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WARNING

This equipment generates, uses, and can radiate radio
frequency energy and if not installed and used in
accordance with the instruction manual, may cause
interference to radio communications. As temporarily
permitted by regulation it has not been tested for
compliance with the limits for Class A computing
devices pursuant to Subpart J of Part 15 of FCC
Rules, which are designed to provide reasonable
protection against such interference. Operation

of this equipment in a residential area is likely

to cause interference in which case the user, at

his own expense will be required to take whatever
measures may be required to correct the interference.

1 January 1981



1.0 SYSTEM INTRODUCTION

1.1 INTRODUCTION

The MRC-1 Microprocessor Remote Control System is a modular
solid-state microprocessor-based system designed to meet the
needs of the broadcaster to obtain remote indications of analog
and status information, and to provide remote control of his
equipment.

The MRC-1 consolidates, into one convenient package, all the
features of existing moderately-priced remote control systems
that require numerous auxiliary devices to function as a system
in addition to many features normally found in large-scale re-
mote control systems. The many features incorporated into the
MRC-1 are made possible through the use of a microprocessor as

the main control and logic element of each Remote and €ontrol
Terminal. :

The flexibility of the microprocessor has also led to some changes
in the terminology that is used to describe the functions per-
formed by the MRC-1 and the way it is connected as a system. It
is highly recommended that personnel installing an MRC-1 for the
first time completely read and understand the manual before
attempting to connect the MRC-1 to the user's equipment. There
are two separate manuals for a complete MRC-1 system. One manual
is for the Control Terminal; the second manual for the Remote

Terminal.



1l.1.1 Manual Organization

This manual has been designed to guide the user through the many
features of the MRC-1l in a logical manner. Following the system
specifications and unpacking instructions, Section 4 defines the
operation of the Remote and Control Terminals. Once the operation
of the system is mastered, Section 5 describes how to connect

the MRC-1 to equipment being monitored and controlled. Section 6
defines the adjustment and calibration of the unit. Section 7 is
a guide to maintenance of equipment should any difficulties be
encountered. Section 8 contains circuit card descriptions, sche-
matics and illustrations organized by type of circuit card. The
last section will contain data for any options that were ordered
as a part of the system. Should options be ordered at some future
time, the option data may be appended to this manual by the user.

1.1.2 Technician Safety

The compact and modular design of the MRC-1, with convenient
access to all modules and wiring, dictates that, from a safety
standpoint, no lethal voltages be accidentally accessible to the
technician. With the exception of the AC mains, which are made
difficult to access, all internal voltages are less than 15 volts
in magnitude. The user-applied voltages are limited to a maximum
of 48 volts at any terminal (generally less) so that, when per-
forming normal maintenance on the equipment, no lethal voltages
are present inside the chassis. All high~voltage power switching
and control must be performed indirectly by equipment external

to the MRC-1.

1.2 SYSTEM OVERVIEW

An MRC-1 system consists of a Control Terminal and from one to

nine Remote Terminals. Each Remote Terminal may access up to



32 status inputs (ON/OFF), 32 telemetry inputs (analog), and up
to 64 command outputs (ON/OFF).

The Control Terminal communicates with each of the Remote Termi-
nals over a single communications circuit that connects all lo~-
cations. The communication circuit may be either 2-wire or
4-wire (or equivalent) telephone lines, STL subcarrier, aural SCa
private radio/ microwave links. Figure 1-1 is a typical illus~
tration of the Control Terminal connected to several Remote Ter-
minals.

In operation, one of the remote sites is selected for display
at the Control Terminal. The value of each of the 32 status
inputs is displayed on a set of 32 LED's. Calibrated analog
values are digitally displayed one at a time. A CHANNEL SELECT
key is used to display the desired channel.

The Remote Terminals perform seven (7) basic functions:

l. The remote keyboards are used to set up the system.
When the system is installed, calibration data, alarm
criteria, and so forth, are entered at each Remote
Terminal keyboard. These may be changed from the
remote keyboards during operation.

2. Once the system has been set up, the Remote Termi-
nals process the incoming data according to the
details of how the system was set up. The necessary
computations for calibration, alarm checking, etc.,
are performed at the Remote Terminals.

3. The Remote Terminals process and transmit data, and
turn ON and OFF the command output lines as instructed
by the operator activating the Control Terminal.
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4. The Remote Terminals check for alarms and notify the
Control Terminal should an alarm condition be found.

5. If desired, a remote site may be operated directly
from its own front panel, if it is placed in MAINTE-
NANCE OVERRIDE mode.

6. The Remote Terminals provide a fail-safe output as
required in broadcast applications.

7. The Remote Terminals continually monitor changes in
their individual conditions (e.g., with temperature)
and make slight adjustments in calibration calcula-
tions as required.

The Control Terminal is specialized to communicate with the
various Remote Terminals, requesting display information and
processing alarm reports as required. The Control Terminal
prepares messages to the variocus Remote Terminals according to
the actions of the user.

Much of the power of the MRC-1 is due to the flexibility avail=-
able to the user in setting up the system. Specifically:

1. Telemetry (analog) channels may be calibrated in three ways:
a. Directly proportional to input level (linear

calibration)

b. Proportional to the square of the input level
(power calibration)

c. Proportional to the product of two telemetry (analog)
inputs (indirect calibration)

2. Each of these calibrated telemetry (analog) channels may
have an upper and lower limit. If these limits have been
established, the input is sampled, adjusted
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MRC-1

according to calibration, and compared against the
limits. Any violation causes an alarm,

Each of the individual status inputs may be given attri-
butes causing them to "latch" or be inverted before
display. Each status input may be set up to trigger

an alarm, either on rising edge or falling edge (or both).

Any command output may be assigned to either the RAISE
or LOWER key for any specified channel. "Latching" com-
mand lines also may be specified, in which case, push-
ing RAISE turns the command output ON, and pushing LOWER
turns it OFF.

Telemetry inputs may be assigned "Mute" status inputs. If
the "Mute" status input is ON, the telemetry data is dis-
played and limit-checked normally. If the "Mute" status
input is OFF, limit checking is suppressed.



2.0 SYSTEM SPECIFICATIONS

21 INTRODUCTION

The MRC-1, as a system, can accommodate a wide variety of options
with regard to interfacing the system to the user's equipment.
The specifications for each interface, in addition to system
specifications, are detailed in this section.

2.2 SYSTEM SPECIFICATIONS

The following are general system specifications for the MRC-1l:

Type of System Microprocessor-based Control and
Remote Terminals.
Number of Control Terminals One (1) Control Terminal active
Per System in a system at a time
Number of Remote Terminals One (1) to nine (9) Remote Termi-

nals in a system

Failsafe:
Control Complies with current FCC require-
ments for AM, FM and TV service.
Responds 45 seconds after failure
of interconnecting circuit.
Telemetry Internal timers and monitors for
FCC TV compliance
Output N.C. transistor closure at 48V,
100 mA
Alarm Indications Visual and aural. Aural alarm
defeatable and remoteable.
Maintenance Override Remote Terminal front-panel con-

trol provides Remote Terminal
"GO HOME" transistor closure
and Control Terminal indication.
N.O. transistor at 48V, 100mA,
isolated.
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Interconnect

Interconnect Classes 2-wire, 4~ wire, FM subcarrier, or
combinations »
2-Wire/4~-Wire Nominal 600 balanced line.

Series 3002 (unconditioned) data
channel per Bell System Technical
Reference PUB-41004. Two-way
non-simultaneous. Nominal send
level 0 dBm; receive level =30 dBm

minimum
FM Subcarrier Nominal levels 1.5V p~p at 2kQ.
(Optimal) FPrequency range 26 kHz to 185 kHz
Modulation Two~-tone FSK; 1200 Hz idle,
2200 Hz mark frequencies
Data Rate 1200 bits per second
Data Format 10 bits, 7-bit ASCII plus parity,

start, stop bits

Data Checking Parity by character, longitudinal
redundancy check and fixed formats

Command Functions

Number of Command Lines 16, 32, 48 or 64 lines per Remote Terminal

Command Line Modes Each line programmable by user for
momentary or latching operation

Command Line Association Each momentary programmed line is
user-assignable to one or more
telemetry channels. Each latch-
ing line is assignable to one
telemetry channel.

Tally=-Back Front-panel LED indicators at
Remote and Control Terminals

Response Time 250 ms, nominal

Status Functions

Number of Channels 16 or 32 channels per Remote Terminal

MRC-1 2—2



States

Attributes

Response Time

Telemetry Functions

Number of Channels

Calibration

Calibration Modes

Display

Alarms

Muting

Input Filtering

Display Response Time

Self Check

Physical Specifications

Power:
Standard Control

Remote & Expanded Control

MRC-1
Rev. 16 Dec 1681

User-programmable for N.O./N.C.
activating front-panel LED's

Latching or Following
Alarm on rising, falling, or
both conditions (or no alarm)

250 ms, nominal, per site, from
status change at Remote Terminal
to Control Terminal indication.

16 or 32 channels per Remote Ter-
minal

Via keyboard at Remote Terminal
in user-selected units of measure

Linear, power-to-linear, and in-
direct power calculation -

4 digits with decimal point and
polarity sign for value and limits
display

Fully tolerance-alarmed for high
and/or low limits

User-assignable status channel to
cause alarm muting

Digital two-pole filter

500 ms, nominal, from request at
Control Terminal

A self-calibration cycle performed
at approximately 4-second inter-
vals

120/240 VAC 50/60 Hz, 50 watts,
nominal

120/240 VAC 50/60 Hz, 100 watts,
nominal



Size:

Standard Control 13.3 cm H x 48.3 cm W x 38.1 cm D
(5.25" H x 19" W x 15" D)
Depth less connectors

Remote & Expanded Control 17.8 cm H x 48.3 cm W x 39.4 cm D
(7" H x 19" W x 15.5" D)
Depth less battery or connectors

Operating Temperature 0° - 50°C

2.3 ANALOG~-TO~-DIGITAL CONVERTER MODULE

The following specifications apply to the analog-to-digital (A/D)
converter assembly supplied as a part of the system:

Channels 16 channels per module, 2 modules
(maximum) per Remote Terminal

Resolution One part in 1024

Inputs Double-ended *3.5 volts nominal,

100k DC bridging

Maximum Input +5.0 volts. Application of volt-
age above this level causes erratic
operation of one or more channels.
Damage level is 40 volts.

Sample Interval A channel is sampled more than
twice a second, regardless of the
number of channels in the Remote

Terminal.
Overall Measurement Better than 0.5%
Accuracy
2.4 TTL STATUS INPUT MODULE

The following specifications apply to the TTL Status Input Module
supplied in the MRC-1 system:

Number of Channels 16 per module, 2 modules (maximum)
per Remote Terminal

MRC-1 2-4
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Input Configuration

Voltage Reference
Maximum Input Voltage
Minimum Input Voltage

Logic High Level Input
Voltage

Logic Low Level Input
Voltage

Short Circuit Output
Current

Low-power TTL with 10k pull-up
to +5 yolts DC

Chassis signal ground

+5.5 volts DC Contact closure to
ground will operate
0.0 volts p. circuit

Greater than 2.0 volts

Less than 0.8 wvolts

Less than 1.0 ma

2.5 OPTICALLY~ISOLATED STATUS INPUT MODULE

The following specifications apply to the Optically-Isolated Status
Input Module that can be interchanged with the TTL Status Module.

Both module types may be mixed within a single Remote Terminal:

Number of Channels

Input Configuration

Voltage Reference

Maximum Input Current

Maximum Voltage

16 per module, 2 modules
(maximum) per Remote Terminal

LED optical isolator

Two-terminal isolated from refer-
ence

30 ma maximum through optical
isolator, user-supplied current.
User-changeable current limiting
resistors

+50 volts above chassis ground

2.6 OPEN COLLECTOR COMMAND OUTPUT MODULE

The Open Collector Command Output Module is supplied in an MRC-1

system for activating external devices:

MRC-1
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Number of Outputs 16 command outputs per module,
4 modules (maximum) per Remote

Terminal

Output Configuration High current peripheral driver
integrated circuit

Voltage Reference Chassis signal ground

Maximum Voltage 48 volts DC, user-supplied

Maximum Current 250 ma, user-supplied

Voltage Drop (250 ma) 1.5 volts

27 OPTICALLY-ISOLATED COMMAND OUTPUT MODULE

The Optically-Isolated Command Output Module can be interchanged
with the Open Collector Output Module for activating external
devices:

Number of Outputs 16 command output- per module;
4 modules (maximum) per Remote
Terminal

Output Configuration Optical isolator driving high-
current Darlington

Voltage Reference Two-terminal

Maximum Voltage 48 volts DC between terminals,

user-supplied

Maximum Current 250 ma, user-supplied
Voltage Drop (250 ma) 1.5 volts
MRC-1
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3.0 UNPACKING AND PRE-INSTALLATION CHECKOUT

3.1 UNPACKING

Upon removing the units from the shipping cartons, please inspect
them carefully for internal and external damage that may have
occurred during transit. Verify that all printed circuit cards
are seated firmly in the mother boards. All cards are the same
length and all should appear to be seated in the card cage to

the same depth.

An instruction manual - Control Terminal or Remote Terminal - is
shipped with each unit. There is some terminology that is used
to describe the location of components on the PC boards within
the card cages. The cards in a Standard Control Terminal are
mounted horizontally (component side up) while those in a Remote
Terminal or expanded Control Terminal are mounted vertically
(component side to the right). The location of the components,
i.e., LED's, test points, and switches are always given as if
the cards were mounted vertically. The top edge of a card in a
Standard Control Terminal is the left-hand edge; the bottom the
right side.

Initial checkout of certain options, such as the LOGGER and
POWER FAIL/MEMORY are covered in the documentation supplied
with the option and presumes that the basic unit pre-installation
checks have been performed. All units are checked out as a total

system, as ordered.

The main purpose of pre-installation checkout is for the user to

gain familiarity with the system while both the Control and

MRC-1 3-1
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Remote Terminals are easily accessible and together on a bench
at the same location. It is recommended that the user read the
entire manual to understand the MRC-1 prior to attempting a
hookup to his equipment. While the installation is relatively
simple and straightforward, certain details of installation and
operation, if overlooked, may cause what appear to be equipment
failures.

3 POWER SUPPLY SHIPPING HOLDDOWN

A shipping screw is provided to hold down the power supply during
transit. The screw is located on the left-hand side of the bottom
chassis plate near the rear. Removal of the shipping screw prior
to installation of the equipment into the rack will allow removal
of the power supply assembly for servicing without removing the
entire chassis from the rack.

CAUTION

WHENEVER THE UNIT IS SHIPPED, THE SHIPPING
SCREW MUST BE INSTALLED AND SECURELY FAS-
TENED. FAILURE TO OBSERVE THIS PRECAUTION
CAN RESULT IN PHYSICAL DAMAGE TO THE UNIT
AND VOIDS ALL WARRANTIES IF SHIPPED WITH-
OUT THE SCREW.

The shipping screw should be saved and taping the screw to the

chassis for any possible shipment is encouraged.

3:3 PRE-INSTALLATION CHECKOUT

The following procedures apply to checking the Control and Remote
Terminals on a stand-alone basis upon receipt of the units.
1. Verify that the power line voltage selector and
fuse are set for the line voltage to be applied
to the unit. The voltage selector is located

MRC-1 3=2
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at the left rear of the chassis. The units

are shipped for 120 VAC operatiqn, unless
otherwise specified. The voltage selected can

be observed on the PC card through the window

in the AC power connector, To change the voltage,
remove the power cord, slide the access window to
the left, and with small needle-nose pliers,
grasp and remove the PC card. Orient the card

for proper operation - either 120 VAC or 220 VAC

only - and firmly replace the PC card. Install

the proper fuse for the applied voltage as indi-
cated by the placard on the AC mains connector.

Slide the window to the right and install the AC
mains connector,

Install the backup battery, provided only with the
Remote Terminal. Connect the plus terminal of the
battery to the red terminal of the CPU I/O connec-
tor and the negative to the black terminal of the
CPU I/O connector. Batteries are shipped discon-
nected to prevent complete discharging.

Open the front panel by turning the knurled screw
on the right side of the panel counterclockwise
until the fastener disconnects and the panel can

be swung open.

Connect the AC power connectoxr to the AC mains.

Depress the "ACK" key on the Remote Terminal front
panel in order to clear the "cold start" condition
which occurs whenever the Remote Terminal is power-

ed up after the contents of memory have been lost.

Observe that the three upper LEDs on the CPU
board - the bottom slot of the card cage - are ON.

10 Nov. 1980



3.4

These three LED's monitor the +15, +5 and -15 yolt power

supplies and are illuminated when there is voltage present.

Depress the "Reset" switch on the CPU board. Observe

that the single LED near the switch illuminates while

the switch is depressed and, for a short period, after the
switch is released.

Observe the top LED on the modem PC board. It should turn
ON and OFF at a periodic rate indicating that the Control

Terminal is attempting to communicate with Remote Terminals.

Depress the LAMP TEST key. All LED's and displays on the
Terminal should illuminate. A second depression of the
LAMP TEST key will restore all LED's and displays.

This concludes initial checkout. Note that after six
seconds an alarm condition will be indicated at the Control
Terminal by a flashing "DATA FERROR" LED because of the
failure to communicate with a Remote Terminal."

PRE-INSTALLATION SYSTEM CHECKOUT

Follow the individual checkout procedures for the Control Terminal

and each Remote Terminal supplied as part of a system.

MRC-1
Rev.
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The Remote and Control Terminals should be connected back-to-back
to verify communications according to the type of communications

board supplied.

A. Modem Telco Interface

When telephone lines are used for communication in both directions,
this board will be supplied for the Remote and Control Terminals.
Two modes of operation are possible; two-wire or four-wire. In
the two-wire mode, one telephone pair carries both Remote and
Control message transmissions. In the four-wire mode, the

Remote and Control Terminal messages are transmitted on separate
telephone pairs, giving slightly better noise immunity. Figure
3-1A shows two-wire interconnection techniques. Figure 3-1B shows
four-wire interconnection.

CONTROL TERMINAL TELCO INTERFACE
( 3R0 goarp FROM B0TTOM,OR 3RC ROARD FROM RIGHT )

6 S 4 3 2 |
00 QGO 2 O]
e ]
JUMPER
O QO |1
/"O 2 /"O 2
JUHPER< £ |3 wmea( QO3
N0 | 4 ~O | 4
Os QO |5
QOls Ols
REMOTE TERMINAL REMOTE TERMINAL
! 2 THROUGH 9
FIG. 3-1A

TWO-WIRE TELEPHONE LINE INTERCONNECTIONS
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CONTROL TERMINAL TELCO INTERFACE
( 3RO BoARD FROM 80TTOM, OR 3RD BOARD FROM RIGHT )

6 o) a 3 2 |
(@] @) Q |
//-\ O_..| |
‘/ TELCO \‘
PAIR
\ ONE | O |2 Q2
. S O3 -0 | 3
~ T
S O 4
/ TELco \
PAIR
K TWO y D18 Ols
\
\/'1 O.._S O 6
REMOTE TERMINAL REMOTE TERMINAL
TELCO INTERFACE TELCO INTERFACE
SITE | SITE 2 THRU 9
FIG 3-iB

FOUR-WIRE TELCO TNTERFACE

After the units are interconnected, measure the output levels and
modem input level and adjust, if necessary, as described in Sec-
tion 6 of this manual. These levels should be checked again when
the unit is installed at the final location. Adjusting these
controls, taking into consideration actual telco line loss, will
greatly improve communications reliability.

B. Subcarrier Interface

When FM subcarriers are used for data in both directions, this
board will be supplied. Interconnection is gquite simple. Using
two BNC-to-BNC connector cables, interconnect units as shown in

Fig. 3=2.
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CONTROL TERMINAL
( 3R% rroM BOTTOM, OR 3RD BOARD FROM RIGHT )

(REMOTE TERMINAL)

FiG. 3-2
DUAL SUBCARRIER COMMUNICATIONS

C. Subcarrier/Telco Interfaces

When one communication direction is on telephone lines and the
other direction is on an FM subcarrier, a combination telephone/
subcarrier board is used at each end. Interconnection is shown
in Fig. 3-=3.
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e
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o’ 0

TELCO QuT/ TELCO IN/
SUBCARRIER IN SUBCARRIER OUT

FIG. 3-3

TELCO / SUBCARRIER COMMUNICATIONS

The user may now connect test inputs to status and telemetry I/O
interface and loads to control outputs as desired.

Referring to Section 4 of the Remote Terminal manual, telemetry chan-
nels that have inputs may be calibrated. Status channels (with

or without input connections) may be programmed. Exercising the

MAP function, the effect of commands to RAISE and LOWER may be
observed.

In the event that any difficulty is encountered, review thorough-
ly Sections 4 through 7 to determine the cause of the difficulty.
Refer especially to Section 8 for wireline modem or subcarrier
modem adjustments.

MRC-1 3-8
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4.0 REMOTE TERMINAL QPERATION

4.1 INTRODUCTION

This section defines the operation of the Remote Terminal from the
operator's view point. A detailed description of each key and its
effect on the operation of the MRC-1 Remote Terminal is presented.
Once familiarity is gained with the system, reference can be made

to the last part of this section where a brief summary of the key
operation is given.

4.1.1 Front—-Panel Controls and Indications

Referring to an actual Remote Terminal or Figure 4.1, the front
panel of the Remote Terminal contains the following.

A. Numeric Displays

l. Site (1 digit) ]
2. Channel (2 digits)
3. Value/Edit (4 digits + sign)

B. LED Displays

Status Indicators (32 LED's)
2. Status Attribute Indicators (4 LED's)
3. Alarm Indicators (3 LED's)

System Indicators (4 LED's)

C. Audible Alarm
D. Keyboard

1. Value Entry Keys
2. Shift Key
3. Punction Keys

A. "CH"

B. "SITE"

MRC-1 REMOTE TERMINAL 4-2



Co " IIATCH " P " INVERT " ’ "Ill ’ " "—L!l i and " STAT CLR [
D. "LIN" and "POWER"
E. "HI LIM" and "LO LIM"

F, "LIMS"
G. "MAP", "RAISE", and "LOWER"
H. "MUTE"

I. "ACK" (ACKNOWLEDGE)
J. "LAMP TEST"

K. "MAINT O'RIDE"

L. FAILSAFE FUNCTIONS

Each of these will be described in turn.

4.

1.2 Numeric Displays

The numeric (7-segment) displays at the Remote Terminal provide the

following indications under the condition described:

A.

SITE: The SITE display is a single-digit display indicating
which site number has been assigned to a Remote Terminal. 1In

an MRC-1 System which consists of a Control Terminal and one to
nine Remote Terminals, each remote must be given a unique site
number. If two remote terminals have the same site number, both
will respond at once when the Control Terminal attempts to
communicate with the duplicated site number, and neither will

be able to send back data successfully. The site number is
automatically assigned according to strapping on the front-panel
printed circuit board, and may be changed by using the site key
(described in Section 4.5.2).

CHANNEL: The CHANNEL display is a two-digit display indicating
which channel is selected. For example, if "0l" appears in the
channel display, Telemetry Channel 1 may be calibrated, assigned

limits, assigned command outputs, raised, lowered, etc. If
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Telemetry Channel 1 has already been calibrated, its current
value will appear in the value-edit display.

C. VALUE-EDIT: The VALUE-EDIT display consists of four digits
plus sign. It serves two functions: To display wvalues cur-
rently being entered in command key sequences, or if no
command sequence is being entered the current value of the
selected telemetry channel.

While a key sequence is being entered the numeric keys activated
are displayed, with each new digit entered pushing previously
entered digits to the left. If more than four digits are entered
only the last four digits entered are significant, the remaining
being lost. A decimal point in the left-most digit indicates that
the shift key was activated. Entering a "-" sign as a part of
the key sequence affects the sign portion of the display. At the
end of a properly executed key sequence the user will see the re-
sults as described later in this section for each key sequence.
Any error in the key sequence results in an "E" appearing in the
display for two seconds whereupon the display returns to whatever
was being displayed just prior to the key segquence.

When not displaying key sequences the value appearing in the dis-

play for the channel selected can have the following meanings:

1. If the channel is uncalibrated, the VALUE-EDIT display
remains blank.

2. If the channel is in an overflow condition, a flashing
"EEEE" will appear in the display. An overflow condition
occurs when the telemetry (analog) value for the selected

channel is too large to display as calibrated.

For example, if Telemetry Channel 1 is calibrated to display
a value of "9000" for 2.0 volts applied, and 5.0 volts is
then applied, the resulting value ("22500") will overflow
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4.1.3

There

to:

A.
B.
c.
D.

the four digits available, and "EEEE" will be displayed.

If more than about 6 volts is applied, the selected tele-
metry channel may be in a saturated condition, i.e., the
analog-to-digital converter is operating beyond the range
where it is accurate. In this case, a flashing "=--=--=" will
appear in the display.

Otherwise, the current value of the telemetry channel as
calibrated will be displayed.

LED Indications

are four major groups of LED indications on the front panel

Indicate the user's status conditions;
Indicate how a selected status bit has been programmed;
Indicate system details, and;

To indicate system and tolerance alarms.

The functions of each group of LED indicators is as follows:

A. Status Indications

There are 32 red LED's displaying the current value of status

channels 1-32. LED's are assigned to channels starting from

upper left and proceeding across from left to right. Thus, the

first row displays status channels 1-8; the second row displays
9-16;
condition is displayed by a steadily 1lit LED, and an "OFF" condi-

the third row 17-24; and the fourth row 25-32. An "ON"

tion by an unilluminated LED. If an alarm condition has occurred

on a status channel and has not yet been acknowledged, the

appropriate LED will flash at a 2 Hz rate. (Alarm conditions may

be defined by the user; this and the procedure for acknowledgement

will be described later.)
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B. Status Programming

There are four green LED's indicating which attributes, if any,
have been assigned to the selected status channel. The LED's are
labeled "LATCH", "INVERT", "—I " (Rising edge alarm), and "L
(Falling edge alarm). These attributes are selected and removed
via key commands described in later paragraphs of this manual.
The specific status.bit selected and programming displayed in
these LED's is indicated by the channel display.

e System Details

There are four yellow LED's which indicates various details of the
status of the system:

A. The "RAISE/ON" and "LOWER/OFF" LED's show the status of
the user-assigned command outputs. If the command
channels have been established as momentary in operation,
each LED is 1lit if the assigned command output is "ON"
and not lit if the command output is "OFF". For example,
suppose channel 12 has been selected for display, with
command output 3 established as the raise output, and
command output 8 established.as the lower output. Then
the "RAISE/ON" LED will reflect the status of command
output 3 and the "LOWER/OFF" LED that of command output 8.

If a command output of latching type has been established
instead, then the "RAISE/ON" light indicates that the
command output is "ON" and the "LOWER/OFF" LED indicates
that the channel is "OFF".

B. The LED labeled "LIMITS ON/OFF" is 1lit if limit checking
is enabled.

C. The yellow LED positioned over the key labeled "MAINT

O'RIDE" indicates whether the terminal is in maintenance
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override status; the LED is jilluminated if so. If the
system is in Maintenance Override status, RAISE or LOWER
commands issued from the Control Terminal will be ignored,
and any failsafe condition will be terminated. If the
system 1s not in Maintenance Override status, RAISE or
LOWER command issued from the Remote Terminal keyboard
will be ignored.

D. Tolerance Alarms

There are three red LED's which are used to indicate alarm condi-
tions. Two of these, labeled "HI" and "LOW", are used to

describe the current condition of the selected telemetry channel
with respect to its limits. For example, if Channel 7 is being
displayed and the current value of that channel, as calibrated, ex-
ceeds its upper limit, the "HI" LED will be 1lit (and flashing at

2 Hz if the alarm has not been acknowledged by pushing the "ACK"

key). This, of course, is only if limit checking has been enabled.

Additionally, the LED labeled "SYS" describes the condition of the
analog-to-digital conversion hardware. Each Remote Terminal, at
approximately 4-second intervals, makes internal tests of various
conditions, including the gain-reference and offset voltages. If
any of these violate factory-set tolerances, the "SYS" LED is
illuminated until the violation of tolerance ends.

4.1.4 Audible Alarm

Each front panel in an MRC-1 system is equipped with an audible
alarm. The alarm will sound only if it is enabled via the rear-
panel socket. At Remote Terminals, the alarm is used for two
functions:
1. In case of a power failure where memory has not been pre-
served (or when starting the system for the first time),

the alarm sounds to indicate the necessity to recalibrate
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telemetry channels, re-assign attributes, re-enter
limits, etc. (X.E., the user must reinitialize the
terminal.] Pushing the Acknowledge key turns off the
alarm and begins normal operation., Note that, even if
the alarm is not enabled via the rear-panel socket,
"ACK" must be pushed to begin normal operation.

2 If an unacknowledged alarm condition is found, the
audible alarm indicates the presence of the alarm.

4.2 KEYBOARD INTRODUCTION

The MRC-1 Remote Terminal front panel has 20 keys, each with a
function. A shift key is used to enable 11 additional functions.
Operations on the front panel keyboard are quite similar to opera-
tions on a calculator.

The following abbreviations appear on the Remote Terminal keyboard:

Abbreviation Meaning

STAT CLR Status Clear

LIN Calibrate - Linear
INV Invert

HI LIM Upper Limit

LO LIM Lower Limit

_I Rising Edge Alarm
T Falling Edge Alarm
LIMS Limits On/Off

SHFT Shift

ACK Acknowledge

MAINT O'RIDE
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The MRC-1 is controlled by means of key sequences. If an erron-
eous or meaningless key sequence is entered, an "E" appears in the
value/edit display for 2 seconds.

Examples of this:

1. "SHFT an
Undefined - Causes "E"
2 "LIN"

Attempt to calibrate telemetry channel without entering a
value.

3. "1 2 g '] LIN"

This is normally valid, but results in an "E" if an insuffi-

cient level is applied to the telemetry input at calibration
time.

4.3 VALUE ENTRY KEYS

The value entry keys are the numeric keys @-9, the decimal point
key ("."), and the minus sign key ("-"). Some MRC-1 functions,

for example, calibrating telemetry channels, demand a vaiue. Entry
of values is made possible by the numeric, sign, and point keys.

If a function requires a value, the value is entered before the
function key is pushed. For example, to calibrate a telemetry
channel at 1@g@@ in linear mode, push:

1 '} a '} LIN"

As the value is entered, it appears in the value/edit display. If
a mistake is made, the value entered may be cleared by pushing the
acknowledge ("ACK") Key. When "ACK" is pushed, or the sequence is
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complete, the value/edit display returns to indicating the value
or status of the selected telemetry channel as calibrated,

The sign key may be pushed at any time up to the final function
key; for instance:

"“- 1 g g @4 LIN"and "l g g g - LIN"

have the same effect, both calibrating the selected telemetry
channel in linear mode at ~-1@gd.

Decimal points are entered by pushing "." at the proper point in
the key sequence, for instance:

"1 g . a a2 - LIN"
calibrates the selected telemetry channel in linear mode at -1g.g44.
If more than four number keys are pushed, only the last four will

be used. The excess number keys are shifted off the left end of
the value/edit display and are lost as new keys are pushed.

For example:

. 1 2 3 . 4 1 g . g g LIN"

has the same effect as the example immediately preceding. Note
that the sign is preserved during the entry.

4.4 SHIFT KEY

The shift key (at the lower right of the keypad) chooses the set of
functions engraved on the metal part of the front panel rather than
those inscribed on the keytops. The shift action is "Push-On/Push-
Off" in nature, each push of the shift key reversing the set of

functions selected.

The value/edit display visually indicates the presence or absence

of a shift in a command line by a dot (similar in appearance to a
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decimal point) at the far left end, to the left of the sign
position.
Example to illustrate use of shift key:

"1 g g @4 SHFT LIN"

calibrates the selected telemetry channel at 1¢@@ in power mode,
since "POWER" is engraved on the front panel above the "LIN" key.
ffhis will henceforth be shown in the manual as:

"1 '] ] 2 SHFT POWER"

using the name of the actual function selected to avoid confusion.)

As further example:
"1 a a2 J'] SHFT SHFT LIN"

calibrates in linear mode since the first push of the shift key
selects the "UPPER CASE" power function and the second push rese-
lects the "LOWER CASE" linear calibrate function.

4.5 FUNCTION KEYS

Function keys are always the last keystroke in a key sequence - the
effect of the key sequence takes place immediately when a function
key is pushed. The various remote terminal functions that are per-
formed by each function key is defined below.

4,5.1 "CH" Channel Key

The "CH" (Channel) key is used to change the selected channel. For

example, entering:
"1 7 CH"

Makes 17 the selected channel. "17" will appear in the channel dis-
play, and if analog input 17 has been calibrated its current value
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will appear in the yalue/edit window. Status Channel 17 may have
its latch, invert, or alarm attributes changed. Where applicable,
all key sequences will apply to Channel 17.

Pushing the "CH" key with no preceding value will advance the

channel by one.: Continuing the above example, if we then enter:
"CH"
we will advance to Channel 18. If the selected channel is 32 en-
tering:
" CH"

will make 1 the selected channel.

4,5.2 SITE Key

The "SITE" key is used to assign a different site number to the
remote terminal than the one set at the factory or programmed at
the rear of the front panel. For example, entering:

"8 SITE"

will make the remote terminal respond as Site 8 rather than its
factory-assigned site number. The control terminal will then

select this terminal when Site 8 is selected for display. It should
be stressed that each remote terminal should have a different site
number. If there are two terminals set to the same site number,

the system cannot operate.

In the event of a power failure where memory has not been preserved,
the remote terminal will, of course, be re-initialized to its
factory-assigned site number, regardless of previous use of the site

key.
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4.5.3 Latch, Invert, ~ (., .  Keys

The "LATCH", "INVERT", " L—" (Falling Edge Alarm), and "_ "
(Rising Edge Alarm) functions are used to assign and remove
attributes for selected status channels. Each of these functions
is Push-On/Push-0Off in nature. The first time the function is
invoked the attribute is added, the second time it is removed, etc.
The current status of each of these attributes for the selected
channel is displayed on the corresponding green status LED's.

For each of these functions, the status channel affected is the

channel selected for display (as shown in the channel window).

The invert attribute reverses the external value applied to a
status channel before it is displayed. If the external state of
status Channel 1 is "OFF" and Channel 1 is assigned an invert

attribute, the LED corresponding to status Channel 1 will be lit.

The latch attribute causes a status channel to remain in the "ON"
condition after a rising edge (after inversion if applicable) is
detected. Subsequent edges are disregarded. The status-clear
function returns all latched channels to the "OFF" state until the
next rising edge. Alarms and muting are invoked on the basis of

status value as modified by latch and inversion.

The "~ " (Falling Edge Alarm) attribute causes an alarm to occur
if a falling edge is detected. Alarms are more fully described in
the section describing the "ACKNOWLEDGE" function.

The " " (Rising Edge Alarm) attribute causes an alarm to occur
if a rising edge is detected. Note that if a channel has both

7" and " 1" attributes, any edge at all will trigger an

alarm.
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Examples:

"INV

reverses the current status of the invert attribute for the select-
ed channel.

"SHFT LATCH"

reverses the latch attribute.
T

reverses the "7 1_ " attribute.
"SHFT W

reverses the "-—I " attribute.
"SHFT STAT CLR"

releases all latched status channel to the "OFF" state.

Numerical values preceding the function keys in these cases are
meaningless, and such key sequences are rejected with an "E". For
example:

1] l INV"

does not invert status Channel 1, but rather results in "E'" being
displayed for two seconds. If Channel 1 is to be inverted, Channel 1
should first be selected using the "CH"key.

4.5.4 "LIN", "POWER" Keys

The "LIN" (linear-calibration) and "POWER" functions are used to
calibrate the selected telemetry channel. Linear calibration
implies that a change in the external valuye results in a directly
proportional change in the display. For example, if 3 volts are
applied to telemetry input 1, and 1 is the selected channel, and
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"L ¢ g LIN"

is entered, whenever 3 volts is again applied, "1g@g" will be dis-
played., If 1.5 volt is applied, "5@" will be displayed, etc.

Power calibration is similar to linear calibration, but the change
in displayed value changes as the square of the change in applied
value. If 3 volts are applied as before, and

"L, g g SHFT POWER"

is entered, whenever 3 wvolts are applied, "1g@8" will be displayed,
just as above. But if 1.5 volt is applied, since the applied
value has been halved (multiplied X .5), "25" is displayed (since
the square of .5 is .25). Similarly, if 6 volts are applied,
"40@" is displayed.

"INDIRECT METHOD" calibration is also possible, by the convention
of entering a negative initial value and choosing power calibration.
(A negative number cannot be displayed in a power calibrated
channel since no real number may be squared with the result a nega-
tive number.) "INDIRECT METHOD" calibration displays a result
proportional to the values of the two preceding télemetry channels.
For example, if we apply 3 volts to telemetry input 1 and 2 volts

to telemetry input 2 and then select Channel 3 for display, and

then enter:
e 1 a a . 2 SHFT POWER"

Channel 3 will then be calibrated in "INDIRECT METHOD" mode. When-
ever the product of levels applied to Channels 1 and 2 equals 6,
199.4" will be displayed. If we then apply 1 volt to each channel,
the product is one sixth of what it was at calibration time, and

so one sixth of 1@@.4, or 16.7 is displayed,
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It is good practice to calibrate telemetry inputs with as large as
possible a yalue applied to the input. It is better to apply 5
volts and calibrate than to apply 1 volt and calibrate. This is
because analog-to-digital converters return an integer number,
proportional to the level applied. So lower levels cause numbers
with fewer significant digits to be returned. The calculations
for calibration of necessity have a larger percentage error at low
values.

For this reason, the MRC-1 will not permit calibration to be made
with less than about 256 millivolts applied to the telemetry input.
This insures an acceptable level of accuracy. (Better, normally
much better, than @.5%.) An attempt to calibrate with an insuffi-
ciently large level results in "E" being displayed for 2 seconds.

4.5.5 LOW LIM, HI LIM Keys

Each telemetry channel may be assigned an upper lmit and a lower
limit. If limit checking has been enabled and the telemetry channel
as calibrated is found to violate one of the limits, an alarm is
initiated.

Examples:

"1 '] a4 '] LOW LIM"

establishes 1gf@@ as the lower limit for the selected channel.

"1 g 5 ] HI LIM"

establishes 1358 as the upper limit for the selected channel. The
limits may be displayed by omitting to enter the value. Continuing
the preceding example, pushing:
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"LOW LIM"
will display "1@@d@ for two seconds, and pushing
"SHFT HI LIM"

will display "1@g58 for two seconds.

Once established, limits may be removed by entering @# as the limit.
Entering:

"g  LOW LIM"

will remove any lower limit established for the selected channel.
Similarly,

"g SHFT HI LIM"

will remove any upper limit.

If no limit has been established, "@" will be displayed as the
limit when a display is requested.

This méans, of course, that it is impossible to enter a limit of
exactly zero, because the system interprets a limit of zero as no
limit at all. This can be circumvented by entering a limit very
close to zero. For example, entering:

L [} "] 2 1 SHFT HI LIM"

makes a number very close to zero the upper limit, whereas
entering:

"g SHFT HI LIM"

will make a "HIGH LIMIT ALARM" on the selected channel impossible,
and is equivalent to no limit at all.

4.5.6 LIMS Key
Limit checking is enabled and disabled via the "LIMS" key. This

key operates in a push-on/push-off manner, the first push enabling
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limit checking, and the next push disabling limit checking. The
current status is indicated by the "LIMITS ON" LED.

4.5,7 MAP Key

The MRC~-1 Remote Terminal may administer up to 64 command outputs.
To use these, each command output must first be associated with a
channel. This process is called "MAPPING", and is normally done
when the system is set up. Once "MAPPED", command outputs are

activated by pushing the "RAISE" or "LOWER" keys while the appro-
priate channel is selected.

For example, suppose we select Channel 1F and enter:

"1 SHFT MAP RAISE"

("MAP" is the upper case of the "." key.) Then henceforth, when-
ever we select Channel 10 and push "RAISE", command output line

"1" will be activated for as long as the key is pushed.

Now suppose we enter:

"2 SHFT MAP LOWER"

Similarly, whenever we select Channel 10 and push lower, command

output "2" will be activated. Each channel may have two command

outputs "MAPPED" to it in this manner. The mapping is removed by
entering "@" as the command output number. Entering:

"g SHET MAP RAISE"

will cause the "RAISE" key to have no effect. Likewise:
"@ SHFT MAP LOWER"

will cause the "LOWER" key to become undeflned

———— e —

Mapping may be dlsplayed as follows. Enterlng.

—
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"SHFT ~MAP  RAISE" )

will display the number of the command output that is assigned to
the raise key, and:

(wsHFT  MAP  LOWER" )

- - e e

——

will disﬁiéy the number of the command output that is assigned to
the lower key. In cases where no mapping has been established,
"g" will be displayed.

Above, we described momentary operation where pushing the "RAISE"
or "LOWER" key causes a command output to be activated but only for
as long as the key is pushed. Another mode is possible: "LATCH-
ING" operation. In latching operation, one command output is
assigned to a channel; pushing the "RAISE" key activates the
command output to the on condition, and pushing the "LOWER" key
turns the command output off.

Latching channels are established by specifying the same command
output as both "RAISE" and "LOWER" outputs. For example, if we
select Channel 11 and enter:

"3 SHFT MAP RAISE"
followed immediately by
"3 SHFT MAP LOWER"

then the command output 3 will be established as a latching command
output for Channel 11.

As the final keystroke ("LOWER") is entered, the LED over the lower
key is lit to indicating the latching channel is off. Pushing
"RAISE" will turn the channel on and light the LED over the "RAISE"
key.

Latching command channels are removed by entering §, exactly as is

done for momentary channels. So:
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"§ SHFT MAP  RAISE"
followed immediately by:

"g SHFT MAP  LOWER"
will turn off the latching command output and will cause the

"RAISE" and "LOWER" keys for the selected channel to again be un-
defined.

The above text has described the procedure to assign a command
output channel. Command outputs that are used in the momentary
mode may be assigned to more than one channel. This-is particu-
larly advantageous when a single control function - say a final
amplifier controller - affects several measured parameters -

plate voltage, plate current, and measured power output. If these
parameters were assigned to Channels 6, 7, and 8 respectively,

and command output 4 connected to cause the power controller

to increase, with command output 5 causing a decrease, then you
can assign the command output 4 and 5 to each of the Channels 6,

7, and 8. To complete key sequence to accomplish this assignment
is:

6 CH
4 SHIFT MAP RAISE
5 SHIFT MAP LOWER
CH

SHIFT MAP RAISE
5 SHIFT MAP LOWER
CH
4 SHIFT MAP RAISE
3 SHIFT MAP LOWER

Then, regardless of which of the three channels is selected for dis-
play of the telemetry value, activating the RAISE or LOWER keys will

cause the power controller to function appropriately.
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4.5.8 MUTE Key

The "MUTE" function is used to enable and disable limit checking
on the individual telemetry channels, under the control of a status
input. Suppose we select Channel 9 and enter:

"3 g SHFT MUTE"

then, Status Channel 34 will control limit checking on telemetry
Channel 9. Whenever Status Channel 3@ (after latching and inver-
sion, if specified) is OFF, limit checking on telemetry Channel 9
will cease.

When Status Channel 3@ LED goes ON again (after latching and in-
version, if specified), limit checking resumes after a four-second
delay.

In this manner, any telemetry channel may have any status input
assigned to it as a mute channel.

A mute channel may be removed by entering @# instead of a valid
status channel number; i.e., entering:

"g SHFT MUTE"

will cause the selected channel to have its mute assignment re-
moved.

Mute assignments may be displayed by entering:

"SHFT MUTE"

If no mute assignment has been made for the selected channel, "g"

will be displayed.

Note that it is possible to assign more than one telemetry channel

to a single status input for muting purposes. All of the telemetry
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channels for the main transmitter can be assigned to one status
input that indicates the main transmitter is operatipnal, and all
telemetry channels for a backup transmitter assigned to a second
status channel that indicates the backup transmitter is operation-
al. Telemetry channel alarms will then only occur when the
corresponding transmitter is operational. Depending upon how the
status inputs are derived from the transmitter, you may want to
have an alarm indicated by the change of state of the status chan-
nels themselves. I.E., it is possible through the use of the mute
function and the manner in which the status used to operate the
mute function to have a transmitter fail and no alarm indication.
Because of the wide varity of transmitters in use, it is not poss-
ible to give specific details. The user must select his best
method of incorporating this function.

4.5.9 ACK Key

The "ACK" (acknowledge) key is used to clear alarms. At the remote
terminal, the following conditions cause alarms:

o A status channel with "falling edge" attribute experiences
a falling edge.

0 A status channel with "rising edge" attribute experiences

a rising edge.
o An analog channel violates its lower limit.
0 An analog channel violates its upper limit.
0 The fail-safe time-out period has been intiated.

0 The fail-safe time-out period has expired.

When an alarm occurs, the audible alarm sounds (if it has been enabled

via the rear-panel socket) and the channel display flashes to indicate
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the alarm. This will continue until "ACK" (acknowledge) is
pushed.

Once "ACK" has been pushed, the system automatically selects the
channel where the alarm condition was detected. (If several alarms
have occurred, the channel where the first alarm occurred is

selected.) The alarm-causing condition may now be observed on the
indicator LED's as follows"

o If a status alarm has occurred, the appropriate status LED
will be flashing at 2 Hz.

o If a telemetry input has gone below its upper limit, the
"LOW" LED will be flashing at 2 Hz.

o If a telemetry input has risen above its upper limit, the
"HI" LED will be flashing at 2 Hz.

The second push of the "ACK" key clears the alarm, causing the
flashing to end.

For example, suppose Channel 1§ is selected when telemetry Channel
3 falls below its lower limit. First the audible alarm sounds if
it has been enabled, and the channel display starts flashing to
indicate the presence of the alarm. To examine the alarm, push
"ACK". Then the sonalert is switched off and the system selects
Channel 3. We see the "LOW ALARM" LED flashing at 2 Hz, indi-
cating that the alarm arose because Channel 3 fell below its lower
limit. Pushing "ACK" again causes "LOW ALARM" to cease flashing.
If the low limit is still being violated, the LED will remain
steadily on; if it has risen back within limits, the LED will go
off.

Suppose a little later, status Channel 6, which has been given a
falling edge alarm attribute, changes from "ON" to "OFF". Then the
sonalert will again come on, and the channel display will again

flash. After pushing "ACK", the audible alarm is switched off, the
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system selects Channel 6, and the LED displaying Status Channel
6 may be obseryed flashing at 2 Hz. When "ACK" i1s pushed the

second time, the flashing ceases.

To summarize, each alarm is cleared by pushing "ACK" twice. The
first push turns off the audible alarm, changes channels, and
displays the alarm condition wvia flashing lights. Acknowledged
limit violations continue to be displayed via steadily-ON (not
flashing) LED's, until the telemetry value has returned within

limits (or limit checking is disabled, or mute status begins).

4.5.10 Lamp Test

The Lamp Test function tests the LED's and the seven-segment dis-
plays on the front panel. "LAMP TEST" is a push-on/push-off

function - the first push begins the test; the second push ends it.

4,5.11 Maintenance Override

The Maintenance Override function is used to establish local con-
trol of the Remote Terminal. If the system is not in Maintenance
Override mode, raise and lower commands from the Remote Terminal

are disabled.

Conversely, 1f the system is in Maintenance Override mode, raise
and lower commands from the Control Terminal are inhibited and any

failsafe condition is discontinued.

Maintenance Override status is invoked and ended by the "MAINT
O'RIDE" key. Current Maintenance Override status is indicated by
the LED over the function key. If the system is in a Maintenance
Override status, the LED will be 1lit.
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4.6 FAILSAFE FUNCTIONS

MRC-1 Remote Terminals provide a "FAILSAFE" output as required in
broadcast applications. The failsafe output is activated 45
seconds after signals from the Control Terminal cease ("CONTROL
FAILSAFE"). The failsafe output is ended immediately on receipt
of a valid message from the Control Terminal, or when maintenance
override mode is entered.

In FCC television broadcasting applications, a second type of
"FAILSAFE" output is required: If aural plate voltage, aural
plate current, aural power output, or visual power output meter-

ing vanish for an one hour period, a failsafe output is required
("TELEMETRY FAILSAFE"),

A telemetry failsafe is also required if the Remote Terminal is un-
able to communicate with the Control Terminal for an one hour
period.

At the MRC-1 Remote Terminal, there is a single failsafe output
which is activated for either or both types of failsafe.

"TELEMETRY" failsafe will occur only if certain key sequences acti-
vating it have been entered. These will be demonstrated by
example:

Suppose Telemetry Input 13 is aural plate voltage, input 15 is
aural plate current; input 17 is aural power output, and input 25
is visual power output. We may initiate failsafe monitoring of
these four channels by the following four key sequences:

"1 3 SHFT 1"

This specifies that Telemetry Channel 13 shall be monitored as the

first telemetry failsafe channel.
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"L 5 SHFT 2"

This specifies that Telemetry Channel 15 shall be monitored as the
second telemetry failsafe channel.

"1 7 SHFT ar

This specifies that Telemetry Channel 17 shall be monitored as the
third telemetry failsafe channel.

e 5 SHFT 4"

This specifies that Telemetry Channel 25 shall be monitored as the
fourth telemetry failsafe channel.

All four telemetry failsafe channels having been established, moni-
toring commences, and should less than about 256 mV be observed at
any of the four specified telemetry inputs, the one-hour countdown
will begin.

Telemetry failsafe channels may be removed and displayed in a
manner exactly analogous to muting, limits or mapped commmand chan-
nels; therefore:

"g SHFT iy

removes the first telemetry failsafe channel and ends failsafe
monitoring. Similarly:

"g  SHFT 2"
"g  SHFT 3"
"g  SHFT 4"

remove the other channels.
Entering "SHFT 1", "SHFT 2", "SHFT 3", "SHFT 4" will dis-

play those telemetry failsafe channels which have been established
previously, or "@" if none has been established. If any or all of
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the four telemetry fajilsafe channels have not been established,
then telemetry failsafe is inhibited, and only control failsafe
is possible.

Selecting "CHANNEL ZERO" will result in a display of the remain-
ing time until failsafe in the VALUE-EDIT window, i.e., entering

" g CH"

will cause the remaining time to be displayed. This will, of
course, normally be "6@", indicating that all is well. Should
telemetry failsafe be inhibited, "CHANNEL ZERO" may not be
selected; "E" will be displayed if this is attempted.

In the event of any kind of failsafe, all command outputs are in-
hibited. As described above, putting the terminal into Main-
tenance Override status ends all failsafe conditions and re-enables
command outputs.

When Maintenance Override mode is ended, all timers are reset, so
there is once again a 45-second wait until control failsafe and an
one~hour wait until telemetry failsafe, regardless of past condi-
tions at the Remote Terminal. In addition, should all four
telemetry failsafe channels vanish, then telemetry failsafe is
ended.

4.7 MRC-1 REMOTE REFERENCE DATA

The following is a condensed description of MRC-1 Remote Terminal

key sequences and functions for quick reference purposes.

SELECT NEW CHANNEL: X X CH
ADVANCE ONE CHANNEL: CH
SELECT NEW SITE: X SITE
INVERT/DEINVERT STATUS CHANNEL: INV
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LATCH/UNLATCH STATUS CHANNEL

ADD/REMOVE FALLING EDGE ALARM
ADD/REMOVE RISING EDGE ALARM

RELEASE ALL LATCHED CHANNELS

CALIBRATE, LINEAR MODE

CALIBRATE, POWER MODE
(Sign of X X X X must be positive)

CALIBRATE, INDIRECT MODE:

(Sign of X X X X must be negative)
Display will be proportional to product
of two preceding channels. Channels 1
and 2 may not be calibrated in this mode.
ESTABLISH LOWER LIMIT:

(Point position of limit need not match
point position of calibration)

DISPLAY LOWER LIMIT

REMOVE LOWER LIMIT

ESTABLISH UPPER LIMIT:

(Point position of limit need not
match point position of calibration)
DISPLAY UPPER LIMIT:

REMOVE UPPER LIMIT:

ENABLE/DISABLE LIMIT CHECKING:
ESTABLISH RAISE CHANNEL:

DISPLAY RAISE CHANNEL:

REMOVE RAISE CHANNEL:

ESTABLISH LOWER CHANNEL:

DISPLAY LOWER CHANNEL:

REMOVE LOWER CHANNEL:

MRC-1 REMOTE TERMINAL 4-28

SHFT LATCH
.
SHFT I

SHFT STAT CLR

X X X X LIN

X X X X SHFT POWER

- X X X X SHFT POWER

XX XX

SHFT

SHFT

SHFT

SHFT

SHFT

g SHFT

SHFT

SHFT

SHFT

X LOW LIM

LOW LIM

g LOW LIM

UPPER LIM

UPPER LIM

UPPER LIM

LIMS

RAISE

RAISE

RAISE

LOWER

LOWER

LOWER



ESTABLISH LATCHING COMMAND CHANNEL: X X SHFT MAP RAISE
(Where X X in both lines is the X X SHFT MAP LOWER
channel to be made latching)

RAISE: RAISE
LOWER: LOWER
TURN ON LATCHING COMMAND CHANNEL: RAISE
TURN OFF LATCHING COMMAND CHANNEL: LOWER
ESTABLISH MUTE CHANNEL: X X SHFT MUTE

A. Mute condition occurs when mute
channel is "OFF" (after latch and
invert, if applicable.)

B. No limit checking during mute
condition or for 4 seconds thereafter.

DISPLAY MUTE CHANNEL SHFT MUTE
REMOVE MUTE CHANNEL: # SHFT MUTE
ACKNOWLEDGE ALARM: ACK ACK

A. First push displays channel number and
condition, silences audible alarm.

B. Second push ends flashing alarm indication.
C. In the case of limit violations, steadily-
on alarm indication will persist until:
analog value is back in bounds; or, mute

status begins; or, limit checking is

disabled.
BEGIN LAMP TEST: LAMP TEST
END LAMP TEST: LAMP TEST
BEGIN MAINTENANCE OVERRIDE: MAINT O'RIDE

A. Ends any failsafe condition.
B. Inhibits any RAISE/LOWER commands
from control end.

END MAINTENANCE OVERRIDE MAINT O'RIDE
A. Resets failsafe timers.
B. Inhibits commands from remote end.

ESTABLISH TM FAILSAFE CHANNEL N: X X SHFT N
(N=1 to 4)
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Telemetry failsafe takes place if the analog
value on any established telemetry failsafe
channel remajins below about 0.3 volts for

1 hour, or the Control Terminal fails to
receive transmissions from the Remote
Terminal for 1 hour. Telemetry failsafe
ends if all four telemetry failsafe

channels fall to zero.

DISPLAY TM FAILSAFE CHANNEL N: SHFT N
REMOVE TM FAILSAFE CHANNEL N: g SHFT N
MISCELLANEOUS:

Control failsafe takes place if a Remote
Terminal receives no successful communi-
cations directed to it for 45 seconds.

Alarms are disabled for 1 seconds
after reset.

CALIBRATION OVERFLOW DISPLAY: EEEE

A/D SATURATION DISPLAY (6144 COUNTS) ————

MRC-1 REMOTE TERMINAL 4-30



5.0 INSTALLATION

5.1 INTRODUCTION

The purpose of this section is to provide installation details for
the MRC~-1 Remote Terminal. It also provides other data should
the user expand or otherwise modify the system in the future.

CAUTION

ALWAYS REMOVE POWER FROM THE TERMINAL AND
DISCONNECT THE BATTERY WHENEVER PRINTED
CIRCUIT MODULES ARE REMOVED OR REPLACED IN
THFE UNIT. FAILURE TO OBSERVE THIS CAUTION
MAY CAUSE DAMAGE TO ONE OR MORE MODULES.

S PHYSICAL INSTALLATION

The MRC-1 is designed for industry standard RTMA rack mounting.
It is suggested that the Remote Terminal be mounted in the rack
at approximately 65 inches height for best operation accessibility.
With the power supply shipping screw removed, insert the terminal
in the rack or cabinet and install 10/32 x 1" screws with fiber
washers through the oval holes in the chassis flanges. Torgue
screws firmly to provide a secure mounting. Once installed in
the rack, all assemblies that normally require service can be re-
moved without removing the chassis from the rack. The extender
board is stowed to the left of the power supply. The flat ribbon
cable between the front panel and CPU card may have to be dis-
connected to remove the extender board. At this time, remove the
extender board and store in another location at the Remote
Terminal site in order to provide maximum ventilation to the
Terminal.

5.3 PHONE LINE CONNECTION - 4-WIRE

If you are using a 4-wire interconnect service, the pair of wires

MRC-1 REMOTE TERMINAL 5=1
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to the Control Terminal is connected to terminals 4 and 6 of the
Modem Telco Interface card (third from right assembly at rear of
unit). The pair from the Control Terminal is connected to terminals
1 and 3. Note that the Modem Telco Interface contains fuses
mounted internal to the card. Should you suspect that, as a result
of lightning strike, the phone lines have been hit, remove the

two screws securing the Modem Telco Interface card and check and/

or replace fuses, as required.

5.4 PHONE LINE CONNECTION = 2-WIRE

If you are using a two-wire interconnect arrangement, place a
short jumper between terminals 2 and 4. Then, connect the tele-
phone line to terminals 1 and 5 of the Modem Telco Interface card.

See the preceding paragraph for lightning protection fuses.

Beb FM SUBCARRIER INTERCONNECT

BNC connector J3 is the output of the Remote Terminal and is con-
nected to the equipment over which the subcarrier signal will be
transmitted. A BNC connector J2 is used for the subcarrier data
being received from the Control Terminal. Note that the components
of the subcarrier interface module are frequency dependent. Should
your requirements for subcarrier frequencies change in the future,
some changes in component values may be required. The component
values for various bands of subcarrier frequencies are detailed in
Section 8 for the subcarrier interface card, if ordered as part

of the system.

5.6 MIXED COMMUNICATIONS

If the system is ordered with mixed communications functions; i.e.,
telco in/subcarrier out, or telco out/subcarrier in, the connection

procedure is similar to that outlined for the previous methods
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of communications link interconnection. The subcarrier function
(either in or out, as appropriate) is a BNC connector while the

telephone circuit is a terminal block connection.

5.7 AUDIBLE ALARM

The control of the audible alarm of the Remote Terminal is acces-
sed through pins 5 and 6 of J1 on the CPU interface card (right
module viewed from rear of chassis).

Several alternatives are available to the user. The simplest

is to jumper pins 5 and 6 on the connector. In this case, the
audible alarm will always be activated when an alarm condition
is detected. 1In the event that the Remote Terminal is located
in a studio booth, it is possible to have external control of
the audible alarm so that it will be muted when a mike is active
if those facilities are available in the studio. Figure 5.1
indicates a typical arrangement of muting the alarm when mikes

are active.

NO
O—> TO EXTERNAL !
INDICATOR

_ ALARM DRIVE '////.
< e

RY NC
_ INTERNAL ALARM
<
_ SIGNAL GROUND
.

RY IS NO WHEN MIKE IS ACTIVE.

RY IS NC WHEN NO MIKES ARE ACTIVE.

FIGURE 5-1 AUDIBLE ALARM CONNECTIONS
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The relay contact (supplied by user) is assumed to be N.O. when
any mike is active and N.C. when no mikes are active. The signal
labeled to EXTERNAL INDICATOR may be used to operate a user-
supplied indicator for an alarm indication.

NOTE: The "ALARM DRIVE" and "INT ALARM" connections
are each associated with a trace which runs
across the C.P.,U. Interface Board, through
the Mother Board, across the C.P.U. Board
and eventually terminates at the Alarm Driver
on the front panel.

Because these connections are generally used
at a studio location, and seldom in an R.F.
environment, no filtering was included for
them.

Considering the susceptibility of any digital
logic system to R.F. spikes, it is our
suggestion that all MRC-1 customers who use
these connections for remote alarms or remote
alarm enable switches in an R.F. environment
should incorporate a small LC filter in order
to isolate the MRC-1 from R.F., interference.
It will be easiest to do this by locating

the inductors and capacitors near the female
plug on the cable when the cable for this
jack is made up. Below is a diagram of the
procedure to follow.

PLUG

M CABLE
]
ALARM DRIVE X
Pi-al > Ji~-5 AEAS
INT ALARM 8. Gun
PI-83 Ji—=6 TR _‘L
=y C =.lat S0V
T
e -
s > Jl=9 > < I
FEME— AN =T = — — = = = = = — - —
R34
—-—-—-—-9"'_"2‘\/\ ———————————
OTHER CONNECTIONS 34,8
L

MAI Part Numbers: 14-~287.25, 4020343, Inductor
R.F. 6.80 uH
05-397.25, 4310207, Capacitor
.1 uF/50 Vv 20%
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5.8 EXTERNAL BATTERY

The Remote Terminal normally requires the use of an external bat-
tery to maintain the contents of memory in the event of a power
failure. The battery is supplied to maintain memory contents for
a period of time during a power failure (not complete terminal
operation, however). To connect the battery, first attach the
battery holder to the chassis, insert battery and connect the
terminals in accordance with Figure 5.2. Batteries are always
shipped disconnected to prevent discharge during transit. The .
positive (+) battery terminal is connected to the red binding post
terminal and the negative (-) is connected to the black binding
post.

The user may use other batteries in place of the one supplied.
In this case, the maximum voltage that may be applied to the
terminal posts is 7.0 volts. The nominal design voltage is 6.0
volts, with a float charge of 6.7 volts and a maximum float
charge current of 75 ma. If you use an external battery and

charger, the charger voltage must never exceed 7.0 volts and

must be filtered with no more than 10 mV ripple.
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CPU INTERFACE CARD

b

BATTERY

/

I+/ / \—l

ol

///F-BATTERY
HOLDER

Q
B Q|
0
4 @J
p e POWER
CONNECTOR
A D
ZRED POST
BLACK POST
FIGURE 5-2 BATTERY INSTALLATION
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5.9 SITE SELECTION

It is necessary to program the Remote Terminal with the number of
the site for the terminal. It is assumed that sites are numbered
sequentially from 1 to N where N is the last site number with no
numbers skipped. Note that early production units use a soldered
diode matrix instead of the switches. Refer to Figure 5.3 for

location and connection chart.

The switches are set as shown in the table below for the number
of sites in the system:

SITE SWITCH POSITIONS

1 2 3 4
1 OFF OFF OFF OFF
2 ON OFF OFF OFF
3 OFF ON OFF OFF
4 ON ON OFF OFF
5 OFF OFF ON OFF
6 ON OFF ON OFF
7 OFF ON - ON OFF
8 ON ON ON OFF
9 OFF OFF OFF ON
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Wy .
5185842-02 M

l!ﬂllll![iéE

(ARRR R ITT

T ————
0e O
—— ° o / 4//9 |o s o
45:1:Z{é/sA§A2 Z{ENZZ
SA 4 ( DIODE COMMON ENOD
( DIODE CONNECT POINTS) ANODE END)
Foil Side of Front Panel PCB Shown
DIODES INSTALLED
(Diodes are 1N270 or equivalent)
SITE SALl SA2 SA3 SA4
1 None None None None
2 Diode None None None
3 None Diode None None
4 Diode Diode None None
5 None None Diode None
6 Diode None Diode None
7 None Dicde Diode None
8 Diode Diode Diode None
9 None None None Diode
FIGURE 5.3

SITE IDENTIFICATION DIODES

(Early Production Units Only)
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5.10 FATIL SAFE

The fail~safe output is controlled by a relay capable of switching
a load of up to 24 VDC at currents of up to 1 ampere. During
normal operation the relay will close a connection between pins 3
and 4 of the rear connector on the CPU Interface Board. When
MRC~1 power is removed or a fail-safe condition occurs, the relay
will open. Figure 5-4 illustrates a typical application of the
fail-safe output.

Inductive loads (relay coils, etc.) should have a "clamping”
diode wired across them to inhibit negative voltage spikes. Ex-
ternal relays should be used when it is desired to switch to
greater loads (or AC loads which must have a Series R (100Q)/C
(l4f) network across them).

These relays may also be interfaced with transistor-transistor
logic (TTL) digital circuits. The relay contacts should be wired
so that one side is referenced to the digital common (ground),
and the other relay contact to the digital input. A pull-up
resistor may be necessary, and it is advisable to wire a 1 uf
capacitor and 100 ohm resistor (in series) across the relay out-
put to suppress contact bounce. For further details, refer to

Section 8, CPU Interface.

DIGITAL EQUIPMENT
+ 5V

2K OHMS

\\I”
N
o __-__6._ e & o
o
P

—— o — —— —— — —

FIGURE 5-4 TYPICAL FAIL SAFE QUTPUT
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5.11 MAINTENANCE OVERRIDE

An external indicator is provided in the form of a relay to pro-
vide remote indication that the Remote Terminal has been placed
in the Maintenace Override made of operation. This indication is
normally used to illuminate a light near the exit of the trans~-
mitter room to warn the operator the Remote Terminal has been
left in the Maintenance Override Mode. When in the Maintenance
Override mode, no commands are accepted by the Remote Terminal
from the Control Terminal; hence, you may save yourself a trip to
the transmitter site by getting into the habit of removing the
Remote Terminal from the Maintenance Override mode before you
leave, There is no way to exercise this function from the Con-
trol Terminal, You may use a relay or TTL logic for indirect
control of the lamp, in which case the wiring illustrated for

the fail-safe output can be followed (Figure 5-4), except termi-

nals 1 and 2 of Jl are used. A small lamp may be driven directly,
as illustrated in Figure 5-5.

LAMP

- Q-

USER VOLTAGE
SOURCE

FIGURE 5-5 TYPICAL MAINTENANCE
OVERRIDE CONNECTION
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5.12 INPUT/OUTPUT CONNECTORS

The connectors for telemetry (analog), status and commands may
now be wired up., A definite wiring pattern has been established
for the telemetry (analog) input, TTL status input, optically
isolated status input, open collector command output, and the
optically isolated command output printed circuit modules through
both the filtered and unfiltered interface cards. The most posi-
tive voltages of the 16 inputs. or outputs are wired consecutively
from pins 1 through 16. The negative (or ground return) input

or output is wired consecutively from pins 20 through 35. This
allows twisted pairs to be used as connections to the modules to
reduce external field noise pickup and, at the same time, allows
a simple pattern to the connection with the two leads at a slight
diagonal on the connector. Proper grounding and shielding tech-
niques should be followed throughout.

For those applications requiring control of high voltage or AC
power, a relay isolated command output option is available. The
connection from the relay panel to a command output module through
an interface card has been pre-wired and only requires it be
plugged in,

8.3 INSTALLATION COMPLETION

This completes installation of a Remote Terminal. Power may now
be applied to the terminal. Depress the "ACK" key on the Remote
Terminal front panel in order to clear the "cold start" condition
which occurs whenever power is applied to the Remote Terminal
after the contents of memory have been lost. You will observe the
three power indicator LEDs on the internally-mounted CPU board
illuminate. After a short period, the Reset LED on the CPU board
will go out. After a short delay (less than 1 second), the Output
and Input LEDs on the modem board should begin to flicker indicat-

ing that data is being sent and received. The modems are factory
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adjusted for +0.0 dBm output level and a -16.0 dBm receive level.
Should the actual levels of your system be radically different,
some adjustment of the send and receive levels may be required.
Refer to Section 8 for wireline modem and/or subcarrier modem
adjustments. External loads if run from DC must have a damping
diode across them (e.g. DC relay coil). Connect the diode so that
it will normally not conduct. External loads, if AC, must have a
series R.C. network across them. (Values of 1 uf and 1000 are
suggested.)

At this point, you may enter command sequences at the keyboard to
calibrate telemetry (analog) channels, observe and set up status
channels, and to set up command outputs.

For the user's convenience, a set of tables (Tables 5-1, 5-2, and
5-3) are provided that allow the user to record the manner in
which he has set up the Remote Terminal. You may reproduce these
forms as required for your purposes.

Each of the 32 telemetry channels is indicated on the left side
of each table and, when completed, they will provide the user a
guide for future reference as to how the Remote Terminal was set
up. Most column headings are directly related to the set up
functions outlined in Section 4 of this manual. The columns
labeled "+ Input" and "~ Input" are filled in to indicate the
connector pins at the interface card. For the command outputs,
since the output is mapped to the telemetry channel, the terminals
actually connected must be inserted by the user. In Table 5-1,
the column labeled "TYPE" is for the type of calibration; i.e.,
linear (L), power (P), or indirect (I).
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TELEMETRY (ANALOG) DATA

TELE- :

METRY DESCRIPTION OF VALUE MEASURED TYPE NOMINAL HIGH LOW MUTED BY + -
CHANNEL L,P,I CALIBRATION LIMITS LIMITS STATUS INPUT | INPU"
1 1 20
2 2 21
3 3 22
4 4 23
5 5 24
6 6 25
7 7 26
8 8 27
9 9 28
10 10 29
11 ' 11 30
12 12 31
13 : 13 32
14 14 33
15 ' 15 34
16 : ' 16 35
17 1 20
18 2 | 21
19 3 22
20 4 23
21 5 24
959 6 25
23 7 26
24 8 27
25 9 28
36 10 29
9% I § 30
28 12 31
29 13 32
30 ' 14 33
31 ' 15 34
32 16 35

TABLE 5-1

TELEMETRY (ANALOG) DATA TABLE
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STATUS DATA TABLE

5-14

STATUS DATA

TELE-

METRY DESCRIPTION OF SOURCE OF STATUS INVERT LATCH ALARM ALARM + -

CHANNELS I [ | nput| INPUT
1 ‘.‘( { L 1 2{]
2 AV 2 23
=5 Ny .;/ 3 22
4 {0 4 L, W 4 23
> JEWeR G 5 24
6 Cav__aie. % 6 25
U Hy. Ao 7 26
8 £l o 8 22
9 A FL 9 28
T0 Y 10 29
T 200y X 11 30
12 B RN 12 31
13 By, AL % 13 32

14 EL 0w L 33
15 15 34
16 16 35
5 x 20
18 2 21
19 3 22
20 4 23
21 5 24
p e 6 25
73 7 26
24 8 27
2D 9 28
76 = 10 29
77 11 30
78 12 31
<3 Pf TefASERX Tt el . 13 32
30 T 14 33
o Sig = 15 |34
32 Door X 16 35
TABLE 5-2



TELE-
METRY
CHANNEL

RATSE COMMAND

LOWER COMMAND

OUTPUT
NUMBER

FUNCTION PERFORMED

ouT

- OouTPUT
ouT NUMBER

FUNCTION PERFORMED

OUT

ouT

MRC-1 REMOTE TERMINAL

COMMAND OUTPUT TABLE

TABLE 5-3
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6.0 HARDWARE/SOFTWARE OVERVIEW

6.1 INTRODUCTION

The purpose of this section is to provide the user with a general
overview of the hardware and software of the MRC-1 Remote Terminal.
It is not a detailed explanation of microprocessors, but rather,
the basic design concepts incorporated into the MRC-1. The user is
referred to many excellent texts on microprocessors including

M6800 Microcomputer System Design Data, published by Motorola, Inc.

Figure 6-1 is a block representation of the major components of

an MRC-1 Remote Terminal. The chassis houses the assemblies. A
mother board is located approximately three quarters of the way
back from the front of the terminal. The functional cards (i.e.,
CPU, memory, modem, options, etc.) plug into the mother board from
the front.

The user's connection to a functional card occurs through an inter-
face card that plugs into the rear of the mother board. The inter-
face card provides the physical connectors, terminals or barrier
strips to which the user makes his connection. In some cases,
there can be several interface cards that can be associated with

a given functional card. For example, a modem card can have one
' of four interface cards depending upon the type of communications
circuit. 1In other cases, the same interface card can serve several
functional cards. As an example, the Filtered Interface card is
normally used with the Telemetry (Analog), Status and Command cards.

The mother board provides;

o power distribution to all cards,

o0 interconnection between functional and interface cards,
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FUNCTIONAL CARDS
FRONT ACCESS

INTERFACE CARDS
REAR ACCESS

r —— Wlﬁ N \
|
FRONT PANEL
SLOT | ¢
e * BATTERY
CPU
INTERFACE |[———> > ALARM
f——————> FAILSAFE
> MAINT
SLOT 2
8X 4
(7, ]
2 MEMORY
[+ 4 .
w
g SLOT 3
[+
" __9'
2 "TELCO OR
x MODEM SUBCARRIER ————> | COMMUNICATIONS
2 ————> [ CIRCUIT(S)
< INTERFACE  |—u
J .
e SLOT 5.6 !
-
3
S ANALOG FILTERED ANALBG
= ——— |NPUTS
- INPUT INTERFACE 16 OR 32
SLOT 8,9 .
50
B TTL o OR FILTERED STATUS
OPTICAL INSULATED \ttp—— (NP UTS
16 OR 32
STATUS INPUT INTERFACE
SLOT I11,12,13,14 |
OPEN COLLECTOR
OR FILTERED COMMAND
OPTICAL INSULATED — % QUTPUTS
INTERFACE 16,32,48, OR 64
COMMAND OUTPUT
POWER SUPPLY AC MAINS
+5,+15, =15 vDC 120 /240 AC

FIGURE 6-i
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o and distribution of control, data, and address
busses to the functional cards.

All modules and subassemblies, except for the mother board, are
removable without disassembling the chassis.

6.2 BUS ARCHITECTURE

The MRC-1 is designed using a bus structure which allows flexible
configuration changes. Fifty control signals and power lines are
bussed to each card slot. Cards are accessed by digital words

on the address bus and do not require an absolute physical slot
to be assigned for each card. An exception to this rule is the
CPU card, which must always be plugged into the first slot to
obtain an AC power sample for the real-time clock and power fail
circuits.

Each printed circuit card edge connector has 100 pins. The even
pins contain the common bus signals. The odd pins are used to
communicate via interface cards to the external world through the
rear panel. To prevent confusion, the even wire-wrap pins are
sheared off during manufacturing, leaving only the odd pins for
card input/output connections. Signal assignments for the con-
nector pins are shown in Table 6-1.

Note that signal ground, +5, +15, and -15 voltages are available
to both functional and interface cards.
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9,10

12
14
16
18
20
22
24
26

28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58

60

TABLE 6-1

MRC-1 BUS ARCHITECTURE

NAME DESCRIPTION
GROUND System common signal ground
PLUS 15V Positive 15V supply

Remote 1.5 amps capacity
Control .8 amps capacity

NEGATIVE 15V Negative 15V supply
Remote 1.5 amps capacity
Control .8 amps capacity

STANDBY 5V 5-volt supply back up by an
external battery

D@

D1

D2

D3 Bidirectional 3-state data bus

D4 is used to transfer data between
D5 the microprocessor, its peripher-
D6 als and memory

D7

Ag

Al

A2

A3

A4

A5

A6

A7 16=-pin address bus

A8 Both memory and input/output
A9 devices are addressed using these
Al0 lines.

All

Al2

Al3

Al4

AlS

*RESET This active low input is used to
reset and start the microprocessor
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PIN

62

64

66

68

70

72

74

MRC-1 REMOTE TERMINAL

NAME

R/*W

PRE

RTC

*DMA

BA

TABLE 6~1 (continued)

DESCRIPTION

from a power down condition, re-
sulting from a power failure or
an initial start-up of the pro-
cessor. The signal is generated
by the CPU interface card and is
used to reset functions in the
CPU and various cards that have
reset capability.

1 MHz clock signal used to syn-
chronize all system functions

This output signals the peripherals
and memory devices whether the CPU
is in the READ (High) or WRITE
(Low) state. The normal standby
state of this signal is READ.

Valid Memory Address. This output
from the CPU card indicates to
peripheral devices that there is

a valid address on the bus.

Input/Output Preselect. This line
is high when the input/output de-
vice address space is accessed.

Real Time Clock. A 50 or 60 Hz
signal derived from the AC power
line and used as a timing signal.

Direct Memory Access. When this
signal goes low, the CPU card re-
leases control over the address
bus.

Bus Available. This signal will
normally be in the low state; it
will go to a high state to indi-
cate that the microprocessor has
stopped and the address bus 1is
available. This will occur if
the processor is in a HALT state,
or if a WAIT instruction is en-
countered by the microprocessor.



PIN

76

78

8Q
82
84
86
88
90
92
94

96

97 thru 100

TABLE 6-1 (continued)

NAME

*HALT

BAUD

*INTP
*INT1
*INT2
*INT3
*INT4
*INTS
*INTS
*INT7

*NMI

PLUS 5V

MRC-1 REMOTE TERMINAL

DESCRIPTION

When this signal is in the low
state, all microprocessor acti-
vity will be halted. 1In the
HALT mode, the microprocessor
will stop at the end of an in-
struction, Bus Available will
be at a high state, Valid Memory
Address will be at a low state.

19230 Hz square wave used to set
the baud rate of ACIA's (Asyn-
chronous Communications Inter-
face Adapters). Data rates of
1200 or 300 baud are possible
using this clock.

Lowest Priority

Active low prioritized interrupts.
When one of these lines goes to

a low state, the microprocessor
suspends its normal operation

and begins servicing an interrupt
routine. A higher priority rou-
tine takes precedence over a

lower priority.

Highest Priority

Non-Maskable Interrupt

When this line is pulled to a low
state, the processor completes its
current instruction and then bran-
ches to an interrupt routine.
Interrupt cannot be disabled by
setting a mask bit.

Positive 5V power supply

Remote: 6 amps
Control: 3 amps
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6.3 SOFTWARE QVERVIEW

When power is restored to a Remote Terminal, there are two things
that could have occurred. First, memory could have been lost
because of an extended power interruption, If this condition is
detected by the software, it is assumed that the Remote Terminal
must be recalibrated prior to any use. This requires manual inter-
vention. An alarm condition exists and must be acknowledged by

an operator at the Remote Terminal before recalibration can pro-
ceed. During this period, the software determines the identifi-
cation number of the Remote Terminal by reading the switches on

the rear of the front panel. Note that each Remote Terminal must
have a unique address.

If the Remote Terminal did not leose its memory data as the result
of a power failure, a brief internal re-initialization cycle occurs
where the software determines the number and type of modules that
are in the Remote Terminal. This allows the user to add additional
modules within the design capabilities at any time. Power must be

turned off and the battery disconnected before removing or inserting

printed circuit cards. When power is restored, the software takes
inventory of what is currently available and adjusts its internal
record keeping accordingly.

As the user performs setup key sequence functions, the data from
the key sequence, i.e., telemetry (analog) calibration factors,
limits, etc., are retained in the Remote Terminal memory. This
data may be recalled by other key sequences either from the
Remote or Control Terminals. The point to note is that all fac-
tors that affect a Remote Terminal are retained at that Remote

Terminal.

Once the Remote Terminal is active, it is always listening to the
communications circuit for a message addressed to itself from the

Control Terminal, This is called a polling message. In response

MRC- REMOTE TERMINAL 6~7
Rev. 10 Nov. 1980



to the poll, the Remote Terminal sends a brief answer indicating
whether or not an alarm condition exists at the Remote Terminal.
For convenience of operation, the software in the Remote Terminal
allows the Control Terminal user and the operator of the front
panel independent display of all data concerning the Remote Ter-
minal. The Control Terminal operator may view any telemetry
channel at the same time the Remote Terminal user is displaying
any other or the same telemetry channel. There is one function -
the Maintenance Override - which can be activated at the Remote
Terminal to disable command activation from the Control Terminal.
However, all other display functions at the Control Terminal

are enabled.

Telemetry (analog) data is acquired in a cyclic sequence from the
analog~to-digital (A/D) converters. When an A/D completes one
conversion, the input number is incremented and the next conver-
sion started while the previous conversion is applied through a
digital filter and then limit checked. Note that limit checks
occur on each conversion as each new sample is acquired. If there
are two analog cards in the Remote Terminal, the process is being
applied to both simultaneously.

Approximately every four seconds, the software causes each A/D
converter to be switched to a set of four reference voltages. At
this time, the A/D gain and offset values are determined and all
subsequent input samples are corrected.

Status input data is sampled approximately 60 times per second.

The attributes that have been assigned to each status input are
checked and the results displayed on the front panel.
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As a result of a RAISE or LOWER key being depressed, the software
determines the output line that has been mapped to the telemetry
channel, activates the specified output, and then, checks the
output register for operation. If operational, it activates the
RAISE or LOWER LED.

During communications with the Control Terminal, extensive error
checking is performed to ensure receipt of valid data. The
Remote Terminal must receive oné valid message within 45 seconds
of the previous valid message in order to maintain the fail-safe
output active. If the time period is exceeded, the fail-safe
output is de-activated.
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7.0 MAINTENANCE

1.1 PURPOSE

The purpose of this section is to provide a guide to the mainte-
nance of the MRC-1 at the module level. Section 8 of this manual
provides the schematics, card layouts, troubleshooting and adjust-
ment information for the individual card or assembly.

CAUTION

ALWAYS REMOVE POWER FROM THE TERMINAL AND
DISCONNECT THE BATTERY WHENEVER PRINTED
CIRCUIT MODULES ARE REMOVED OR REPLACED IN
THE UNIT. FAILURE TO OBSERVE THIS CAUTION
MAY CAUSE DAMAGE TO ONE OR MODULES.

7.2 HANDLING CMOS DEVICES

The MRC-1 contains several CMOS devices, such as 6802 MPU, 6821 PIA,
6850 ACIA, and 2716 EPROMS, which, unfortunately, can be damaged

by severe electrical transient voltages. A person walking over

a waxed floor, depending upon floor conditions and humidity, can
generate voltage potential in excess of 15kV. The following is
recommended to reduce damage to the CMOS devices:

1. All CMOS devices should be stored in materials that
are anti-static. CMOS devices must not be inserted

into Styrofoam.
2. All CMOS devices should be placed on a grounded bench

surface and the user should be grounded before touch-

ing the device.
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3. Nylon, or other static generating materials, should not

come into contact with the device.

4. Do not remove boards or CMOS devices with power applied

or with battery connected.

5. Treat boards that contain CMOS devices just like the
device itself.

6. When wrapping a module for shipment, never use any
plastic material that is not marked as being anti-
static. Most anti-static plastic material is a

pale pink color and identified as such.

7. Always use grounded test equipment to diagnose prob-
lems and ground the test equipment to the unit before
placing probes on the circuits.

73 CARD ADDRESS AND OPTION SWITCHES -

Most card assemblies contain small switches referred to as DIP
switches that select the address of the card and, in some cases,
provide various common options on the card. Each switch is ex-

plained in Section 8 of this manual for the specific module.

Since each card (except the CPU card) can be placed in any card
slot, 2 through 15 on the mother board, there needs to be some way
of identifying the card when it is inserted. This identification
is called the board address and is composed of two parts:

1. A fixed hardwired address that identifies the
card type

2. A variable part of the address that identifies

the particular card of a given type

MRC-1 REMOTE TERMINAL 7-2
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For example, if the system contains two Status Input cards, they
are identical in all respects except for the DIP switch positions.
This allows the software to distinguish between the card that is
assigned tc Channels 1-16 and the card that is assigned to Chan-
nels 17-32.

A uniform convention has been established for setting the switch
positions within a given type of board. This is diagrammed below.
The UP arrow represents the switch in the ON position; the DOWN
arrow, the OFF position. (Note: On most cards, ON is UP, OFF

is DOWN, but it can be the other way. Refer to the switch itself.)

DEVICE CHANNEL BCD SWITCH DIP SWITCH POSITIONS
NUMBER ASSOCIATION POSITION
1 2 3 4
1 1 - 16 0 ooy o+ Y
2 17 - 32 1 L S
3 33 - 48 2 N N
4 49 - 64 3 + Ay

For troubleshooting purposes, you may interchange cards of the
same type - BUT - be sure to set the switches to the proper set-
ting before inserting the card.

7.4 FAULT ISOLATION - LEVEL 1

The MRC-1 contains several indications to aid in fault isolation
down to the card level. Always go through these steps before

attempting to service the equipment.

1. The three power LED indicators on the CPU card indi-
cate the presence of voltages. The LED's should all
glow with approximately the same brightness. If in
doubt, check the voltages with a voltmeter.
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2. Depress the RESET switch on the CPU board. This forces
the CPU to begin the program from the beginning. When
reset, all LED's on the front panel will illuminate
briefly. Should the LED's remain ON, the fault could
be either in the CPU or memory cards.

3. If simple command functions like site, lamp test or
channel keys function properly, the most likely
candidate is the modem. In most likelihoods, the
levels need adjustment (refer to the card des-
cription in Section 8). If the top LED of the modem
is flashing, it indicates that the modem is being
keyed. An AC voltmeter across the output circuit
should indicate a voltage that varies in step with
the LED. If there is no voltage, check the fuses
in the interface card.

If data is getting out onto the communications circuit
from the Control Terminal, determine if the Remote
Terminal is receiving data. The bottom LED on the
Remote modem should flash in step with the transmit
LED of the Control Terminal. When the Remote Terminal
transmits, its transmit LED will illuminate which, in
turn, should cause the receive LED at the Control Ter-
minal to be illuminated. ©Note that you can force the
modem to transmit by activating the TEST switch on

the front of the modem card.

When using a 2-wire line, the modem hears itself trans-
mit. You will see the transmit LED flash and the
receive LED ON most of the time with a periodic short

duration OFF period.
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1+8 FAULT ISOLATION - LEVEL 2

The following is a guide to the isolation of problems that are
associated with the various sensor inputs to the MRC~1l. Each
input or output, if subjected to an overvoltage or overcurrent
condition, will, in general, affect only a single sensor. If
any single telemetry (analog), status or command function fails
to function properly, first check the external wiring carefully.
With the suspect module placed on the extender card, determine
if the signal is present at the input (or output) of the final
transistor or gate on the card to your system. If optically-
isolated inputs or outputs are involved, be sure that a source
is provided and measure the voltages differentially with res-~
pect to the chassis. Also, with the analog signals, a minimum
voltage of 0.256V must be present across the two inputs in order
to calibrate a telemetry channel.

Because of the very heavy filtering that is done on all the lines
that pass through the interface cards, do not expect the system
to respond to very short-duration pulses. The problem of keep—
ing stray RF energy out of the Remote Terminal places a number

of constraints on the response time of all inputs and outputs

of the MRC-1.

Along the same line, it is possible that opening up and/or oper-
ating a Remote Terminal with cards on an extender board may run
into problems due to the RF field present. MRC-1l's have been sub-
jected to operation in AM, FM, TV and combination transmitter
environments with confirmed success. However, since we have no
control over your particular environment, no guarantee is made

that the unit will function open in all circumstances.
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8,0 CIRCUIT DESCRIPTIONS

8.1 INTRODUCTION

The circuit description for the various printed circuit modules
and assemblies in a standard MRC-1 are contained in this section
in the form of a documentation package for each assembly.

Note: On some boards, early production units may contain DM81LS97
integrated circuits in place of the SN74LS244 I.C.'s shown in the
prints and mentioned in the descriptions. Similarly, early pro-
duction wunits may contain DM81LS98 circuits in place of SN74LS240.
(These changes were made due to considerations of parts availabi-
lity, not due to problems with the older parts.)

Figure 8.1 shows pin-outs for the older and newer parts.

MRC-1 8-1
Rev. 9 June 1980



SN7415244 (on newer production units)

18 16 14 12 9 7 . 3
X AN AR AN
i \//\\ //\\ /Z\ / Y SZ 825
‘l 2 4 6 8 [} 13 15 17 19
DM81LS97 (on some older production units)
3 X X 9 I 13 IS /K
, ,‘* /\ Z\ TANI A
AL NENL XL XL X
I ‘2 a4 6 8 12 14 16 18 19
Figure 8.1

SN74L5240 is the same as SN74LS244 except for inversion of the

outputs. Similarly, DM81LS98 is an inverting version of DM81LS97.
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REMOTE TERMINAL FRONT PANEL
Assembly 20C2703

Schematic 91C7127
PC Board 51B5842

I. PURPOSE

This module has five functions:

1. Display site number, channel number, and value on
seven-segment displays

2. Display thirty-two user status inputs (if installed)
on discrete LED's

3. Display system status on discrete LED's
4, Provide an audible alarm

5. Encode keyboard entries for use by the CPU board

II. THEORY OF OPERATION

A. Overall: The front panel can be looked upon as a X-Y
matrix, the X direction being data, and the Y direction
being a location. The X path consists of six bits, while
the Y path is five bits describing 32 (25) locations, 21
of which are used.

Location bits BO-B4 are decoded using a 4 to l6-bit decoder
(U22) to provide locations 1 through 16, and a 3 to 8-bit
decoder (U23) to prdvide locations 17 through 21. When
accessing locations 1 through 16, all inputs of U20 are
high, forcing the output low. This enables tri-state

REMOTE TERMINAL FRONT PANEL (20C2703)
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buffer Ul7, allowing data to be sent to Ul-Ul6é. When
accessing locations 17 through 21, one of the inputs of U20
will be low, forcing the output high, causing pin 12 of

Ul9 to go low. This enables tri-state buffer U21, allowing
data from the keyboard matrix to be sent to the CPU board.
No locations are accessed unless CB2 (J2-11) is low.

This signal is normally high, and pulses low for 7 micro-
seconds when writing new data into locations 1 through 16.
It is held low while reading the keyboard.

B. Seven-Segment Displays: Y locations 1 through 8 are

used to select the eight seven-segment displays. Data is
applied at J2-1 through J2-6 (A0-A5) to the inputs of Ul7.
Ul7 is used to buffer the relatively low drive capabili-
ties of the signals from the CPU board. Bits A0 through
A3 are applied to the A, B, C, and D inputs of the TIL-308
displays. The resultant displays are shown in Fig. 1.

Bit A4 is used to control the left-hand decimal point.

C. User Status: Data for the user status appears on AQ-

A5 and is clocked into hex D latches Ul through U6. This
data is active low; the LED is ON if the corresponding

bit is low. Resistors R1-R32 are used to limit the current
through the LED's.

D. System Status: Data for system status is supplied in

the same manner as the user status. U7 and U8 are used to
store the status and drive the LED's.

E. Audible Alarm: Data bit A4 at location 16 (U8) is
latched in at U8 and fed to audible alarm driver Ql. This

REMOTE TERMINAL FRONT PANEL (20C2703)
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bit is active high and drives the Sonalert if J2-15 (alarm
drive) and J2-16 (internal alarm) are connected together

by the user.

F. Keyboard: During accessing of locations 17 through 21,
data lines A0-AS5 will normally be low, indicating that no
push buttons are activated. A push-button activation will
cause the appropriate location line to be connected to a
data line, causing the data bit to go high.

III.  TIMING DIAGRAMS
80-85 NOT VALID X VALID
CcB2 l
|-6ul-—-t-— Tus ——e={
ENI-ENS

AO-AS
SAMPLED

EN9~-ENI6
§ AO-AS
! SAMPLED

REMOTE
Rev. 9
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IV. TROUBLESHOOTING

L.

Verify that the site, channel, and value displays blank
out, and all of the discrete LED's are lit during re-
set (depressing the RESET switch on the CPU board).

If this does not occur, check pins 14 and 13 of UlS8;

both should go low during reset. If this does not occur,
refer to the section on the CPU interface board.

If certain numbers will not appear on a display, sus-
pect the display IC. If certain numbers will not
appear on all the displays, there may be a stuck bit on
AO0-A5. A stuck bit should also show up on the status
lights; this will show up on LAMP TEST, where the LED
will not change its state. Stuck bits may be caused
by a defective Ul-Ul7 or U21l, or a failure on the CPU
board. Remove Ul7 from its socket. All LED's should
be OFF and the BCD displays should read "F". If they
do not, this indicates either a short to ground or a
defective input on Ul-Ul6. Remove Ul-Ul6, one at a
time, (leaving only one out at a time) until the dis-
plays read correctly. If doing this for all of Ul-Ule6
does not solve the problem, check with an ohmmeter
(with the power OFF) from AO-A5 to ground to check for
shorts.

Most failures in the keyboard will be caused by a mal-
functioning key-switch. If a key-switch will not func-
tion, try shorting across its two contacts on the rear
of the PC board with-'a jumper wire. If this performs

the appropriate function, replace the switch. Another

possible problem is if the key-switch is shorted, this

REMOTE TERMINAL FRONT PANEL (20C2703)
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will result in an apparently dead keyboard. The easiest
way to check for this is to remove power from the unit

and check across each key-switch with an ohmmeter, look-
ing for a shorted switch.

REMOTE TERMINAL FRONT PANEL (20C2703)
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CPU BOARD

Schematic 91D7132
Assembly 20B2710
PC Board 51B5849

PURPOSE

IT.

This module has six (6) functions:

. CPU and Buffers

2K EPROM and Priority Interrupts

I/0 Preselect

Bit Rate Generator

Front-Panel Drive

Indicators and Controls for CPU Interface Board

AUV WN
o

ELECTRICAL ADJUSTMENTS

ITI.

When power is applied to the unit for the first time, R30

should be adjusted. Turn R30 counterclockwise until CR4
(reset) illuminates. Then, turn clockwise until the LED
goes off. Continue turning R30 for one more full turn.
S1 is used to generate a *PF and *RESET signal, and is
used mainly for troubleshooting. A jumper from U9 pin 1
to ground is used to disable the internal RAM on the CPU
and is normally installed. A jumper between P1-10 and
Ul pin 35 is used to supply power to the internal RAM on
the CPU and is not normally installed.

THEORY OF OPERATION

Overall: The CPU generates the addresses from which

data will be stored or retrieved. The address, bus

CPU BOARD (51D7132)
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consists of 16 bits, allowing 65536 (216) addresses. These lines are
used on the CPU to select the PIA (Peripheral Interface Adapter), the
EPROM (Erasable Programmable Read Only Memory), and the PIC (Priority
Interrupt Controller).

The data bus (D0-D7) is used to carry the data between the CPU and
other parts in the system. This bus is bi-directional. When the
CPU writes data, the CPU outputs and the peripherals input. Con-
versely, when the CPU reads data, the CPU inputs and the peripherals
output. The direction of data flow is controlled by the R/W (Read
or Write) line. Data is read into the CPU when this line is high.
The VMA (Valid Memory Address) output of the CPU signals to the
address decoding logic that the address line has a valid address on
it., No data transfers occur unless this line is high. Output line
E (Enable) is a 1 MHz square used for bus timing. Data transfers
occur when this line is high. BA (Bus Available) signals that the
CPU has gone inactive as a result of a request generated by an
external device, such as DMA (Direct Memory Access).

The PIC is used to sequence interrupts to the CPU by allowing
higher priority devices to go first. The EPROM is used to store
the program (or part of it). The PIA is used to drive the front
panel along with six (6) miscellaneous functions. The bit rate
generator is used to divide the 1 MHz E signal to approximately
19200 Hz, suitable to run 1200 or 300 baud.

A. CPU and Buffers

Yl and Ul form a 4.00 MHz crystal oscillator, operating in the
parallel resonant mode. C21 and C22 are incorporated to ensure

that Y1 does not start oscillating in the third-overtone mode.

CPU BOARD (91D7132)
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U9A disables the internal RAM of the CPU during power up and
power down. If the jumper is inserted from pin 1 to ground,

the internal RAM will always be disabled. This is the case when
a RAM/ROM memory board is used in the system. The NMI input

is used for a device requiring very fast service from the CPU.
The jumper from P1-10 to Ul pin 35 is used to power the ON

CPU RAM; it is not used if a RAM/ROM memory board is used in the
system. The HALT input stops the CPU after it is finished execut-
ing the present instruction. The CPU then releases itself from
the bus and sets the BA (Ul, pin 7) output high. This action '
signifies to the device that pulled HALT low to commence transfer
of data on the bus. Address lines A0 through A7 are buffered

by tri-state octal buffer U5; likewise, lines A8 through Al5 are
buffered by U6. The enables for U5 and U6 are controlled by VMA
from the CPU. 1In this way, the address lines to the rest of the
system are only active when valid addresses are available. VMA
is also gated with the *DMA input by UlOA. This allows a DMA con-
troller to simulate VMA to the rest of the system by pulling *DMA
low. Data lines D(0-D3 are buffered by U7; likewise, D4-D7 are
buffered by U8. ULlOB and Ul0C are used to enable U7 and U8. One
input of UlOB and Ul0C is fed out of phase from the R/W line so
only one can be enabled at a time. The other input of Ul0B and
UlQC is driven by Ul7B, which only allows the buffers to be acti-
vated if BA is low and if none of the I/0 or memory is activated
on the CPU board. This is required to prevent both the bus
buffers and the PIA or EPROM from trying to feed data to the CPU
simultaneously.

B. 2K EPROM and Priority Interrupts

U4 is addressed at locations F800-FFFF which are decoded by Ul9.
Address lines All-Al5 are applied to the inputs of Ul9 along with
VMA and R/W. The R/W is including so that a write operation to

CPU BOARD (91D7132)
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F8Q00-FFFF will not cause a buss conflict between U4 and the CPU.

The PIC (U3) is addressed at locations FFEO-FFFF which are decoded
by Ul8, Ul5B and Ul7A. Address lines A5-Al5 are applied to the
inputs Ul8 and U1l5B along with VMA. During normal operation,
address lines Al through A4 are passed from the Al-A4 inputs of
U3 to outputs Z1-Z4 which allows normal addressing of the EPROM.
If an interrupt input of U3 is pulled low, it will pull its IRQ
output low, generating an interrupt of the CPU. In case of an
interrupt, the CPU will fetch the address of the service routine
at locations FFF8 and FFF9. These two addresses are decoded by
U3, and used to modify its Z1-Z4 outputs in accordance with which
interrupt is active, allowing a modified address to reach U4. 1In
this manner, there are eight (8) interrupt service addresses in-
stead of one (1).

C. I/0 Preselect

I/0 is assigned addresses 8000 through 81FF in this system. Ra-
ther than decode all 16 address lines on each I/O board, an I/O
preselect system is used. Address lines A9-Al5 and VMA are gated
together in Ul6A, Ul6B and Ul5A to form *PRE.

This signal goes low when a valid address from 8000 to 81FF is
on the address bus. This signal is inverted by Ul2C to form an
active high signal and put on the bus. Most I/O boards conform
to the following addressing convention:

Al5/A14/A13/A12/A11/A10/A9/A8/A7/A6/A5/A4/A3/A2/A1/A0
1 0 0 0 0 0 0T T T B B B B R R

CPU BOARD (91D7132)
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Board Number
Register Select

Where: 1 = High
2 = Low
T = Board Type
B =
R =

D. Bit Rate Generator

IC's Ul3 and Ul4 along with Ul0OD form a synchronous divide by 52
circuit. Ul4 counts from 3 to 15 providing a division of 13 while
Ul3 divides the output of Ul4 by 4. In this manner, a 19237 Hz
square wave is generated at the baud output. This clock is used
by ACIAs (Asynchronous Communications Interface Adapters) to
provide data at either 1202 baud or 300.5 baud, which is within
0.2 percent of the standard 1200 and 300 baud.

E. Front-Panel Drive

U2 is used to drive the front panel and is located at addresses
8004 through 8007. There are three chip select inputs on the
MC6821; 2 active high and 1 active low. The active low input is
connected to *PRE which will go active with addresses 8000-81FF.
Address lines A6, A7 and A8 are NOR'ed together at Ul6C and fed
to the first active high input. Address line A2 is applied to
the second active high input to U2 providing the "04" offset to
the base address of 8000. Lines CAl and CA2 are used as inter-
rupt inputs and allow interrupts every 16.7 ms for 60 Hz or 20 ms
for 50 Hz, and also for loss of main power. The interrupt output
of U2 is connected on the board to interrupt input 7 of U3. This
is the highest priority interrupt. Output lines PA6é and PA7 are
applied to the CPU interface card and used for an external main-
tenance override and failsafe outputs. Output line PB6 and input
line PB7 are used for control of the low-battery detector on the
CPU interface card. Lines PAQO-PA5 are bi-directional and carry
data to and from the front panel. Output lines PB0-PB4 are used

CPU BOARD (91D7132)
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to access various elements on the front panel.

F. Indicators and Controls for CPU Interface Board

Switch S1 is connected from *PF to ground and is used to simulate
a power down/power up sequence. This switch is mainly used for
troubleshooting. CR4 indicates activity of the reset line and is
used to adjust the power fail threshold potentiometer R30. CR1-CR3

are provided to give a visual indication of operation of the +15,
-15 and +5V power sources.

CPU BOARD (91D7132) -6-
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Iv. TIMING DIAGRAMS

e —— +5
Ul PIN 4
- o
fo—— | c—
FOR 50 Hz t= 20 ms
FOR 60 Hz t= 16.7 ms
+5
Uuil2 PIN §
. o}
e 52 48 ——p
+85
ul PIN 37
— 0

e | IS ———
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TROUBLESHOOTING

CPU and Buffers

A.

Bl

Verify +5, +12 and -12 volts are present on board.

The RESET LED (CR4) should be OFF except when switch S1

is depressed or during initial power up.

Verify the ENABLE signal by checking IC Ul pin 37. A
1 MHz square wave should be observed. If this signal
is not present, verify proper +5 volt supply voltage
is present at pin 8. Pins 1 and 21 should be grounded.
If proper IC voltages are present, suspect the crystal
or MC6802 IC.

If RAM enable jumper is present, IC Ul pin 36 should
be low. If no jumper is present, verify pin 36 of IC Ul
is high.

Verify the following levels on IC Ul (MC6802):

*HATLT Pin 2 = +5 volts (+.25V)
*NMI Pin 6 = +5 volts (%.25V)
BA Pin 7 = 0 volts (%.25V)
*RESET Pin 40 = +5 volts (%.25V)

Check IC Ul pin 4 for real time clock interrupt signal
(60 Hz pulse). If this signal is absent, check IC U2
pin 40 for the real time clock signal from the CPU inter-

face card.

Check for activity on the Read/Write line, pin 34, and
valid memory address, pin 5. Both lines should toggle
in a non-periodic manner. If this is not observed, the
problem may be in the microprocessor IC or another IC
connected to these lines.

Using an oscilloscope, observe the address and data lines,

CPU BOARD (91D7132)
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pins 2 through 33. These lines are three-state and often
appear to float in between HI and LOW. The inputs and
outputs of the SN74LS244 should appear similar. The data
and address lines may be observed using an extender card

and checking the even numbered pins between 12 and 58.

EPROM and Priority Interrupt

Check IC U4 (TMS2716) for proper supply voltages.

+5Vv Pin 24
-5V Pin 21
GND Pin 12

+12Vv Pin 19

Attach an oscilloscope to chip select (pin 18) of IC U4.
After pushing the reset push button, two low-going pulses
should be seen. If pulses are not present, check IC Ul9.

Check data and address lines for activity.

Observe pin 23 of IC U3. It should be normally high with
low=-going pulses approximately every 20 ms. If these pul-
ses are not present, check IC U3 pin 11 for these pulses.

Preselect

Check the inputs of IC Ul6A and IC Ul6B for activity coin-
cidental with activity on addresses A9 through Al4.

Check pin 8 or IC Ul5A for low-going pulses. If no pulses
are observed, check input signals on pins 9, 10, 12 and 13.

Output from the Inverter Buffer (IC Ul2C) should look simi-
lar to IC Ul5A pin 8, only inverted.

CPU BOARD (91D7132)
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4., Bit Rate Generator

A. Check for the 1 MHz ENABLE signal on pin 2 of IC Ul3
and IC Ul4. If signal is not present, trace back to
the origin, IC Ul pin 37.

B. Check each pin of IC Ul3 and IC Ul4, which is pulled
high by R7 to verify a "HIGH" very near +5 volts.

C. Pin 15 of IC Ul4 should have a 1 us pulse every 13 usec.
IC Ul3 pin 13 should have a 52 usec square wave.

CPU BOARD (91D7132)
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CPU INTERFACE
Schematic 91C7215

Assembly 20C2781
P.C. Board 51C5907

PURPOSE

LI.

This module has eight functions:

1. Power failure sensing.

2. Power-on reset.

3. 50-Hz or 60~-Hz real time clock.

4. Battery Backup Switching and Charging.
5. Low Battery Voltage Sensing.

6. Output Relays for Failsafe and Maintenance Override
Indication.

7. Connection for Audible Alarm Muting.
Auto-restart in the event of malfunction.

SPECIFICATIONS

1. The maximum battery charging current is 75 mA. This is
suitable for up to 7.5 AH Gel-Cell batteries. For a

larger battery, use an exterxrnal charger.

2. For a battery voltage of 6 V, it is float-charged at
6.75 volts. The battery is éonsidered discharged when
the battery voltage under load drops below 5.0 volts.
The maximum voltage applied to the battery terminals
should not exceed 7.0 volts.

3. The voltage and current ratings of the maintenance
override and failsafe relays are 24 VDC and lA. Relay

contacts are brought on to the rear panel connector.

CPU INTERFACE (91C7215)
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III.

4. Aural external drive output
12 v
25 mA

maximum voltage

maximum current

maximum current from +5 V output = 25 mA (internal
defeat)

Power user supplied, output is 0.C. sink to chassis

ELECTRICAL ADJUSTMENTS

IV.

1. Battery Charge Voltage (R28): This control is set at

the factory for 6.75 V across the binding posts. This
is the correct float-charge voltage for the supplied
batteries and should not need adjustment.

THEORY OF OPERATION

1. Power Failure Sensing

AC from the secondary of the power supply transformer
is suplied at pins P1-11 and Pl1-13. The AC is full-
wave rectified with CR1 and CR2, then filtered using
Cl. A potentiometer is connected to P1-91 and ground
on the CPU board. R1l, R2 and the potentiometer form an
adjustable attenuator that is used to compensate for
variances in local line voltage and frequency. UlA,
along with R4, form a comparator with hysteresis. The
threshold is maintained constant with CR3, a 3.1 V Zener
diode. When normal line voltage is applied, the posi-
tive input of UlA is above the 3.1 V, causing the out-
put to be high. If the AC supply should fail for a
period of time (nominally 10 ms), the positive input

to the comparator will fall below 3.1 V and cause the
output *PF to go low.

CPU INTERFACE (91C7215)
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Power-0On Reset

When power is applied to the unit, *PF will go high, allow-

ing C4 to charge through R8. This voltage is applied to
the negative input of a comparator consisting of UlB and
the 3.1 V reference. After approximately 400 ms, the
negative input will reach the reference level causing the
output of UlB to go low, which removes the base drive to
Ql allowing the collector to be pulled high by R14. When
power is removed from the unit, *PF will go low discharg-
ing C4 through R7 and CR4. Operation is much quicker in
this direction and reactivates *RESET approximately 3 ms
after *PF goes low.

Real Time Clock

AC from the power supply transformer secondary is supplied
at P1-13 and rectified by CR5. This is applied through
voltage divider R15, R1l6 to the positive input of a voltage
comparator (UlC). On the output of the comparator is a
rectangular wave having a duty cycle of about 55%.

Battery Backup Switching and Charging

Fifteen volts from the power supply is regulated down to
7.45 volts by U2. This is passed through CR10 to the bat-
tery terminal. R28 is adjusted such that 6.75 V is applied
at the battery terminals with no load. R29 is used to pro-
tect U2 in case of a short across the battery terminals.
During normal operation, Q3 is biased on through R26 by

the +15 V supply; this allows the main 5 V supply to be
applied to the 5 V standby bus. When either the +15 V or
main 5 V supply fails, the base of Q5 is pulled toward
ground by either CR7 or CR8. This forward biases Q4
allowing the battery voltage to be passed to the 5 V

CPU INTERFACE (91C7215)
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standby bus. The 6 vplts at the battery terminals is
reduced to an acceptable voltage by the voltage drops
of CR9, Q4 and Q5.

Low Battery Voltage Sensing

A comparator (UlD) is used as a bistable multivibrator.
When main power is not applied, the voltage at the out-
put of UlD will reflect the voltage of the 5 V standby
bus. This voltage is dropped 0.6 V by CR6 and fed back
to the positive input of UlD to keep the output high.

If the voltage at the positive input falls below the
reference voltage, the output of UlD will be forced low.
This occurs when the 5 V standby bus falls to 3.1 V.
This removes the voltage at the positive input which
effectively latches the output low. Upon reapplication
of main power, C6 filters out any glitches that might
alter the state of UlD. If the output of UlD did go
low, this will tell the computer that the battery failed
during the power outage. To reset the latch, a pulse of
at least 10 ms is applied by the CPU to P1-71. This
causes Q2 to conduct, removing the reference voltage to
the comparator. The voltage divider of R22 and R25 is
used to provide at least 0.4 V at the positive input to
cause the output to go high when the reference voltage

is removed.

Maintenance Override and Failsafe Relays

To activate the PFailsafe output, P1-79 is set high from
the CPU board. U5 ensures that the relay will not close
when the *RESET line is in its low state, thus prevent-
ing a "glitch" when the unit is plugged in or the reset
button is pushed. Each gate of U5 has an open-collector

output which can sink the current required to activate

CPU INTERFACE (91C7215)
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a relay when both inputs to the gate are in their "high"
state. Voltage regulator U4 provides +12 V to the other
side of the coil. When the relay is activated a closure
occurs between pins 3 and 4 of the rear connector.

The Maintenance Override output is almost identical.

P1-77 is set high from the CPU board to activate the relay.
A closure will then be observed between pins 1 and 2 of

the rear connector.

The closure between the Failsafe terminals will be
observed when the unit is not in a failsafe condition.

The closure across the Maintenance Override terminals will
be observed when the unit is in a Maintenance Override
condition.

In boards installed at an MRC-1 Control Terminal these
relays are never activated and serve no function. The
relays are installed, however, to preserve interchange-
ability with boards installed in remote terminals.

These relays are capable of switching a load of up to
24 VDC at currents of up to 1 ampere. Inductive loads
(relay coils, etc.) should have a "clamping" diode
wired across them to inhibit negative voltage spikes.
External relays should be used when it is desired to
switch greater loads (or AC loads).

These relays may also be interfaced with transistor-
transistor logic (TTL) digital circuits. The relay con-
tacts should be wired so that one side is referenced to

the digital common (ground), and the other relay contact
to the digital input. A pull-up resistor may be necessary,
and it is advisable to wire a 1 uyF capacitor and a 100-ohm

CPU INTERFACE (91C7215)
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resistor (in series) across the relay output to suppress
contact bounce. See FIGURE I.

___________ - g sot soimecre
MRC 1 ! :- DIGITAL EQUIPMENT
! ! + 5V
| |
: . 2K OHMS
N.C. !
'
"‘\\ |
= I ”/ 8 1
e 1o
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I
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|
I
I

FIGURE I

Auto-Restart in the Event of Program Malfunction

Integrated circuit U3 (74LS123) is a dual retriggerable
monostable multivibrator ("one=-shot"). During normal
program operation, line P1l-71 is continually strobed
from the CPU board. Each pulse reaching pin 1 of U3
"retriggers" the first stage of U3 for another 500 msec.
The output at pin 13 will remain high as long as pulses
at pin 1 arrive at least every 500 msec. Should these
pulses cease (because for any of a number of reasons
the program has ceased running properly), the output

at pin 13 falls to ground. The falling edge at pin 9
causes a l-msec pulse at pin 5. If the jumper marked
"Auto-Restart" has been installed, transistor Q6 is
switched on, causing the *RESET line to fall to ground

and re-initiating operation of the program.

CPU INTERFACE (91C7215)
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The jumper marked "Continuous Restart”" enables continu-
ous retries, should the first attempt to restart be un-

successful. This feature does not appear on some early

production units.

CPU INTERFACE (91C7215)
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VI.

TROUBLESHOOTING

CPU INTERFACE

Rev. 10 October 1980 -8-
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3ie

Read the section on troubleshooting presented in

Section 7.4.

Specific areas on this board that must be functional

for any operation of the CPU are as follows:

a.

Verify presence of +5 V on the 5 V standby bus.

If it is not there, check for short to ground or
Q3 open.

Check for waveform at Pl-11 and P1-13 (AC in). If
not there, check CR1l, CR2, Cl, and the two 100-ohm
resistors mounted on the power supply.

Check voltage at pin 4 of Ul. It should be between
3.0 and 3.2 volts. If not, check Ul and CR3.
Check waveform at Ul pin 2 (*PF). If it is low,
try readjusting the trim potentiometer on the CPU
board (R30). If this does not correct it, check
for shorts or replace Ul.

If *PF is normal but *RESET is still low, check for
at least 4.5 V at pin 6 of Ul and 2.5 to 3.5 V at
pin 7. If these are normal, pin 1 of Ul should be
less than 0.5 V. If not, suspect Ul. If so, the
collector of Q1 (P1-59) should be near +5 V. 1If
not, check U3 pin 5, which should be near ground.
If not, suspect U3. If U3 pin 5 is indeed near
ground, suspect Ql, Q6, or a short ground at P1-59.
Check waveform at Ul pin 13. If it is not correct,
suspect CR5 or Ul.

Circuits that will not stop operation of the CPU are:

a. Maintenance override and failsafe drivers can be
checked with a VOM; most probable cause of failure
is U4 or US.

(91C7215)



b. When main power is applied to the unit, Ul pin 14
should be near +5 V. If it is not, try momentarily
grounding pin 8. If pin 14 is still low, suspect
CR6, C6 or UL,

c. If voltage at the red (+) battery terminal is not
6.75 V £0.1 V, with the battery disconnected, check

the voltage on R29. TIf should be approximately 7.45 V.
If not, suspect U2, or R28,.

CPU INTERFACE (91C7215)
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MEMORY BOARD 8 X 4

Schematic 91D7135
Component Layout 20B2712
PC Board 51B5850

L PURPOSE

This memory board contains additional memory for program
and data storage. Up to 8 kilobytes of erasable program-
mable read only memory (EPROM) may be installed for pro-
gram storage. Data is both written and read into random

access memory (RAM). This board has provisions for four
kilobytes of RAM.

II. TECHNICAL DESCRIPTION

Address ranges for both PROM and EPROM are selected inde-
pendently using slide switches of DIP switch S1, allowing
multiple memory boards to be used in special applications.
Slide switches 1 and 2 are used to assign EPROM addresses,
which occur in 8kbyte blocks from 8000 to FFFF hex. The
output of IC Ul2, Pin 6 is used as an enable strobe for

the EPROM chip select decoder (IC Ul3), allowing the proper
memory IC to be selected. Slide switches 3 and 4 are used
in assigning RAM addresses which are in 4kbyte blocks rang-
ing from @g@@F@ to 3FFF hex. Pin 8 of IC Ul2 is used as a
RAM access enable strobe for the half of IC Ul3 used to
select the proper RAM IC.

Each TMS2716 EPROM is 8 bits by 2048 words; however, the

. MEMORY BOARD 8 X 4 (91D7135)
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TMS4045 RAM is only 4 bits wide by 1024 words. Two RAM
IC's are enabled at the same time to allow storage and
retrieval of 8-bit data words.

Slide switch 5 disables the address buffers when EPROM is
selected. Normally, this switch is closed so EPROM can be
read. In applications which require additional memory
cards with RAM only, this switch would be opened on the
cards without EPROM. Slide switch 6 disables EPROM when
RAM is accessed. Its operation is similar to the operation
of slide switch 5.

IIT. TROUBLESHOOTING

A. Make sure the slide switches are in proper position.
In a standard Remote or Control Terminal, all memory

board slide switches should be in the ON position.

B. Verify proper +12, -5, +5 volt supply voltages are
present. It is best to measure these voltages at the
actual memory IC pins.

C. Check EPROM ENABLE signal (IC Ul2, Pin 6) by observing
waveform. EPROM should be enabled frequently when
the system is operating properly. If no toggling is
observed, check the address select circuitry (IC Ull
and Ul2).

D. Check the RAM ENABLE signal (IC Ul2, Pin 8) by observ-
ing waveform. It should frequently toggle if address

selection circuitry is operating properly.

E. Verify that the SN74LS244 bus drivers are enabled, allow-

ing data to be read and written from the data bus.

MEMORY BOARD 8 X 4 (91D7135)
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CPU BOARD

Schematic 91D7132
Assembly 20B2710
PC Board 51B5849

6. Indicators and Controls for CPU Interface Board

When power is applied to the unit for the first time, R30
should be adjusted. Turn R30 counterclockwise until CR4
(reset) illuminates. Then, turn clockwise until the LED
goes off. Continue turning R30 for one more full turn.
S1 is used to generate a *PF and *RESET signal, and is
used mainly for troubleshooting. A jumper from U9 pin 1
to ground is used toc disable the internal RAM on the CPU
and is normally installed. A jumper between P1-10 and

Ul pin 35 is used to supply power to the internal RAM on
the CPU and is not normally installed.

Lo PURPOSE
This module has six (6) functions:
l. CPU and Buffers
2. 2K EPROM and Priority Interrupts
3. I/0 Preselect
4. Bit Rates Generator
5. Front-Panel Drive

Il ELECTRICAL ADJUSTMENTS

ITIT THEORY OF OPERATION

Overall: The CPU generates the addresses from which

data will be stored or retrieved. The address bus

CPU BOARD (91D7132)

Rev.

10 Nov. 1980 -1-



consists of 16 bits, allowing 65536,(216) addresses. These lines are
used on the CPU to select the PIA (Peripheral Interface Adapter), the

EPROM (Erasable Programmable Read Only Memory), and the PIC (Priority
Interrupt Controller).

The data bus (D0=D7) is used to carry the data between the CPU and
other parts in the system. This bus is bi-directional. When the
CPU writes data, the CPU outputs and the peripherals input. Con-
versely, when the CPU reads data, the CPU inputs and the peripherals
output. The direction of data flow is controlled by the R/W (Read
or Write) line. Data is read into the CPU when this line is high.
The VMA (Valid Memory Address) output of the CPU signals to the
address decoding logic that the address line has a valid address on
it, No data transfers occur unless this line is high. Output line
E (Enable) is a 1 MHz square used for bus timing. Data transfers
occur when this line is high. BA (Bus Available) signals that the
CPU has gone inactive as a result of a request generated by an
external device, such as DMA (Direct Memory Access).

The PIC is used to sequence interrupts to the CPU by allowing
higher priority devices to go first. The EPROM is used to store
the program (or part of it). The PIA is used to drive the front
panel along with six (6) miscellaneous functions. The bit rate
generator is used to divide the 1 MHz E signal to approximately
19200 Hz, suitable to run 1200 or 300 baud.

A. CPU and Buffers

vl and Ul form a 4.00 MHz crvstal oscillator, operating in the
varallel resonant mode. C21 and C22 are incorporated to ensure

that Y1 does not start oscillating in the third-overtone mode.

CPU BOARD (91D7132)
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U9A disables the internal RAM of the CPU during power up and
power down. If the jumper is inserted from pin 1 to ground,

the internal RAM will always be disabled. This is the case when
a RAM/ROM memory board is used in the system. The NMI input

is used for a device requiring very fast service from the CPU.
The jumper from Pl-10 to Ul pin 35 is used to power the ON

CPU RAM; it is not used if a RAM/ROM memory board is used in the
system. The HALT input stops the CPU after it is finished execut-
ing the present instruction. The CPU then releases itself from
the bus and sets the BA (Ul, pin 7) output high. This action
signifies to the device that pulled HALT low to commence transfer
of data on the bus. Address lines AQ through A7 are buifered

by tri-state octal buffer US; likewise, lines A8 through AlS are
buffered by U6. The enables for US and U6 are controlled by VMA
from the CPU. In this way, the address lines to the rest of the
system are only active when valid addresses are available. VMA
is also gated with the *DMA input by Ul0A. This allows a DMA con-
troller to simulate VMA to the rest of the system by pulling *DMA
low. Data lines D0=-D3 are buffered by U7; likewise, D4=-D7 are
buffered by U8. Ul0B and Ul0C are used to enable U7 and U8. One
input of Ul0B and Ul0C 1is fed out of phase from the R/W line so
only one can be enabled at a time. The other input of UlCB and
UlQ€ is driven by Ul7B, which only allows the buffers to be acti-
vated if BA is low and if none of the I/0 or memory is activated
on the CPU board. This is required to prevent both the bus
buffers and the PIA or EPROM from trying to feed data to the C2U

simultaneously.

B. 2K EPROM and Prioritv Interrupts

U4 is addressed at locations F8QO0-FFFF which are decoded by Ul9.
Address lines All-Al5 are applied to the inputs of UlS along with
VMA and R/W. The R/W i1s including so that a write operation to

CPU BOARD 132)
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F8000-FFFF will not cause a buss conflict between U4 and the CPU.

The PIC (U3) is addressed at locations FFEO-FFFF which are decoded
by Ul8, UlSB and Ul7A. Address lines A5-AlS are applied to the
inputs Ul8 and Ul5B along with VMA. During normal operation,
address lines Al through A4 are passed from the Al-A4 inputs of
U3 to outputs 21-Z4 which allows normal addressing of the EPROM.
If an interrupt input of U3 is pulled low, it will pull its IRQ
output low, generating an interrupt of the CPU. 1In case of an
interrupt, the CPU will fetch the address of the service routine
at locations FFF8 and FFF9. These two addresses are decoded by
U3, and used to modify its Z1-Z4 outputs in accordance with which
interrupt is active, allowing a modified address to reach U4. 1In
this manner, there are eight (8) interrupt service addresses in-
stead of one (1).

C. 1I/O Preselect

I/0 1is assigned addresses 8000 through 81lFF in this system. Ra-
ther than decode all 16 address lines on each I/0 board, an I/0
preselect system is used. Address lines A9-Al5 and VMA are gated
together in Ul6A, Ul6B and UlSA to form *PRE.

This signal goes low when a valid address from 8000 to 81FF is
on the address bus. This signal is inverted by Ul2C to form an
active high signal and put on the bus. Most I/0 boards conform

to the following addressing convention:

Al5/Al4/A13/A12/A11/A10/A9/A8/A7/A6/A5/A4/A3/A2/A1/A0
1 0 Q Q Q 0 oT T T B B B B R R

CPU BOARD (91D7132)
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Where: 1l = High
2 = Low
T = Board Type
B = Board Number
R = Register Select

D. Bit Rate Generator

IC's Ul3 and Ul4 along with UlOD. form a synchronous divide by 52
circuit. Ul4 counts from 3 to 15 providing a division of 13 while
Ul3 divides the output of Ul4 by 4. In this manner, a 19234 Hz
square wave 1s generated at the baud output. This clock is used
by ACIAs (Asynchronous Communications Interface Adapters) to
provide data at either 1202 baud or 300.5 baud, which is within
0.2 percent of the standard 1200 and 300 baud.

E. Front-Panel Drive

U2 1s used to drive the front panel and is located at addresses
8004 through 8007. There are three chip select inputs on the
MC6821; 2 active high and 1 active low. The active low input is
connected to *PRE which will go active with addresses 8000-81lFF.
Address lines A6, A7 and A8 are NOR'ed together at Ul6C and fed
to the first active high input. Address line A2 is applied to
the second active high input to U2 providing the "04" offset to
the base address of 800Q0. Lines CAl and CA2 are used as inter-
rupt inputs and allow interrupts every 1l6.7 ms for 60 Hz or 20 ms
for 50 Hz, and also for loss of main power. The interrupt output
of U2 is connected on the board to interrupt input 7 of U3. This
is the highest priority interrupt. Output lines PA6 and PA7 are
applied to the CPU interface card and used for an external main-
tenance override and failsafe outputs. Output line PB6 and input
line PB7 are used for control of the low-battery detector on the
CPU interface card. Lines PAO0-PAS are bi-directional and carry
data to and from the front panel. Output lines PBO0-PB4 are used

CPU BOARD (91D7132)
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to access various elements on the front panel.

F. Indicators and Controls for CPU Interface Board

Switch S1 is connected from *PF to ground and is used to simulate

a power down/power up sequence. This switch is mainly used for
troubleshooting. CR4 indicates activity of the reset line and is
used to adjust the power fail threshold potentiometer R30. CR1-CR3

are provided to give a visual indication of operation of the +15,
-15 and +5V power sources.

C2U 30ARD (91D7132) -6=
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IV. TIMING DIAGRAMS-

|

Ul PIN 4
e 0
t
FOR 50 Hz t= 20 ms
FOR 60 Hz t=z |6§.7 ms
+3
Ul2 PIN §
—_— o]
5248 i
+5
Ul PIN 37
e ——— o
> | us
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TROUBLESHOOTING

CPU and Buffers

A. Verify +5, +12 and -12 volts are present on board.

B. The RESET LED (CR4) should be OFF except when switch S1
is depressed or during initial power up.

C. Verify the ENABLE signal by checking IC Ul pin 37. A
1 MHz sguare wave should be observed. If this signal
1s not present, verify proper +5 volt supply voltage
is present at pin 8. Pins 1l and 21 should be grounded.
If proper IC voltages are present, suspect the crystal
or MC68Q2 IC.

D. If RAM enable jumper is present, IC Ul pin 36 should
be low. If no jumper is present, verify pin 36 of IC Ul
is high.

E. Verify the following levels on IC Ul (MC6802):

*HALT Pin 2 = +5 volts (£.25V)
*NMI Pin 6 = +5 volts (£.25V)
BA Pin 7 = 0 volts (£.25V)
*RESET Pin 40 = +5 volts (£.25V)

F. Check IC Ul pin 4 for real time clock interrupt signal
(60 Hz pulse). If this signal is absent, check IC U2
pin 40 for the real time clock signal from the CPU inter-
face card.

G. Check for activity on the Read/Write line, pin 24, and
valid memory address, pin 5. Both lines should toggle
in a non-periodic manner. If this is not observed, the
problem may be in the microprocessor IC or another IC
connected to these lines.

H. Using an oscilloscope, observe the address and data lines,

CPU BOARD (91D7132)
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pins 9 through 33. These lines are three-state and often
appear to float in between HI and LOW. The inputs and
outputs of the SN74LS244 should appear similar. The data
and address lines may be observed using an extender card
and checking the even numbered pins between 12 and 58.

2K EPROM and Priority Interrupt

A.

I/0

Check IC U4 (TMS2716) for proper supply voltages.

+5V Pin 24
-5V Pin 21
GND Pin 12

+12V Pin 19

Attach an oscilloscope to chip select (pin 18) of IC U4.
After pushing the reset push button, two low-going pulses
should be seen. If pulses are not present, check IC Ul9.

Check data and address lines for activity.

Observe pin 23 of IC U3. It should be normally high with
low=going pulses approximately every 20 ms. If these pul-
ses are not present, check IC U3 pin 11 for these pulses.

Preselect

Check the inputs of IC Ul6A and IC Ul6B for activity coin-
cidental with activity on addresses A9 through Al4.

Check pin 8 or IC UlSA for low-going pulses. If no pulses
are observed, check input signals on pins %, 10, 12 and 13.

OQutput from the Inverter Buffer (IC Ul2C) should lock simi-
lar to IC UlS5A pin 8, only inverted.

CPU BOARD (91D7132)
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4. Bit Rate Generator

A. Check for the 1 MHz ENABLE signal on pin 2 of IC Ul3
and IC Ul4. If'signal is not present, trace back to
the origin, IC Ul pin 37.

B. Check each pin of IC Ul3 and IC Ul4, which is pulled
high by R7 to verify a "HIGH" very near +5 volts.

C. Pin 15 of IC Ul4 should have a 1 us pulse every 13 usec.
IC Ul3 pin 13 should have a 52 usec sguare wave.

CPU BOARD (91D7132)
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CPU INTERFACE

Schematic 91C7215
Assembly 20C2781
P.C. Board S51CS907

I. PURPOSE
This module has. eight functions:

1. Power failure sensing.

2. Power-on reset.

3. 50~Hz or 60~Hz real time clock.

4. Battery Backup Switching and Charging.
5. Low Battery Voltage Sensing.

6. Output Relays for Failsafe and Maintenance Override
Indication.

7. Connection for Audible Alarm Muting.
8. Auto-restart in the event of malfunction.

L. SPECIFICATIONS

1. The maximum battery charging current is 75 mA. This
suitable for up to 7.5 AH Gel-Czall batteries. For a
larger battery, use an external charger.

2. For a battery voltage of 6 V, it is float-charged at

is

6.75 volts. The battery is considered discharged when

the battery voltage under load drops below 5.0 volts.
The maximum voltage applied to the batteryvy terminals
should not exceed 7.0 volts.

3. The voltage and current ratings of the maintenance
override and failsafe relays are 24 VDC and lA. Relav

contacts are broucht on to the rear panel connector.

CPU INTERFACE (91C7215)
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III.

4. Aural external drive output

maximum voltage = 12 V
maximum current = 25 mA
maximum current from +5 V output = 25 mA (internal

defeat)
Power user supplied, output is 0.C. sink to chassis

ELECTRICAL ADJUSTMENTS

IV.

1. Battery Charge Voltage (R28): This control is set at
the factory for 6.75 V across the binding posts. This
is the correct float-charge voltage for the supplied

batteries and should not need adjustment.

THEORY OF OPERATION

1. Power Failure Sensing

AC from the secondary of the power supply transformer
is suplied at pins P1-11 and P1-13. The AC is full-
wave rectified with CR1l and CR2, then filtered using
Cl. A potentiometer is connected to P1-91 and ground
on the CPU bocard. R1l, R2 and the potentiometer form an
adjustable attenuator that is used to compensate for
variances in local line voltage and frequency. UlA,
along with R4, form a comparator with hysteresis. The
threshold is maintained constant with CR3, a 3.1 V Zener
diode. When normal line voltage is applied, the posi-
tive input of UlA is above the 3.1 V, causing the out-
out to be high. If the AC supply should fail for a
period of time (nominally 10 ms), the positive input

to the comparator will fall below 3.1 V and cause =he
output *PF¥ to go low.
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Power-On Reset

When power is applied to the unit, *PF will go high, allow-

ing C4 to charge through R8. This voltage is applied to
the negative input of a comparator consisting of UlB and
the 3.1 V reference. After approximately 400 ms, the
negative input will reach the reference level causing the
output of UlB to go low, which removes the base drive to
Ql allowing the collector to be pulled high by R1l4. When
power is removed from the unit, *PF will go low discharg-
ing C4 through R7 and CR4. Operation is much gquicker in
this direction and reactivates *RESET approximately 3 ms
after *PF goes low.

Real Time Clock

AC from the power supply transformer secondary is supplied
at Pl-13 and rectified by CRS. This is applied through
voltage divider R15, R16 to the positive input of a voltage
comparator (UlC). On the output of the comparator is a
rectangular wave having a duty cycle of about 55%.

Batterv Backup Switching and Charging

Fifteen volts from the power supply is regqulated down to
7.45 volts by U2. This is passed through CR1l0 to the bat-
tery terminal. R28 is adjusted such that 6.75 V is applied
at the battery terminals with no load. R29 is used to pro-
tect U2 in case of a short across the battery terminals.
During normal operation, Q3 is biased on through R26 by

the +15 V supply; this allows the main 5 V supply to be
applied to the 5 V standby bus. When either the +15 V or
main S V supply £fails, the base of Q5 is pulled toward
ground by either CR7 or CR8. This forward biases Q4
allowing the battery voltage to be passed to the 5 V

CPU INTERFACE (91C7215)
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standby bus. The 6 volts at the battery terminals is
reduced to an acceptable voltage by the voltage drops
of CR9, Q4 and Q5.

Low Battery Voltage Sensing

A comparator (UlD) is used as a bistable multivibrator.
When main power is not applied, the voltage at the out-
put of UlD will reflect the voltage of the 5 V standby
bus. This voltage is dropped 0.6 V by CR6 and fed back
to the positive input of UlD to keep the output high.

If the voltage at the positive input falls below the
reference voltage, the output of UlD will be forced low.
This occurs when the 5 V standby bus falls to 3.1 V.
This removes the voltage at the positive input which
effectively latches the output low. Upon reapplication
of main power, C6 filters out any glitches that might
alter the state of UlD. If the output of U1lD did go
low, this will tell the computer that the battery failed
during the power outage. To reset the latch, a pulse of
at least 10 ms is applied by the CPU to Pl-71. This
causes Q2 to conduct, removing the reference voltage to
the comparator. The voltage divider of R22 and R25 is
used to provide at least 0.4 V at the positive input to
cause the output to go high when the reference voltage
is removed.

Maintenance Override and Failsafe Relavs

To activate the Failsafe output, ?1-79 is set high from
the CPU board. US ensures that the relay will not close
when the *RESET line is in its low state, thus prevent-
ing a "glitch" when the unit is plugged in or the reset
button is pushed. Each gate of U5 has an open-collector

output which can sink the current required to activate
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a relay when both inputs to the gate are in their "high"
state. Voltage regulator U4 provides +12 V toc the other
side of the coil. When the relay is activated a closure
occurs between pins 3 and 4 of the rear connector.

The Maintenance Override output is almost identical.
P1-77 is set high from the CPU board to activate the relay.
A closure will then be observed between pins 1 and 2 of
the rear connector.

The closure between the Failsafe terminals will be
observed when the unit is not in a failsafe condition.

The closure across the Maintenance Override terminals will
be observed when the unit is in a Maintenance Override
condition.

In boards installed at an MRC-1 Control Terminal these
relays are never activated and serve nc function. The
relays are installed, however, to preserve interchange-
ability with boards installed in remote terminals.

These relays are capable of switching a load of up to
24 VDC at currents of up to 1 ampere. Inductive loads
(relay cdils, etc.) should have a "clamping" diode
wired across them to inhibit negative voltage spikes.
External relays should be used when it is desired to
switch greater loads (or AC loads).

These relays may also be interfaced with transistor-
transistor logic (TTL) digital circuits. The relay con-
tacts should be wired so that one side is referesnced to
the digital common (ground), and the other relay contact
to the digital input. A pull-up resistor may be necessary,

and it is advisable to wire a 1 uF capacitor and a 100-ohm
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resistor (in series) across the relay output to suppress
contact bounce. See FIGURE I.

DIGITAL EQUIPMENT
+ 5V

2K OHMS

|
| + lwF
|
‘h
e ° !
' 77
]
__________ J R
FIGURE I

Auto-Restart in the Event of Program Malfunction

Integrated circuit U3 (74LS123) is a dual retriggerable
monostable multivibrator ("one-shot"). During normal
program operation, line Pl-71 is continually strobed
from the CPU board. Each pulse reacfing pin 1 of U3
"retriggers"” the first stage of U3 for another 500 msec.
The output at pin 13 will remain high as long as pulses
at pin 1 arrive at least every 500 msec. Should these
pulses cease (because for any of a number of reasons
the program has ceased running properly) , the output

at pin 13 falls to ground. The £falling edge at 2in 9
causes a l-msec pulse at pin 5. If the jumper marked
"Auto-Restart" has been installed, transistor Q6 is
switched on, causing the *RESET line to fall to ground
and re-initiating operation of the program.
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The jumper marked "Continuous Restart" enables continu-
ous retries, should the first attempt to restart be un-
successful. This feature does not appear on some early
production units.
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VI.

TROUBLESHOOTING

CPU
Rev.

L,

INTERFACE

Read the section on troubleshooting presented in

Section 7.4.

Specific areas on this board that must be functional

for any operation of the CPU are as follows:

2.

rh

Verify presence of +5 V on the 5 V standby bus.

If it is not there, check for short to ground or
Q3 open.

Check for waveform at P1-11 and Pl-13 (AC in). If
not there, check CRl, CR2, Cl, and the two 100-ohm
resistors mountad on the power supply.

Check voltage at pin 4 of Ul. It should be between
3.0 and 3.2 volts. If not, check Ul and CR3.
Check waveform at Ul pin 2 (*PF). If it is low,
try readjusting the trim potentiometer on the C2U
board (R30). If this does not correct it, check
for shorts or replace Ul.

If *PF is normal but *RESET is still low, check for
at least 4.5 V at pin 6 of Ul and 2.5 to 3.5 V at
pin 7. If these are normal, pin 1 of Ul should be
less than 0.5 V. If not, suspect Ul. If so, the
collector of Q1 (P1l-59) should be near +5 V. If
not, check U3 pin 5, which should be near ground.
If not, suspect U3. If U3 pin 5 is indeed near
ground, suspect Ql, Q6, or a short ground at Pl-59.
Check waveform at Ul pin 13. If it is not correct,
suspect CRS or Ul.

Circuits that will not stop operation of the CPU are:

a. Maintenance override and failsafe drivers can be
checked with a VOM; most probable cause of failure
is U4 or US.

(91C7215)
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b. When main power is applied to the unit, Ul pin 14
should be near +5 V. If it is not, try momentarily
grounding pin 8. If pin 14 is still low, suspect
CR6, C6 or Ul.

c. If voltage at the red (+) battery terminal is not
6.75 V £0.1 V, with the battery disconnected, check
the voltage on R29. If should be approximately 7.45 V.
If not, suspect U2, or R2S.
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