone control sequence, press the SND key.
The display will read " 1" while the high-level
guard tone is being generated, fol lowed by " 12" while the
function tone is generated, followed by " 12-" while the low-

level guard tone is generated.

NOTE

Low-level guard tone will continue to be sent until the
CLR key is pressed.
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DGTL (DIGITAL) FUNCTION

7.39 The DGTL (Digital) function allows the user to generate
non-return-to-zero (NRZ) data sequences. The data

sequence generated corresponds to the mode number stored in
register O (RO) of the DGTL function. Table 7-11 contains a list

of data sequences available:

TABLE 7-11
MODE # DESCRIPTION
0 134 Hz Test Signal
1 Digital Coded Squelch (DCS)

(continuous 23-bit word)

2 GOLAY Digital Display
3 NEC Digital Display
4 POCSAC Digital Display
7.40 Operation of each of the DGTL Modes is described in the

following paragraphs.

134 Hz Test and Digital Coded Squelch (DCS)

7.40.1 Both Modes 0O and 1 are associated with testing DCS
systems such as those manufactured by Motorola,
E.F. Johnson, and Ferritronics. Mode O generates a test

signal useful in setting an FM signal generator (if used)
deviation. Mode 1 allows the user to generate actual 23-bit
DCS data by simply entering the 3-digit octal DCS code.

7.40.2 Polarity control register (Rl) determines if data

is to be sent non-inverted (register R1 = 0), or
inverted (Rl = 1). Normally, a 0 is automatically inserted.
7.40.3 Repeat register (R2) will send the bit stream

repeatedly if there is a 1 in the register.
Normally, a O (send once) is automatically stored in the

register.

NOTE

A logical "1" in the bit streamwill cause the carrier
to shift in a positive direction (above 0) and logical
"0" will cause it to shift negative (below O) in a NRZ
(Non-Return to Zero) system.

7.40.4 MODE O - The digital (NRZ) output may be input to

an FM signal generator, or directly connected to
the digital input of the DCS board under test. If a signal
generator is used, the Mode O function (set by storing a 0
in RO) must be used first to set the proper FM deviation.
Use the following procedure to set the signal generator
deviation:
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a. Select the UNIV function, and make sure that a O
is stored in RO.

b. Press the SND key to generate the 134 Hz test
signal.

c. Adjust the FM deviation to +0.5 - +1.0 kHz as
viewed on CRT.

d. Press the CLR key to stop generation of the test
signal.

NOTE

The keyboard will be locked (except for the CLR key)
while the CE-6408 Signal Center is generating
continuous data sequences. To halt data generation,
and unlock the keyboard, either press the CLR key, or
select another function.

7.40.5 MODE 1 - The following procedure is used to
generate DCS data (i.e., a continuous sequence of
the 23-bit code word).

a. Select the DGTL function, and make sure that a l
is stored in RO (to select Mode 1).

b. Enter the 3-digit octal DCS code number.

c. To send noninverted data, just press the SND key.
To send inverted data, first enter a decimal puint
and then press the SND key.

d. To halt data generation, press the CLR key or
select another function. Either of these actions
will cause the CE-6408 Signal Center to send a 180
ms burst of 134 Hz turn-off code and then halt
data generation.

NOTE

An error message indicates that either a digit in the
DCS code was larger than 7, or more (or less) than 3
digits were entered for the code number,.

7.40.6 MODE 2 - The Motorola GCS Paging Format is used

with display pagers. To access display pagers,
the user must enter 8 digits: 6 digits for the address, 1
digit for the function to be activated, and 1 digit to
select tone only, tone/display, or tone/voice. The
following procedure is used to signal Motorola digital
pagers:
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.40.

Rotate the function selector to DGTL.

Use Mode O to set the proper signal generator
modulation deviation,

Store a 2 in register RO to select Mode 2 (the
Motorola Digital Paging Formats).

Enter the pager's 6 digit address
Enter the desired pager function code. See the

Motorola Maintenance Manual for the pager under
test.

Function Code Qutput Address Format
1 Wl W2
2 Wl W2
3 Wl W2
4 Wl W2

Enter the Mode number:

Mode # Type of Page
1 Tone only
2 Tone/Display
3 Tone/Voice

Press SND each time the page is to be transmitted.
MODF 3 - To test the NFEC Display, proceed as
f

Rotate the function selector to DGTL.

Use Mode O to set the proper signal generator
modulation deviation.

Store a 3 in register RO to select Mode 3 (NEC
Display)

Enter the synchronization code digit (i.e., 1, 2,
3, or 4), The standard system uses a 1.

Enter the pager's 6 digit address.
Press SND each time the page is to be transmitted.

NOTE

The preprogrammed display message "8003434084" is sent
to the pager.
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7.40.8

MODE 4 - POCSAG is tested as follows:
Rotate the function selector to DGTL.

Use MODE O to set the proper signal generator
modulation deviation.

Store a 4 in register RO to select Mode 4 (POCSAG)

Enter the desired function code digit, 0, 1, 2, or
3 for their respective functions 1, 2, 3, or 4.

Enter the 6 digit (or last 6 of 7 digits) pager
code.

Press SND each time the page is to be transmitted.

NOTE

The preprogrammed display message "48 43CCCCC"
is sent to the pager.
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SECTION VIII

SPECTRUM 6000 SERIES RADIO SYSTEM ANALYZER
CE-6488 OPTION

GENERAL DESCRIPTION

8.1 The CE-6488 option for the Series 6000 Radio System

Analyzer incorporates microprocessor based local
control of the instrumentfor bench or on-site use, while
providing an IEEE-488 bue operating system to allow the addition
of a controller and peripherals for ease of radio testing.

8.2 By incorporating a computer as the controller for

the CE-6488 Radio System Analyzer, stored programs can
be used to provide fully automatic, computer controlled test
routines for evaluating a radio's performance. Test results are
easily evaluated from either the system display or hard-copy
printer output. This results in faster testing, as well as more
thorough and accurate testing of radio systems.

8.3 The CE-6488 option makes the Spectrum 6000 Series Radio

System Analyzer family compatible with the IEEE
Standard 48R-1078 Tnterface Bus, which is also known as GPIB (the
term we will use in this Manual), HP-IB, and IEC Bus. It has two
modes of operation: Local and Remote.

8.4 In its Local mode, the instrument is completely under

manual control. The microprocessor monitors the front
panel control settings, and all the System 6000 instrument is
programmable from the unit Front Panel.

8.5 In the Remote mode, the GPIB has access to all

instrument functions except for power switch, volume
control, and oscilloscope/spectrum monitor controls and display.
The following controls and indicators are programmable through
the GPIB:

SENSITIVITY switch SQUELCH control
SELECTIVITY switch FUNCTION meter
FREQUENCY ERROR meter FREQ ERROR RANGE (kllz) switch
OFFSET ADJUST control MODULATION SELECT switch
MOD ADJ control MOD IN ADJ control
+1 kHz ADJ control FUNCTION switch
SIG GEN ON/OFF switch SIG GEN (FINE) control
GENERATE frequency SIG GEN (COARSE) attenuator
RECEIVE frequency MODULATION TONE frequency
(OPTIONAL) ZERO SCAN

8.6 The microprocessor is the Series 6000 interface during
both Local and Remote operation. The microprocessor

always monitors instrumentation outputs which are displayed on
the front panel, except for the oscilloscope CRT and its
associated controls. Front panel displays are driven by the
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microprocessor. None of the programmable front panel controls
function while in the Remote mode.

8.7 There are 24 wires in the GPIB connector: eight wires
for bus control, eight for bus data, and eight for
ground. The data is byte serial bit parallel.

REQUIRED USER INTERACTION

8.8 For Remote operation, the Spectrum 6000 Series Radio
System Analyzer user is required to:

a) Connect a GPIB cable to the GPIB controller
b) Enter desired GPIB address (Refer to paragraph 8.16.2).
c) Place the instrument in the Remote mode,

d) Write the desired programs which will run on the user's
controller (refer to paragraph 8.17 for initialization
routines using the HP-85 desk-top controller).

HARDWARE DESCRIPTION

8.9 The hardware needed to program the CE-6488 Radio System

Analyzer (which contains the IEEE-488 option) is made
up of two parts. The Standard hardware is incorporated in all
Series 6000 Radio System Analyzers, and consists of an 8085
microprocessor, ROM, non-volatile RAM, keypad, LCD display and
connectors to accept the GPIB section. It is used to control the
Tone, Generate, and Receive frequencies, and provide non-volatile
storage for up to 69 sets of frequencies.

8.10 The second part contains the necessary hardware to
implement the GPIB option, and consists of four major
parts:

a) An analog and digital interface to the Front Panel

potentiometers, switches, and indicators which are
remotely programmable over the GPIB.

b) An analog and digital interface to the instrumentation,
corresponding to the Front Panel controls and
indicators accessible by the GPIB.

c) A GPIB interface which has both talker and listener
capability.

d) Additional ROM and RAM for use by the GPIB option
software (as required).

8.11 The IEEE-488 option plugs into and is driven by the
standard CE-6488 hardware.
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STANDARD HARDWARE DETAILED DESCRIPTION

8.12 Both the Standard and GPIB option hardware use the same
8085 microprocessor to control system operation.

8.13 Data entry is performed through an 18-key keypad on the

Front Panel of the Series 6000 Radio System Analyzer.
Ten of the keys are the numbers 0-9, and the othcr eight keys are
for specialized functions. An LCD display is used to display the
memory location, frequencies, and other special functions.

8.14 All interfaces to the Front Panel, instrumentation, and

GPIB are true I1/0 ports instead of memory mapped 1/0.
The non-volatile RAM is implemented with low power, static
devices and a battery backup. This allows data retention while
the instrument is turned "OFF".

8.15 All memory and I/0 decoding is done so that there is
one address for each physical device. When reset, the
8085 microprocessor vectors to memory location 0. Therefore, the

PROM starts at memory location O.

IEEE-488 OPTION DESCRIPTION

8.16 The CE-6000 GPIB Option is a talker/listener Interface.
Data to and from the CE-6000 is shown in Figure 1-3.
Commands and responses have two parts: a control selector, and a
numeric value or positional indicator. If the command requires a
response (i.e., the second part of a command is a question mark),
the instrument will read the requested value, do a service
request, and return the data in response to a serial or parallel
poll. No device trigger is necessary to start measurements.

8.16.1 Front Panel Controls - With the GPIB, Front Panel

controls do not directly control instrumentation,
but provide input to the microprocessor. The microprocessor
acts as a switch to take input from the Front Panel or GPIB.

a) Keyboard - The keyboard consists of a set of 18
switches that can be read by, and a display which
can be written into, the microprocessor. The switches

are the numbers from 0-9, cursor control (typomatic
type) keys, memory store and recall, display increment
and decrement, and select and scan memory keys.

b) Switches and Adjustments - The switches used as

inputs to the microprocessor are: SENSITIVITY,
SELECTIVITY, METER FUNCTION, FREQUENCY ERROR RANGE,
MODULATION, FUNCTION, and SIGNAL GENERATOR (COARSE).
Adjustments used as inputs to the microprocessor are
potentiometers that are measured by a switchable
analog-to-digital (A/D) converter, and are: SQUELCH,
FREQUENCY ERROR OFFSET, MOD ADJUST, MOD IN ADJUST, +1
kHz ADJUST, and SIGNAL GENERATOR (FINE).
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c) Meters - Two meters are controlled by the
microprocessor: the FUNCTION meter, and the
FREQUENCY ERROR meter. As data is read out of the

instrumentation, it is put into individual A/D's.

8.16.2 Bus Addresses - Bus addresses are saved as part of
memory location 70 from the keyboard. The
keyboard also enables the bus. Once it is enabled, it will

go into Remote when the first interrupt from the GPIB is
received. If the CE-6488 is to have a bus address for the
first measurement (generally referred to as 701), then enter
0100000 into the display while the CE-6488 is in the Receive
or Generate mode, Local control. Then store the displayed
number into memory location 70.

8.16.3 GPIB Accessible Controls - The keyboard input,

signal generator, function, modulation, frequency,
meter function, sensitivity, and selectivity controls are
controllable from the GPIB. These controls will not be
altered unless specifically addressed. The format for each
control is as follows:

CONTROL FORMAT DESCRIPTION

Generate Frequency|"GEN n.nnnnnn E+n" | Programs instrument to the

specified frequency, and
stores frequency in memory
location "1",

Rereive Frequency ["RCV n.nnnnnn E4n" | Programs instrument to the

specified frequency, and
stores frequency in memory
location "1",

Modulation Tone "TON n.nnnnnn E+n" | Programs instrument to the
(value range = specified frequency, and
O to 19.999 kHz) stores in memory location

"i", If command received
in Duplex mode, an error
is sent to the Controller
if Generate and Receive
frequencies are not 45 MHz
(exactly), or greater than
11.999 MHz.

Function Control "FUN XXX" (where Allows major function of
XXX can be RCV, instrument to be selected.
GEN, or DPLX). Setting will influence the

keyboard inputs.
Modulation Type "MTY XXX" (where Selects modulation for RCV
XXX = Cw, AM, or Gen functions. Note
FM, or SSB). SSB can be used only in

RCV mode.
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CONTROL

DESCRIPTION

Sig Gen (Coarse
and Fine)

+1 kHz Adjust
Mod In Adjust

Sensitivity

Squelch
gelectivity

Meter Select

fFrequency Error
Range

Frequency Error
Adjust

FunctionMeter

Read Frequency
Error Meter

Read Zero Scan
Log Amp

SignalGen ON/OFF

Modulation Select

Modulation Adjust

"SEN XXX"

NSEL XH

"MSL XXXX"

"FER XX"

"MET?"

"FRQ') "

"FS?H

ON or OFF)

-n.nnn E+n"

FORMAT
"SIG XXX" (where
XXX =
"SGC
"MOD XXX"

"MDA n.nn E+n"

"1kA n.nn E+n"

"MIA n.nn E+n"

"SQL n.nn E+n"

"FAD X.XXE+n"

ON/OFF switch on SIG GEN

(FINE) controls output of
signal generator.

Number's range is hardware

dependent. Can go from O
to =129 in 0.1 dB steps.
Where XXX can be MOD, OFF,
or + 1 kHz.

Value can be from 0O - 255.
Value can be from 0 - 255,
Value can be from O - 255,

Where XXX can be MAX, -40,

-20, or 0.
Value can be from O - 255.
Where X can be W, M, or N.

Where XXXX can be 15k, 5k,
1.5k, ZAM, Px1, Px10, or
SINAD.

Where XX can be 1.5, 5, or
15,
Where X.XXE+4n is O to 255

value number.

Format of the response is:
"MET 4+ n.nn E+n". Range
and meaning set by Meter
Select control above.

Format of the response 1is:

"FREQ +X.XX E+n'". Range
of value set by Frequency
Error range command above.

Format of the response is:
"FS X.XX E+n'. Range of
the value 1is set by the
Sensitivity command above.J

88




8.16.4 To read RF and/or audio frequencies back from the

CE-6488, to Local (Front Panel)

to return

control, the following command sequence is used:

COMMAND

FORMAT RESPONSE

Read GENERATE display
frequency

Read RECEIVE display
frequency

Read MODULATION TONE
display frequency

GEN? Format of the response is:

"RF +X.XXXXXX E+n"

RCV? Format of the response is:

"RF +X.XXXXXX E+n"

TON? Format of the response is:

"TON +X.XXXXX E+n"

Go to LOCAL LOC Returns control from GPIB
to Front Panel
TABLE 8-1
GPIB COMMAND DICTIONARY

COMMAND DEFINITION
1KA 1 kHz Adjust
FAD Frequency Adjust
FER Frequency Error Range
FRQ? Read Frequency Error Meter
FS? Read Zero Scan Log Amp Level
FUN Function
GEN Generate Frequency
GEN? Read back GEN frequency
LocC Go to Local Control
MDA Modulation Adjust
MET? Read Function Meter
MIA Modulation In Adjust
MOD Modulation
MSL Meter Select
MTY Modulation Type
RCV Receive Frequency
RCV? Read back RCV frequency
SEL Selectivity
SEN Sensitivity
SIG Signal Generator ON/OFF
SGC Signal Generator (Coarse)
SQL Squelch
TON Modulation Tone Frequency
TON? Read back TON (Tone) frequency
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8.16.5 The following is a typical command sequence using

an HP-85 desk-top computer as a GPIB Controller
for reading Function Meter (MET), Frequency Error Meter
(FRQ), or the Zero Scan log amp lcvecl (FS):

COMMAND RESPONSE

OUTPUT (U); FRQ? (or MET?, or FS?7)
(where U = bus address)

X = SPOLL (U)

DISP X XX (if XX = 65, do the
following)

ENTER U; AS$

DISP A$ XXX...X n.nn...n E4nn

INITIALIZATION PROGRAM

8.17 This section contains a group of subroutines that can
be used to check the GPIB Bus and cabling interconnect
when using the HP-85A desk-top controller. It allows setting any

of the controls to initialize the CE-6488 from a turn-on, or
reading the Function and Frequency Error meters.

8.17.1 The following program listing is for testing the
GPIB interface card and device interconnect:

10 PRINT "GPIB INTERFACE CARD AND
DEVICE INTERCONNECT TEST"

20 PRINT " "

30 PRINT " "

40 sTaTUS 7,0 ; A,B,C,D,E,F

50 PRINT "Interface card status = "3;A,B,C,D,E,F
60 PRINT " "

70 PRINT M e "
80 PRINT " #%% CARD STATUS SHOULD READ su#x"

90 PRINT " "

100 PRINT "Interface card status = 1"

110 PRINT " O
64"
120 PRINT " O
53"
130 PRINT " 160"
140 PRINT Mo e e --"
150 PRINT " "
160 S=7
170 SET TIMEOUT S;500
180 ON TIMEOUT S GOTO 270
190 FOR I-1 TO 15
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200 DISP "SPOLL DEVICE ";I

210 S1=SPOLL(S*100+1I)

220 PRINT "DEVICE ";I;" PRESENT"

230 NEXT I

240 PRINT USING 250

250 IMAGE 4/

260 STOP

270 ABORTIO 7

280 PRINT "DEVICE ";I;" NOT PRESENT"
290 GOTO 230

300 END
8.17.2 Initialization Program Variables:
A2 = Mod Adjust Potentiometer (Monitor)
A3 = +1 kHz Adjust Potentiometer (Monitor)
A4 = Mod In Adjust Potentiometer (Monitor)
A5 = Squelch Adjust (Monitor)
A6 = Frequency Error Adjust Pot (Monitor)
Fl = Log Amp Reading (optional zero scan)
F2 = Mod Tone Frequency (keyboard - Monitor)
F5 = Mod Tone Frequency (read back from Monitor)
LO = Sig Gen ON/OFF (switch) 0 = OFF; 1 = ON
L1 = Sig Gen Level (Attenuator)
Ml = 1 = Duplex (Function Switch - Outer)
2 = GEN
3 = RCV
M2 = 1 = CW (Function Switch - Inner)
2 = AM
3 = FM
4 = SSB
M3 = 0 = OFF (Mod Switch)
1 = MOD
2 = +1 kHz
M4 = 1 = 1.5k (Meter Function Switch)
2 = 5K
3 = 15K
4 = TAM
5 = Pxl1
6 = Px10
7 = SINAD

M5 = Function Meter Reading (Monitor)

M6 = Frequency Error Reading (Monitor)
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R = Monitor Freq (Keyboard - Monitor)

R2 =1 = 1.5 kHz Freq Error Range (Monitor)
2 = 5.0 kHz
3 = 15 kHz
R5 = Monitor Freq (read back from Monitor)
S2 = 0 = 0 dBm - RF Sensitivity Attenuator
1 = 20 dBm
2 = 40 dBm
4 = MAX Sensitivity
S3 = 1 = Narrow (Selectivity Switch)
2 = Medium
3 = Wide

T = Sig Gen Freq (Keyboard - Monitor)
T5 = Sig Gen Freq (read back from Monitor)
U = CE-6488 Bus Address

Z1l = Go to LOCAL
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8.17.3 The following is & listing of initiaslization
routines programmed into an HP-85A desk-top

Controller:
I CEed438 MRKE 1T PROGRAM

a
a T -~ ¢1G GEN FRE®.
4 !G T5 -~ S£IG GEN FREQ.RERDI
N
<5 R -- MONITOR FREG.
28 ¢ RS -- MONITOR FREQ.RERDI
ND
g ! 2 -~ MOD ADJUST
! AZ -—- <+1KHZ ADJUST
' A4 -~ MOD IN ARDJIUST
! % -- SERUELCH RDOJUST
2 ! A& -- FRERUENCY ERROR R
DJUsT
46 | 2 =-- TONE FRERUEHCY
! F5 -- TONE FREG. RERDIN
G
b Ly -- SIG GEN ON-OFF
t LI -- SIGHNAL GEN LEVEL
b2t -- GO TO LOCAL
' MI -- 1 = DUPLX., 2 = GE
N, 3 = RECEIVE
i M2 == 1 = CHW. 2 = AM. 2
= FM. 4 = SSEB
MZ -- 8 = OFF, 1 = MOD.
2 = +1KHZ
¢t M4 -- 1 =1.5K. 2 = 5K,
3 = 15K %AM. S = PX1.

3 + 4 = 2
&€ = PX1B, 7 = SINAD
MAI

@ 1 M5 -— MAIN METER READING
S 1 ME -- FRED ERR METER RE
AOIMG
' 'F1 -- LOG AMP READING
| RZ -- {= 5, 2 =5, 3
= = 1S ¢FREQ ERR RANGE:
! =] - g = @, { = -2a, 2
= -38, 2 = MAX (SENSITIVITY
5t £3 -— 1 =N, 2 =M, 3T =
W CSELECTIVITY)
! U -- MONITOR GFIB ADDRE
' A$ -- GENERAL USAGE BUF
FEF
' PROGRAM PARTITIONING
| @ - 933 -- COMMENTS AND
ODECLARATIONS
16 ! 1868 - 5999 -- MAIN LIN
E
S | 6600 - 8999 -~ SUEBROUTI
NES
g ! 9pA@ - 9999 -- 488 ROU
TINES
S9 | U -- MONITOR GPIB ADDRE
$%
S 1 A$ -- GENERAL USAGE BUF
FEF

@ DIM A$C32]
B | THE FOLLOWING ARE VALUES F
OR IHWHFUT YARIABLES

485 Mi=Z | MODE 1 DUPLEX Z GEHN 3
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416
415
428

425
430
435
440
445
45@
455

460
465
470

475
486

485

58
505
S1@
515
524
525
€606

T=4556258@ ! GEN FREG.
R=45862568 ! REC FREQ®.

Mz2=2 | FUNC SW 1=CW 2=AM 3=F
M 4=S5SB

F2=18686 ! MOD TONE FRE®

Az2=@ ' MOD RDJ

A3=48 ! +1K ADJ

R4=6 ! MOD IN RDJ

AS=58 ! SRUELCH AD.

Ac=6 | FREG ERR AD.

LBEB ! SIG GEN ON-OFF @=0FF
1=0N

L1=6 ! SIG GEN LEVEL RADJ
§3=1 ! SEL SHW 1=N 2=M 3=§
S2=@ ! SENS SW B=8 1=-28 2=-
40 3=MAX

mM3=6 ! MOD SW 6=0FF 1=MOD 2=
+1KHz

M4=4 | METER FUN SW 1=1.5 2=
5 3=15 4=%AM S=PX1 6=PiXi6 7=

SINAD

Rz2=1 ! FREG® ERR SW 1=1.5 2=5
3=15KHz

u=7@l

IOBUFFER Af

REMOTE U

LOCAL LOCKOUT 7

GOSUB 91860

CLEAR

DISP "THE PROGRAM IS PAUSED!
NOW TYPE OUTPUT STATMENTS A
S DISCRIBED IN MANUAL . "

€85 DISP " -0R- "
€19 DISP "TYPE LIST 1e&é AND REA

5999
Seaa

S86S
9018
9813
saza

9825
9628

830

98935
90408
90845
9050
9855

S6c06

SSIGN VAL-UES TO VARIABLE:= T
HEN PRESS RUN."

DISP L] _UR_H
DISP "BEGIN APPLICATIONS PRO
GRAMING STRARTING OW LINE 2

080 "
GOTO 9999 |
! 9188 -- INITIALIZE INS
TRUMENT
I 9288 -- SEND XMIT FREQ
| 9248 -- SEND RCV FREQ
| 92880 ~-- SEND MOD TONE
! 5320 -- SET GEN-REC MO
E
I 9378 -- SET MOD MODE
! 9413 -- SET SIG GEN ON
/OFF
" 9438 -- SET SIG GEN LE
VEL
| 9498 -- MOD SELECT
| 9548 -- MOD ADJUST
I 95.% -- +1KHZ ADJUST
I 9628 -- MOD IN ADJUST
! 9668 -- SENSITIVITY SE
LECT
! 9726 -- SOL ADJUST
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b
@

DONNTRA

WoWwo 0w owowo
PO = et s s ot ol bt et
[y
PR ANDAN

GOsSUB 9zwvn
GOsSUB 9240
GOSUE 9282@
GosuB 93za
GOSUR 937va
GOSUE 9413
GOSLUE 9438
GOSUEB 94986
GOSUE 954@
GOSuB 9588
GOSUB 9628
GOSUE 9668
GOSUE svz@a
GOSUB 976@
GO5UB 9866
GOSUBE 9815
GUSUE 9842
RETURN

GOSUB 9996

FRG@ ERROR AOJU
SELECTIVITY SE
MAIN METER SEL
FREG ERROR SEL
MAIN METER REA
FRE® ERROR REA
LOG AMP RERADIN

GO TO LOCHL
READ BACK GEN

READ BHCK REC
READ BACK TONE

OUTPUT U USING 9238 ; T

RETURN
IMAGE "GEN
GOGSUE 99Sh

*,SD.DDDDDDE

OUTPUT U USING 9278 ; R

RETURHN
IMAGE "“RCV
GOEUE 99%9@

",SD.0DDDDDDE

OUTPUT U USING 8318 ; F2

RETURHN

IMAGE "TON *,SD.DDDDOE

GOsUB 95356

IF Mi=1 THEN OUTPUT U ;“FUN

DPLX"

IF M1=2 THEN OUTPUT U ;"FUN

GEN"

IF M1=3 THEN OUTPUT U ,;“FUN

RCUY"
RETURN
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GOSUB 9990

IE M2=1 THEN OUTPUT
Nll

I; M2=2 THEN OUTPUT
MI'

IE M2=3 THEN OUTPUT
M"

IF. M2=4 THEN GUTPUT

SSB"

RETURHN

GOSUB 9598

IF L8=1 THEN OUTPUT U

ON“

IF LB=8 THEN OUTPUT
OFF

RETURN

GOSUE 999@

OUTPUT U USING 9473
WRIT S0

RETURN

IMAGE "SGC -".D.DDDE

GOSUB 9994

IF M3=8 THEN QUTPUT U

OFF"

IF M3=1 THEN OUTPUT U

MoDo*
IF M3=2 THEN OUTPUT
+1KHZ"
RETURN
GOSUB 9998
OUTPUT U USING 9576
RETURN
IMAGE "MDA ",SOD.DDE
GOSUB 9998
ODUTPUT U USIHG 9616
WAIT 168

RETURN

IMARGE "1KA ".SD.DDE
GOSUB 5996

ODUTPUT U USING 9650
RETURN

IMAGE "MIA “,.SD. DODE
GOSUB 999a

IF S2=8 THEN OUTPUT
all

IF28?=1 THEN OUTPUT
IF S2=2 THEN OUTPUT
40"

IF S2=3 THEN OUTFUT
MAX "

RETURN

GOSUB_ 9390

OUTPUT U USING 9750
RETURN

IMAGE “SGL *,SD.DDE
COSUB 8990

OUTPUT U USING 9790
RETURN

IMARGE “FAD “.SD.DDE

cC C C C

SUMTY
UMTY
P UMTY
PUMTY

;"SIG
i"SIG

L1

i "MoD
; "MOD
;"MOD

Az

A3

A4
i "SEN
; "SEHN

i "SEN
i "SEN

A6
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9806
9863

95686
9889

[g12
9815
9818

9g21
9824
ouz?
9g3a
9833
9836

0839
Sg4z
8845

98485
8¢&51

Q854
seov
oese
9859
Stcl
QEe3
9866
9869
a987a
9872
98735
9gv8a
9881
9884
2887
9850
9891
9892
9834
9886
985¢
99908
s9pz
99a4
2986
9910
9912
9914
93516

GOSUB 5938
IF §3=1 THEN
Hll

IF S$3=2 THEHN
MN

IF §3=3 THEN
NII

RETURH

GOSUB 99358
IF M4=1 THEN
1.5K"

IF M4=2 THEN
sKll

IF M4=3 THEN
15K"

IF M4=4 THEN
ZAmM:

IF M4=5 THEN
PMLe

IF M4=¢ THEN
Prle"

IF M4=7 THEN
SINRD"

RETURN

GOSUB 9998
IF R2=1 THEN
1.5"

IF R2=2 THEN
5"

IF Rz=3 THEN
15"

RETURN

WARIT 186

ouTPUT

c

ouTPUT U

OuUTPUT

OUTPUT
OUTPUT
OUTPUT
ouTPUT
GuTPUT
OUTPUT
ouTPUT

c

C € C© Cc C© o C

ouTPUT U
OUTPUT U
OUTPUT U

QUTPUT U ;“MET?"

GOSUR 99%9¢

ENTER U USING 986¢

RETURN

IMHGE 3X,SD.00E
OUTPUT U ; “FRAE®?"

GOSUB 99396

ENTER U USING 9878

RETURN

IMAGE 3X,SD.DDE

GOSUB 9996
ENTER U ; R$
RETURN

WRIT 1086

QUTPUT U ;"Fs2"

GOSUB 999¢

ENTER U USING 9898

RETURN

IMAGE 3X,SD.DDE

GOSUE 399358

OUTPUT U USIHG 9986

RETURN
IMARGE "LOC"

OUTPUT U ; “GEN?"

GOsSuUB 9958

ENTER U USING 9918

RETURN
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;"MsL
; "MSL
s "MSL
;i "MSL
i "MSL
i "MSL

i "FER
;"FER
i"FER

F1

21
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: IMAGE 4%.SD.00OODDCDE
QUTRUT U ; "RCWTT

ENTER U USING 992& : RS
& RETURN

1€

2

22 GLIUB 999s
24

2

29 IMAGE 4X,sD.DDOODDE

$33@ OUTPUT U ; "TONT"

S932 GOSUB 9336

9334 ENTER U USING 89382 ; F5
9936 RETUEN

9938 IMAGE 3x.,S5D . DDODDDE

9991 IF (SPOLLCU> AND €3>=8 THEN

9998

9991 ENTER U ; A$

9932 DISP Af;:" ON UNIT ";U
99393 DISP “PUSH 'CONT' TO CONTIN

UEII

9994 DISF "OR 'RUN' TO RESTART"
899% PRUTE

$936 IF - “FO0LLCU> AND é33<>1 THE

1@

ds)
34
40
Sa

&8

ga

9a
188

111
120

138
144

1Sa
166
178
186
19@a
208
210
228
230
244
258
26n
278
288

2906
360

N “

a7 RE

& RE . -r
9 END

PRINT “GFIE INTERFHACE CHRRED H
MO DEVICE INTERCOMWMMECT TEST

PRINT "®
PRINT "
STATUS 7.8 ; R.B.C,.D.E.F
PRINT "Interface card status
= ";A.B,.C,D.E:F
PRINT "*
PRINT "-mrermeeerrereer e e e e
PRINT " %%*%x CARD STRTUS SHO"
LD READ %x%¥x"
PRINT "
PRINT "Intertace card status
= 1|l
PEIMT " &
64"
FRINT " @
53“
FPREINT " 1€&@"
PRINT "=m———mrm e e
PRINT uw»
S=7
SET TIMEQUT S;564
ON TIMEOUT S GOTO 278
FOR I=1 T0O 15
DISP "SPOLL DEVICE "1
S1=S5POLLC(S*%x1608+1>
PRINT “DEVICE ";I;"™ PRESENT"
NEXT I
FRINT USING 250
IMAGE 4~
STOP
ABORTIO 7
PRINT "DEVICE ";I," NOT PRES
ENT"
GOTD 236

END 98
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Contact Arrangement and Major Specification

Note 1.

Shelt Size

3

Voitage Withstanding

AC300V for 8 minute

Current Rating

2A

insulation Resistance

MIN. 200MQ2 st DC100V

Contect Resistence

MAX. 10mS2 ot DCTA

Solder Pot Diameter

0.8mm

Applicable Cable Dis.

4.5-5.5mm

The Contact Arrangement shown here is the
mating surface of socket insert assembled in a
receptacie. The contact number is shown 1 and 6
on the wiring side.

2. The Voitage Withstanding is the test value, so
recommended voltage rating is & lower value than

one-third of it.

N
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SECTION IX

SPECTRUM 6000 SERIES RADIO SYSTEM ANALYZER
CE-6232 OPTION

GENERAL DESCRIPTION

9.1 The CE-6232 option for the Series 6000 Radio System

Analyzer incorporates microprocessor based local
control of the dinstrument for bench or on-site use, while
providing an EIA Standard RS-232C compatible bus operating system
to allow the addition of a controller and peripherals for ease of
radio testing.

9.2 By incorporating a computer as the controller for the
CE-6232 Radio System Analyzer, stored programs can be
used to provide fully automatic, computer controlled test

routines for evaluating a radio's performance. Test results are
easily evaluated from either the system display or hard-copy
printer output. This results in faster testing, as well as more

thorough and accurate testing of radio systems.

9.3 The CE-6232 option makes the Spectrum 6000 Series Radio

System Analyzer family compatible with the ELlA Standard
RS-232C Interface (August 1969). It uses a simple RS-232
interface. Only Receive Data, Transmit Data, and Signal Ground
are used. The unit is wired for 300 baud, half duplex opcration
with one stop byte, no parity, and an eight bit byte. It has two
modes of operation: Local and Remote interrupt.

9.4 In its Local mode, the instrument is completely under

manual control. The microprocessor monitors the front
panel control settings, and all of the System 6000 instrument is
programmable from the unit Front Panel.

9.5 During Remote operation, the RS-232 has access to all
instrument functions except for power swilch, volume
control, and oscilloscope controls and display. The following

controls and indicators are programmable through the RS-232:

SENSITIVITY switch SQUELCH control

SELECTIVITY switch FUNCTION meter

FREQUENCY ERROR meter FREQ ERROR RANGE (kHz) switch
OFFSET ADJUST control MODULATION SELECT switch

MOD ADJ control MOD IN ADJ control

+1 kHz ADJ control FUNCTION switch

SIG GEN ON/OFF switch SIG GEN (FINE) control
GENERATE frequency SIGC CEN (COARSE) attenuator
RECEIVE frequency MODULATION TONE frequency

(OPTIONAL) ZERO SCAN
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9.6 The microprocessor in the Series 6000 instrument is its

interface during both Local and Remote operation. The
microprocessor always monitors instrumentation outputs which are
displayed on the front panel, except for the oscilloscope CRT and
its associated controls. Front panel displays are driven by the
microprocessor. None of the programmable front panel controls
function while in the Remote mode.

9.7 There are only three wires in the RS5-232 connector:

only pins 2 (Receive data), 3 (Transmit data), and 7
(Signal ground) are used.

REQUIRED USER INTERACTION

9.8 For Remote operation, the Spectrum 6000 Series Radio
System Analyzer user is required to:
a) Connect a 3 wire cable to the RS-232 connector.
b) Write the desired programs which will run on the user's

controller.

HARDWARE DESCRIPTION

9.9 The hardware needed to program the CE-6232 Radio System
Analyzer (which containsg the RS-232C option) is made
up of two parts. The Standard hardware is incorporated in all

Series 6000 Radio System Analyzers, and consists of an 8085
microprocessor, ROM, non-volatile RAM, keypad, LCD display and
connectors to accept the RS-232 section. It is used to control
the Tone, Generate, and Receive frequencies, and provide non-
volatile storage for up to 69 sets of frequencies.

9.10 The second part contains the necessary hardware to
implement the RS-232 option, and consists of four major
divisions of parts:

a) An analog and digital interface to the Front Panel
potentiometers, switches, and indicators which are
remotely programmable over the RS-~232 interface.

b) An analog and digital interface to the instrumentation,
corresponding to the Front Panel controls and
indicators accessible by the Controller.

c) An RS-232 dinterface which hag both talker and listener
capability.

d) Additional ROM and RAM for use by the RS-232 option
software (as required).

9.11 The RS-232 option plugs into and 1is driven by the
standard CE-6232 hardware,
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STANDARD HARDWARE DETAILED DESCRIPTION

9.12 Both the Standard and RS-232 option hardware use the
same 8085 microprocessor to control system operation.

9.13 Data entry is performed through an 18-key keypad on the

Front Panel of the Series 6000 Radio System Analyzer.
Ten of the keys are the numbers 0-9, and the other eight keys are
for specialized functions. An LCD display is used to display the
memory location, frequencies, and other special functions.

9,14 All interfaces to the Front Panel, instrumentation, and

RS-232 are true I1/0 ports instead of memory mapped I/O.
The non-volatile RAM is implemented with low power, static
dcvices and a battery backup. This allows data rectention while
the instrument is turned "OFF".

9,15 All memory and I/0 decoding is done so that there is

one address for each physical device. When reset, the
8085 microprocessor vectors to memory location O. Therefore, the
PROM starts at memory location 0.

RS-232 OPTION DESCRIPTION

9.16 The CE-6232 Option is a talker/listener Interface. Data
: to and from the CE-6000 is shown in Figure 1-3.
Commands and responses have two parts: a control selector, and a
numeric value or positional indicator. If the command requires a
response (i.e., the second part of a command is a question mark),
the instrument will read the requested value, do a service
request, and return the data in response to a serial or parallel
poll. No device trigger is necessary to start measurements.

9.16.1 Front Panel Controls ~ With the RS-232, Front Panel

controls do not directly control instrumentation,
but provide microprocessor input. The microprocessor acts
as a switch to take input from the Front Panel or RS-232.

a) Keyboard - The keyboard consists of a set of 18
switches that can be read by, and a display which
can be written into, the microprocessor. The switches

are the numbers from 0-9, cursor control (typomatic
type) keys, memory store and recall, display increment
and decrement, and select and scan memory keys.

b) Switches and Adjustments - Switches used as inputs

to the microprocessor arc: SENSITIVITY,
SELECTIVITY, METER FUNCTION, FREQUENCY ERROR RANGE,
MODULATION, FUNCTION, and SIGNAL GENERATOR (COARSE).
Adjustments used as inputs to the microprocessor are
potentiometers measured by a switchable analog-to-
digital (A/D) converter, and are: SQUELCH, FREQUENCY
ERROR OFFSET, MOD ADJUST, MOD IN ADJUST, +1 kHz ADJUST,
and SIGNAL GENERATOR (FINE).
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104



c) Meters -

Two

microprocessor:

FREQUENCY ERROR meter.

instrumentation,

9.16.2

RS-232 Accessible

mcters
the FUNCTION meter,

As data is read out of the
it is put into individual A/D's.

Controls

the
and the

are controlled by

- The keyboard input,

signal generator,

function,

modulation, frequency,

meter function, sensitivity, and selectivity controls are
controllable from the RS-232,

control is as follows:

These controls will not be
altered unless specifically addressed.

The format for each

CONTROT.

FORMAT

DESCRIPTION

Generate Frequency

Receive Frequency

Modulation Tone

Function Control

Modulation Type

Signal Gen ON/OFF

Sig Gen (Coarse

and Fine)

Modulation Select

"GEN n.nnnnnn E+n"

"RCV n.nnnnnn E+n"

"TON n.nnnnnn E+n"

(value range =
0 to 19.999 kHz)

"FUN XXX" (where
XXX can be RCV,
GEN, or DPLX).

"MTY XXX" (where

XXX = CW, AM,
FM, or SSB).
"SIG XXX" (where
XXX = ON or OFF)

"SGC -n.nnn E+n"

"MOD XXX"

Programs instrument to the
specified frequency, and
stores frequency in memory
location "1".

Programs instrument to the
specified frequency, and
stores frequency in memory
location "1M".

Programs instrument to the
specified frequency, and
stores in memory location
"1", If command received
in Duplex mode, an error
is sent to the Controller
if Generate and Receive
frequencies are not 45 MHz
(exactly), or greater than
11.999 MHz.

Allows major function of
instrument to be selected.
Setting will influence the
keyboard inputs.

Selects modulation for RCV
or Gen functions. Note SSB
can be used only in RCV.

ON/OFF switch on SIG GEN
(FINE) controls output of
signal generator.

Number's range is hardware
dependent. Can go from O
to -129 in 0.1 dB steps.

Where XXX can be MOD,
or + 1 kHz.

OFF,

105




CONTROL

FORMAT

DESCRIPTION

Modulation Adjust

+1 kHz Adjust
Mod In Adjust

Sensitivity

Squelch
Selectivity

Meter Select

Frequency Error
Range

Frequency Error
Adjust

Function Meter

Read Frequency
Error Meter

Read Zero Scan
Log Amp

"MDA n.nn E+4n"
"1lkA n.nn E+n"
"MIA n.nn E+n"

"SEN XXX"

"SQL n.nn E+n"
"SEL X"

"MSL XXXX"

"FER XX"

"FAD X.XXE+n"

"MET?"

HFRQ') "

HFS?H

Value can be from 0O - 255.
Value can be from O - 255,
Value can be from 0 - 255.

Where XXX can be MAX, -40,
-20, or O.

Value can be from O - 255.
Where X can be W, M, or N.

Where XXXX can be 15k, 5k,
1.5k, ZAM, Px1l, Px10, or
SINAD.

Where XX can be 1.5, 5, or
15.

Where X.XXE+n is 0 to255
value number.

Format of the response is:
"MET + n.nn E+n". Range
and meaning set by Meter
Select control above.

Format of the response is:
"FREQ +X.XX E+n". Range
of value set by Frequency
Error range command above.

Format of the response is:
"FS X.XX E+n". Range of
the value 1is set by the
Sensitivity command above.
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9.16.3 The following is a typical command sequence from
the RS-232 Controller for reading RF and Audio
frequencies back from the CE-6232:

COMMAND FORMAT RESPONSE

Read GENERATE frequency GEN? Format of the response is:
"RF + n.nnnnnn E+n"

Read RECEIVE frequency RCV? Format of the response is:
"RF + n.nnnnnn E+n"

Read Mod Tone Frequency TON? Format of the response is:
"TON 4+ n.nnan E+n"

Go tolLOCAL control LOC Return control to Front
Panel
TABLE 9-1
RS-232 COMMAND DICTIONARY
COMMAND DEFINITION

1KA 1 kHz Adjust
FAD Frequency Adjust
FER Frequency Error Range
FRQ? Read Frequency Error Meter
FS? Read Zero Scan Log Amp Level
FUN Function
GEN Generate Frequency
GEN? Read back GEN frequency
LocC Go to Local Control
MDA Modulation Adjust
MET? Read Function Meter
MIA Modulation In Adjust
MOD Modulation
MSL Meter Select
MTY Modulation Type
RCV Receive Frequency
RCV? Read back RCV frequency
SEL Selectivity
SEN Sensitivity
SIG Signal Generator ON/OFF
SGC Signal Generator (Coarse)
SQL Squelch
TON Modulation Tone Frequency
TON? Read back TON frequency
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ADDENDUM TO OFERATORS MANUAL

CE-6408 SIGNAL CENTER UNIVERSAL ENCODER
Firmware Version 1.10

SCOFE?

The followindg orerators manual revsions arrly to firmware version
1.10 for both the CE-408D module and the CE-46408 Signal Center!

1) lelete section 7.40.6 throudh 7.40.8 (28 numbered in the
manual for the Signal Center).

2) HRerlace the deleted sections with the followind new
sections redardindg the oreration of Motorolay NEC I3y
and FOCSAG signslindg,

7+¢40.6 Motorols GSC (Mode 2)

The following procedure is used to signzl Motorols didgitsl raders
using the GSC format. These raders include the Model BFR-2000
and the OFTRX. For this format each rader is sssidned a3 6 didgit
address or car-code (The OFTRERX maws have two car codes)., For

each car-code the radger can be alerted in four different waus.,

In other words each addresse has 4 functions or sub addresses.

NDTE ¢ In ALL cases where Motorola’s Golau-seauentisl-Code (GSC)
18 to be encodedy the raders car-code consist of 8 6 didgit
number, Howevers on some later model raders» and in rarticular
OFTRX radersy a 7 digit address is srinted on the rader. The
severnth didgit is known 2s the "Pader Function® and rerresents
toth the CE-6408 function digit (e.g. 1s2y3y or 4) and the
CE-6408 mode digit (e.d.y l=tone onlysy 2=disrlays, or 3I=voice).
To denerate the correct sidgnaling enter the first 6 didits
({i.e. the radger’s address) a8s isy and then use the followind
table to convert the Motorols FPader Function to the function
and mode didits reauired bw the CE-6408.,

EXAMFLE?

A Motorola OFTRX rader haes the address "123454653" rprinted on it.
Using the following tabler the correct eight didits for the
CE-6408 are "12345612" which will cause 2 Data Disrlay Fade to
he demnerated.



MOTOROLA CE-6408

FAGER FUNCTION FUNCTION-MODE DIGIT TYPE OF FAGE
i 1 -3 Tone & Voice
2 2 -3 Tone & Voice
3 3 - 3 Tone & Voice
4 4 ~ 3 Tone % Voaice
o i -2 Data [lisrlay
) 2 -2 Data Disrlay
7 3 - 2% Iatas Disrlas
8 4 ~ 2% Ilata Disrlay
b4 1 - 1% Tone Only
0 2 - 1% Torne Only

NOTE: The Function~-Mode digit combinations marked with an "%x°*
are the onlw valid entries for the RFR~-2000 rader.

The followind procedure is used to sidnal Motorola GSC ture
raders:

STEF 11t Rotate the selector switch to DGTL

STEF 23 Use Mode-0 to set the prorer FM deviation to +/- 4.5
kHz if this has not alreadw been done.

STEF 3¢ To select the Motorolas GSC formaet store a "2" in the
mode redister RO (The CE-6408 will remsin in the
Motorola GSC mode until another code is stored in RO.
Therefores it is not necessary to rereat this ster
btefore each test rade).

STEF 41 Enter the radgers 6 didit car code (include leading
Terns.

STEF 53 Enter the desired rpader function digit? (1923 or 4).

STEF 6 Enter the "mode" numbers either 3 192 or 3 derending
on the ture of rade vou want the CE-6408 to denerate.
Erntering 3 1 causes the CE-6408 to send Just the
rader’s address., Thereforer this tyre should be used
only whern the rader’s Tone-~0Only functions are to be
alerted, Enterind a3 2 causes the CE-6408 to send an
address followed by the rrestored disrlay messade
*123454789-0" NOTE: For the OPTRX pader the test
messade is "Ar49’'F~P*, This mode should be used only
when alerting the rader’s disrlaw functions. Entering
a2 3 causes the CE-6408 to send the rpader’s address
followed by 28 sreaker activation code used for Tone
and Voice Pading.

STEF 71 Press the Send (SNI) buttorn each time the pade is to
te transmitted excert where R2 has been rrodgrammed for
rereat rade.



7+40.7
STEP 1°

STEFP 2%

STEF 3!

STEF 41

STEF 51t

STEFR 63

7.406,8
STEF 12

STEF 21

STEF 31

STEF 41

STEF 51

STEF 61

NEC D0X DISFLAY (Mode 3)
Rotate the functiomnm selector to DGTL.

Use mode 0 to set the rrorer FM deviation if this has
not alreads been done.

Store 2 3 in RO to select Mode 3 (The CE-6408 will
remain in the NEC mode until another code is stored
in RO).

Enter the one digit sunchronization code i.e. 19293
or 4, Thic code is rader derendentr howevers most
systems use sunc. code "1°,

Enter 3 "0" followed by the 6 digit pader address.
There should now be a total of 8 didgits in the
disrlay,

Press SND to start the rade. The rrestored disrlay
messade ic "1234567890".,

FOCSAG & NEC D4 (Mode 4)

Rotate the selector switch to DGTL.

Use mode 0 to set the FM deviastion if this has not
already been dorne.

Store 2 4 in RO to select mode 4 (The UCE-6408 will
remain in the FUOCSAG (Also NEC D4) mode until another
code is stored in RO).

Enter the desired function code 1+2y3y or 4.

Enter the 7 didit pader address (include leadind
zeros)s. There should rnow be 8 didits in the disrlav.

Fress the SNII button to start the rade secuence, The
rrestored disrlay message of "12345" is sent to the
rader for 211 four functions of the address,



5/68_TONE FUNCTION

7.31 The 5/6 Tone function can generate sequences of from 1
to 8 tones bursts. Four different formats may be generated (i.e.
US 5/6 Tone, and European ZVEIl, CCIR & EEA) depending on what
mode has been selected. There are 16 registers associated with
the 5/6 Tone function and the contents of register "“F" determines
what format will be generated. When the encoder is first turned
on the frequency and timing values listed in table 7-8A, which
are for the US 5/6 Tone format, are automatically loaded into the
16 registers. To change to another format, all that is necessary
is to store the format’s mode designation digit in register "F-
(only modes 1-4 are valid) and the other 15 registers are
automatically modified.

7.32 In the 5/6 Tone code plan, each digit in the cap-code
(i.e. the decoder’s address) represents a specific tone
frequency. In the CE-6408 Signal Center, these digits (0-9) also
correspond to the registers in which the decimal digits frequency
is stored. Therefore, the tone frequencies sent are those stored
in the registers corresponding to the cap-code.

NOTE If the cap-code consists of 2 or more identical digits
in a row, the repeat tone (stored in Register "E") is automati-

cally sent when required.

TABLE 7-8A
DESCRIPTION REGISTER #
Digit O Freq. 0 600.0 Hz
Digit 1 Freq. 1 741.0 Hz
Digit 2 Fregq. 2 882.0 Hz
Digit 3 Fregq. 3 1023.0 Hz
Digit 4 Freq. 4 1164.0 Hz
Digit 5 Freaq. 5 1305.0 Hz
Digit 6 Freq. 6 1446.0 Hz
Digit 7 Freq. 7 1587.0 Hz
Digit 8 Freq. 8 1728.0 Hz
Digit 9 Freq. 8 1865.0 Hz
Preamble On Time A 690 ms
Preamble Tone Freq. B 600.0 Hz
Digit Tone On Time C 33 ms
Dual Address Tone Freq. D 2010.0 Hz
Repeat Tone Freq. E (%) 459.0 Hz
Mode (Format Selection) F (#) 1
7.33 US 5/6 TONE
7.331 To signal a 5-Tone pager, simply enter the pager’s five

digit cap-code, as is, and press the SND key.

7.332 To signal the pager’s dual address, enter the same five
digit cap-code, followed by 2nd D. Press the SND key.

7.333 To send a preamble tone before the address signaling,
first press the 2nd B key. Then enter the five digit
cap-code (i.e. the cap-code less the preamble digit).
If a dual address is desired, now press the 2nd D key.
Finally, to send the entire sequence, press the SND key



NOTE The preamble register (RB) must be programmed with the
preamble frequency being used.

7.334 To program the preamble frequency in register B (RB),
first determine the preamble digit from the cap-code.
Then, use the CE-6408 Signal Center to determine the
corresponding frequency for this digit by pressing the
RCL key, followed by "P" (where P is the preamble
digit). Then, while the frequency is being displayed,
press STO and 2nd B to program RB with the preamble
frequency to generate.

7.3 European ZVEI, CCIR & EEA Formats
The formats ZVEI, CCIR and EEA may be generated by en-
tering either a 2, 3 or 4 respectively in register F (RF). When-

ever the CE6408 signal center detects a change in the contents of
RF it automatically changes the frequency and timing parameters
in register 0 to E for the format selected. Table 7-9B lists the
register contents for the 3 European formats available.

TABLE 7-9B

REGISTER # ZYE1 EEA UNITS
0 2400.0 1881.0 1981.0 Hz
1 1060.0 1124.0 1124.0 Hz
2 1160.0 1187.0 1197.0 Hz
3 1270.0 1275.0 1275.0 Hz
4 1400.0 1358.0 1358.0 Bz
5 1530.0 1446.0 1446.0 Hz
6 1670.0 1540.0 1540.0 Hz
7 1830.0 1640.0 1640.0 Hz
8 2000.0 1747.0 1747.0 Hz
8 2200.0 1860.0 1860.0 Hz
A 70 100 40 ms
B 2400.0 1981.0 1981.0 Hz
C 70 100 40 ms
D 2800.0 2400.0 1055.0 Hz
E(x) 2600.0 2110.0 2110.0 Hz
F(#) 2 3 4 Mode

7.35 The procedure for generating a ZVEI, CCIR or EEA sig-

naling sequence is essentially the same as for the US 5/6 Tone
format with the following exceptions:

7.851 The preamble feature should not be used i.e. preceding
an address by the "B" digit. This will cause the
frequency stored in RB to be sent for the amount of
time stored in RA followed by a gap of 45 ms before the
other digits in the address are sent. NOTE: In cases
where it 1s necessary to extend the time of +he #Ffirst
tone, simply enter that time in register A. The CE-
6408 always sends the first digit of the address en-
tered (ZVEI, CCIR or EEA only) for the amount of time
stored in RA and the remaining digits for the amount of
time stored in RC.

7.352 Register D contains the group call tone frequency and
as in the US 5/6 Tone Format, register E holds the



repeat tone frequency.

EXAMPLE: To generate a group call to the addresses 12500 to
12599 enter 125DD. The CE-6408 will automatically in-
sert the repeat tone where necessary, in this example
the tones sent would be equivalent to entering 125DE.



USING THE CE-6488SH TRANSCEIVER INTERFACE

The HP3488 Transceiver Interface is supplied with the Cushman standard
Mobile Radio Automated Test Equipment (MRATE) cable. This cable includes:
4 - BNC connectors to the CE-6488
1 - Dual Banana plug (shielded) to a DC power supply

1 - Cushman ATE standard 6 pin Radio interface connector (2535-0256)
and one mating plug (2535-0255).

Connection of the MRATE cable:
BNC connectors to the CE-6488 - Each of these connectors is labled

according to the matching jack on the CE-6488 front panel. A1l four
connections are on the lower left corner of the CE-6488.

Dual Banana Plug - This shielded dual plug is for connecting to the
proper DC power supply for operating the radio under test. Operating
limits are 50 VDC Max, 2 Amps Max.

Radio Interface Connector - This six (6) pin connector contains the
major signals required for testing a radio:

POWER (+DC Voltage) pin 5
GROUND (-DC Voltage) pin 4
Push-To-Talk (Transmit Enable) pin 3
Microphone (Transmit Audio) pin 1
Earphone (Receive Audio) pin 2
No Connection pin 6

Should the Cushman standard connector not fit your particular radio, it is
a simple matter to make an interface cable:

1 - Obtain a mating test connector for your particular radio.

2 - Determine the corresponding pins on the mating connector to the
ATE functions on the Cushman standard connector.

3 - Connect wires from the radio's mating connector to the six (6) pin
plug (2535-0255) to transfer over the ATE functions.

4 - Label this new interface cable appropriately.



CE-6488SH
SHORT FORM INSTRUCTIONS

The CE-6488SH is shipped configured and tested to properly operate with
the demo programs supplied:

STEPIT A menu driven control program for the CE-6488.
STEPIT does not operate the Transceiver Interface
unit and, therefore, will not control the radio
under test.

A11 functions on the CE-6488 front panel subject
to software control* are easily operated with
STEPIT. '

WILSON An automated program for performance measurement and
verification of a mobile radio.

To operate one of these programs, insert the program cassette into the HP-85A
and type:
LOAD “"STEPIT" <{End of Line Key)
or
LOAD "WILSON" <(End of Line Key)
When the cassette stops and the screen returns, press the RUN key. This

starts the program. Follow all instructions presented on the screen while
the program runs.

*Receive Frequency Refer to the CE-6488 manual for
Generate Frequency further information on these commands
Tone Frequency and how to use them.

Receive/Generate/Duplex
Measure Function ‘
Modulation Type

Read Meters
Selectivity
Sensitivity

Squelch Level

Output Level

Modulation Levels
Local/Remote
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FUNCTION

PREPROGARMMED PARAMETERS

DESCRIPTION

DTMF:

MTS:

IMTS:

SINGLE:

UNIVERASL:

2-TONE

5/6 TONE

TONE
CONTROL:

Mode Number

Tone On Time

Tone Off Time

MF Row Frequencies

MF Column Frequencies

Frequency 1
Fregquency 2
Dial Pulse Width
Interdigit Time

Mode Number

Idle Tone Frequency
Seize Tone Freguency
Dial Pulse-Break Time
Dial Pulse-Make Time
Interdigit Time '
Delay Time Before ANI

Tone Freguency
Dial Pulse-Break Time
Dial Pulse-Make Time
Interdigit Time

Mode Number

Number of 2-TONE cycles
First Tone Frequency
Second Tone Fregquency
First Tone On Time
Intertone Gap Time
Second Tone On Time
Delay Time Before Repeat

Digit 0 Fregquency
Digit "
Digit
Digit
Digit
Digit
Digit
Digit
Digit
Digit
Preamble On Time

Preamble Tone Freguency
Digit Tone On Time

Dual Address Tone Fregquency
Repeat Tone Frequency

POSAUVTL WN =

Guard Tone Frequency

Function Tone Frequency

High Level Guard Tone Burst Time
Function Tone Bursti{ime

REGISTER
NUMBER

o

0
1
2

3-6

~
!
>

*TOWDPOOIAANLWNHO NN W +~O o W= OV WwN=O o Wwh -

WN =Oo

-—
t1
A

ms
ms
Hz
Hz

H2
Hz
ms
ms

Hz
Hz
ms
ms
ms
ms

Hz
ms
ms
ms

Hz
Hz
ms
nms
ms
ms

Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
ms
Hz
ms
Hz
Hz

Hz
Hz
ms
ms



1.0
1.1

1.2

GETTING ACQUAINTED - A Quick Look

Introduction

The CE-6408 Signal Center - is a microcomputer
controlled audio synthesizer capable of generating the tone
and data formats used for selective signalling over voice
grade communications channels. The most common tone
signalling formats are easily selected by the front panel
function switch. Each function or sequence is generated
according to a preprogrammed set of fregquency and timing
parameters stored in the 6408 . memory. The user may
send a seguence using the preprogrammed parameters or change
the parameters for special purpose signalling reguirements.
Data generation capabilities are provided in the UNIVERSAL
function mode. 1In this function the user may select one of
several formats by first entering tbe appropriate mode number.

This manual is divided into three sections. Section 1
provided baesic information about the 6408, The purpose of
this section is to introduce the user to the features of the
6408 while, at the same time, performing the initial
power-up test and check out. Section 2 describes in detail
the use of the keyboard function keys. Section 3 describes
how to use the 6408 for each of the several function modes.
Power-Up

It is recommended that the instructions in this section
be followed when the 6408 is first unpacked or when a
problem is suspected, otherwise skip over this section. To

test the 6408 first make sure that the function switch is



set to one of the eight functions available i.e. "DTMF"

through "TONE CONTROL".

NOTE:

The function switch will rotate clockwise past the
tone control function. This is for selecting test
functions used by the factory.

Then turn the OFF/ON-LEVEL control switch clockwise to the

ON position and observe " 6408 Y followed by a singie letter

indicating the software version installed in the 6408 .. 1If

nothing appears check the 1/4 amp fuse in the rear panel fuse

holder.

If the fuse is good consult the factory for further

instructions. Next rotate the function switch to a different

function.

i.e. "

The display should now show only a single zero

0". Verify that all of the keyboard keys are

operational by performing the following tests.

1)

2)

3)

4)

5)

Enter the digits "1" through "8" by pressing each
of the corresponding digit keys on the keyboard.
The display should now read "12345678".

Press the CLR key to clear the display and note
that the display again shows a single zero.

Enter the digits "9" and "0" by pressing the
corresponding keys and then enter the DTMF digits

2nd A, 2nd B, 2nd C and 2nd D by first pressing the
2nd key (to select the keys second function) followed
by the corresponding digit key for each DTMF digit.
The display should now read "90AbCA4A".

Enter the DTMF characters 2rid * d4nd 2nd § by pressing
the [*2nd] key two times, for the "*" character, and
then the [*/2nd] key followed by the [#/.] key for
the "#" character. NOTE, the 2nd * and 2nd §
characters are displayed as "E" and "F" respectively.
The display should now read "90AbCAEF".

Again press the CLR key to clear the display followed
by the [#/.) key to enter a decimal point and observe
that only a single decimal point is being cdisplayed.

This completes the initial power~up check. If the 6408 did

not perform as indicated consult the factory.
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2.0 KEYBOARD BASICS

2.1 Error Messages

The error message “Error

" indicates that one of the

following types of invalid keyboard operations was performed

by the user.

1) Attempt to store [STO] or recall [RCL] a function
register that does not exist.

2) Sending a sequence [SND] before the cap-code or
dialed digit information has been entered (for
5/6 tone and IMTS mode 2).

3) Storing a number [STO] that is larger than that
allowed for freguency and timing parameters (see
section 2.5).

If the error message should be displayed press the [CLR] key

to clear the display and enter the correct information.

Dual Function Keys

The front panel keyboard contains 16 function keys.

However, to fully utilize the power of the .

it is

necessary to be able to enter 22 different functions, either

data or commands.

Therefore, 6 keys must perform more than

one function., The 6 dual function keys are listed below.

DUAL FUNCTION KEY

FIRST FUNCTION

SECOND FUNCTION

[a/sTO)

[B/RCL]

[C/CLR]
[D/SND]
[*/2nd])

[#/.1

STO-Store display Enter
data in a register

RCL-Recall and display Enter
register contents

CLR-Clear Display Enter
SND-Send seguence Enter

Select second function Enter
for next key pressed

Enter Decimal Point Enter

-3

IA"

an

'C"
-DI

“gn

ﬂ‘ﬂ

character

character

character
character

character

character



To use the first function associated with a key - just press

the key. To use the second function jusf press the [2nd] key

followed by the key corresponding to the function desired.

EXAMPLE: Enter a "D" character: This requires 2 keyboard
entries i.e. the [2nd] key followed by the [D] key.
In future instructions this operation will be denoted
"ENTER 2nd D.".

Preprogrammed Prequency & Timing Parameters

Each function the is capabie of generating has
from 1 to 16 memory locations associated with it. Each memory
location or register is designated by a number from 0 to 9 or
the letters A, B, C, D, or the characters "*" or "#". NOTE, the
characters "*" and "#" are diéplayed as "E" and "F" respectively.
The registers hold frequency and timing information which is
used by the particular function selected when a sequence is
generated. Each time the 6408 is turned on all of the
registers are preprogrammed with the frequency and timing
parameters most often used with each function. Table 1 is a
list of each function and the registers associated with them
along with the preprogrammed value of each parameter,

Displaying Parameters - [RCL] Key

To display a registers contents for a particular function
first switch the function selector to the appropriate function
desired. Then using Table 1 determine the register number for
the desired parameter. Te djsplay the value of the parameter
press the [RCL] key (for Recall register) followed by the key
corresponding to the register number. The display will now
gshow the register number, in the left most digit, followed by

the value stored in that register. If the register holds
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frequency information a decimal point will also be displayed,
otherwise the register holds timing or misc. inégrmation.

All frequency information is displayed in units of hertz
(Hz) with a resolution of 0.1 Hz while timing information is
displayed in units of milleseconds (ms) with a resolution of
1 ms. Therefore, 1 second would be displayed as "R lo00"
where R is the register number.

EXAMPLE: Determine what frequency would be sent when the
SINGLE function is first selected.

STEP 1: Rotate the function selector to SINGLE

STEP 2: Table 1 indicates that 2805.0 Hz is the preprogrammed
frequency for this function and is stored in register
1 (R1). This may be verified by pressing the [RCL]
key followed by the [l] key to recall the information
stored in Rl. The display should now read "1 2805.0".

Modifying Register Information - [STO] Key

Any of the parameters listed in Table 1 may be modified by
the following procedure:
1) Select the particular function desired.

2) Enter. the new value of the parameter using the
keyboard. If necessary use the [CLR] key to clear
mistakes and then enter the correct information.

NOTE: The contents of a register can only be
modified by the store operation. The
effect of the [CLR] key is to clear the
display only, not the contents of the
register.

3) With the desired information to be stored now displayed,
press the [STO) key followed by the key corresponding
to the desired register. The left most digit of the
display will now indicate the register to which the
information was stored.

The following rules apply to storing data in registers:
1) If an attempt is made to store data in a register

that doesn't exist for the function selected the
error message will be displayed.

-5-—



2.6

2) Frequency information may not exceed 275 Hz while
timing information may not exceed 64C.0 i.e. 64
seconds.

3) Frequency information may be programmed with a
resolution of 0.1 Hz. If a decimal point is not
entered it will be assumed to be located to the
right of the last digit entered. If a decimal point
is entered than only one additional digit will be
accepted.

EXAMPLE: (cont.)

The previous recall operation indicated that the SINGLE
function was programmed to generate a tone on the freguency of
2805.0 Hz. However, it is desired to generate a 67.0 Hz CTCSS
tone using this function. This may be done by entering (6]
and then [7] followed by the two keys [STO] and [1]. The
display should now read "1 67.0" and the 6408 should now
be generating a 67.0 Hz tone.

Dialed Digit Outpulsing

Dialed digits may be outpulsed in a group, of from 1
to 8 digits, or outpulsed individually, one at a time, for
the DTMF, MTS, IMTS, and SINGLE functions.

To outpulse digits individually first clear the display
and then press the [SND] key and wait for the dash #i" tobe
displayed. Then enter the digit to be outpulsed. A dash will
again be displayed when the outpulsing of the single digit
has been completed. A; soon as the dash appears the 6408 is
ready to accept another digit for outpulsing.

To outpulse a group of digits first clear the display and
then enter the group of digits, the first digit to be outpulsed
is entered first. Then press the [SND] key to start the
outpulsing, starting with the left most digit in the display.

The dash will again be displayed when all of the digits in the
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group have been outpulsed. Once the dash has been displayed
the user may enter individual digits as before. Also, when
the dash is being displayed the user may press the [RCL] key
(DO NOT ENTER A REGISTER NUMBER) to recall the last group of
digits outpulsed. The entire group may again be outpulsed by
pressing the [SND] key again.

USING THE 6408 ° FUNCTIONS

DTME

The DTMF function is used to generate any of the standargd
tone pairs associated with the 16 DTMF digits, using mcde 0, as
well as custom, user defined, multi-frequency (MF) tone pairs,
using mode 1. There are 11 registers associated with the DTMF
function. The first 3 registers are preprogrammed with
parameters on power-up and are listed below along with their
preprogrammed values. Registers 3 through A (R3 - RA) contain
2ll zeros and must be programmed by the user with row and

column frequency information (see section 3.1.2)

REG. # DESCRIPTION PREPROGRAMMED VALUE
0 Mode Number 0
1 Tone On Time 100 ms
2 Tone Off Time 100 ms

The DTMF/MF digits may be sent (outpulsed) as a group or
individually (see section 2.6 for outpulsing). The rate at
which the digits are sent depends on the information stored
in Rl and R2. Each time a digit is outpulsed the tone pair
corresponding to the digit entered is generated for the amount
of time specified in Rl followed by a gap, of no tone, for the

amount of time specified in R2.
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3.1.1

3.1.2

Standard DTMF Signalling

To select the standard DTMF tone pair frequencies enter
a zero in RO, i.e. select mode 0. Registers 3 through A are
not used in mode 0 and therefore, the frequency information
stored in these registers has no effect on the tone pair
frequencies for standard DTMF generatioﬁ-

Custom MF Signalling

To generate custom MF tone pairs first store a 1 in RO
to select the bank of frequencies stored in R3 - RA. Then
program row freguencies in R3 - R6 and column frequencies in
R7 - RA. The following figure shows the relationship between

the keyboard digits and the row and column fregquency registers.

R3 7 8 9 A
Ry 4 5 6 B
R5 1 2 3 C
R6 * 0 # D

R7 R8 R9 RA

The fregquency of the tone pair for a particular digit
corresponds to the frequency stored in the two registers (row
and column) associated with the digit in the above matrix.

The largest frequency that may be generated in this mode is

2100.0 Hz.

EXAMPLE: Generate 2+2 signalling consisting of a 1500/800 Hz
tone pair for 1 second followed by a 900/750 Hz tone
pair for 1 second.

STEP 1: Using the digits 1 and 5 for the first and second

tone pairs respectively (others can be used) program



the row and colums registers for these digits.

STEP 2: Program the frequencies for digit 1 by storing
1500.0 in R5 and 800.0 in R7.

STEP 3: Program the fregquencies for digit 5 by storing
900.0 in R4 and 750.0 in RB.

STEP 4: Program the digit on timeé by storing 1000 in Rl
and 0 in R2 for no gap ?etween tones.

STEP 5: Generate the tone seguence by entering the digits
[1] [5] and press [SND]. To send the same tone

sequence again press [RCL] and [SND].

The MTS function is used to generate Mobile Telephone
Service (MTS) 600/1500 Hz signalling at 10 pps. However, in
this function the 6408 is not limited to generating only the
standard frequencies and timing associated with MTS. The user
may change the two frequencies used as well as the outpulsing
rate. MTS digits may be outpulsed in a group or individually
(see section 2,6). The following is a list of the 4 registers

associated with MTS signalling and their preprogrammed values.

REG. ¢ DESCRIPTION PREPROGRAMMED VALUE
1 Frequency 1 600.0 Hz
2 Fregquency 2 1500.0 Hz
3 Dial Pulse Width 100 ms (10 pps)
4 Interdigit Time 500 ms

In the MTS function, pressing the [SND] key causes a
clearing pulse to be generated before the digits in the display
are outpulsed. The clearing pulse consists of 710 ms of
frequency 1 followed by 710 ms of freguency 2. Each digit is

seperated by the interdigit space determined by the value
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3.3

stored in R4. Pressing the (CLR] key causes a reset pulse to
be generated followed by the removal of tone after 500 ms has
elapsed.

IMTS

The IMTS function is used tO generate IMTS base to mobile,

mobile to base, and general purpose FSK signalling. The type-

of signalling generated depends on the information stored in

the 7 registers associated with the IMTS function. The following

is a list of the 7 registers and their preprogrammed values.

REG. # DESCRIPTION PREPROGRAMMED VALUE

0 Mode Number 1

1 Idle Tone Fregquency 2000.0 Hz
2 Seize Tone Fregquency 1800.0 Hz
3 Dial Pulse~Break Time 50 ms
4 Dial Pulse-Make Time 50 ms
5 Interdigit Time 250 ms
6 Delay Time Before ANI 500 ms

The number stored in register 0 (RO) determines which type
of signalling is to be generated. For IMTS base to mobile
signalling a "1" must be stored in RO. Then registers 2 through
5 determine the frequeﬂcy and timing of the digits to be outpulsed.
Also, the user can change these parameters to generate custom FSX
type signalling. For IMTS mobile to base signalling a “2" must
be stored in R0O. Using this mode the user can either originate
a call to an IMTS termin;l or simulate a mobiles response to a
call from an IMTS terminal. Registers 2 through 5 are not used
in IMTS mode 2.

Since the 6408 doesn't decode signalling from the IMTS
terminal it doesn't know when the terminal is ready to accept

the mobiles ANI digits. To insure that ANI is not sent before

the terminal is ready, the sending of ANI is delayed by the
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3.3.1

3.3.2

amount of time stored in R6.

Base to Mobile Signalling (Mode 1)

In IMTS mode 1 the 6408" will initijally generate idle
tone when the function is selected. To signal an IMTS mobile
enter the mobiles ANI digits (from 1 to 8) and press the [SND]
key. The ANI digits will then be outpulsed according to the
timing parameters stored in R3 - R5. After all the digits
have been outpulsed a dash will be displayed. The user may
then do one of the followings:

1) Enter additional digits to be outpulsed, one at a
time. (enter zeros to simulate ringing to the mobile)

2) Press the [RCL] key to return to sending idle tone
and recall the last ANI sent.

3) Press the [CLR] key to return to sending idle tone
and clear the display.

Mobile to Base Signalling (Mode 2)

IMTS mode 2 ies used for testing the operation of IMTS
central office terminal equipment. In this mode the CEC-10
may be used to simulate a call from an IMTS mobile or to
simulate the mobiles response to a terminal originated call.
In IMTS mode 2, three of the keyboard keys téke on a special

meaning as described below.

KEYBOARD DIGIT NEW FUNCTION
2nd * Send Acknowledge Tone
2nd ¢ Send Answer Tone
2nd D Send Disconnect Tones

3.3.2.1 Mobijle Originates the Call

To originate a call to an IMTS terminal, first make
sure that a "2" is stored in RO of the IMTS function. Then
enter the mobile units ANI digits (from 1 to 8 digits).

While the ANI digits are being displayed press the [SND]
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3.3.2.2

3.

4

key. The 6408 will generate a connect sequence, delay
for the amount of time stored in R6, and then send the
ANI dispalyed at 20 pps with parity.

When all of the ANI digits have been outpulsed a
dash will be displayed. At this time the user may simulate
IMTS mobile dial pulsing by entering each digit, one at a
time. Each time a digit is entered it will be outpulsed
and then a dash will be displayed again to indicate that
The 6408 is ready to accept the next digit. Also, while
the dash is being displayed the user may press the [RCL]
key to recall the last ANI sent or enter the 2nd D character
to send mobile disconnect signalling. After the disconnect
tones are sent the display will automatically be updated

with the last ANI sent.

Terminal Origniates the Call

To simulate a mobiles response to an IMTS call, first
clear the display. As soon as the IMTS terminal completes
the base to mobile signalling enter the 2nd * character to
send the mobile acknowledment tone. Then to simulate
mobile answer press the 2nd # key. As before, the 2nd D
key may be pressed to send disconnect.

SINGLE

The SINGLE function is used for generating single tones

e.g. CTCSS tones as well as single tone interrupted signalling.
Single tone interrupted digits may be outpulsed in a group or
individually (see section 2.6). There are 4 registers associated

with the SINGLE function and they are listed below along with
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their preprogrammed values.

REG. § DESCRIPTION PREPROGRAMMED VALUE
1 Tone Freguency 2805.0 Hz
2 Dial Pulse-Braek Time S50 ms
3 Dial Pulse-Make Time 50 ms
4 Interdigit Time 250 ms

As soon as the SINGLE function is selected a tone is
generated on the freguency stored in Rl. To Change the
frequency, first clear the display and then enter the new
tone frequency and then press the [STO] [1] keys. The
will now be generating the new fregquency being displayed.
2-TONE

The 2-TONE function is used to generate 2~tone seguential
signalling. There are 7 registers associated with the 2-TONE

function and they are listed below along with their preprogrammed

values.
REG. # DESCRIPTION PREPROGCRAMMED VALUE
0 Number of 2-tone cycles 1
1 First Tone Freguency 1000.0 Hz
2 Second Tone Freguency 500.0 Hz
3 First Tone On Time 1000 ms
4 Intertone Gap Time 250 ms
5 Second Tone On Time 2500 ms
6 Delay Time Before Repeat 2000 ms

To send a 2-TONE seqguence first store the desired first and
second tone freguencies in Rl and R2 respectively. Pressing
the [SND] key will cause the tone sequence to be generated
according to the timing parameters stored in R3 - R5. If more
than one seguence is to be generated, store the total number of
cycles in RO and the delay time between sequences in R6. Then
press the [SND] key to start the cycle.

While the first tone is being generated the display will
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3.6

read " 1" followed by * 1-" during the intertone
gap followed by " 1-2" duriné the generation of the second
tone. If the value stored in R6 is greater than "1" the display
will read " 1-2-" during the repeat delay period.
5/6 TONE

| The 5/6 TONE function is capable of generation sequences of
from 1 to 8 tone bursts. There are 15 registers associated with
the 5/6 TONE function and they are 1is£ed below along with their
preprogrammed values., The preprogrammed values are those used
in the standard EIA 5/6 tone format. However, other formats may
be generatéd by entefing the decimal digit, dual address and

repeat digit tone frequencies and timing in the appropriate

registers.

REG. # DESCRIPTION PREPROGRAMMED VALUE
0 Digit 0 Freguency 600.0 Hz
1 Digit 1 " 741.0 Hz
2 Digit 2 " 882.0 Hz
3 Digit 3 " 1023.0 Hz
4 Digit 4 " 1164.0 Hz
5 Digit 5 " 1305.0 Hz
6 Digit 6 " 1446.0 Hz
7 Digit 7 " 1587.0 Hz
8 Digit 8 " 1728.0 Hz
9 Digit 9 » 1869.0 Hz
A Preamble On Time 633 ms
B Preamble Tone Freguency 600.0 Hz
c Digit Tone On Time 33 ms
D Dual Address Tone Frequency 2010.0 Hz
* (E) Repeat Tone Frequency 459.0 Hz

In the 5/6 tone code plan each digit in the pager cap-code
represents a specific tone frequency. In the 6408 these digits,
0 - 9, also correspond to the registers in which the decimal
digits frequency is stored. Therefore, the tone frequencies
sent are the ones stored in the registers corresponding to the

cap-code. However, if the cap-code consists of 2 or more



identical digits in a row the repeat tone freguency, stored in
R*, is automatically sent in place of the digits entered.

To signal a 5 tone pager simply enter the pagers S digit
cap-code, as is, and press the [SND] key.

To signal the dual address for the pager enter the same
5 digit cap~code followed by 2nd D and‘press the [SND] key.

To send a preamble tone before the address signalling,
first press the 2nd B key then enter the 5 digit cap code, i.e.
the cap-code less the preamble digit, and then press the 2nd D
key if the dual address is desired. Then press the [SND] key
to send the entire sequence.

NOTE: The B register, i.e. RB, must be programmed with the
preamble fregquency being used.

To program the preamble fregquency in RB, first determine,
from the cap-code, the preamble digit. Then use the to
determine the corresponding frequency for this digit by pressing
the [RCL) key followed by [P] where P is the preamble digit.
Then while the frequency is being displayed press [STO] and
2nd B to program the RB with the preamble freguency.

EXAMPLE: Send the dual address tone signalling corresponding to
the cap~code 6/12344.

STEP 1: Here the preamble digit is 6 and the fregquency
corresponding to this digit is found by pressing
[rCcL] [6].

STEP 2: The preamble freguency is stored in RB by pressing
[STO] 2nd B. The display should now read "b 1446.0".

STEP 3: Next program the 6408 to send the tone seguence for
this cap-code by pressing 2nd B followed by 12344,
followed by 2nd D. The display should now read
" bl23444".

STEP 4: Press the [SND] key each time the tone sequence is to
be generated.
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3.7 TONE CONTROL

3.8

The TONE CONTROL function is capable of generating the
tone seguence used in tone remote control of base station
equipment. The TONE CONTROL sequence consists of a burst of
high level guard tone (at 0 dBr) followed by a burst of
function tone (at G dBr) followed by low level guard tone
(transmit hold tone at =20 dBr). There are 4 registers
associated with the TONE CONTROL function and they are listed

below along with their preprogrammed values.

REG. # DECRIPTION PREPROGRAMMED VALUE
0 Guard Tone Frequency 2175.0 Hz
1 Function Tone Frequency 1950.0 Hz
2 High Level Guard Tone Burst Time 125 ms
3 Function Tone Burst Tine 40 ms

To start the tone control sequence press the [SND] key.

The display will read " 1" while the high level guard
tone is being generated followed by " 12" while the
function tone is being generated followéd by " 12-" while

the low level guard tone is being generated. Low level guard
tone will continue to be sent until the [CLR] key is.pressed.
UNIVERSAL

The UNIVERSAL function allows the user to generate
None Return to Zero (NRZ) data sequences. The data output is
at the BNC connector on the rear panel of the 6408 , The
following is a list of the data sequences currently available in
the UNIVERSAL function:
MODE § DESCRIPTION

0 134 Hz Test Signal
1 DIGITAL CODED SQUELCH-~Continuous 23 bit word
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The data seqguence generated depends on the mode number stored
in register 0 (R0) of the UNIVERSAL function.

3.8.1 Digital Coded Squelch (DCS)

Both modes "0O" and "1" are associated with testing DCS
systems such as those made by Motorola, E.F. Johnson, and
Ferritronics. Mode 0 generates a teét signal useful in setting
FM signal generator deviation, if one is used. Mode 1 allows
the user to generate the actual 23 bit DCS data by simply
entering the 3 digit octal DCS code. The data may be sent
noninverted or inverted.

3.8.1.1 Mode 0
The digital (NRZ) output may be feed to a FM signal
generator or directly connected to the digital input of
the DCS board under test. If a signal genrerator is used,
mode 0 must first be used to set the proper FM deviation,
otherwise skip to section 3.8.1.2.

NOTE; The signal gencrator must employ direct FM,

NOT PHASE MODULATION and the 6408 's data
output must either be DC coupled to the
modulator or coupled through a large capacitor
(> 25 uF) to insure proper modulation by the

NRZ data which contains frequency components
near DC.

The following procedure is used to set the signal

generator deviation:

STEP l:Select the UNIVERSAL function and make sure that
a "0" is stored in RO.

STEP 2:Press the [SND] key to generate the 134 Hz test
signal.

STEP 3:Adjust the FM deviation to 0.5 - 11.0 KHz.
STEP 4:Press the [CLR] key to halt generation of the test

signal.
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3.8.1.2

NOTE:

Mode

The keyboard will be locked (except the [CLR] key)
while the 6408 is generating continuous datd
sequences. To halt data generation, and unlock
the keyboard, either press the [CLR] key or select
another function. '

1 - DCS Generation

i.e.

STEP

STEP

STEP

STEP

NOTE:

The following procedure is used t& generate DCS data
a continuous sequence of the 23 bit code word.

1:Select the UNIVERSAL function and make sure that

a "1" is stored in RO, i.e. tc select mode 1.

2:Enter the 3 digit octal DCS ccde number.

3:To send noninverted data -~ just press the [SND] key.

Tc gend inverted data -~ first enter a decimal
point and then press the [SND] key.

4:To halt data generation - press the [CLR] key

or select another function. Either of these
actions will cause the " to send a 180 ms
burst of 134 Hz turn off code and then halt
data generation.

The error message indicates that either a digit
in the DCS code was larger than 7 or that more
or less than 3 digits were entered for the code
number.
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3.9 DIGITAL PAGING

The following additional formats are provided in the
UNIVERSAL function in the version Bl software as follows:

Mode § Description

2 Motorola Golay Sequential Code (GSC)
3 NEC
4 POCSAG

Also, two additional registers are used for the above
digital paging formats. Register 1 (Rl) controls the
polarity of the cutput TTL data. Normal data transmission
takes place when a "0" is stored in Rl (the preprogrammed
value). Storing a "1" in Rl causes the digital data to

be sent INVERTED. Register 2 (R2) is used to control the
number of repeats of the paging seguence., With a "0" stored
in R2 the digital data is sent only once each time the SND
button is pushed. With a "1" stored in R2, pressing the
SND button causes the digital page to be repeated until the
CLR button is pushed.

3.9.1 Motorola GSC

The following procedure is used to signal Motorola
digital pagers using the Golay Sequential Code:

STEP 1: Rotate the function selector to UNIVERSAL

STEP 2: Use mode 0 to set the proper signal generator
modulation deviation, see section 3.8.1.1

STEP 3: Store a 2 in RO to select mode 2, i.e. Motorola GSC

STEP 4: Enter the pagérs- 6 digit address

STEP 5: Enter the desired pager function digit. See the
Motorola maintenance manual for the tyvpe of pager
under test to determine which functions are valid
for tone only, tone/display and tone/voice.

STEP 6: Enter the desired mode number:

Mode Number Type of Page

1 Tone Only (only address sent)

2 Tone/Display (The prestored display
message "B00 343-4084" is sent)

3 Tone/Voice (pagers voice output enabled)

The display should now read XXXXXXYZ2 .
where XXXXXX is the pagers address, Y is the function
code and 2 is the mode number.

STEP 7: Press SND each time the page is to be transmitted.
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3.9.2 NEC Digplay
STEP 1: Rotate the function selector to UNIVERSAL

STEP 2 Use mode 0 to set the proper signal generator
modulation deviation, see section 3.B.1.1

STEP 3; Store a 3 in R0 to select mode 3, i.e. NEC Display

STEP 4: Enter the Syncronization code digit i.e. 1, 2, 3 or ¢,
The standard system uses & 1.

STEP 5: Enter the pagers 6 digit address.
STEP 6: Press 8ND each time the page is to be transmitted.

NOTE: the prestored display message B80034340B4"
is sent to the pager.

3.9.3 POCSAG
STEP 1l: Rotate the function selector to UNIVERSAL

STEP 2: Use mode 0 to set the proper signal generator
modulation deviation, see section 1.8,1.1

STEP 3:; Store a 4 in RO to select mode ¢, i.e. POCSAC

STEF 4: Enter the desired function code digit, ¢, 1, 2
or 3 fcr the functions 1,2,3,4 respectively.

STEP 5: En:er the 6 digit ( or last 6 of 7 digits) pagser
code.

STEP 6: Press SND each time the page is to be transmitted.

NOTE: the prestored display message w4g 43cccce™
is sent to the pager.
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