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1. Introduction

The HFC-6000 distributed control system provides plant monitoring and control capabilities,
with monitoring and control responsibilities spread over multiple remote control units. The
HFC-SBC06 System Controller is the primary board used for implementing plant control
functions. This HFC-SBC06-DPM06 Module Design Specification describes the HFC-SBC06
System Controller board and HFC-DPM06 Dual Ported Memory board.

As shown in Figure 1, the HFC-SBC06 System Controller board is positioned in the HFC-6000
system hierarchy between the Operator Station(s), which provides the direct Human Machine
Interface to the plant operators, and the I/O boards which provide the signal-level interface to the
equipment and devices in the plant.

Figure 1. HFC-6000 System Hierarchy

Descriptions of the functional requirements of the HFC-SBC06 System Controller board and
HFC-DPM06 board, from an external perspective, are provided in the HFC-6000 Product Line
Requirements Specification, RS901-000-01. The design of the HFC-SBC06 and HFC-DPM06
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also complies with the detailed requirements spelled out in 700901-04, 700901-05, and RS901-
000-37.

The purpose of this document is to describe the operation and functions of the HFC-SBC06 and
HFC-DPM06 boards. The discussion of the operation and function of the HFC-SBC06 and
HFC-DPM06 will be presented using architectural, design, and implementation information.

Subsequent sections of this document provide architectural and design descriptions of the HFC-
SBC06 board. Lower level descriptions of the HFC-SBC06 and HFC-DPM06 are contained in
the HFC-SBC06-DPM06 System Controller Module Detailed Design Specification, DS901-000-
01. The major functions performed by the HFC-SBC06 and HFC-DPM06 are listed in the next
section which contains brief descriptions of the functions and how the HFC-SBC06 or HFC-
DPM06 performs the functions.

2. Functional Description

The functions described in this section are the major functions performed by the HFC-SBC06
System Controller. The functional descriptions are presented so as to provide a context for
understanding the operation of the HFC-SBC06 and a description of how the functions
performed by the HFC-SBC06 System Controller work within the overall architecture of the
HFC-6000 distributed control system.

The major functions performed by the HFC-SBC06 System Controller are:

* Communication with other system controllers and workstation PCs connected to the
same redundant C-Link (Communication Link), an HFC proprietary network;
Broadcasting plant status information;

" Communication with modules connected to the same ICL (Intercommunication Link),
another HFC proprietary network; Collecting plant status information and sending
plant operation commands;

* Redundant controller operation, System Controller failure detection, failover of the
control function to the Secondary System Controller on failure of the Primary System
Controller, and maintenance failover.

" Execution of application control programs for the specific control logic;

The following sections supply descriptions of the HFC-SBC06 functional requirements and
identify aspects of the HFC-SBC06 that perform functions satisfying the requirements.
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2.1 External Communication

Two communication interfaces connect the HFC-SBC06 to other boards and devices in the
HFC-6000 system. Two identical 10BaseT interfaces connect the HFC-SBC06 to the redundant
fiber optic Communication Link (C-Link) network, an HFC proprietary Ethernet-based network
that the HFC-SBC06 uses to transfer data to and from the Operator Stations. Typical data
transfers between the Operator Station and a System Controller are operator commands from an
Operating Station to the System Controller and plant operation data to the Operator Station. The
HFC-SBC06 also uses the C-Link to broadcast its status to other remotes attached to the C-Link.

The other HFC-SBC06 communication interface connects the HFC-SBC06 to the
Intercommunication Link (ICL), which is an RS-485 serial network connecting the HFC-SBC06
to its I/O boards. Each HFC-SBC06 has two serial channels (ICLO and ICLI) with each
connecting to different I/O boards. Each serial channel can be linked to up to 32 I/O boards.
Input values from plant field devices and output values to plant actuators are transferred between
the HFC-SBC06 and I/O boards over the ICL serial network. The ICL network implements a
master/slave communication protocol. Only the master can initiate communication, and the
slave devices only respond to the master's poll. HFC-SBC06 serves as the master for all
communication transfers with its configured ICL stations. Each I/O board operates as a slave
node on the ICL network. The HFC-SBC06 polls each configured slave device at regular
intervals, and the slave devices receive operation commands in the communication messages and
respond with plant status information. Although each HFC-SBC06 board has two physical serial
channels connected to different I/O boards, these two physical channels are on one logical link
under the ICL protocol, either ICL A or ICL B for the I/O boards. Therefore, each ICL can be
linked to up to 64 I/O boards.

Refer to DS002-000-01, C-Link Protocol Component Design Specification, and DS002-000-02,
ICL Protocol Component Design Specification for details.

2.2 Redundant System Controllers

The HFC-SBC06 System Controller board is designed to operate in a redundant controller
configuration. As shown in Figure 2, a redundant configuration consists of two System
Controller boards (HFC-SBC06 A and HFC-SBC06 B) and a HFC-DPM06 dual ported memory
board with the DPM06 board installed in between of the two SBC06 boards. Each HFC-SBC06
board in the redundant pair operates in one of two different modes: one board operates in a
Primary controller mode, and the other board operates in a Secondary controller mode.
Controller mode operation is determined at controller board start-up, with the first HFC-SBC06
to complete its initialization routine becoming the Primary, and the other HFC-SBC06 board
defaults to Secondary controller mode.

Each HFC-SBC06 in a redundant pair is connected to redundant C-Link networks for
communication with the Operating Station and one of two ICL serial networks that provides
communication between the HFC-SBC06 and to each of its I/O boards. Each I/O board connects

MS901-000-01 6 of 55
Rev E



HFC-6000
HFC-SBC06-DPM06 Board Module Design Specification

HFC Non-proprietary

with two system controllers via its dual serial ports as shown in Figure 2. The mode (Primary or
Secondary) in which the HFC-SBC06 is operating determines how the HFC-SBC06 will use C-
Link (Ethernet) and ICL (serial) networks.

-C-LinkI
-ink-

ICL

Figure 2. Redundant HFC-SBC06 Boards with DPM06 Board

During redundant operation, the Primary controller periodically copies application and system
status data to dual ported memory (DPM) contained on the DPM06 board. The Secondary
controller, on the other hand, periodically validates the status data in the DPM and updates its
own record of status data if the data is valid. This DPM Transferring Mechanism keeps the
secondary controller updated with a current copy of the primary running status and ensures a
smooth transition from one controller to the other in the case of failover. During a failover event
when control responsibility switches from the Primary to the Secondary, the Secondary uses the
most recent application and system status data as an initial state for starting its control of the
system. Starting with an initial state that is one second old or less minimizes disturbances to the
plant induced by the controller switch over, and prevents potentially hazardous bumping caused
by transfer of control. After switch over is complete, the Secondary, which is now the
controlling the plant, switches to operation in the Primary control mode. Additional discussion
of the failover mechanism is listed DSOO-000-08, Failover Mechanism Component Design
Specification.

A Maintenance Failover function is supported to perform regular check on the working status of
the secondary controller to make sure it will be able to take over the control when the primary
controller fails. A pushbutton on the HFC-DPM06 allows failover to be triggered manually.

MS901-000-01 7 of 55
Rev E



HFC-6000
HFC-SBC06-DPM06 Board Module Design Specification

HFC Non-proprietary

As shown in Figure 3, the ICL network for a redundant controller configuration includes four
physical serial channels for the redundant controllers: ICL A includes ICL AO and ICL Al for

controller A; ICL B includes ICL BO and ICL B I for controller B. A single controller can have

up to 64 I/O boards under its control.

--C-Link I

-, ICL Al

ICL B1

Figure 3. ICL Network for Redundant Controller Configuration

The HFC-SBC06 board may also be configured as a non-redundant System Controller. In a non-

redundant of configuration, a single HFC-SBC06 is installed in slot 12 or 14 of a 19-inch HFC-
6000 controller rack, and a DPM06 is installed in slot 13. (If the system uses 23-inch racks, the
controller may be in slot 16 or 18, and the DPM 06 be installed in slot 17.) Configuration
switches located on the front edge of the DPM06 board are used to setup a number of system
configuration parameters. The HFC-SBC06 must access a DPM06 to read the configuration
settings as part of its initialization process.

Another difference between a redundant and non-redundant configuration is that a non-redundant
HFC-SBC06 configuration only supports a non-redundant ICL network, as shown in Figure 4

instead of the redundant ICL network shown in Figure 3.
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-C-Link I
Link--

Figure 4. Non-Redundant HFC-SBC06 Board and DPM06 Board

2.3 Execution of Application Programs

The primary function of the HFC-SBC06 System Controller board is to provide control of the
plant system actuators based upon the values of system inputs collected from plant field sensors.
Control logics, such as arithmetic calculations and logical operations, operate upon field input
values to provide control output values that drive plant actuators, operator status displays, and
alarm indicators. These control logics are defined in an Application Program, which is installed
in the PROM or flash memory in the HFC-SBC06 System Controller. It is transferred to the
RAM during power up initialization, and the program is executed during operation of the
controller.

Refer to DS001-000-002, Equation Interpreter Component Design Specification, and DS001-
000-003, CQ4 Blocks Component Design Specification, for detailed descriptions of control logic
algorithms. Refer to UG004-000-01, EWS User's Guide for detailed information about the
structure of application program code.

3. Module Architecture

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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Figure 5. HFC-SBC06 /DPM06 Module Architectures
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3.1 Memory Mapping Structure
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Figure 6. Microprocessor Address Space
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3.2 Public Memory Data
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3.3 Remote Communication Architecture
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Figure 8. DDB Broadcast Data Paths
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Figure 9. UCP Point-to-Point Message Path
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3.3.1 HFC-SBC06 Handling of DDB Data
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Figure 10. Broadcasting and Filtering of DDB Data

313.2 HFC-SBC06 Handling of UCP Messages
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Figure 11. UCP Message Processing
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3.4 SYS Processor Section
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Figure 12. System Processor Architecture
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3.4.1 SYS Processor Software Architecture
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Figure 13. System Software Architecture
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The tasks running on the SYS processor are:
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3.5 ICL Processor Section
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Figure 14. ICL Processor Architecture
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3.5.1 ICL Software Architecture

The ICL Processor software consists of the following routines:
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Figure 15. ICL Software Architecture
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Figure 16. CPC Processor Architecture

3.6.1 CPC Processor Software Architecture

The CPC Processor Software consists of the following routines:
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Figure 17. CPC Software Architecture
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3.7 HFC-SBC06 and HFC-DPM06 Redundancy Architecture

Refer to Section 2.2 for descriptions of Redundant System Controllers. Two HFC-SBC06
boards and a HFC-DPM06 board in the redundant configuration are installed in the three
leftmost slots of the HFC-6000 controller rack, with the DPM06 board installed between the two
HFC-SBC06 boards. The three boards include hardware and software designed to support
redundant controller operation. The main functions of the redundant architecture are as follows:

* Logic to determine controller operation mode: Primary or Secondary
* Failover mechanism on failure of primary controller
* Manual maintenance failover
* Controller failure detection mechanism
* Mechanism to ensure a smooth transition of control during failover
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Figure 18. HFC-SBC06 Redundancy and Failover
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3.8 HFC-SBC06 CPLD Design
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3.9 Sequence of Events Timer

The HFC-SBC06 system controller maintains a Sequence of Events (SOE) timer over 24
*consecutive hours of operations. The SOE timer is used for "time tagging" events that occur
system wide. This timer can be synchronized by some master SOE timer located elsewhere
in the system, or can be the master timer itself. The SOE timer provides a resolution of 100
[tS for synchronizing similar SOE timers on each I/O boards.
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3.10 HFC-DPM06 Board

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXx xxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4. Configuration Setup and LED Displays

The HFC-SBC06 board contains one 8-position DIP switch, two toggle switches and nine
jumpers. The switches and jumpers enable manual control of reset, hardware configuration,
and programming of the board. Additional configuration switches are physically located on
the HFC-DPM06 common board.

4.1 HFC-SBC06 Onboard Switch Functions

SWi Power on/off, RESET

SW2 Positioned down (toward the board) permits write cycles to onboard flash
memory chips. The switch is placed in this position to program flash memory for
the ICL and CPC processors and to download the application program to the flash
memory of the SYS processor.

Positioned away' from the board enables a write-protect function for flash
memory. For safety-related applications, the switch should remain in this position
for normal operation.

SW4 8-position DIP switch defines operating modes and control parameters as
indicated in Table 1.
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Table 1. SYS Processor Configuration Switches

Switch FuXnctionX

SW4-1 XXXXXXXXXXXXXXXXXXXXXX

SW4-2 XXXXXXXXXXXXXXXXXXXXXXXIDDDGGO

xxxxxxxxxxxx
xxxxxxxxxxxx

SW4-3 XXXXXXXX

SW4-4 XXXXXXXX

SW4-5 XXXXXXXX

SW4-6 XXXXXXXX

SW4-7 XXXXXXXXXXXXXXXXXXXXXXXXXXXX

SW4-8 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

4.2 HFC-DPM06 Onboard Switch Functions

Three eight-position DIP switches on the DPM common board control values for the
following parameters:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.3 HFC-SBCO6 Onboard Jumper Options

Table 2 defines the function of ea6h jumper included on the HFC-SBCO6 controller.
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Table 2. Jumper Options

Jumper - Function
J 1 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

_________xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
J8 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W2 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W3 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W5 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W6 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

J5 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

El, E2 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
_________xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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4.4 LEDs

The HFC-SBC06 board contains eight board-edge LEDs, which provide a visual indication
of functional status of the controller hardware and software. The HFC-DPM06 board
contains five board-edge LEDs, which provide a visual indication of functional status of the
controller.

4.4.1 HFC-SBC06 LED Functions

DSI Includes four LEDs to indicate hardware status of the Ethernet interface as follows:

* DSI-1 flashes on for approximately 50 ms when C-Link channel 1 transmits in TPI
mode.

* DS1-2 flashes on for approximately 50 ms when receive data is detected for C-Link
channel 1 in TPI mode.

* DS 1-3 flashes on for approximately 50 ms when C-Link channel 0 transmits in TPI
mode.

DS 1-4 flashes on for approximately 50 ms when receive data is detected for C-Link
channel 0 in TPI mode.

DS2 Includes four LEDs. Two LEDs are controlled directly by the P1.6 and P1.7 ports of
the ICL microprocessor, and two are controlled by the corresponding ports of the CPC
microprocessor.

DS3 and DS4 Includes 8 LEDs controlled by the SYS Processor. Refer to Section 4.4.1 .1.

4.4.1.1 DS3 and DS4 LEDs

If the SYS processor detects a failure condition during system initialization/reset, the display
freezes with the LEDs displaying a binary code for that fault. Table 3 lists the defined error
codes and the error conditions that they represent. Throughout normal operation, the LED
display represents a binary code for different processor tasks, and the LED code for a
particular task lights while it is running. As a result, all 16 LEDs flicker constantly during
this phase of operation. The bottom LED is always on when the board is running normally.
Table 4 lists the defined task LED code. If the board detects a failure condition during
normal operation, the display freezes with the LEDs displaying a binary code for that fault.
Table 5 lists the defined error codes and the error conditions they represent.
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Table 3. DS3 and DS4 LED Indications for Initialization Failure

Code Error Condition
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

0 1
H XXXXX

xxxxXXXXX
QH xxxxxxxxx

0 3 H XXXXXXX

0 4 H XXXXXXX

0 5
H XXXXXXX

06H XXXXXXX
07H XXXXYXXX

08H xxxxxxx0 8 H XXXX

09H XXXXXXX

OAH XXXXXXX

OBH XXXXXXX

OCH XXXXXXX

ODH XXXXXXX

OEH XXXXXXX

OFH XXXXXXX

1 OH XXXXXXX

11H XXXXXXX

12H xxxxxxx

13H XXXXX

14H XxXXXXX

15H XXXXXXX

16H xxxxxxx

1 7 H XXXXXXX

18H XXXXXXX

19H xxxxxxx

1AH XXXXXXX
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Table 4. DS3 and DS4 LED Indications for Individual Tasks

Bit Hex Task
0 1H XXXXXXX
2 4 H XXXXXXX

XXXXXXXXXXxXXX
3 8H XXXXXXX
5 2 0 H XXXXXXXXXXXX

6 4 0 H XXXXXXXXXXXX

7 80H XXXXXXXXXXXX

9 2 0 0 H XXXXXXXXXXXX

10 4 0 0 H XXXXXXXXXXXXX

11 8 0 0 H XXXXXXX
15- 8 0 0 0 H XXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXX
XXXXXXXXXX

Other Other XXXXX

Table 5. DS3 and DS4 LED Failure Indications During Normal Operation

Code Error Condition

O1H XXXXXXX

02H XXXXXXX
0 3 H XXXXXXX

0 4H -1 0 H XXXXXXX

11H XXXXXXX

12H, XXXXXXX

13H XXXXXXX

14H XXXXXXX

15H XXXXXXX

Note: All processor failure codes are defined, but they are functional only if that
processor is configured for the control system.

4.4.2 HFC-DPM06 LED Functions

DS1 Lights when the maintenance failover function is available (controller A and
controller B both sane).

DS2 Lights when controller A is primary.
DS3 Lights when controller A is sane.

DS4 Lights when controller B is primary.
DS5 Lights when controller B is sane.
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4.5 Installation of System Software and Application Programs

Each of the three onboard processors has a dedicated flash memory and a dedicated PROM
for system software. SYS processor also has a dedicated flash memory for its application
program code. Switch and jumper selections on the board cause the processor to boot from
either the PROM or the flash memory.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX

4.5.1 System Code Transfer-to Flash

Initially, the flash memory chips are blank. The following steps describe the procedural
sequence required to transfer system software code to each of the onboard flash memory
chips.

1. Install jumper J1 to enable the SYS processor to boot from its system code PROM.

2. Install the PROM containing system software for the SYS processor in socket U52.

3. Set DIP switch SW4-8 in the ON (toward the board) position.

4. Install jumper J8 to enable the ICL and CPC processors to boot from their system code
PROMs.

5. Install the PROM containing the system software for the ICL processor in socket U7.

6. Install the PROM containing the system software for the CPC processor in socket U8.

CAUTION

Make sure that S1 is positioned toward the board before
installing it in the board rack. If SW1 is positioned away from-
the board and power is applied to the rack, power transients
could damage components on the board.

7. Mount the board in a controller slot of the HFC-6000 controller board rack.
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8. Ensure that power is applied to the board rack, and position S2 toward the board to
enable write cycles to flash memory.

9. Ensure that power is applied to the board rack, and position SWI away from the board.

10. Following application of operating power, the system software will be transferred from
U52 to the flash memory for the SYS processor. Successful transfer will be indicated by
the following:

* LED01 lights for several seconds and then goes out.
* LEDOO through LED07 light in sequence.

11. The system software for the ICL and CPC processors should be transferred to flash

memory.

NOTE

As long as J1 remains installed, the SYS processor will boot
from the PROM installed in socket U52. That code will be
compared with the code currently in flash memory; and if it is
different, the contents of PROM will be transferred to flash
memory and the processor will operate from that code. If J1 is
removed, the SYS processor will boot from the flash memory
without examining the contents of its PROM.

As long as J8 remains installed, the ICL and CPC processors
will boot from their respective PROMs. If SW2 is positioned
as write enable, the contents of the PROMs will also be
transferred to the flash memories for the two processors.

12. After the installation of the system software to flash, do the following:

* Remove jumper Ji.
* Set DIP switch SW4-8 OFF (away from the board).
* Leave jumper J8 installed (for current software design).

4.5.2 Application Code Download

The application program codes can be compiled by an EWS workstation software and
downloaded to the controller over the C-Link. This download can be repeated following any
modification or update to the application code during application development; however, the
download function should be disabled during normal operation to prevent inadvertent
changes to the application.

1. Set S1 toward the board to remove power from the board.
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2. DIP SW4 can be set to place the software in offline mode (SW4-1 ON and SW4-2 OFF).
While operating in this mode, the system software runs normally, but the equation
interpreter task does not run.

3. Set S2 toward the board to enable flash write cycles.

4. For redundant controllers, set SW4-5 ON.

5. For redundant controllers, repeat steps 1 through 4 for the second controller.

6. Set S 1 away from the board to enable distribution of operating power on the board (both
controllers for redundant configurations).

7. At the EWS workstation, compile the final application code for the controller.

8. Download the equations, RQ file, and CQ4 blocks, as applicable.

9. For redundant controllers, initiate failover to the secondary controller.

10. Download the equations, RQ file, and CQ4 blocks as applicable.

11. Set S2 away from the board to disable flash memory write cycles.

12. If the controller was placed in offline mode, power down the controller and set both
SW4- 1 and SW4-2 OFF to enable normal operation. Power the controller up to enable
controller operation to begin.

4.5.3 System Software Updates

If an upgrade is provided for the system software of one or more processors on the controller
board following installation, repeat the procedure described ion paragraph 4.5.1. Direct
download of system programs code to flash memory is not presently supported.

4.6 Hardware Configuration

Refer to Tables 1 and 2 for a general definition of functions controlled by the onboard
switches and jumpers. The following steps identify typical switch and jumper settings
required for normal operation. Record the specific DIP switch settings required for each
controller to be used in the system.
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CAUTION

Make sure that S1 is positioned toward the board before
removing or installing the board in the board rack. If SWI is
positioned away from the board and power is applied to the
rack, power transients could result in damage, to components on
the board.

1. Set SW4-1 and SW4-2 on the HFC-SBC06 board both in the open position. This
configuration enables normal run mode for the system software.

2. If the controller is used as part of a redundant pair, set SW4-5 closed. This enables

regular transfers of status from the primary to the secondary via the HFC-DPM06 array.

3. Set SW4-6 closed. This enables the sanity function.

4. Set SW4-7 and SW4-8 both open. This disables software downloads from the EWS
workstation.

5. Set DIP switches on the HFC-DPM06 board to provide the following configuration
parameters:

" Set SW2 to the binary value for the remote number assigned to this controller. The
valid range is from 0 to 255.

* Set SW4 to the binary value for the total number of remotes configured for this
system (up to 255).

* Set SW1 to the binary value for the sequence number of this remote On the C-Link.
The valid range is from 0 to 31.

CAUTION

The remotes must be configured on the C-Link in numeric
sequence with the HIFR assigned the sequence number of 0. If
any remote is installed out of sequence, reliable
communication with that remote over the C-Link could be
disrupted.
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6. When the HFC-SBC06 board is used as a redundant controller, a jumper should be
installed from node J5-1 to J5-2. This hardware interlock requires the controller chassis
to complete its power up initialization sequence successfully (SANE status TRUE) and
become the primary controller before the ICL processor can begin transmitting over its
serial link. Removing all jumpers results in a configuration in which the transmit
interface remains enabled as long as logic power is present.

5. Module Design Constraints

The following is a list of specifications that constraint the design of an HFC-SBC06 board
module.

5.1 Communication Interface Specifications

* Document DS002-000-01, C-Link Protocol Component Specification
* Document DS002-000-02, ICL Protocol Component Specification
* Document DS002-000-03, UCP Protocol Component Specification

5.2 Operating System Specification

* Document DS001-000-01, Operating System Component Design Specification
* Document DS001-000-02, Equation Interpreter Component Design specification
* Document DS001-000-03, CQ4 Component Design Specification
* Document DS001-000-06, System Component Design Specification
* Document DS001 .-000-07, Job Component Design Specification
* Document DS001-000-08, Failover Mechanism Component Design Specification

5.3 Hardware Interface Specifications

* Document 40040901, HFC-BPCO1-19 Backplane Specification
* Document 40041401, HFC-BPEO1-19 Backplane Specification
* Document DS901-000-34, HFC-BPC01-23 Backplane Specification
* Document DS-901-000-35, HFC-BPEO-23 Backplane Specification
* Document DS-901-000-36, HFC-BPC02-23 Backplane Specification
* Document DS-901-000-37, HFC-BPC02A-23 Backplane Specification
* Document DS901-000-38, HFC-BPC03-23 Backplane Specification

5.1 Design Safety

5.4.1 Main Processor - SC Code

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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5.4.1.1 Criticality

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.

5.4.1.2 Hazard

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXX~XXXXXXXXXXXXXXXXX-XXXXXXX-XXX•xxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXxXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX XXYXXXXXXXXXXXX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4.1.3 Security,

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4.1.4 Risk

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXX0Cxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx)xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXxxxxXXXXXXXXXXXXXXXXXXXXXxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

.5.4.2 ICL Processor - SAP Code

5.4.2.1 Criticality

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
.xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4.2.2 Hazard

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxlxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4.2.3 Security

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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5.4.2.4 Risk

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxlxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx,
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

MS901-000-01 51 of 55 Rev E



HFC-6000 HFC Non-proprietary
HFC-SBC06-DPM06 Board Module Design Specification

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

MS901-000-01 52 of 55 Rev E



HFC-6000 HFC Non-proprietary
HFC-SBC06-DPM06 Board Module Design Specification

5.4.3 C-Link Processor - SEP Code

5.4.3.5 Criticality

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4.3.6 Hazard

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJDXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxjDDQDDDDxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX •=XXXXXXXXXx

MS901-000-01 53 of 55 Rev E



HFC-6000 HFC Non-proprietary
HFC-SBCO6-DPM06 Board Module Design Specification

5.4.3.7 Security
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5.4.3.8 Risk
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1. Introduction
The HFC-6000 distributed control system provides plant monitoring and control capabilities
with monitoring and control responsibilities spread over multiple remote control units. The
1/0 boards are sensors and drivers for implementing plant control functions. They provide
signal-level interfaces to the equipment and devices in the plant. As shown in Figure 1, an
HFC-6000 I/O board is positioned in the HFC-6000 system hierarchy between the HFC-
SBC06 System Controller(s), which is the CPU of HFC-6000 'system, and the equipments
and devices in the plant.

Operator
' Station

C-Link

SBCO6 

F
Controller L t C l.j

ICL--F--I-L - 7C

Cards .

*0 Plant

Figure 1. HFC-6000 System Hierarchy

Descriptions and discussions of the functional requirements of the HFC-6000 I/O boards are
provided in 700901-06, HFC-6000 Product Line General I/0 Card Requirements
Specification.

Subsequent sections of this document provide top-level architectural and design descriptions
of HFC-6000 I/O boards. Two different designs are currently in use. In general, the digital
I/O boards employ a common processor kernel based on an Intel microprocessor. The
assemblies with Al channels use a Digital Signal Processor (DSP) to control the main
processing functions. Both designs provide a common architecture that is used on multiple
assemblies. Lower level descriptions of each I/O board are contained in a separate Detailed
Design Specification for each boa~rd type. The design descriptions of the common software
modules and the common hardware characteristics are covered in the individual HFC-6000
I/0 Board Module Detailed Design Specifications. The purpose of this document is to
present the methods and strategies used to accomplish the operation and functions required of
an HFC-6000 I/O board. The discussion of the operation and function of an HFC-6000 1/0
board are presented using architectural, design, and implementation information.
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2. Functional Description
This section describes the major functions performed by both design implementations of
HFC-6000 1/0 boards. The functional descriptions are presented to provide a context for
understanding the internal operation of an HFC-6000 1/0 board and how the functions
performed by an HFC-6000 VO board work within the overall architecture of the HFC-6000
distributed control system.

The major functions performed by an HFC-6000 VO Board are:

" Initialization

" Communication with system controller connected to an Inter-Communication Link (ICL)

" Setting each digital/analog output channel using digital output images, and/or getting
digital input images from each digital/analog input channel

" Self diagnostics functions

An VO board generally has two operation stages: Initialization state and Normal Operation
state, Upon power. up or reset, the processor firmware will accomplish initialization for
hardware, software, and communication set up. During initialization, some self diagnostics
tests will be performed, such as RAM Write/Read test and EPROM/flash checksum test.
Any error detected at this state is fatal and will cause the software to halt execution.

After completing initialization, the board will enter the Normal Operation stage. During
normal operation, the 1/0 board handles communication wiih the HFC-SBC06 controller and
performs an 1/0 scan at regular intervals to set digital/analog output channels and/or read
digital/analog input channels. An HFC-6000 1/0 Board can have digital input channels,
digital output channels, analog input channels, and/or analog output channels connected to
the field devices and equipments. An 1/0 board having output channels receives digital
images for output channels from an HFC-SBC06 system controller at regular intervals, and
then it uses this data to control each output channel. An 1/0 board with input channels reads
the input image for each channel and sends the images of the digital or analog inputs to the
HFC-SBC06 system controller at regular intervals.

A communication interface connects an 1/0 board to the ICL, which is an HFC proprietary,
RS-485 serial network connecting the 1/0 boards to the HFC-SBC06 controller. Input values
from plant field devices and output values for plant actuators are transferred between the
HFC-SBC06 and 1/0 boards over the ICL. In addition, each HFC-6000 1/0 board maintains
internal diagnostic status and can report that status to the HFC-SBC06 controller.

During the time between successive 1/0 scans, the 1/0 board performs its self-diagnostics
functions, which are mainly RAM tests. If any error is detected by the self-diagnostics tests,
the 1/0 board will re-enter initialization stage to perform a restart.

How an 1/0 board scans its 1/0 channels and the specific content of message exchanges with
the HFC-SBC06 vary with board type and channel configuration. Table I provides a list of
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standard HFC-6000 I/O board types and a description of the I/O channels for each board
type. Designs of HFC-6000 I/O board types having unique functions or a limited
applicability will be covered in separate specifications.

Table 1. List of HFC-6000 I/O Boards

Name I/O Channels
DO8J 8 channel relay output
DO16C 16 channel solid-state output
DO 16J 16 channel relay output
DI 161 1,6 channel digital input
DC33 2 120-vac digital output and 12 digital input
DC34 2 125-vdc digital output and 12 digital input
DC35 1 120-vac digital output with seal-in circuit and 12 digital input
A116ED 16 analog input, 0- to 10-v (DSP)
AI16FD 16 analog input, 4- to 20-mA (DSP)
AO8F 8 analog output, 4- to 20-mA
AO8FD 8 analog output, 4- to 20-mA (DSP)
AC36D 4 analog input, 4 analog output (DSP)
AI8LD 8 channel E-type thermocouple input (DSP)
AI8MD 8 channel 1 OOQ RTD input (DSP)
AI4K 4 channel pulse input

The architecture of each HFC-6000 I/O board has been developed to support the functions
that the board is required to perform. The following sections provide descriptions of the
architecture and design of an HFC I/O board and discuss details of the functions performed
by an HFC-6000 I/O board.

3. Module Architecture

3.1 /O Board Architecture
The HFC-6000 product line currently includes two different hardware designs for I/O
assemblies. One uses an Intel microprocessor as the main controller for the assembly, and
the other uses a Digital Signal Processor (DSP) for this purpose. Figure 2 illustrates the
major functional characteristics of an HFC-6000 1/0 board. Major features of the 110 boards
based on the Intel processor are as follows:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxT xTx,,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Figure 2. HFC I/O Board Module Architecture
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Figure 3. ICL Communication Architecture
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HFC Non-proprietary

Figure 4. 1/0 Board Software Architecture
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3.3.3 Fault Detection and Processing
During Initialization, the software performs the RAM read/write test and EPROM/flash test
to detect any hardware errors in the arrays. Any -failure of these tests is fatal and will cause
the program to halt execution.

Throughout normal operation, the software performs a RAM read/write self diagnostics test
during the idle time between successive 110 scans. Any failure of these tests will cause the
program to return to the initialization stage to perform a restart of software.

During communication with the HFC-SBCO6 controller, hardware timers will be used to
control the communication response time. Any communication timeout will cause the
program to go to Communication Setup stage to reconfigure hardware communication
channel and re-establish communication with the HFC-SBCO6 controller.

3.4 Onboard Switches, Jumpers, and LEDs
This section lists the typical switches and board-edge LEDs for a standard HFC-6000 1/0
board. An 1/0 board may include additional switches, jumpers and LEDs depending on
board type. The descriptions of specific switches; jumpers, and LEDs for each particular
HFC-6000 I/0 board are provided in each board's Module Detailed Design Specification.

Assemblies with Intel processor provide the following minimum combination of user
controls and indicators.

Reset Switch - Pushbutton switch accessible through the front bezel enables manual reset
of the microprocessor and other major hardware components.

A/B LED - Lit when channel A is selected to receive, data from the ICL; extinguished
when channel B is selected to receive data from the ICL.

TX LED Flashes when the assembly is transmitting to the ICL.

RX LED Flashes when the assembly is receiving data from the ICL.

Assemblies with the DSP provide the following minimum combination of user controls and
indicators.
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Reset Switch - Pushbutton switch accessible through the front bezel enables manual reset
of the microprocessor and other major hardware components.

LINK LED - Lit red when channel A is selected to receive data from the ICL; lit green
when channel B is selected to receive data from the ICL.

TX A LEDFlashes when channel A is transmitting to the ICL.

RX A LEDFlashes when channel A is receiving data from the JCL.

TX B LED Flashes when channel B is transmitting to the ICL.

RX B LED Flashes when channel B is receiving data from the ICL.

Additional indicators are provided on a module-by-module basis to indicator overall
operating status.

4. Module Design Constraints
The following is a list a specifications that constrain the design of an HFC-6000 1/0 board
module.

4.1 Communication Interface Specifications
Document DS002-000-02 ICL Protocol Component Specification.

4.2 Detailed Design Specifications

901-000-02, IO Module Detailed Design Specification.
DS901-000-03, HFC-DO8J Detailed Design Specification
DS901-000-17, HFC-DO 16C/J Detailed Design Specification
DS901-000-04, HFC-D1161 Detailed Design Specification
DS901-000-05, HFC-DC33 Detailed Design Specification
DS901-000-06, HFC-DC34 Detailed Design Specification
DS901-000-26, HFC-DC35 Detailed Design Specification
DS901-000-55, HFC-AI16E/FD Detailed Design Specification
DS901-000-08, HFC-AO8F Detailed Design Specification
DS901-000-63, HFC-AO8FD Detailed Design Specification
DS901-000-62, HFC-AC36D Detailed Design Specification
DS901-000-56, AFC-AI8LD Detailed Design Specification
DS901-000-57, HFC-AI8MD Detailed Design Specification
DS901-000-12, HFC-AC4KD Detailed Design Specification

5. Design Safety

5.1 Common Modules

The following paragraphs address those design safety considerations that are common to both
input and output modules.
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5.1.1 Security
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5.2 Output Modules

The following paragraphs address the design safety considerations unique to output modules.

5.2.1 Criticality
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5.3 Input Modules

The following paragraphs address the design safety considerations unique to input modules.

5.3.1 Criticality
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1. Introduction

This HFC-SBC06 board and HFC-DPM06 board function together as a System Controller
Module in an HFC-6000 control system. The overview of the architecture, functions and
module structure of the HFC-SBC06 board and HFC-DPM06 board are provided in
document MS901-000-01, HFC-SBC06-DPM06 Module Design Specification. The user of
this document should be already familiar with document MS901-000-01. This document
provides detailed structure and design descriptions on specific parts or features of the HFC-
SBC06 board and HFC-DPM06 board, including hardware characteristics and software
implementation methods. Rev D has the changes for the cost reduction consolidation of
xxxxx.

2. Hardware Detailed Design for HFC-SBC06

2.1 Module Specification

Assembly 400417-82 Pentium 133 CPU, CAT5, industrial grade parts

2.1.1 Environmental Extremes for Reliable Equipment Operations

* Temperature: 0' to 550 C (operating)
00 to 70' C (storage)

• Humidity: 5% to 95% RH, non-condensing

2.1.2 Board Specification

* Supply Voltage +24 VDC

* Maximum Power Dissipation 18 Watts

* Onboard Clock Rate(s)

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

* Mounting Requirements

The HFC-6000 product line includes both 19- and 23-in. controller chassis. Slots 12 and 14

of the 19-in. controller rack are designed to accept HFC-6000 controllers; slots 16 and 18 of

the 23-in rack are designed for controllers. The slot between the two controller positions is

designed to accept an HFC-DPM06 assembly.
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2.1.3 C-Link - IEEE 802.3 10BASET Communication Links

" Transmission medium

" Maximum segment length
* Network specifications

100-Q twisted pair cable, unshielded 22 to 26
AWG wire
100 meters
Standard IEEE 802.3 10BASET

The 10BaseT connections can be made either by the front card edge or via the HFC:6000
backplane through the HFC-HUB06-16 or HFC-HUB06-EXT for artwork revision D or
higher assemblies. For assemblies artwork revision D or lower, the 1OBaseT connections can
be made only by the front card edge

2.1.4 ICL - EIA RS-485 communication links

* Transmission medium
* Signal characteristics
* Maximum No. of RX/TX on link
* Maximum cable length
* Maximum data rate
* Minimum driver output range
* Maximum driver output range
" Maximum driver short circuit current
* TX load impedance
* RX input sensitivity
" Maximum RX input resistance
* RX input voltage range
" RX logic high level
* RX logic low level

backplane traces or twisted pair cable
differential signal pair
32 TX, 32 RX
4000 ft
346 Kbps
±1.5 V
±5 V
250 mA
54Q

+200 mV
12 K.Q
-7 V to +12 V
> 200 mV
< 200 mV

2.2 Onboard Power Distribution

2.2.1 Power Distribution
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXXXXxXXXXXXXXXXXXXX
XXXXxxXXxXXXXXxXXXXXXXXxXXXXxxXxxxxxXXxxxxXXXxXXX
XXXXXXXXXxXXXXxXXXxXX XXXXXXXxXXXXXxXXXXXXXXXXXXXX
XXXXXXXXXxXXXXXXXxXXXXXXXXXXXXXXXXXXXXxXXXXxXXXXXX
XXXXXXXXxxXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXX
XXXXxXXXXxXXXXXXxXXXXXXXXXXXXXXXXXXXXXXxXXxXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXxXXXXXXXXXXXXXXXXXX
XXXxXXXXXXXXXXXXXXXXXXXXXXxxxXXXxxxXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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2.2.2 Hardware Reset

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.3 Connector Pinouts

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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Table 1. P1 Pin Assignments

Category Pin Mnemonic Pin Mnemonic

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx XXXX

xxxx xxxx xxxx. xxxx xxxx
xxxx XXXx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx XXXX xxxx xxxx

xxxx xxxx~ xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx I xxxx xxxx xxxx(
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx,
xxxx xxxx. xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx.
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx ~ xxxx xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx

______xxxx xxxx
xxxx xxxx xxxx i

xxxx xxxx xxxx I

xxx xxxx xxxx-
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Category Pin Mnemonic Pin Mnemonic
xxxx xxxx xxxx
xxxx xxxx xxxx

xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx
xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

XXXX XXXX XXXX

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxx xxxx xxxxxx xxxx
.xxxx xxxx xxxx xxxx
.____xxxx xxxx xxxx xxxx

11XXXX XXXX x XX

Table 2. Connector J7 and J9 Pin Assignments

Pin Name.

2 XXXX
3 XXXX
4 XXXX
5 XXXXXX
6 XXXX

7XXXXXXXXX XX

8 XXXX

2.4 SYS Processor Section

2.4.1 1/0 Map
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXX XXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx
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Table 3. SYS Processor I/0 Map

Address Range I/0 Write Function I/O Read Function
Xxxx xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
XXXX xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
XXXX xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxx xxxxxxxxx

Xxxxxxx

ýxxxx xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
.xxxx xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
.xxxx xxxxxxxxxxxxxxxx xxxx
xxxx xxxxxxxxxxxxxxxx xxxx
.xxxx xxxxxxxxxxxxxxxx, xxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.4.1.1 I/O Port F490H - Memory Control and Status Port

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 4. Write Function for F490H

Data Line Function
0 XXXXXXXXXXXXX

2 XXXXXXXXXXXXX
3 XXXXXXXXXXXXX
4. XXXXXXXXXXXXX
6 XXXXXXXXXXXXX
7 XXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxýxxxxxxxxxx
xxxxxx2 XXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx x
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table £ Status Port

Data Line Signal
0 xxxxxxxxxxxxx
1 xxxxxxxxxxxxx
2 XXXXXXXXXXXXX
3 XXXXXXXXXXXXX
4 XXXXXXXXXXXXX
7 XXXXXXXXXXXXX

2.4.1.2 I/O Port 2 0 0 H - Watchdog Timer Port

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxkxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.4.1.3 1/O Port 2 1 0H - Maintenance Failover Enable/Disable Port

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.4.2 Real Time Counter Interrupts
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.5 ICL Processor Section

2.5.1 Interrupt Processing

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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XXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

2.5.2 ICL Interface

XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXX
XXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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2.6 CPC Processor Section

2.6.1 Interrupt Processing
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX

2.6.2 Ethernet Interface

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX

XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX

2.6.2.1 Interface Configuration
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

2.6.2.2 FGA Design for NIC Support

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 6. NIC-DPM Control Signals

Description NIC 0 NIC 1
xxxx xxxx xxxx
xxxx xxxx xxxx
xxxx xxxx xxxx
xxxx xxxx xxxx

XXXXX xxxx xxxx

2.6.2.3 CPC Processor's Control Over NIC

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.7 SOE Timer

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxkcxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxlx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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2.8 FPGA

XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
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3. Hardware Detailed Design for HFC-DPM06

Module Specification

* Environmental Extremes for Reliable Equipment Operations

o Temperature: 00 to 550 C (operating)
00 to 70' C (storage)

o Humidity: 5% to 95% RH, non-condensing

* Supply Voltage +24 VDC +/- 10%

* Maximum Power Dissipation 5.76 Watts

* Mounting Requirements

All HFC-6000 controller racks contain three slots on the right side of the chassis reserved for
controller hardware. The middle slot of the three must contain an HFC-DPM06 assembly.

3.2 Onboard Power Distribution

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXNXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

3.3 DIP Switch Status Transfer

XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 7. Configuration Data Organization

Control Signal StatesDaa.T ns e E ab d

DIPSWO DIPSW1 DIPSW2

xxxx xxxx xxxx Xxxxxxxxxx
xxxx xxxx xxxx xxxxxxxxxxxx
xxxx xxxx xxxx xxxxxxxxxxxxxxxxxx
xxxx xxxx xxxx xxxxxxxxxxxxx
xxxx xxxx xxxx xxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxx

______ _______xxxxxxxxxxxxxxxxxxx

3.4 Hardware Connections

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxkxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxcxxxxxxxx
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HFC Non-proprietary

Table 8. P1 Pin Assignments

Category Pin Mnemonic Pin Mnemonic

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx ______

xxxx xxxx xxxx xxxx xxxx
xx *xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx Xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx Ixxxx jxxxx

xxxx xxxx xxxx xxxx xxxX
xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxx xxxx
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Category Pin Mnemonic Pin Mnemonic

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx xxxx

xxxx xxxx xxxx xxxx
xxxx xxxx xxxx xxxx

_xxxx xxxx xxxx xxxx

4. Memory Configuration and Access Control

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.1 Memory Configuration
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Figure 1. Memory Address Space Architecture
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4.1.1. Private Memory Configuration for the SYS Processor

XXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

4.1.2 Private Memory Configuration for ICL and CPC Processors

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.1.3 Public Memory

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.1.4 Dual Ported Memory

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.2 Memory Access Control

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXkx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.2.1 Memory Control Signals for the SYS Processor

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxx
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Figure 2. Processor Bus Structure Organization

Table 9. Memory Control Signalsfor SYS Processor

Signal Description
xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx xxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx xxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxx
xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx

xxxxxxxxxxxxxxx XXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx

xxxxxxxxxxxxxxx xx xxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx

xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx

xxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx
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4.2.2 I/0 and Memory Control for the CPC and ICL Processors

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.2.2.1 I/O Mapping Through The FPGA

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxx

Table 1. I/O Mappingfor 386EX Processors

DATELINE FUNCTION

0 XXXXXXX
1 XXXXXXX
2 XXXXXXX
3 XXXXXXX
4 XXXXXXX

4.2.2.2 Memory Control Signals

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxx

Table 11. Memory Control Signalsfor ICL and CPC Processors

Signal Function
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxx
xxxxxxx xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX
xxxxxx xxxxxxxx
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxx. xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxx
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxx

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

__________xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.2.3 Public Memory and DPM Access

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-xxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.2.4 RAM Access Control

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5. Software Detailed Design 'Specification

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.1 Initialization Routines

5.1.1 General Initialization Sequence

Each processor on the HFC-SBC06 board goes through a set of initialization sequences
before it starts normal operation. These initialization sequences include power up
initialization, hardware initialization, processor configuration, and UCP Multitasking
Operating System initialization.

5.1.1.1 Reset Initialization and Hardware Initialization

Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxlxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.1.1.2 Processor Configuration

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.1.1.3 UCP Multitasking Operating System Initialization

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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XXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.1.2 SYS Processor Application Data Initialization

XXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
XXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

DS901-000-01 29 of 29 REV ID



HFC Non-proprietary

&HLF Controls Corporation

HF)C-6000 Product Line

HFC-DO8J Board
Module Detailed Design Specification

Eight Cahnnel Relay
Digital O týut Board

DS901-00-03-,-.,

January 30, 2009

Author David Briner

Reviewer Pat Thibodeau

Approval Gregory Rochford

XXXXXXX



HFC Non-proprietary
Copyright0 2009 HF Controls Corporation

I

'9<.-

¼'

~

I

14
A~ ;;
I tj :%$

<trW
F

-'<-1 #
N.2i- -~f'~

S -

1w



HFC-6000
HFC-DO8J Module Detailed Design Specification

HFC Non-proprietary

Revision History

Date Revision Author Changes

10/30/03 0 B Han Initial
11/11/03 1 B Han Review comments incorporated
11/19/03 A B Han Review comments incorporated
1/30/09 B D Briner Review comments incorporated

DS901-000-03 3 of 9 Rev B



HFC-6000
HFC-DO8J Module Detailed Design Specification

HFC Non-proprietary

L

1. INTRODUCTION. ............................................................................. Q O Q • O O D • • Q O I I I I . . . . . . . . . .

2. FUNCTIONAL DESCRIPTION ......................................................................... 5

3. HARDWARE DETAILED DESIGN SPECIFICATION ................................. 5

3.1 M ODULE SPECIFICATION ................................................................................... 5

3.2 SWITCHES, JUMPERS, AND LED INDICATORS ................... ............ 5
3.2.1 Jum p ers ................................................................................................... 6
3.2.2 LED Indicators ......................................................................................... 6

3.3 ONBOARD POWER DISTRIBUTION ......................................................... 6
3.4 DIGITAL DATA OUTPUT PORT .......................................................................... 6
3.5 HARDWARE CONNECTIONS .............................................................................. 7

4. SOFTWARE DETAILED DESIGN SPECIFICATION....................... 8

4.1 I/O SCAN M ODULE ............................................................................ 8
4.2 PROCESS COMMAND ROUTINE ............................................. 8

.4.3 DATA STRUCTURE ....................................................... 8
4.3.1 1/0 Scan D ata ........................................ ..................... I ...................... 8
4.3.2 M icroprocessor Programmable Ports ....................................................... 8

5. MODULE IMPLEMENTATION DESCRIPTIONS .................... 9

5.1 HARDWARE SCHEMATICS ................................................ 9
5.2 HARDWARE COMPONENTS - BILL OF MATERIALS ........................................... 9
5.3 SOFTWARE SOURCE CODE LISTING ...................................................................... 9

DS901-000-03 4 of 9 Rev B



HFC-6000 HFC Non-proprietary
HFC-D08J Module Detailed Design Specification

1. Introduction
The HFC-DO8J assembly is an eight-channel relay digital output board. This assembly
operates as a standard DO relay board in an HFC-6000 control system. It receives the
images of its digital outputs from an HFC-SBC06 system controller at regular intervals, and
uses this data to set the on/off status of each output relay.

The overall architectural design of standard HFC-6000 I/O boards are provided in document
MS901-000-02, HFC-6000 I/O Board Module Design Specification.

This document describes the detailed structure and design of the HFC-DO8J board. The
design descriptions of the common software modules of I/O boards are covered in document
DS901-000-02, HFC-6000 I/O Board Module Detailed Design Specification. The
description of the operation and function of an HFC-DO8J board will be presented using
design, implementation, and configuration information.

2. Functional Description
The HFC-DO8J board is designed to interface eight field outputs to an HFC-6000 control
system. It provides eight relay digital output channels. The board. receives the image of its
digital outputs from the HFC-SBC06 controller board at regular intervals, and uses this data
to set the on/off status of each output relay.

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/O
Board Module Design Specification.

3. Hardware Detailed Design Specification

3.1 Module Specification
0 Environmental Extremes

Temperature: 00. to 55 C' (operating)
0' to 55 C' (storage)

> Humidity: 5% to 95%, non-condensing

0 Power Requirement
> External Input Power: +24-vdc, 0.4 A maximum load

Onboard Clock Rate
> Microprocessor Clock: 22.1184 MHZ
Relay contact ratings
> Up to 30-vdc with 5 A maximum current (resistive load)
> Up to 250-vac with 5 A maximum current (general use)

3.2 Switches, Jumpers, and LED Indicators
The HFC-DO8J board includes the four card-edge LEDs common to all I/O boards as well as
the following components unique to this assembly:
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3.2.1 Jumpers
El-E2 Installed during testing to disable the NMI signal. When the jumper is removed,

the D-latch U41-A activates a high NMI signal.

E5-6 Function not currently defined

3.2.2 LED Indicators
DSl-1 Lights when the channel 1 is on
DS 1-2 Lights when the channel 2 is on
DS 1-3 Lights when the channel 3 is on
DS 1-4 Lights when the channel 4 is on

DS2-1 Lights when the channel 5 is on
DS2-2 Lights when the channel 6 is on
DS2-3 Lights when the channel 7 is on
DS2-4 Lights when the channel 8 is on

3.3 ONBOARD POWER DISTRIBUTION
The board receives redundant 24-vdc power feeds from the back plane connector P1. The
two power feeds are diode auctioneered, and the resulting 24-vdc output is routed to the
following components:

* The onboard voltage regulator converts the 24-vdc source power to 5-vdc power required
for logic components on the HFC-DO8J board.

* The combined 24-vdc power line supplies operating power to each of the output relays. A
transistor switch in this power line opens whenever the watchdog timer becomes reset.

3.4 Digital Data Output Port
The HFC-DO8J board includes eight relay-controlled DO channels. The ON/OFF image for
the eight channels are configured in memory as a single byte of data. During regular scan
cycles, the microprocessor copies the DO image from memory to an eight-bit latch, and the
resulting output signals from the latch control each DO channel individually.

Each output channel consists of an optocoupler and a mechanical relay with both normally
open and normally closed contacts. The optocoupler is configured with a control signal input
PTn/ routed from the data output port and the 24-vdc power for the relay. When the digital
image for a particular DO channel is ON (PTn/ signal low), the optocoupler becomes forward
biased, and 24-vdc power line passes through the optocoupler circuit to the relay coil. While
the microprocessor is processing its program code normally, the 24-vdc power line energizes
the relay to produce the ON state output. However, if the watchdog timer becomes reset, a
transistor switch in the 24-vdc power line opens, removing operating power from all of the
relays simultaneously.
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3.5 Hardware Connections

Table 1. Connector P1 Pinout Summary

Category: Pin.......MnemoniC.... :..Pin. ...... Mnemonic::

Power P1-Al XXXXXXX P1-B 1 XXXXXXX
P1-Cl XXXXXXX Pl-A3 XXXXXXX
Pl-B3 XXXXXXX P1-C3 XXXXXXX
P1-A5 XXXXXXX P1-B5 XXXXXXX
P1-C5 XXXXXXX P1-A12 XXXXXXX
P1-B 12 XXXXXXX P1-C12 XXXXXXX
P1-A14 XXXXXXX P1-B 14 XXXXXXX
P1-C 14 XXXXXXX P1-A16 XXXXXXX
P1-B16 XXXXXXX P1-C16 XXXXXXX

Serial Bus Pl-A9 XXXXXXX P1-C9 XXXXXXX
P1-B8 XXXXXXX PI-A1O XXXXXXX
P 1-CG1 XXXXXXX P1-C8 XXXXXXX

CONTROL Pl-A6 XXXXXXX Pl-B6 XXXXXXX
P1-C6 XXXXXXX Pl-A7 •XXXXXXX
P1-B7 XXXXXXX P1-C7 XXXXXXX
P1-A8 XXXXXXX

Table 2., Connector P2 Pinout Summary

Pi nemonic Pin Mnemonic

P2-A32 XXXXXXX P2-C32 XXXXXXX
P2-A31 XXXXXXX P2-C31 XXXXXXX
P2-A30 XXXXXXX P2-C30 XXXXXXX
P2-A29. XXXXXXX P2-C29 XXXXXXX
P2-A28 XXXXXXX P2-C28 XXXXXXX
P2-A27 XXXXXXX P2-C27 XXXXXXX
P2-A26 XXXXXXX P2-C26 XXXXXXX
P2-A25 XXXXXXX P2-C25 XXXXXXX
P2-A24 XXXXXXX P2-C24 XXXXXXX
P2-A23 XXXXXXX P2-C23 XXXXXXX
P2-A22 XXXXXXX P2-C22 XXXXXXX
P2-A21 XXXXXXX P2-C21 XXXXXXX
PS-A20 XXXXXXX PS-C20 XXXXXXX
P2-A19 XXXXXXX P2-C19 XXXXXXX
P2-A18 XXXXXXX P2-C 18 XXXXXXX
PS-A17 XXXXXXX PS-C17 XXXXXXX
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P2-A16 XXXXXXX P2-C16 XXXXXXX
P2-A15 XXXXXXX P2-C15 XXXXXXX
P2-A14 XXXXXXX P2-C14 XXXXXXX
P2-A13 XXXXXXX P2-C13 XXXXXXX
P2-A12 XXXXXXX P2-C 12 XXXXXXX
P2-Al 1 XXXXXXX P2-C 11 XXXXXXX
P2-A10 XXXXXXX P2-ClO XXXXXXX
P2-A9 XXXXXXX P2-C9 XXXXXXX

4. Software Detailed Design Specification
The HFC-DO8J board has a total of eight DO channels that provide both normally open and
normally closed contacts. The design descriptions of the common software modules are
provided in HFC-6000 1/0 Board Module Detailed Design Specification. The following
subsections provide detailed design descriptions for the software routines specific to the
HFC-DO8J board.

4.1 I/0 Scan Module
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXYXXXXXXXXXxxx

4.2 Process Command Routine
XJXDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)XXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.XXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXXXxxxxxx-x

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

4.3 Data Structure
This section describes the structure of the DO image and provides a list of the programmable
ports used in the software.

4.3.1 I1O Scan Data
The DO8J board has eight DO channels. The eight DO images are organized as a single byte
in the poll message received from the SBC06 controller as shown below:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit1
xxx xxx xxx xxx xxx xxx xxx XXX

4.3.2 Microprocessor Programmable Ports
The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.

Table 3. Programmable Ports Used for DO8J Board

Port Function Implementation
P1.2 xxxxxxxxx• • xxxxxxxxxx • •

Txx ___________________xx______________
2LxxJklxJx. 2xJ .J
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Port Function Implementation

P1.6 X'XTXXXXXXXXXX • • xxxxxxxxxxxxxIX• •XXPXXXXXXXXXXXXXXX X

P1.6 XXDXXXXXXXXXXXXXDQX XXXXXXXXXXXXXXXXXXX

P2.1 XXXXXXXXXXXXXXXXXXX T1TXT37OTXT•Q"¶Q

XXXXX-XXXXXXXII XXXXXXXXXXXXXXXJ000000000X
P2.1 J000000000000000000( J00DD0000DOOXoXoooDX

xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxP2.3 •X3OXXXXXXXXX

Port 1 Control XXXXXXXXXXXXXXXXXXX 300000000000000 DOC
Register flflr¶QQQQQQ(

5. Module Implementation Descriptions

5.1 Hardware Schematics
The schematic for the HFC-DO8J board is drawing 400458-01.

5.2 Hardware Components - Bill of Materials
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.

5.3 Software Source Code Listing
The HFC-DO8J board software consistsof all common modules
DS901-000-02, HFC-6000 1/O Board Module Detailed Design
following programs:

described in document
Specification and the

S

0

xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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1. Introduction
The HFC-DC33 is a multi-channel Input/Output (I/O) buffer printed circuit board (PCB).. It
is used for control, interrogation, and monitoring of field devices in an HFC-6000 control
system. The board receives digital messages from its controller, the HFC-SBC06, and sends
the image of its 11 digital input (DI) channels.

Descriptions and discussions of the architectural and design descriptions of a standard HFC-
6000 I/O board, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 I/O Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-DC33 board. The
design descriptions of the common software modules and hardware functions of P/O boards
are covered in document DS901-000-02, HFC-6000 110 Board Module Detailed Design
Specification. The description of the operation and function of an HFC-DC33 board will be
presented using design, implementation, and configuration information.

2. Functional Description
The HFC-DC33 is a special purpose I/O buffer board designed for power plant applications.
This buffer is specifically designed to meet the unique control requirements of a dual-coil
Motor Operated Valve (MOV) starter. Typical applications include controlling dual coil
motor starters while monitoring coil continuity, overloads and the position of the valve.

This board provides a 16-bit 80C188EB microprocessor, 11 DI channels, two 120-vac DO
channels, and onboard status sensors. Major functions performed by the microprocessor
during normal operation are as follows:

* Responds to data transmissions from the HFC-6000 controller.
* Controls the on/off state of the two DO channels.
* Reads the digital status of the onboard DI channels.
. Reads coil continuity and the presence of ac excitation signals for both DO channels

individually.
* Stores the DI image and onboard status in local memory.
* Transmits the digital image of its 11 DI channels back to the HFC-6000 controller.
* Reads seal-in status for each channel.
* Integral transient suppression networks permit reliable operation in high-noise

(electrical) environments.
* Optocouplers isolate logic circuits from field wiring.
* Provides direct solid-state control of special dual coil 120-vac output for such field

devices as a dual coil Motor Operated Valve (MOV) starter.
* The board includes two banks of memory for an onboard 16-bit Intel 80C188EB

microprocessor:
o High memory provides up to 64K by 8-bits of EPROM for functional program code

storage.
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o Low memory provides 32K by 8 bits of RAM for temporary storage of message
data being processed.

* An onboard dc-to-dc converter provides regulated +5-vdc logic power.
* Provides a seal-in circuit that enables the onboard circuitry to sustain the 120VAC

output in the event of controller failure or loss of power to the board.
* An onboard switch enables manual reset of the microprocessor.
* Onboard watchdog timer.
* Provides two output channels for 120-vac, two input channels that monitor continuity

of external solenoid coils, and 11 general purpose Digital4nputs (DI).
* Monitors the 48-vdc-interrogation voltage for the 11 general purpose DI channels.
* Onboard LEDs provide visual indication of board status.
* Allows standardization of internal wiring for controlled devices.
• Onboard software provides built-in diagnostics.
* The HFC-DC33 assembly is designed to satisfy seismic category I requirements.

It also has all standard functions of an HFC-6000. I/O board described'in the HFC-6000 I/O
Board Module Design Specification.

3. Hardware Detailed Design Specification

3.1. Module Specification
" Environmental Extremes

> Temperature: 00 to 60 C' (operating)
00 to 70 C' (storage)

> Humidity: 5% to 95%, non-condensing

" Power Requirement Note: AC signals'are represented by their rms value.
> Output Voltage: 60 to 140-vac, 47 to 63 Hz
> Output Current: 110 amps: inrush, 5 amps continuous
> External Source Power: 24-vdc at 0.3 A nominal current
> Interrogation Voltage: 48-vdc

0 Onboard Clock Rate
> Microprocessor Clock: 22.1184 MHZ

" Mounting Requirements
> The HFC-DC33 mounts vertically in an HFC-6000 card chassis.

3.2 Controls, Jumpers, and LED Indicators

3.2.1 Jumpers
El-E2 Installed during calibration to disable the NMI signal. When the jumper is

removed, the D-latch U41-A activates a high NMI signal.
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3.2.2 Switches
SWi Enables manual reset of the 80C188EB microprocessor.

S3 Permits manual configuration of DI channels 1-11 as isolated or common in any
combination

Si Enables/Disables the Seal-In circuitry for channel 0 output

S2 Enables/Disables the Seal-In circuitry for channel 1 output

3.2.3 Reset-able Fuses
RF1-RF3 Provide overload protection for the +48-vdc interrogation voltage supplied for

the 11 DI channels.

3.2.4 LED Indicators

DSI-1 SYSA/B lights when receive function is enabled for port A; it is out when
receive function is enabled for port B.

DS1-2 TX flashes during serial data transmission over ICL.
DS 1-3 RX flashes during reception of serial data from ICL.
DS1-4 DMT lights while watchdog timer is being triggered.

DS2-1 CHORDY lights when 120- vac power is available, and CHO is de-energized
and connected to an operational coil

DS2-2 CHIRDY lights when 120- vac power is available, and CHi is de-energized
and connected to an operational coil

DS2-3 PWR PRESENTO lights when 120-vac power is available for CHO.
DS2-4 PWR PRESENT1 lights when 120-vac power is available for CHI.
DS3-1 SEAL IN CHO lights when seal-in switch for CHO is enabled and seal-in voltage

is present.
DS3-2 SEAL IN CHi lights when seal-in switch for CHI is enabled and seal-in voltage

is present.
DS3-3 CHO OUT lights when output relay U13 is enabled.
DS3-4 CHI OUT lights when output relay U27 is enabled.

DS4-1 Lights when input channel 1 is on.
DS4-2 Lights when input channel 2 is on.
DS4-3 Lights when input channel 3 is on.
DS4-4 Lights when input channel 4 is on.

DS5-1 Lights when input channel 5 is on.
DS5-2 Lights when input channel 6 is on.
DS5-3 Lights when input channel 7 is on.
DS5-4 Lights when input channel 8 is on.

DS6-1 Lights when input channel 9 is on.
DS6-2 Lights when input channel 10 is on.
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DS6-3 Lights when input channel 11 is on.
DS6-4 No connection, will not illuminate.

3.3 Onboard Power Distribution
The board receives redundant. 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-DC33 board.

Two +48-vdc interrogation power sources are fed through connector P1 and divided into
three branches with each branch supplying power to four channels. A separate reset-able
fuse provides overload protection for each branch, and three optocouplers permit the
microprocessor to monitor status of the three power lines.

The board receives a nominal 120-vac (60 to 140-vac) power for the two solenoid output
channels. When supply power is provided to each channel individually, a bridge rectifier
produces a dc status signal that forward biases an optocoupler, enabling the microprocessor
to verify power status of each channel. The 120-vac power line is connected to a separate
solid state relay for CHO and CHI. The microprocessor can control these relays
independently to enable power output to one or both channels.

120-VAC can be provided to the seal-in circuitry for CHO/CH1 individually. When power is
available, a bridge rectifier produces a dc signal that is supplied to a DC-DC converter. If S I
is in the enabled position a 5V signal is available to sustain the output of CHO in case of
controller failure or in loss of 24V power to the board. If S2 is in the enabled position a 5V
signal is available to sustain the output of CHI1 in case of controller failure or in the loss of
24V power to the board.
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3.4 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral ports:

" Two digital data input ports
• CHO/CHI control output port
* Link address data input port
* Redundant serial ports

Individual outputs from the programmable port P1 of the microprocessor control the chip
enable signals for the I/O ports.

The board provides two output latches to control the status of the two 120-vac output
.channels (CHO and CH1) and two input buffers to read 15 bits of input data. During an I/O
scan, the microprocessor writes the ON/OFF image for CHO and CHI1 to the.output latch.
The resulting output signals control separate solid state relays. When the microprocessor
enables one or both outputs, the corresponding relay becomes enabled and passes the 120-vac
power to its output. Similarly, the microprocessor reads input statuis by running separate read
cycles to the two input buffers. The low order byte contains the digital image of PT01/
through PT08/. The high order byte contains the digital image of PT09/ through PT11/,
CHO_RDY/ CHIRDY/, CHO_PWR/, CHI_PWR/, SICHO/, and SICHI/. In addition to the
17 bits of input data, the microprocessor also can read the status of the excitation voltage
lines VSEN/, VSEN2/, and VSEN3/. These signals are routed directly to three pins of
programmable I/O port P2 of the microprocessor.

The Link address data input port and Redundant serial ports are covered in document DS901-
000-02 I/O Board Module Detailed Design Specification.

3.5 Input Channel Operation
The HFC-DC33 board contains 20 input channels composed of 11 general purpose DI
channels, two coil continuity inputs, two power monitor inputs, two seal-in status inputs, and
a separate status monitor for the three excitation voltage lines. Each of the DI channels is
composed of a low-pass input filter and optocoupler. The input filter is designed to reject
any input signal having a pulse width less than 10 ms in duration, and the optocoupler
isolates the internal logic circuitry from the field wiring. When one of these channels
receives an active input signal, the optocoupler becomes forward biased and produces a low
active output. While any of these outputs is active, the corresponding LED lights. The input
circuit for the three VSEN/ input signals is identical, except they do not have an LED
indication.

The input circuit for the 120-vac power monitor consists of a bridge rectifier, a low pass
filter, and an optocoupler. When the 120-vac power source is present, the rectifier produces
a dc signal at the input of the low pass filter network, and the optocoupler activates the
CHOPWR/ status signal.

-The circuit for the two coil continuity monitor inputs is similar to that of the power monitor
circuit except for input biasing. When the 120-vac output is enabled, the circuit is always
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enabled, so the status input is not meaningful. When either output channels are disabled, a
small voltage bleeds through the biasing network to the input of the rectifier of that
respective channel. If the external coil is present, this small Voltage dissipates through the
coil and the output from the optocoupler remains disabled. This output is inverted to produce
a low active status input (CHORDY/ or CHIRDY/) to the microprocessor. If the external
coil is not present or open, the small voltage at the input of the rectifier is sufficient to
forward bias the optocoupler, resulting in a high (false) indication for the CHRDY/ input.

3.6 Hardware Connections
The HFC-DC33 board contains two board-edge connectors (PI and P2) that mate- with
corresponding connectors on the HFC-6000.backplane. Pin assignments for the P1 connector
are identical for all I/O boards and can be found in document DS901-000-02. Pin
assignments for the P2 connector are covered in Table 1. In addition, each DI channel can be
configured for either isolated or common mode operation on an individual basis. When
operating in common mode, excitation voltage is supplied from this board to the field device
being monitored. When operating in isolated mode, external equipment must supply the
power to enable or disable the DI indication. Table 2 lists the DIP switch settings and signal
assignments required to configure each channel for either mode of operation.
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Table 1. Connector P2 Pinout Summary.

Pl NI Mnemlonic Pinl )V~nelioftic'
P2-A 1 XXXXXXXXXXXXXX P2-Cl XXXXXXXXXXXXXX

P2-A2 XXXXXXXXXXXXXX P2-B2 XXXXXXXXXXXXXX

P2-C2 XXXXXXXXXXXXXX P2-A3 XXXXXXXXXXXXXX

P2-C3 XXXXXXXXXXXXXX P2-A4 XXXXXXXXXXXXXX

P2-C4 XXXXXXXXXXXXXX P2-A5 XXXXXXXXXXXXXX

P2-B5 XXXXXXXXXXXXXX P2-C5 XXXXXXXXXXXXXX

P2-A6 XXXXXXXXXXXXXX P2-C6 XXXXXXXXXXXXXX

P2-A7 XXXXXXXXXXXXXX P2-C7 XXXXXXXXXXXXXX

P2-A8 XXXXXXXXXXXXXX P2-B8 XXXXXXXXXXXXXX

P2-C8 XXXXXXXXXXXXXX P2-A9 XXXXXXXXXxxxxx

P2-C9 XXXXXXXXXXXXXX P2-A 10 XXXXXXXXXXXXXX
P2-Cl 0 XXXXXXXXXXXXXX P2-Al l XXXXXXXXXXXXXX

P2-B 11 XXXXXXXXXXXXXX P2-C 11 XXXXXXXXXXXXXX

P2-A 12 XXXXXXXXXXXXXX P2-C 12 XXXXXXXXXXXXXX

P2-A 13 XXXXXXXXXXXXXX P2-C 13 XXXXXXXXXXXXXX

P2-A 14 XXXXXXXXXXXXXX P2-B 14 XXXXXXXXXXXXXX

P2-Cl 4 XXXXXXXXXXXXXX P2-A 15 XXXXXXXXXXXXXX

P2-CI5 XXXXXXXXXXXXXX P2-A16 XXXXXXXXXxxxxx
P2-Cl 6 XXXXXXXXXXXXXX P2-Al 7 XXXXXXXXXXXXXX

P2-B 17 XXXXXXXXXXXXXX P2-C 17 XXXXXXXXXXXXXX
P2-A 18 XXXXXXXXXXXXXX P2-C 18 XXXXXXXXXXXXXX

P2-A 19 XXXXXXXXXXXXXX P2-B 19 XXXXXXXXXXXXXX

P2-C 19 XXXXXXXXXXXXXX P2-A20 XXXXXXXXXXXXXX

P2-B20 XXXXXXXXXXXXXX P2-C20 XXXXXXXXXXXXXX

P2-A21 XXXXXXXXXXXXXX P2-B21 XXXXXXXXXXXXXX

P2-C21 XXXXXXXXXXXXXX P2-A22 XXXXXXXXXXXXXX

P2-B22 XXXXXXXXXXXXXX P2-C22 XXXXXXXXXXXXXX

P2-A23 XXXXXXXXXXXXXX P2-B23 XXXXXXXXXXXXXX
P2-C23 XXXXXXXXXXXXXX P2-A24 XXXXXXXXXXXXXX

P2-B24 XXXXXXXXXXXXXX P2-C24 XXXXXXXXXXXXXX

P2-A25 XXXXXXXXXXXXXX P2-B25 XXXXXXXXXXXXXX

P2-C25 XXXXXXXXXXXXXXXX P2-A26 XXXXXXXXXXXXXX
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Table I (Continued). Connector P2 Pinout Summary

_____ MnifemonicI Pill Mnemonic

P2-B26 XXXXXXXXXXXXXX P2-C26 XXXXXXXXXXXXXX

P2-A27 XXXXXXXXXXXXXX P2-B27 XXXXXXXXXXXXXX

P2-C27 XXXXXXXXXXXXXX P2-A28 XXXXXXXXXXXXXX

P2-B28 XXXXXXXXXXXXXX P2-C28 XXXXXXXXXXXXXX

P2-A29 XXXXXXXXXXXXXX P2-B29 XXXXXXXXXXXXXX

P2-C29 XXXXXXxXXXXXXX P2-A30 XXXXXXXXXXXXXX

P2-B30 '_XXXXXXXXXXXXXX P2-C30 XXXXXXXXXXXXXX

P2-A31 XXXXXXXXXXXXXX P2-B31 XXXXXXXXXXXXXX

P2-C31 XXXXXXXXXXXXXX P2-A32 XXXXXXXXXXXXXX

P2-B32 XXXXXXXXXXXXXX P2-C32 XXXXXXXXXXXXXX

Table 2. Input Connection Summary

Channel No. Type Posiive Negative Dipswitch
1 XXXX XXXX XXXX XXXX

xxxx XxXX XXXX XXXX
2 XXXX XXXX XXXX XXXX

XXXX XXXX XXXX xxxx
3 XXXX XXXX XXXX XXXX

xxxx XXXX XXXX XxXX
4 XXXX XXXX XXXX XXXX

XXXX XxXX XXXX XXXX
5 XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX
6 XXXX XXXX XXXX XXXX

XXXX xxxx xxxx XxXX
7 XXXX XXXX XXXX XXXX

XXXX XXXX XXXX xxxx
8 XXXX XXXX XXXX XXXX

xxxx XXXX XXXX XXXX
9 XXXX XXXX XXXX XXXX

XXXX xxxx XXXX XxXX
10 XXXX XXXX XXXX XXXX

XXXX XxXX XXXX xxxx
11 XXXX XxXX XXXX xxxx

XXXX xxxx XXXX XXXX
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4. Software Detailed Design Specification
The HFC-DC33 board monitors a total of 20 DI channels. The design descriptions of the
common- software modules are provided, in HFC-6000 1/0 Board Module Detailed Design
Specification. The following subsections provide detailed design descriptions for the
software routines specific to the HFC-DC33 board..

4.1 1/0 Scan Module
This 1/0 Scan Module performs the 1/0 scan for 11 standard DI. channels, two coil continuity
status inputs, two power monitor status inputs, and two seal in status inputs. It takes samples
to read the status of three interrogation voltages and two bytes of input data during each scan.
The loss of any interrogation voltage means that four or more DI images may not be valid, so
the module will not update DI images with new readings if no interrogation voltage is

.:present. If any ýinterrogation voltage is false, the Interrogation Voltage Off error bit in the
diagnostic byte will be set to indicate a hardware fault. This information w' ill be reported to
the controller in the response to a diagnostic request message.

Normally the DI images will be transferred to. the Scan Working Buffer only when at least
one of three interrogation voltages is present. However, to avoid missing information on the
controller side, an interrogation voltage failure counter is used in the 1/0 scan process. This
counter is incremented during each scan cycle where all interrogation voltages are missing.
When the accumulated count exceeds a predefined limit, the DI images in the Scan Working
Buffer will be updated and reported to the controller, even if no interrogation voltage is
present. This counter will remain reset as long as any interrogation voltage line is present.

If a DO channel is set ON, the corresponding coil continuity status input is not meaningful.
So the coil continuity status will be reported as. "TRUE" to prevent spurious error
indications. Only when the corresponding DO channel is not ON will the actual coil
continuity status be reported back to the HFC-SBC06 controller.

4.2 Process Command routine
For normal update messages, this routine reads the one byte output image for two output
channels from the command message and transfers that image to output data latch. UCP
diagnostics messages are processed as described in HFC-6000 1/0 Board Module Detailed
Design Specification DS002-000-02.

4.3 Data Structure
This section. describes the structure of the 1/0 data images and provides a list of the
programmable ports controlled by the software.

4.3.1 1/0 Scan Data
The HFC-DC33 board has two DO channels and 11 DI channels. The data field of poll
messages received from the HFC-.SBC06 controller has the following structure:

B t 7" Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit I Bit 0
PT2 I PTI
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The data field of the response message to the HFC-SBC06 Controller has the following
structure:

Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 PT8 PT7 PT6 PT5 PT4 PT3 PT2 PT1

2 Power *Power Coil 1 Coil 0 Seal In PT11 PTlO PT9
Source 1 Source 0 Continuity Continuity CH 0

4.3.2 Microprocessor Programmable Ports
The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.

Table 3. Programmable Ports Used for HFC-DC33 Board

Port O , Desciption Im§In Htation
P1.0 XXX)OXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXXX

XXXXXXJO OXXXXOOXXXX XXXXXXXXXXXXOXXXX

P1 XXXPI.2 CX)000(XXXXXXX

P1.4 ) 00xxxxx0 0 00000xxxx0 xxxxxxxxxxx0 0 xxxx0 0xxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxx

P1.5 30000 00000T•¶f7

P1. 300000000000000000 XX3000X00XXXXX0 00000
XXKgXXXXXXXXXX XXXXXXXXXXXXX xxxxxxxxxx

P1.5 -xxxxxxxxxx •xxxxxxxxx
xxxxxxxxxxxXXX3XXXXXX•XXXXXXXXX

P1.7 3,0000000000000x0x00 J00,0lxpxgrx'¶Qgxgg
lxxxxxxxxxxxxxxxx

P2.1 J007XXTXXTX00000 00000 30000000000000X

P2.3 0 000 0 0 )XXXXX000

XgXXXXXXXXX3XX••XX
P2.4 XXXXXXXXXX30XXXXXXX00x XXXXXXXXXXX XXX

P2.5 30000000X000000000000 000xxxx0000 •x00(
P2.6 300000000000000

Port 1 xxx30000000000000x0x00x 3000000000 0000XXXX
Control X)XXXXXX3XXXXXXXXXQX XXXXXXrXX
Register XXXXXX0000XXXXXXXXX

XXXXXXXXxXXXxxXXx

DS901-000-05 12 of 14 Rev D



HFC-6000
HFC-DC33 Module Detailed Desian Soecification

HFC Non-proprietary

4.3.3 Failsafe Function

The hardware assembly includes an onboard seal-in circuit. When the seal-in input is
configured and the onboard latch enable switch (S1) is closed, the seal-in circuit latches in
the true state of the DO signal. The purpose of this circuit is to maintain the energized state
of the DO signal even if power is lost from the control system. (The power required to
maintain this state must be supplied from the external field equipment.)

Seal-in status is included with the DI image read by the microprocessor during each scan
cycle. In the event of ICL timeout, the microprocessor checks seal-in status. If seal-in status
is true, then the microprocessor keeps the DO channel energized. If seal in status is false
(either because the DO channel is off or the seal-in function is not configured), the
microprocessor clears the DO latch for failsafe.

5. Module Implementation Description

5.1 Hardware Schematics
The schematic for the HFC-DC33 board is drawing 400463-01.

5.2 Hardware Components - Bill of Materials
The part number of the HFC-DC33 board is 40046201, and its bill of materials is 400462-01
and 400462-81.

5.3 Software Source Code Listing
The HFC-DC33 board software consists of all common modules
DS901-000-02, HFC-6000 I/O Board Module Detailed Design
following programs:

described in document
Specification and the

S

S

xxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx
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6. Design Safety

Refer to MS901-000-02 for a discussion of design safety considerations for HFC-6000 10/
modules.
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1. Introduction
The HFC-DC34 is a multi-channel Input/Output (IO) buffer printed circuit board (PCB). It
is used for control, interrogation, and monitoring of field devices in an HFC-6000 control
system. Typical applications include monitoring Electrically Operated Breakers (EOB) for
overloads. The board receives digital messages from its controller, the HFC-SBC06, and
sends the image of its 11 digital input (DI) channels.

Descriptions and discussions of the architecture and design descriptions of a standard HFC-
6000 I/O board, from an overview perspective, are provided in document MS901-000-02;
HFC-6000 1/O Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common- Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-DC34 board. The
design descriptions of the common software modules and hardware functions of I/O boards
are covered in document DS901-000-02, HFC-6000 I/O Board Module -Detailed Design
Specification. The description of the operation and function of an HFC-DC34 board will be
presented using design, implementation, and configuration information.

2.. Functional Description
The HFC-DC34 is a special purpose I/O buffer board designed for power plant applications.
This board is designed to provide the specific combination of digital I/O channels needed to
control motor starter or switchgear field equipment.

This board provides a 16-bit 80C188EB microprocessor, 11 DI channels, two 125-vdc DO
channels, and onboard status sensors. Major functions performed by the microprocessor
during normal operation are as follows:

4 Responds to data transmissions from the HFC-6000 controller.
* Controls the on/off state of the two output channels.
* Reads the digital status of the onboard DI channels.
* Reads coil continuity and the presence of dc excitation signals for each channel

individually
* Stores the DI image and onboard status in local memory.
• Transmits the digital image of its 11 DI channels back to the HFC-6000 controller.
* Reads seal-in status for each channel
* Integral transient suppression networks permit reliable operation in high-noise

(electrical) environments.
* Provides input filters and opto-couplers to isolate logic circuits from field wiring.
* Provides direct solid-state control of two 125-vdc outputs for such field devices as an

Electrically Operated Breaker (EOB).
0 The board includes two banks of memory for an onboard 16-bit Intel 80C188EB

microprocessor:
o High memory provides up to 64K by 8-bits of EPROM for functional program code

storage.
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o Low memory provides 32K by 8-bits of RAM for temporary storage of message
data being processed.

* An onboard dc-to-dc converter provides regulated +5-vdc logic power.
* Provides two seal-in circuits that enable the onboard circuitry to maintain the two

125-VDC output in the event of controller failure.
* An onboard. switch enables manual reset of the microprocessor.
* Onboard watchdog timer.
* Provides 48-vdc interrogation voltage for the DI channels.
* Monitors the 48-vdc power sources.
* Onboard LEDs provide visual indication of board, status.
* Allows standardization of internal wiring for controlled devices.
* The HFC-DC34 assembly is designed to satisfy seismic category I requirements.

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/O
Board Module Design Specification.

3. Hardware Detailed Design Specification

3.1 Module Specification
" Environmental Extremes.

) Temperature:

> Humidity:

" Power Requirement
; Output Voltage:

> Output Current:

> External Source Power:

> Interrogation Voltage:

Onboard Clock Rate

0' to 60 C' (operating)
00 to 70 C' (storage)
5% to 95%, non-condensing

100 to 150-vdc
25 amps: inrush
10 amps, 250ms repeated once per 5 minutes
2 amps continuous

24-vdc'at 0.3 A nominal current

48-vdc

22.1184 MHZ

Mounting Requirements
The HFC-DC34 mounts vertically in an HFC-6000 card chassis.

3.2 Controls, Jumpers, and LED Indicators

3.2.1
El-E2

Jumpers
Installed during calibration to disable the NMI signal. When the jumper is
removed, the D-latch U41-A activates a high NMI signal.
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3.2.2 Switches
SWI Enables manual reset of the 80C188EB microprocessor.
Si Permits manual configuration of DI channels 1-11 as isolated or common in any

combination

S3 Enables/Disables the Seal In mode for CHO

S4 Enables/Disables the Seal In mode for CHi

3.2.3 Reset-able Fuses
RF1-RF3 Provide overload protection for the +48-vdc interrogation voltage supplied for

the 11 DI channels.

3.2.4 LED Indicators

DSI-1 SYSA/B lights when receive function is enabled for port A; it is out when
receive function is enabled for port B.

DS 1-2 TX flashes during serial data transmission over ICL.
DS 1-3 RX flashes during reception of serial data from ICL.
DS1-4 DMT lights while watchdog timer is being triggered.

DS2-1 CHO RDY lights when 125- vdc power is available, coil test mode is enabled,
and the external coil on CHO is operational.

DS2-2 CHI RDY lights when 125- vdc power is available, coil test mode is enabled,
and the external coil on CHI is operational.

DS2-3 PWR PRESENTO lights when 125-vdc power is available for CHO.
DS2-4 PWR PRESENT 1 lights when 125-vdc power is available for CH1.
DS3-1 SEAL IN CHO lights when 'seal in switch for CHO is enabled and seal-in voltage

is present.
DS3-2 SEAL IN CH1 lights when seal in switch for CHI is enabled and seal-in voltage

is present.
DS3-3 CHO OUT lights when the CHO output is enabled.
DS3-4 CH1 OUT lights when the CHI output is enabled.

DS4-1 Lights when input channel 1 is on.
DS4-2 Lights when input channel 2 is on.
DS4-3 Lights when input channel 3 is on.
DS4-4 Lights when input channel 4 is on.

DS5-1 Lights when input channel 5 is on.
DS5-2 Lights when input channel 6 is on.
DS5-3 Lights when input channel 7 is on.
DS5-4 Lights when input channel 8 is on.

DS6-1 Lights when input channel 9 is on.
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DS6-2 Lights when input channel 10 is on.
DS6-3 Lights when input channel 11 is on.
DS6-4 No connection, will not illuminate.

3.3 Onboard Power Distribution
The board receives redundant 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-DC34 board.

Two +48-vdc interrogation power sources are fed through connector P1 and divided into
.three branches with each branch supplying power to four channels. A separate reset-able
fuse provides overload protection: for each branch, and three opto-couplers permit the
microprocessor to monitor status of the three power lines.

The board receives a nominal 125-vdc (100 to 150-vdc) power for the two solenoid output
channels. When supply power is available, an input status signal forward biases a
corresponding optocoupler, enabling the microprocessor to verify power status of each
channel. individually. The 125-vdc power line is connected to a separate FET switch for CHO
and CH1. The microprocessor can control these FETs independently to enable power output
*on one or both channels.

125-VDC can be provided to the seal-in circuitry for CHO/CHI. When power is available, a
linear regulator converts 125-VDC to 48-VDC, then a DC-DC converter converts 48VDC to
5VDC. If S3 is in the enabled position and the 125-VDC is supplied to SEAL IN CHO, then a
5V signal is available to sustain the output of CHO in case of controller failure or in loss of
24V power to the board. If S4 is in the enabled position and the 125-VDC is supplied to
SEAL IN CHI, then a 5V signal is available to sustain the output of CHI in case of
controller failure or in loss of 24V power to the board.

3.4 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral ports:

* Two digital data input ports
* CHO/CHI control output port
* Link address data input port
* Redundant serial ports

Individual outputs from the programmable port P1 of the microprocessor control the chip
enable signals for the I/O ports.

The board provides one output latch to control the status of the two 125-vdc digital output
channels (CHO_OUT/ and CHI OUT/) and two coil monitoring circuits. When one of the
DO channels is set on, the corresponding CHxOUT/ signal from the latch forward biases a
solid-state switch, passing 125-vdc power from input source to the output port for that
channel. When a DO channel is set off, the microprocessor can activate the coil monitoring
circuit. In order for the circuit to produce meaningful results, the onboard software prevents
the DO channel and the coil monitoring circuit from being enabled at the same time.
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The microprocessor reads input status by running separate read cycles to the two input
buffers. The low order byte contains the digital image of PTO1/ through PTO8/. The high
order byte contains the digital image of PT09/ through PT11/, CHO_RDY/, CHI_RDY/,
CHOPWR/, CHI_PWR/, SICHO/, AND SICH1/. In addition to the 17 bits of input data, the
microprocessor also can read the status of the excitation voltage lines VSEN/, VSEN2/, and
VSEN3/. These signals are routed directly to three pins of programmable I/O port P2 of the
microprocessor.

The Link address data input port and Redundant serial ports are covered in document DS901-
000-02 I/O Board Module Detailed Design Specification.

3.5 Input Channel Operation
The HFC-DC34 board contains 20 input channels composed of 11 general purpose DI
channels, two coil continuity inputs, two power monitor inputs, two seal-in status inputs, and
a separate status monitor for the three excitation voltage lines. Each of the DI channels is
composed of a low-pass input filter and an optocoupler. The input filter is designed to reject
any input signal having a pulse width less than 10 ms in duration, and the optocoupler
isolates the internal logic circuitry from the field wiring. When one of these channels
receives an active input signal, the optocoupler becomes forward biased and produces a low
active output. While any of these outputs is active, the corresponding LED will light. The
input circuit for the three VSEN/ input signals is identical, except they do not have an LED
indication.

Each of the two input circuits for the 125-vdc power monitor consists of a low pass filter, and
an optocoupler. When the 125-vdc power source is present for one or both input channels,
the dc signal at the input of the low pass filter network activates a corresponding optocoupler
*to produce a low active output (CHO PWR/ and/or CHI1PWR/). If either the CHOPWR/ or
the CHIPWR/ signal is active, the PWR PRESENTO LED or PWR PRESENTI LED lights
respectively.

The coil monitor circuit consists of a voltage divider connected to the 125-vdc power source,
a low pass filter, and two optocouplers. When the microprocessor deactivates the
CHx_OUT/ signal, one optocoupler passes the 125-vdc power source to the input of the
voltage divider. This circuit then applies a significantly reduced voltage across the ports of
the DO channel. If an external coil is present, a small current passes through the voltage
divider network to forward bias the monitoring optocoupler, which then produces a low
active CHxRDY/ status output. If the external circuit is open, no current flows through the
circuit, and the monitoring optocoupler remains cut off. If either the CHO0RDY/ or the
CHI_RDY/ signal is active, .the CHO/1 RDY LED lights.

The seal-in status consists of 125VDC being regulated to 5VDC. The availability of the
5VDC is read by the onboard microprocessor for each of the two channels. When the seal-in
circuitry is active (true) the onboard microprocessor will not initiate failsafe for the
corresponding DO channel in the event of ICL timeout.
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3.6 Hardware .Connections
The HFC-DC34 board contains two board-edge connectors (P1 .and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Pin assignments for the P1 connector
are identical for all I/O boards and can be found in document DS901-000-02. Pin
assignments for the P2 connector are covered in Table 1. In addition, each DI channel can be
configured for either isolated or common mode operation on an individual basis. When
operating in common mode, excitation voltage is supplied from this board to the field device
being monitored. When operating in isolated mode, external equipment must supply the.
power to enable or disable the DI input circuit. Table 2 lists the DIP switch settings and
signal assignments required to configure each channel for either mode of operation.

Table 1. Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic...

P2-Al XXXXXXXXX P2-Cl XXXXXXXXX

P2-A2 XXXXXXXXX P2-B2 XXXXXXXXX

P2-C2 XXXXXXXXX P2-A3 XXXXXXXXX

P2-C3 XXXXXXXXX P2-A4 XXXXXXXXX

P2-C4 XXXXXXXXX P2-AS XYXXYXXYXXX
P2-B5 XXXXXXXXX P2-C5 XXXXXXXXX

P2-A6 XXXXXXXXX P2-C6 XXXXXXXXX

P2-A7 XXXXXXXXX P2-C7 XXXXXXXXX

P2-A8 XXXXXXXXX P2-B8 XXXXXXXXX
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Table 1 (Continued). Connector P2 Pinout Summary

Pin Mnemonic Pin Mnemonic

P2-C 8 XXXXXXXXX P2-A9 XXXXXXXXX

P2-C9 XXXXXXXXX P2-A 10 XXXXXXXXX

P2-CBO XXXXXXXXX P2-A ll XXXXXXXXX

P2-B 11 XXXXXXXXX P2-C 11 XXXXXXXXX

P2-A12 XXXXXXXXX P2-C12 XXXXXXXXX

P2-A13 XXXXXXXXX P2-C 13 XXXXXXXXX

P2-A14 XXXXXXXXX P2-B 14 XXXXXXXXX

P2-C14 XXXXXXXXX P2-A15 XXXXXXXXX

P2-C15 XXXXXXXXX P2-A 16 XXXXXXXXX

P2-C16 XXXXXXXXX P2-A17 XXXXXXXXX

P2-B 17 XXXXXXXXX P2-C17 XXXXXXXXX

P2-A28 XXXXXXXXX P2-CB8 XXXXXXXXX

P2-A23 XXXXXXXXX P2-B23 XXXXXXXXX

P2-B24 XXXXXXXXX P2-C24 XXXXXXXXX
P2-A25 XXXXXXXXX P2-B25 XXXXXXXXX

P2-C25 XXXXXXXXX P2-A26 XXXXXXXXX

P2-B26 XXXXXXXXX P2-C26 XXXXXXXXx

P2-A27 XXXXXXXXX P2-B27 XXXXXXXXX
P2-C27 XXXXXXXXX P2-A28 XXXXXXXXX
P2-B28 XXXXXXXXX P2-C28 XXXXXXXXX

P2-B28 XXXXXXXXX P2-B29 XXXXXXXXX
P2-A29 XXXXXXXXX P2-B29 XXXXXXXXX

P2-C29 XXXXXXXXX P2-A30 XXXXXXXXX

P2-B30 XXXXXXXXX P2-C30 XXXXXXXXX

P2-A31 XXXXXXXXX P2-B31 XXXXXXXXX

P2-C31 XXXXXXXXX P2-A32 XXXXXXXXX

P2-B32, XXXXXXXXX P2-C32 XXXXXXXXX
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Table 2. Input Connection Summary

Channel No. . . Type Positive N egative % iDipswitch
1 XXXX XXXX XXXX XXXX

2xxxx xxxx xxxx xxxx
2 .XXXIX XXXIX XXXIX XXXX

XXXX XXXX XXXX XXXX
3 XXXIX XXXX XXXX XXXX

XXXX XXXX XXXIX XXXX
4 XXXX XXXX XIXXX XIXXX

XXXX XXXX XXXX XXXX
5 XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX
6 XIXXX XXXX XXXX XXXX

XXXXX XXXxXXXX XXXX
7 XXXIX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX
8 XXXX XXXX XXXX XXXX

XXXX XXXX XXXX XXXX
9 XXXX XXXX XIXXX XXXX

XXXIX XXXX XXXX XXXX
10 XXXIX XXXX XXXIX XXXX

XXXX XXXX XXXX XXXX
11 XXXX XXXX XXXX XIXXX

_____ IXIXXX XXXIX IXXXX XXXIX

4. Software Detailed Design Specification
The HFC-DC34 board monitors a total of 20 DI channels. The design descriptions of the
common software modules are provided in HFC-6000 I/O Board Module Detailed Design
Specification. The following subsections provide detailed design descriptions for the
software routines specific to the HFC-DC34 board.

4.1 I/0 Scan Module
'This I/O Scan Module performs the I/O scan for 11 standard DI channels, two coil continuity
status inputs, 2 power monitor status inputs, and two seal in status inputs. It reads the status
of three interrogation voltages and the two bytes of input data during each scan. The loss of
any interrogation voltages means that four or more of the DI images may not be valid, so the
module will not update DI images with new readings if no interrogation voltage is present. If
any interrogation voltage input is false, the Interrogation Voltage Off error bit in the
diagnostic byte will be set to indicate a hardware fault. This information will be reported to
the controller in the response to a diagnostic request message.

Normally, the DI images are transferred to the Scan Working Buffer when at least one of
three interrogation voltages is present. However, to avoid missing information on the
controller side, an interrogation voltage failure counter is used in the I/O scan process. This
counter is incremented during each scan cycle where all interrogation voltages are missing.
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When the accumulated count exceeds a predefined limit, the DI images in the Scan Working
Buffer Will :be updated and reported to the 'controller even if no interrogation voltage isý
present. This counter will remain reset as long as any interrogation voltage'line is present.

If a DO channel is set ON, the corresponding coil continuity status input is not meaningful.
So the coil continuity status will be reported as "TRUE" to' prevent spurious error
indications. Only when the corresponding DO channel is not ON will the actual coil
continuity status be reported back to the HFC-SBC06 controller.

4.2 Process Command routine
For normal update messages, this routine reads the one byte output image for two output
channels from command message and transfers that image to output data latch. UCP
diagnostics messages are processed as described in HFC-6000 I/O Board Module Detailed
Design Specification DS002-000-92.

4.3 Data Structure
This -section describes the structure of the I/O data images and provides a' list of the
programmable ports controlled by the software.

4.3.1 1/0 Scan Data
The HFC-DC34 board has 2 DO channels and 11 DI channels. The data field of poll
messages received from the HFC-SBC06 controller has the following structure:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

- CH IOUT/ CHO OUT/

The data field of the response' message to the HFC-SBC06 Controller has the following
structure:
Byte Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

1 PT8 PT7 PT6 PT5 PT4 PT3 PT2 PT1

'2 Power- Power Coil 1 Coil 0 Seal In PT1 I PTIO PT9
_ 2 Source 1 Source 0 Continuity Continuity CHO 1 P1 T

4.3.2 Microprocessor Programmable Ports
The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 3 lists the specific ports that are used, their function, their active
state, and the. mask required to implement that state in the program.
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Table 3. Programmable Ports Used for HFC-DC34 Board
........... es"Crptlon hupim lementatlOn

XXYXXXXXXJ3303XXXXXYXX YXX)30003030300032XX
P1.1 XXXXXXXXXXJ3371Q XXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxx

XXXXXXXXXXX orxxxzox-xxz cxxxxx
P1.2 J000030D000

PI xxxxxxxxxxXXXXXXXXXXXX•X]•,r'•X

P1.5 xxxxxxxxxxx xxxxxxxxx

•• X)000 0X00033300 Ci) 030

P1.3 XXXXXXXXXXXXXXXXXXXX 0xx0000000000030230

P1. XXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXYXXXXXXX

P2.1 xxxxxxxxxx•OxxJIxxxx XXX•XXXXXXX-
XXXXXXJlXXXXXXXXX

P2.3 -xxxxxxxxxx XXXXXXXXJO•OO•Og•X

xxxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxx

P2.4 XXXXJOO300300000300X XX)0X0,X , T'T 'QXKX)Q

P2.5 XXxxxxxxxxxxxxyl xxxxxxxxxx
P2.6 XzXXXXXXXXXXXX- xx, cxz x xxxx

Port I XXXXX X'XXXXXXXX-Xxxxxxxxxxxxx
Control XXXXXXlXXXXXXXXXXXXXXXXXXX
Register XXXXJOXXXXXXXXXX XXXXXXXXXX

P17 XXXXXXXXXXXXXXXXXXXX r9TXrXX r¶TX77X7X7-7979gg

4.3.3 Failsafe Function

The hardware assembly includes an onboard seal-in circuit. When the seal-in input is
configured and the onboard latch enable switch (S1).is closed, the seal-in circuit latches in
the true state of the DO signal. The purpose of this circuit is to maintain the energized state
of the DO signal even if power is lost from the control system. (The power required to
maintain this state must be supplied from the external field equipment.)

Seal-in status is included with the DI image read by the microprocessor during each scan
cycle. In the event of ICL timeout, the microprocessor checks seal-in status. If seal-in status
is true, then the microprocessor keeps the DO channel energized. If seal in status is false
(either because the DO channel is off or the seal-in function is not configured), the
microprocessor clears the DO latch for failsafe.
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5. Module- Implementation Description

5.1 Hardware Schematics
The schematic for the HFC-DC34 board is drawing 400468-01.

5.2 Hardware Components - Bill of Materials
The part number of the HFC-DC34 board is 40046701, and the bills of material are 400467-
01 and 400467-81.

5.3 Software Source Code Listing
The HFC-DC34 board software consists of all common modules described in document
DS901-000-02, HFC-6000 I/O Board Module Detailed Design Specification and the
following programs:

* xxXXxxx
* xxxxxxx

6. Design Safety
Refer to MS901-000-02 for a discussion of design safety considerations for the HFC-6000
1/0 Modules.
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1. Introduction
The HFC-AI16 assembly is a 16-channel analog input board. This assembly operates as a
standard Al board in an HFC-6000 control system. It receives analog input signals from field
equipment at the plant and performs A/D conversion for each channel at regular intervals. The
HFC-SBC06 controller initiates communication with a configured HFC-AI16 board during
its regular scan cycles, and the HFC-AI16 board returns the current digital image for all input
channels.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 I/O boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 I/O Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-AI16 board. The
design descriptions of the common software modules and hardware functions of I/O boards'
are covered in document DS901-000-02, HFC-6000 I/O Board Module Detailed Design
Specification. The description of the operation and function of an HFC-AI16 board will be
presented using design, implementation, and configuration information.

1.1 References

700901-06
MS901-000-02
DS901-000-02
40043301
WI-ENG-106

HFC-6000 I/O Card Requirements Specification
HFC-6000 Product Line, 1/0 Module Design Specification
HFC-6000 Product Line, I/O Module Detailed Design Specification
HFC-AI16 Schematic
Development of Hardware Design Specification

1.2 Special Terms and Abbreviations

1/O Input/Output
LSB Least Significant Bit
RAM Random Access Memory
AI16F 0-20mA 16 Channel Analog Input
AI16E 0-10V 16 Channel Analog Input
AI16R 0-5V 16 Channel Analog Input
A/D Analog to Digital Converter

2.0 Specifications

" Environmental Extremes
Temperature:

Relative Humidity:

" Power Requirements

0' to 550 C (operating)
00 to 70' C (storage)
5% to 95%, non-condensing
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External Power Supply: +24 vdc, 0.3 A maximum load.
Excitation voltage: +24 vdc with resetable fuse for each pair of channels and 0.5 A

fuse for the combined load

" Onboard Clock Rate
Microprocessor Clock: 22.1184 MHz

" Input Signal Requirements
Signal:

AI16F 249K2 input resistor accepts 0 to 20mA.
AI16E 1 Mf2 input resistor accepts 0 to 1OV.
AI16R 1 Mf2 input resistor accepts 0-5V.

Accuracy: Designed to read input signals accurately to. 1% of full scale.

3.0 Controls and Indicators

The firmware determines the overall operating characteristics of the hardware on the HFC-
A116 board. The HFC-AI16 board includes the set of four LEDs common to all I/O board
types (DS901-000-02). In addition, the board also includes six jumpers, two potentiometers,
three switches, and nine fuses. The function of these components is as follows:

Jumpers
W36 Installed to supply 24-vdc excitation power for common Al channels.

W37 Installed to make the analog return and digital return electrical common.

El-E2 Installed during calibration to disable both the NMI signal. When this jumper is
removed, the D-latch U41-A activates a high NMI signal.

E5-E6 Not currently defined.

Potentiometers
R97 Enables the manual adjustment of the ADC offset voltage.

R98 Enables the manual adjustment of the ADC gain.

Switches

SWI Enables user to reset the 80C1 88EB microprocessor.

S1 8-position DIP switch enables the user to configure channels 1 through 8 for
either common or isolated mode operation (SW ON = COMMON) in any
combination.
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S2 8-position DIP switch enables the user configure channels 8 through 16 for either
common or isolated mode operation (SW ON = COMMON) in any combination.

Fuses
F 1, Provide separate overload protection on the 24-vdc excitation voltage line for
F2, each pair of input channels
F4-F9

F3 Provides common overload protection for the excitation power source supplied to
all 16 input channels.

4.0 Functional Description
The HFC-AI16 Al board is controlled by an onboard 80C188EB microprocessor and
provides an interface for up to 16 analog field inputs for an HFC-6000 control system. The
analog inputs are converted into digital images and stored in onboard RAM. The system
controller accesses these values from RAM by sending the appropriate message to the HFC-
Al16 board.

4.1 Overview
It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/O
Board Module Design Specification. The major functions performed by the 80C188EB
microprocessor during normal operation are as follows:

* Performs reset and initialization of onboard hardware.
" Responds to data transmissions from the HFC-6000 controller.
* Samples the analog data from each of the 16 Al channels.
* Performs the Analog-to-Digital (A/D) conversion of field inputs.
* Stores the digital image for each channel in onboard memory.

4.2 Onboard Power Distribution
The board receives redundant 24-vdc power feeds from the backplane connector J1. The two
power feeds are diode auctioneered and routed to the following components:

" An onboard voltage regulator converts the 24-vdc source power to +5-vdc power required
for logic components on the HFC-AI 16 board.

" An onboard voltage regulator (PSI) converts the 24-vdc source power to ± 15-vdc non-
isolated. power. This supplies operating power for the non-isolated analog circuitry.

" An onboard voltage regulator (PS2) converts the 24-vdc source power to ± 15-vdc for the
isolated analog circuitry.

When jumper W36 is installed, a 24-vdc power line is divided into 8 branches. Each branch
includes a separate reset-able line fuse and supplies excitation power for two Al channels.
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4.3 Reset/Initialization
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)ODDXXXX
XXXXXXXXXXXXXXX)DDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Watchdog Timer Functions
The IJFC-A116 board is equipped with a watchdog timer circuit composed of a one-shot
(U40-A) and a D-latch (U4 1-A). During initial power-up or manual reset, the output from
the Micro Monitor chip holds both the one-shot and D-latch in their reset state. When the
/RES1N signal assumes a high state, the one-shot can respond to outputs from the
microprocessor.

Programmable output from port P2.1 of the microprocessor is routed to the negative trigger
input of the one-shot. During normal operation of the onboard software, the microprocessor
must produce a low output pulse from this port once every 950 ms to keep the one-shot at a
triggered state. While the one-shot remains triggered, the negative output keeps LED DS5- 1
lit, and the positive output enables the transmission function of the redundant serial ports. If
the microprocessor stops normally processing its software, the one-shot times out after a
period of 950 ins. The resulting transition of the low active output clocks the D-latch, and
the low state of the high active output disables transmission over the serial links.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJCCXDCXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxXXXXXXXXI

4.4 Memory Structure
Memory on the HFC-AI16 board is organized into two banks of private memory for the
microprocessor. Private memory for the 80C188EB microprocessor consists of one bank of
EPROM and one bank of RAM. The private memory banks are connected directly to the
address and data lines of the microprocessor.
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80C188EB Microprocessor Upper Memory
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXX

80C188EB Microprocessor Low Memory
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.5 Interrupt Processing
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.6 Microprocessor Peripheral Ports
The microprocessor controls the following peripheral, ports:

*Analog Input (Al) control output port
*AID data input port
*Link address data input port
*Redundant serial port

The link address input port, and the redundant serial port are common to all 1/O board types,
and are described in. document DS9Ol-OOO-02. Individual outputs from the programmable port
P1I of the microprocessor control the chip enable signals for the three 110 ports

4.6.1 Analog Input (Al) control output port
The interface between the microprocessor and the analog section of the board consists of a
16-bit AID converter, an 8-bit latch, and two BCD-to-decimal decoders. Bits 4 through 7
(formatted as ADO through AD3) of the data transferred to the latch contain a 4-bit code for
the Al channel to be read, and bit 1 (AD6) controls the R/C output to the AID converter. The
4-bit channel selection code is routed from the output ports of the latch to the input of both
BCD-to-decimal decoders via the 8-bit buffer. The buffer has two output enable ports
controlled by separate signals from the microprocessor. .OE 1 is controlled by the output from
P1.6, and 0E2 is controlled by the output from P1.5. When the microprocessor activates the
output from P1.6, the channel select code controls selection of PTOO through PT07; when the
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output from P1.5 is activated, the channel select code controls selection of PT08 through
PT17. PT16 and PT17 control selection of zero and span voltage inputs, for a calibration
cycle. The active output signal then forward biases the optocoupler for the selected channel,
and it passes the analog input from the field device to an input amplifier.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXJXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Input channels PT16 and PT17 provide precision voltage levels to enable the microprocessor
to evaluate the calibration of the analog circuitry. When PT16 is selected, the onboard
circuitry supplies a fixed signal of 0.91-vdc to the input amplifier. When PT17 is selected,
the circuitry supplies a fixed signal of 10-vdc to the input amplifier. The microprocessor
reads the count values for these two inputs and compares them with expected values from
memory. If the drift is less than a fixed tolerance value in memory, the software can
calculate a correction factor for each of the field inputs. If the drift exceeds the tolerance
value, the software can trigger a calibration error alarm.

4.6.2 AID data input port
The microprocessor uses the following sequence to select an input channel, initiate A/D
conversion, and read the resulting 16-bit digital image from the ADC.

1. The microprocessor writes the channel selected code and a high R/C signal to the output
latch.

2. After completion of the write cycle, the microprocessor sets either programmable port
P1.5 or P1.6 low to enable generation of the required port selection output signal.

3. The selected channel supplies its signal to the input of the analog circuitry. The high
state of the R/C and CS/ signals enable internal sample-and-hold circuits in the ADC to
acquire the input signal.

4. After a delay to allow signal stabilization, the microprocessor sets the R/C and CS/
signals low to start the conversion process. The sample-and-hold in the ADC retains the
signal acquired during the previous interval.

5. The ADC sets the STS (BUSY/) signal low at the start of the conversion cycle. When the
conversion cycle is complete, the STS signal returns to a high level.

6. The low-to-high transition of the STS signal triggers the INT4 input to the
microprocessor.
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7. The microprocessor sets the R/C signal high and then runs two read cycles to the A/D
data input port with the CS/ signal low. The microprocessor sets the ADO signal low to
access the most significant byte of data and sets it high to access the least significant byte
ofdata.

8. The microprocessor can repeat steps 4 through 7 to read the digital image from the
sample-and-hold circuit without repeating the acquisition cycle.

4.7 I/0 Ports
The HFC-Al 16 board contains 16 input channels for analog input signals from external field
equipment. Each channel includes a low-pass filter to block electrical noise and an
optocoupler to isolate the onboard circuitry from the field circuitry. Each channel includes a
connection to an onboard DIP switch that permits configuration for either common or
isolated operation on a channel-by-channel basis. When a channel is configured for common
mode operation, 24-vdc power is supplied from the board to the field transducer that
produces the input signal. When a channel is configured for isolated operation, that channel
is electrically isolated from all other components on the board, and the field transducer must
provide the power source to drive the input signal.

5.0 Hardware Connections
The HFC-AI16 board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane.. Connector P1 provides the electrical
interface between the HFC-AI16 and the HFC-SBC06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the P1 connector
are identical for all I/O boards and are covered in document MS901-000-02. Pin assignments
for the P2 connector are covered in Table 1. In addition, each Al channel can be configured
for either isolated or common operation on an individual basis. Table 2 lists connection
requirements for both isolated and common configurations for each channel.

6. Software Detailed Design Specification.
The design descriptions of the common software modules are provided in HFC-6000 I/O
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AIl 16F board.

6.1 Board Information
The HFC-AI16F board has a total of 16 identical Al channels. Each channel will provides
positive and negative terminal connections for a signal in the range of 0-20 mA. The board
contains a single A/D converter that will be configured to produce a 16-bit digital image of
the analog input for each channel.
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Table 1. Connector P2 Pinout Summary

Pinll Mnemonic Pin Mnemonic
P2-Al XXXXXXX- P2-Cl XXXXXXX

P2-A2 XXXXXXX P2-C2 XXXXXXX

P2-A3 XXXXXXX P2-C3 • XXXXXXX

P2-A4 XXXXXXX P2-C4 XXXXXXX

P2-A5 XXXXXXX P2-C5 XXXXXXX

P2-A6 XXXXXXX P2-C6 XXXXXXX

P2-A7 XXXXXXX P2-C7 XXXXXXX

P2-A8 XXXXXXX P2-C8 XXXXXXX

P2-A9 XXXXXXX P2-C9 XXXXXXX

P2-AlO XXXXXXX P2-CI XXXXXXX

P2-Al1 XXXXXXX P2-C 11 XXXXXXX

P2-AI2 XXXXXXX P2-C12 XXXXXXX

P2-A13 XXXXXXX P2-C13 XXXXXXX

P2-A14 XXXXXXX P2-C14 XXXXXXX

P2-A15 XXXXXXX P2-C15 XXXXXXX

P2-A16 XXXXXXX P2-C6 XXXXXXXX

P2-A17 XXXXXXX P2-C17 XXXXXXX
P2-A18 XXXXXXX P2-C18 XXXXXXX

P2-A19 XXXXXXX P2-C19 XXXXXXX

P2-A20 XXXXXXX P2-C20 XXXXXXX

P2-A21 XXXXXXX P2-C21 XXXXXXX

P2-A22 XXXXXXX P2-C22 XXXXXXX

P2-A23 XXXXXXX P2-C23 XXXXXXX

P2-A24 XXXXXXXX P2-C24 XXXXXXX
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Table 2. Input Connection Summary

ChanndlNo. ~' Type Positive ý.K eýtive ~ ]'Dipswifchb
1 Isolated P2-Al P2-Cl XXXXXXX

Common P2 A2 P2-Al XXXXXXX
2 Isolated P2-A3 P2-C3 XXXXXXX

Common P2 C2 P2-A3 XXXXXXX
3 Isolated P2-A4 P2-C4 XXXXXXX

Common P2 A5 P2-A4 XXXXXXX
4 Isolated P2-A6 P2-C6 XXXXXXX

Common P2 C5 P2-A6 XXXXXXX
5 Isolated P2-A7 P2-C7 XXXXXXX

Common P2 A8 P2-A7 XXXXXXX
6 Isolated P2-A9 P2-C9 XXXXXXX

Common P2 C8. P2-A9 XXXXXXX
7 -Isolated P2-AlO P2-CG0 XXXXXXX

Common P2 Al1 P2-AlO XXXXXXX
8 Isolated P2-A12 P2-C12 XXXXXXX

Common P2 C11 P2-A12 XXXXXXX
9 Isolated P2-A-13 P2-C13 XXXXXXX

Common P2 A14 P2-A13 XXXXXXX
10 Isolated P2-A15 P2-C15 XXXXXXX

Common P2 C14 P2-A15 XXXXXXX
11 Isolated P2-A16 P2-C 16 XXXXXXX

Common P2 A17 P2-A16 XXXXXXX
12 Isolated P2-A18 P2-C18 XXXXXXX

Common P2 C17 P2-A18 XXXXXXX
13 Isolated P2-A19 P2-Cb9 XXXXXXX

Common P2 A20 P2-A19 XXXXXXX
14 Isolated P2-A21 P2-C21 XXXXXXX

Common P2 C20 P2-A21 XXXXXXX
15 Isolated P2-A22 P2-C22 XXXXXXX

Common P2 A23 P2-A22 XXXXXXX
16 Isolated P2-A24 P2-C24 XXXXXXX

Common P2 C23 P2-A24 XXXXXXX
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6.2 Analog Input Scan Algorithm
Every scan cycle, the scan module performs an AI calibration test, and then calculates the Al
offset and gain. If any errors occur, during the calibration test, the scan module sets an error bit
in the diagnostics byte, marks the normal response as a bad response, and returns.

After finishing with all channels, the module stores the adjusted raw value in a filter buffer, and
calculates a moving average of all records of raw value in the buffer. The filter buffer's size is
predefined. Every scan cycle, a new reading of raw value is added to the buffer, and the
earliest reading in the buffer is pushed out.

There are two calibration parameters for each channel that are originally obtained from the
EPROM. The software uses these parameters to adjust the filtered Al raw value of each
channel for better accuracy. Then the adjusted input images will be saved in the scan work
buffer. Refer to Section 4.3 "Single Channel Adjustment Algorithm" for the adjustment
algorithm using calibration parameters.

6.2.1 Read Channel Raw Value
During each Al signal reading, control signals are used to initialize the A/D converter (ADC),
and to sample the input signal from the selected channel. The output signal STS is linked with
the interrupt signal INT4 to the microprocessor. This signal indicates the status of the ADC
cycle. It goes low at the beginning of a conversion and returns high when the conversion cycle
is complete. The interrupt request register REQST is used to check the ADC conversion
complete bit (INT4).

The module takes a predefined number of Al samples per channel and averages the raw count
value. The main sequence to scan the image for one AI channel is as follows:

•• / : :: - XXXX- L - --- :

6.2.2 Calibration Test Routine

This routine gets the raw values from the low calibration point and the high calibration point.
If the low or high calibration point raw value is out of range, the routine will return with error.
If there are no errors, the routine calculates Al offset and gain by using low and high
calibration point raw values.
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For the 15-bit AD converter, the raw value of the low calibration point should be within
OB18H ± AOH counts, and the raw value of the high calibration point shouldbe within 79EOH
± AOH counts. When the raw values are within the acceptable ranges, the calculation of Al
offset and Al gain is as follows:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

6.2.3 Al Algorithm
For the 15-bit AD converter, the calculation of Al image is as follows:

XX XXX)DDQDXX DQGXQDXJQDD•(DODD

xxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxx•xxxxxxxx xxxJxxxrxxW)O(xxx x)QQQO(x
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Figure 1. AIAlgorithm Explanation

6.3 Single Channel Adjustment Algorithm
The single channel adjustment algorithm is used in the software of A1161, AO8F, AC36
boards. to achieve better accuracy. Offset and gain for each channel will be determined by
testing or default to zero, and an EPROM file will be built incorporating the offset and gain
parameters in a specific location of EPROM memory. The first time the I/O software enters
the scan module, the software obtains the offset and gain parameters from the specific
memory location in EPROM to calculate actual raw value for 4 mA and 20 mA of each
analog input or analog output channel and saves them in a buffer as two arrays: CALZERO
and CALGAIN.
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

The CALZERO array stores for each channel the actual value for 4 mA, i.e. STDZERO
adjusted by offset parameter for that channel. The CALGAIN array stores for each channel
the actual value for 20 mA, i.e. STDGAIN adjusted by gain parameter for that channel.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

6.4 HFC-AI16F-board Specific Modules

6.4.1 I/0 Scan Module
The SCAN module performs Al scan for sixteen channels

6.4.2 Process Command routine
For normal update messages, this routine doesn't do anything because there is no AO
.channel on card. UCP diagnostics messages are processed as described in document
DS002-0000-02.

6.5 Data Structure

6.5.1 Scan Data
The data field of the response message sent to the HFC-SBC06 controller contains Al images
for sixteen channels as follows:

1 XXXYXX 9 XXXXX 17 XXXXX 25 XXXYXX

2 XXXXX 10 XXXXX 18 XXXXX 26 XXXXX
3 XXXXX 11 XXXXX 19 XXXXX 27 XXXXX
4 XXXXX 12 XXXXX 20 XXXXX 28 XXXXX
5 XXXXX 13 XXXXX 21 XXXXX 29 XXXXX
6 XXXXX 14 XXXXX 22 XXXXX 30 XXXXX
7 XXXXX 15 XXXXX 23 XXXXX 31 XXXXX
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7. Module Implementation Description

7.1 Hardware Schematics
The schematic for the HFC-AlI 6F board is drawing 400433-01.

7.2 Hardware Components - Bill of Materials
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxX

7.3 Software Source Code Listing
The HFC-AI16F board software consists of all common modules described in document
DS901-000-02, HFC-6000 11O Board Module Detailed Design Specification and the
following programs:

* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx" XXXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXX

8. Design Safety
XXXXXXXXXXXXXXXXXXJ 0000xIxxxxxxxxxxxxxxxxxxxxx-xxxxxx
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1.0 INTRODUCTION

The HFC-AO8 assembly is an 8-channel analog output board. This assembly operates as a
standard AO board in an HFC-6000 control system. It receives digital output images from
the system controller and performs D/A conversion for each channel at regular intervals. The
HFC-SBC06 controller initiates communication with a configured HFC-AO8 board during
its regular scan cycles, and the HFC-AO8 board receives the current digital image for all
output channels from the poll message and returns current status.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 I/O boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 I/O Card Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

This document describes the detailed structure and design of the HFC-AO8 board. The
design descriptions of the common software modules and hardware functions of I/O boards
are covered in document DS901-000-02, HFC-6000 11O Board Module Detailed Design
Specification. The description of the operation and function of an HFC-AO8 board will be
presented using design, implementation, and configuration information.

1.1 REFERENCES

700901-06
400473-01
400472-01
400472-02
WI-ENG- 106
MS901-000-02
DS901-000-02

HFC-6000 I/O Card Requirements Specification
HFC-AO8F Schematic
HFC-AO8F 8 channel, 4-2OmA Assembly.
HFC-AO8E 8 channel, 0-10VAssembly
Development of Hardware Design Specification
HFC-6000 Product Line, I/O Module Design Specification
HFC-6000 Product Line, I/O Module Detailed Design Specification

1.2 SPECIAL TERMS AND ABBREVIATIONS

I/O
LSB
RAM
AO8F
AO8E
D/A

Input/Output
Least Significant Bit
Random Access Memory
0-20mA 8 Channel Analog Output
0-10V 8 Channel Analog Output
Digital to Analog Converter

2.0 SPECIFICATIONS

" Environmental Extremes
Temperature:

Relative Humidity:
Power Requirements

0' to 550 C (operating)
0' to 70' C (storage)
5% to 95%, non-condensing
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External Power Supply: +24 vdc, 0.4 A maximum load.

Onboard Clock Rate,
Microprocessor Clock: 22.1184 MHz

Output Channel Rating: 0 to 20 mA (-01 assembly) or 0 to 10 V (-02 assembly) with
1/16-A line fuse for each channel and a 0.5-A line fuse for all
eight channels

E Mounting Requirements: Mounts vertically in an HFC-6000 chassis

3.0 CONTROLS AND INDICATORS

The firmware determines the overall operating characteristics of the hardware on the HFC-
A08 board. The HFC-AO8 board only includes the set of four LEDs and one switch that are
common to all I/O board types (DS901-000-02). However, the board does include eight
jumpers and nine fuses. These devices and the functions that they control are as follows:

3.1 JUMPERS

W3-W5 Fail-state jumpers, refer to paragraph 4.6.2 in this document for more
information on the fail-state jumpers.

W37 Installed to make analog return and digital return electrical common.

El-E2 Installed during calibration only to disable the NMI signal. When this jumper
is removed, the D-latch U41-A activates a high NMI signal. El-E2 should be
removed for normal operation.

E5-E6 Function not currently defined.

3.2 FUSES

Fl, F2,
F4-F9

Provide separate overload protection for each AO channel.

F3 Provides common overload protection for the 24-vdc power source to the eight
output drivers.

4.0 FUNCTIONAL DESCRIPTION

The HFC-AO8 board is controlled by an onboard 80C188EB microprocessor and provides a
hardware interface between an HFC-6000 control system and field equipment requiring analog
control signals.
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4.1 OVERVIEW

The HFC-AO8 has all standard functions of an HFC-6000 I/O board described in the HFC-
.6000 I/O Card Module Design Specification. The major functions performed by the
80C 1 88EB microprocessor during normal operation are as follows:

* Performs reset and initialization of onboard hardware.
* Responds to data transmissions from the HFC-6000 controller.
" Receives AO images for each channel from the controller and stores that data in local

memory.
* Transfers AO images from memory to the Digital-to-Analog (D/A) converter for each

channel.
* Controls the D/A conversion process.

.4.2 POWER DISTRIBUTION

The board receives redundant 24-vdc power feeds from the back plane connector Ji. The
two power feeds are diode auctioneered, and the combined 24-vdc power line is divided into
four branches. One branch is routed to the input of an onboard voltage regulator. The second
branch is routed through a 0.5-A onboard line fuse. The remaining two branches are routed to
two ±15-vdc power supplies. These separate branches provide operating power for the
following functions:

" The onboard voltage regulator converts the 24-vdc source power to 5-vdc power required
for logic components on the HFC-AO8 board.

* The fused 24-vdc power trace is routed to the VCC port of the output driver for each
Analog Output (AO) channel.

* The two +15-vdc supplies provide operating power to the DAC for each channel. One of
the +15-vdc supplies also provides power to a precision 2.5-vdc regulator that provides a
reference voltage to all eight DACs.

4.3 RESET/INITIALIZATION

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)DXXXXXXX
XXXXXXXXXXXXXXXXXXXQQXXXXXXY XXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXX)Q DDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXYI-XX X~xx XXXXXXXXXXXXXXXXXXXXXXXXXXx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXAXXXXQ XXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXxXXXXXXX
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXGXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

4.4 MEMORY STRUCTURE

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJDDCJQxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

4.5 INTERRUPT PROCESSING

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxjQcjxxxj cxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxX

4.6 MICROPROCESSOR PERIPHERAL PORTS

The microprocessor controls' the following peripheral ports:

* Digital-to-Analog Convener (DAC) data output port
* Analog Output (AO) select output port
* Fail safe condition data input port
* Link address data input port
* Redundant serial port.

The Link Address input port, and the Redundant serial port are covered for the general case of
1/0 cards, therefore, they are not discussed here. Individual outputs from the programmable
port P1I of the microprocessor control the chip enable signals for the three 1/O ports

4.6.1 AO INTERFACE
The interface between the microprocessor and the analog outputs includes both the DAC data
output port and the AO select output port. The interface between the microprocessor and
each AG channel consists of an 8-bit latch, a one-of-eight demultiplexer, and a separate D/A
converter for each channel. Because each AG image consists of 12 bits, the microprocessor
must run two write cycles to each DAC. The hardware design for the card requires that the
microprocessor transfer the most significant (high) byte of data to the DAC first and then the
least significant (low) byte. During the second write cycle, the microprocessor transfers both
bytes of data to the internal DAC register, enabling the DAC process to begin. The overall
process required for data transfer to a single DAC is as follows:

Page 7 of 12



HFC-6000Product Line HFC Non-proprietary DS901-000-08
HFC-A08 Module Detailed Design Specification Rev D

1. The microprocessor runs an 11O write cycle with programmable output port P1.0 pulled
low to transfer the high byte of the AO image to the 8-bit latch. The latch retains this
data until it is overwritten by a subsequent write cycle. The output ports of the latch
control an 8-bit data bus that is connected to each of the DAC chips.

2. The microprocessor pulls programmable port P1.1 low (CSMSB/) to transfer the high
byte of the AO image from the 8-bit data bus into the input register of all DAC chips
simultaneously.

3. The microprocessor runs a second write cycle to transfer the low byte of the AO image to
the 8-bit latch.

4. The microprocessor places the binary code for the AO channel being processed on
address lines A01, A02, and A03. The one-of-eight demultiplexer uses this code to
activate the chip select signal (CS/) for the DAC associated with this AO channel.

5. The low active CS/ signal transfers the low byte from the 8-bit data bus into the DAC for
the selected channel, and it also transfers the entire AO image into the DAC register.

6. When the CS/ signal returns to a high state, the DAC begins the conversion process.

XXXXXXXX

)D0DXXDDD• XXXXXXXXX.

Once the AO image has been loaded into the DAC register, DAC automatically uses that data
to perform D/A conversion, unless overridden by a failsafe condition (controlled by the FH/L
and FH/C signals). Of the 16 bits in the DAC register, only 12 bits are used to represent the
channel output value; and these 12 bits are either right or left justified in the register,
depending on the logic state of the FH/L and FHIC signals (Table 2). The DAC converts the
AO image into a corresponding current value, and the current signal provides the input to an
amplifier, which produces an output signal between 0 and +5 vdc. This voltage is supplied to
the input of a precision voltage-to-current converter, which produces an output signal having a
range of 0 to 20 mA.

The DAC produces an analog output that has a full-scale range of 0 to 2.5 vdc. The individual
analog channels condition the output to provide 0-20 mA (-01 assembly). The -02 assembly
has 499 0 resistors on each output channel that convert the 0-20 mA signal into a 0- 10 V
signal.

4.6.2 FAIL SAFE CONDITION DATA INPUT PORT
The design of the HFC-AO8 includes three jumpers that are used to configure the card for one'
of thee failsafe modes: fail high, fail lw, hold last state. Each failsafe jumper (W3, W4, and
W5) controls the logic state of a separate input to an 8-bit buffer. The microprocessor can read
the status of these jumpers by running a bus read cycle with programmable output port P1.0
pulled low. These inputs enable the software to determine the failure state selected by the
jumper strapping. If the card looses communication with the controller, the software can XXX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxlxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 1. AC Failsafe Control

W4 xxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W4 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
W5 XXXXX XXXXXXJXh XXJJX JIX1-XXXXXXXXXXXXXXXXXXXX

W5 xxxxXXXXXXX•IXXXXXXXXXXXXXXXXXXXXXXXx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

W4 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

W5 XXXXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
____ _____xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Table 2. Data Justification of A 0 Images

Sw,5 " tM ifific~adttByt6 1 919 L.eat i'gn'ifibantAS4yte
ON MSB LSB~x Ix Ix Ix
OFF x Ix Ix X IMSB LSB

8 7 6 5 4 13 2 L1 8 17 16 15 14 13 12 11

5.0 HARDWARE CONNECTIONS

The HFC-AO8 card contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Connector P1 provides the electrical
interface between the HFC-AO8 and the HFC-SBC06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the P1 connector
are identical for all I/O boards and are covered in document MS901-000-02. Pin assignments
for the P2 connector are covered in Table 3.
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Table 3. Connector P2 Pinout Summary

Pin ~ 4?Mnemonic 2 Pin W ~#Mnemonic s

P2-Al XXXXX P2-C1 XXXXX

P2-A3 XXXXX P2-C3 XXXXX

P2-A4 XXXXX P2-C4 XXXXX

P2-A6 XXXXX P2-C6 XXXXX

P2-A7 XXXXX P2-C7 XXXXX

P2-A9 XXXXX P2-C9 XXXXX

P2-A10 XXXXX P2-C10 XXXXX

P2-A12 XXXXX P2-C12 XXXXX

6.0 SOFTWARE DETAILED DESIGN SPECIFICATION

The design descriptions of the common software modules are provided in HFC-6000 I/O
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AO8F board.

6.1 BOARD INFORMATION

The AO8F card has a total of eight identical AO channels rated for 0-20 mA. Each channel
includes a separate 12-bit D/A converter.

6.2 ANALOG OUTPUT SCAN ALGORITHM

An on-board fail-hi / fail-lo jumper provides option for using left justified or right justified
output data for the D/A converter. Before writing analog output images to the D/A
converters, the software checks if the jumper is installed. If it is installed, the software left-
shifts each output image 4 bit positions to make it left-justified. (Each 12-bit image is stored
as a single data byte.) If the jumper is not installed, the software leaves the AO images just
as they are received from the controller.

There are two calibration parameters for each channel that were originally obtained from the
EPROM. The software uses these parameters to adjust the output image of each channel for
better accuracy. Then the software strobes the adjusted output image into D/A converter
output for each channel. Refer to Section 6.3 for adjustment algorithm using calibration
parameters.

6.3 SINGLE CHANNEL ADJUSTMENT ALGORITHM

The single channel adjustment algorithm is used in the software of AI16I, AO8F, AC36 cards
to achieve better accuracy. Offset and gain for each channel will be determined by testing or
default to zero, and an EPROM file will be built incorporating the offset and gain parameters
in a specific location of EPROM memory. First time the I/O software enters scan module,
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the software obtains the offset and gain parameters from the specific memory location in
EPROM to calculate actual raw value for 4 mA and 20 mA of each analog input or analog
output channel and saves them in a buffer as two arrays: CALZERO and CALGAIN.

For 12 bit: XXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXX

The CALZERO array stores for each channel the actual value for 4 mA, i.e. STDZERO
adjusted by offset parameter for that channel. The CALGAIN array stores for each channel
the actual value for 20 mA, i.e. STDGAIN adjusted by gain parameter for that channel.

Let BX = channel number, then

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

Both 12-bit and 15-bit adjustments are handled according to the board type. The 15-bit Al
image requires over range and under range checks. The 12-bit AO does not have over range
or under range; however, the algorithm sets any negative value to 0 and changes any value
above OFFFH to OFFFH to prevent overflow.

6.4 HFC-AO8F BOARD SPECIFIC MODULES

6.4.1 I/O SCAN MODULE

The HFC-AO8F board firmware has an I/O scan module like all other I/O boards, but
because this board has no input channels, this module has no function.

6.4.2 PROCESS COMMAND ROUTINE

For normal update messages, this routine reads eight AO images and transfers them to the
Scan Work Buffer. UCP diagnostics messages are processed as described in document
DS002-000-02.

6.5 DATA STRUCTURE
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6.5.1 SCAN DATA

The data field of the request message coming from the HFC-SBC06 controller contains AO
images for eight channels, as follows:

Table 4. Byte Assignments For Scan Data

By ..e AO ........ O
0 XXXXX 8 XXXXX
1 XXXXX 9 XXXXX
2 XXXXX 10 XXXXX
3 XXXXX 11 XXXXX
4 XXXXX 12 XXXXX
5 XXXXX 13 XXXXX
6 XXXXX 14 XXXXX
7 XXXXX 15 XXXXX

7.0 MODULE IMPLEMENTATION DESCRIPTION

7.1 HARDWARE SCHEMATICS

The schematic for the HFC-AO8F board is drawing 400471-01.

7.2 HARDWARE COMPONENTS - BILL OF MATERIALS

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

7.3 SOFTWARE SOURCE CODE LISTING

The HFC-AO8F board software consists of all common modules described in document
DS901-000-02, HFC-6000 1/0 Board Module Detailed Design Specification and the
following programs:

S

0

xxxxxxxxxxxxxxxxxxxxxXXXXXXxXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

8.0 DESIGN SAFETY

XxxxxxxxxxxxxxxxxxxxxXXXxXXXXXXXXXXXXXXXXxxxX
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1.0 Introduction
The HFC-AI4K pulse input printed circuit board (PCB) provides four pulse input channels
for an HFC-6000 control system. This assembly operates as' a standard I/O board in an HFC-
6000 control system. The four input channels of AI4K can be configured to either rate mode
or accumulate mode. The rate. mode is used to monitor input pulse rate and each input is
reported as a standard 12-bit Al point. Accumulate mode is used to maintain a cumulative
count of pulses being received and the values are reported as two consecutive AI points.

Descriptions and discussions of the architectural and design descriptions of standard HFC-
6000 I/O boards, from an overview perspective, are provided in document MS901-000-02,
HFC-6000 1/O Board Module Design Specification. Definitions of terms and acronyms are
provided in HFC Common Glossary, document DS004-000-01.

Subsequent sections of this document provide detailed structure and design descriptions of
the HFC-AI4K board, with concentration on the specific characteristics of an HFC-AI4K
board. The design descriptions of the common software modules of I/O cards are covered in
document DS901-000-02, HFC-6000 I/O Card Module Detailed Design Specification.

2.0 HFC-AI4K Functional Description

The HFC-AI4K board is controlled by an onboard 80C188EB microprocessor and provides
an interface for up to four analog field inputs and four analog field outputs for an HFC-6000
control system. The AI4K board has onboard switches for manual configuration and status
monitoring for each channel. It has an eight-character alphanumeric display to provide a
visual indication of operating status.

It also has all standard functions of an HFC-6000 I/O board described in the HFC-6000 I/O
Board Module Design Specification. Major functions performed by the 80C188EB
microprocessor during normal operation are as follows:

* Controls reset and initialization functions.
* Supports channel configuration.
* Samples the pulse input data from each of the input channels.
* Stores the input data -image for each channel in local memory.
* Respond to data transmissions from the HFC-6000 controller.

.3.0 Hardware Detailed Design Specifications

3.1 Module Specification

Environmental Extremes
Temperature: 0' to 550 C (operating)

0° to 700 C (storage)
Relative Humidity: 5% to 95%, noncondensing
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" Power Requirement
External Power Supply: +24-vdc, 0.4 A maximum load.
Interrogation Voltage: +48-vdc

" Onboard Clock Rate
Microprocessor clock 22.1184 MHz

" Mounting Requirements: Mounts vertically in HFC-6000 board chassis.

" The HFC-AI8M PCB meets the requirements of seismic category I.

" Low memory provides 32K by 8-bits of nonvolatile RAM for temporary storage of
message data being processed. Nonvolatile RAM is used to ensure that channel
configuration parameters will be preserved when power is removed from the system.

" Pulse Input Channel Operating Limits

Pulse rate: 0 Hz through 20 kHz
Peak voltage level: 12-vdc to 150-vdc
Peak input current: 10 ma (nominal)

3.2 ONBOARD POWER DISTRIBUTION

The board receives redundant 24-vdc power feeds from the backplane connector P1. The
two power feeds are diode auctioneered, and an onboard voltage regulator converts the 24-
vdc source power to 5-vdc power required for components on the HFC-AI4K board.

The board receives interrogation power (nominally 48-vdc) from the backplane. Proper field
input wiring permit the user to configure one or more channels to operate with this
interrogation power source. Overload protection is provided by a common line fuse, and an
optocoupler permits the microprocessor to monitor status of the power line.

3.3 INTERRUPT PROCESSING

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

3.4 MICROPROCESSOR PERIPHERAL PORTS

The microprocessor controls the following peripheral ports:

* Link address data input port
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* Redundant serial port.
* Switch status input
* Counter status input
* Programmable counter I/O
* Display control
* Status input from each pulse input channel.

The link address' input port, and the redundant serial port are common to all 1/0 board types,
and are described in document DS901-000-02. Individual outputs from the programmable port
P1 of the microprocessor control the chip enable signals for the six 1/0 ports

3.4.1 Counter Status Port

The board contains a separately addressable input port for reading the following status input
signals:

" CTEN1 - High state indicates that the counter function for input channels 1 and 2 is
enabled.

* CTEN2 - High state indicates that the counter function for input channels 3 and 4 is
enabled.

* RATEO/ - High state indicates that rate mode is selected for input channels 1 and 2.
* RATE 1/- High state indicates that rate mode is selected for input channels 3 and 4.

When rate mode is selected for a particular pair of input channels, the microprocessor uses
the CTEN status input to determine when the sampling period is complete. If rate mode is
disabled, the CTEN status is not meaningful.

3.4.2 Port Addressing and Control
The hardware design of the HFC-AI4K card uses direct addressing to access the remaining
hardware ports on the board as well as specific registers within the intelligent devices
associated with those ports. When the microprocessor requires access to one of these ports, it
sets programmable output P1.0 low and places the address for the desired port on address
lines A12, A13, and A14. A demultiplexer decodes the address code to activate one of eight
output chip select signals. These signals control access to the following 1/0 ports:

nXxxxxxxxxxxXXXXXJXXXXX1¼XX2aXXXXXXXXXXXXXXXLXXIXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
SXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxX

* XXXXXXXXXXXXXXXxxxxxxxXXXXXXXXXXXXXXXXxxxxxxxXX
XXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXXxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxXX
XXXXXXXXXXXXXXX¶ rl'¶X T  QQXXgg 7 XXXXCYQCX XXXDXXXXX

X-XXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXYXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXxxXxxxxxxxxxxxxxxxxxxxxxxxxxxX

XXDXXDQDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXYXX XXXXXXXXXXxx XXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.4.3 Input Channel Configuration

Each input channel consists of a voltage biasing network with a simple RC low-pass filter, an
optocoupler, a second low-pass filtering network, a signal conditioning network, and two
cascaded 12-bit counters. The 24 output signals from the two counters are routed to one of
the programmable port controllers, and a slide switch controls selection of either the
accumulate or the rate mode of operation.

3.4.3.1 Input Signal Conditioning

The input network monitors digital pulse (nominally 48-vdc) input signals. These signals are
applied across RC low-pass filters (34 kHz shoulder frequency) to the input of transistor
switches. When no signal is present, the low-pass filter shunts high frequency noise to
ground, and the transistor switch remains cut off. When a positive input is present, the
transistor becomes forward biased and p asses an output through the base-emitter junction. A
Zener diode in the base circuit limits the output voltage to the. TTL range upstream from the
optocoupler.

The final stage of signal conditioning consists of a second low-pass filter, - a voltage
comparator configured as a high speed switch, and a NAND gate. The low-pass filter is
configured in parallel with the input of the voltage comparator to block any residual signal
noise that could produce invalid pulse inputs to the counters. However, because the shoulder
frequency of this filter is relatively low (63 Hz to 63 kHz), it also distorts the input
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waveform. In order to produce a signal having well defined leading and trailing edges, the
output from the low-pass filter is connected to the non inverting input of the voltage
.comparator. The biasing network connected to the inverting input comparator controls the
voltage level at which the device switches its output signal. This network is configured to
switch from OFF to ON when the input signal increases above 3.33 volts, and it switches
from ON to OFF when the signal decreases below 1.67 volts. The resulting output is
connected to a NAND gate and controls the clock input to the first of the two 12-bit counters.
The NAND gate inverts the signal so that the trailing edge of each pulse increments the
count.

3.4.3.2 Pulse Channel Operation

* Selection of rate mode operation for each pair of pulse input channels is controlled by a slide
switch. When the slide switch for channels 1 and 2 is in the rate position, switch contacts
produce the following control circuits:

The CT ENI signal is NANDed with the input pulse train for channel 1 and channel 2.
When the CT_EN1 signal is low, the NAND gate blocks the pulse input, and the counters
stop incrementing.

* The CLRO/ signal is routed to the reset port of all four 12-bit counters for these two input

channels.

* A high RATEO/ signal is routed to the counter status input port.

When the RATEO/ signal is high, the microprocessor selects tuning parameters for the rate
mode from memory. The operator must enter these tuning parameters manually from the
rotary switch and the three pushbutton switches during hardware configuration of the card.
The tuning parameters control selection between 8-bit and 12-bit resolution, a preset count
value, and the maximum pulse rate. The microprocessor controls rate mode operation by
configuring the programmable counter for a sampling interval determined by the tuning
parameters, and then it clears the 12-bit counters. Once the counters have been cleared, the
microprocessor activates the SETI output. This signal sets a latch that activates the
CNTEN1 output signal. While this signal is high, the interval counter is enabled, and the
12-bit counters increment with each pulse received from the field. When the sampling
interval expires, the interval counter produces an output pulse that clears the latch, forcing
the CNTEN1 signal low. The low state of the CNT ENI signal blocks further input to the
12-bit counters and notifies the microprocessor that the sampling period is complete. The
microprocessor then reads the accumulated count from the port controllers for channels 1 and
2.

When the slide switch for channels 1 and 2 is in the accumulate position, the RATE0/ signal
assumes a low level, and the reset input to the 12-bit counters is disabled. While accumulate
mode is enabled, all pulses received from the field pass to the clock input port of the first 12-
bit counter. When this counter reaches full count, the high-to-low transition of the MSB
increments the second 12-bit counter. While accumulate mode is enabled, the counters
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continue incrementing, and the microprocessor reads the total 24-bit accumulated count at
periodic intervals.

3.5 CONTROLS, JUMPERS, AND INDICATORS
The firmware determines the overall operating characteristics of the hardware on the HFC-
AI4K board. The HFC-AI4K board includes the set of four LEDs and a RESET pushbutton
common to all I/O board types (DS901-000-02). In addition, the board includes jumpers,
switches, and onboard indicators. These devices and the functions that they control are as
follows:

3.5.1 Switches

The HFC-AI4K pulse input board includes a set of switches that enable configuration of
operating parameters.

xxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
Y-XXXXXXYXxxxxxxxxxxxxxxxxx~xxxxxxxxxxx

XXXXXXXXX

XX-XXXXXXXXYIYXXX-_D XXXX XX• XXXXXXXXXXXYXXXXY-
xx xxoxxxxxxxxxxxxxxXXXXXXXXXXXXYIxxx

• " XX•XX XXXXXX
XXXXXXXXXXXJ0XXXXXXX XXXXX)XX00XXXX0 X

Inputs from a 17-position rotary switch (J5) control alphanumeric displays presented on U23
and programming functions of the board. The function defined for each switch position is
defined in Table 1.
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Table 1. Rotary Switch Functions

Position Function
0 XXXXXXXXXXXXX
1 ." XXXXXXXXXXXXXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
2 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
3 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
4 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
5 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxXX
6 XXXXXXJDOQDXXDXXXXXXXXXXXXXXXXXXXXX DCXXYXX XXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

7 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

8 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

9 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

B XXDlffllffXXXXXXXXXXXXXXXXXXXDXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

C xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXxxxxxxxxxxxxxx

D XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXxxxXXXXXXXXXXXXXX xXXXXXXX
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

E XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

F XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXJDOQODOOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXOXXX

_ xxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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3.5.2 Jumpers

• . " " " 'xxxx "

The channel input interfaces have four RC low-pass filters whose shoulder frequency is
determined by a jumper strap. The jumper position typically installed at the factory selects a
filter frequency of 1590 Hz. This filter frequency can be changed in the field as necessary to
provide greater attenuation of signal noise. The input channels one through four jumper
functions are defined in Table 2.

Table 2. Jumper Configuration

Input Channel 1
Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:

* xxxxxxxxxx
" xxxxxxxxxx

•0 xxxxxxxxxx

Input Channel 2
Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:

*xxxxxxxxxx
*xxxxxxx~xxx

* XXXXXXXXXX
* • X

Iniput Channel 3
Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:

*xxxxxxxxxx

*xxxxxxjDxxx

• XXXXXXXYXX Input Channel 4
Selects an R-C low-pass filter for input channel 1 following four shoulder frequencies:

* XXXXXXXXXX

* XXXXXXXXXX
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3.5.3 Onboard Status Indicators

The HFC-AI4K provides an eight-character alphanumeric display (U23) that indicates
current operating status of the board. During board configuration, the display operates in
conjunction with switches Si through S3 and J5 to enter and save operating parameters.
During normal operation, the display operates with the programmable switch (J5) to provide
a readout of current values for operating parameters.

3.6 CONFIGURATION PROCEDURE

3.6.1 Hardware Setup Requirements

Before a new HFC-AI4K card can be placed into a system, onboard jumpers and switches
must be set to match the specific operating environment that will be required.

1. Each input interface can be configured for isolated or common mode operation. Set each
position of DIP switch to select either common mode (switch closed) or isolated mode
(switch open) for the corresponding input channel.

2. The input interfaces have four RC low-pass filters whose shoulder frequency is
determined by jumper straps (Table 2). The jumper position typically installed at the
factory selects a filter frequency of 62.8 kHz. This filter frequency can be changed in the
field as necessary to provide greater attenuation of signal noise.

3. Position switches S4 and S5 to select either rate, or accumulate mode for the input
channels.

4. Insert the board into the selected 1/0 board slot and power up the chassis.

3.6.1.1 Point Type Configuration

The pulse board reports its data to the controller either as a 12-bit or a 24-bit image. In order
to allocate adequate memory in the controller for the input data, the user must configure a
pulse input card as an A18 board type in the I/O configuration table. However, the specific
channel and Al point assignments depend on the operating mode selected for each input
channel indicated in Table 3.

Table 3. Input Channel Assignments

Input Channel Rate Mode Accumulate Mode
1 xxxxxxx xxxxxxx
2 XXXXXXX XXXXXXX
3 XXXXXXX XXXXXXX
4 XXXXXXX XXXXXXX
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3.6.1.2 Input Channel Tuning-Parameters•

The operator must enter tuning parameters directly into the pulse board using rotary switch
(J5) and pushbutton switches (S I through S3) mounted on the edge of the board. The rotary
*switch permits the user to read the current values of the data in memory and to revise the
tuning parameters for each channel. The following steps outline the process for updating the
values of the tuning parameters in memory.

1. Rotary switch positions 9 through C enable the user to update a preset parameter for each
channel. This value determines the starting count for the corresponding channel when
that channel is in the accumulate mode. The preset value is not used for the rate mode.

2. Rotary switch positions D and E enable the user to enter either a prescaler value
(accumulate mode) or a maximum input pulse rate (rate mode).

o For accumulate mode, the firmware accepts a single prescaler value for each pair of
input channels (1 and 2 or 3 and 4). When the prescaler value is either 0 or 1, the
counter increments with each input pulse. For any number greater than 1, the
prescaler value determines the number of input pulses that must be received before
the counter is incremented by 1. Actuating the SEL Switch after setting the desired
prescaler value saves the tuning parameter in memory.

o For rate mode, the firmware accepts a separate parameter for counter size and for
maximum pulse rate. The first time the SEL switch is incremented, the default
counter size is displayed. Actuating the UP or DN switch causes this value to toggle
between 8B (8-bit) and 12B (12-bit). Actuating the SEL switch again causes the
firmware to display the default maximum pulse rate of 512 Hz. The user can
increment this parameter in steps from 512 Hz up to 20,000 Hz for 12 bit by actuating
the UP switch. Range for 8 bit is from 50 HZ to 10 KHZ. Actuating the SEL switch
after setting both values saves those parameters to memory.

3.7 HARDWARE CONNECTIONS

The HFC-AI4K board contains two board-edge connectors (P1 and P2) that mate with
corresponding connectors on the HFC-6000 backplane. Connector P1 provides the electrical
interface between the HFC-AC36 and the HFC-SBC06, and connector P2 provides the
electrical interface with the external field hardware. Pin assignments for the P1 connector
are identical for all I/O boards and are covered in document MS901-000-02. Pin assignments
for the P2 connector are covered in Table 4.
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Table 4. Connector P2 Pinout Summary

PnMnemonic Pin <7.Mnemoni

P2-Al XXXXXXX P2-C 1 XXXXXXX

P2-A3 XXXXXXX P2-C3 XXXXXXX

P2-A4 XXXXXXX P2-C4 XXXXXXX

P2-A6 XXXXXXX P2-C6 XXXXXXX

P2-A2
P2-C2P2- 2 XXXXXYXX
P2-A5
P2-C5

4.0 Software Functional Design Descriptions

The design descriptions of the common software modules are provided in HFC-6000 I/O
Board Module Detailed Design Specification. The following subsections provide detailed
design descriptions for the software routines specific to the HFC-AI4K board.

4.1 Board Specific Modules

4.1.1 1/0 Scan Module

-- --:-_ _ - .-XXXXXX•--__ -_ : --- X XX XX X

---- -•------X-XXXXXXXXXXXXDDXXXXXXXXXXXXXXXXDxxxxxXXXXX

XXXXXXXXXXXXY)OOXXXXXXXXXXXXXXJQXJQxxxxDXXXX.XXXXXYJDXX

. - - ._-- -- 'XXXXXXXxXXXXXXXXXXX•-• - •-- XXlXXXXXXx

_ 9 - -r -- _ _r r r7 -9-9 9 •

2£.1.£.21 ££111..£11.1.. 12£12.£1£ .£.2211.£,..£1111..£121.££.21.a11
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4.1.2 Display Functions During Normal Operation
During normal operation, the rotary switch J5 can be used to display data currently stored in
memory. Refer to position 0 to 8 in Table 1.

4.1.3 Tuning Process
During tuning mode operation, the software will go through different tuning steps depending
on mode selected and the configuration parameters entered. Basically, the Tuning Process
has the main functions listed in position 9 to F in Table 1. The Switches SEL, INC and DEC
are used to make selections for configuration parameters.

4.1.4 Process Command Routine
For normal update requests, this routine has no function. For UCP diagnostics messages, it
uses the common processing as described in DS002-000-02 to process UCP request received
on the ICL.

4.2 Data Structure

4.2.1 Scan Data
The data field of the response message to the HFC-SBC06 controller contains Al images for
eight channels as follows:

Table 5. AI Image

Byte Al
0 XXXXX
1 XXXXX
2 XXXXX
3 XXXXX
4 XXXXX
5 XXXXX
6 XXXXX
7 XXXXX

The request message from the SBC06 controller doesn't have a data field.

4.2.2 Microprocessor Programmable Ports
The microprocessor uses certain programmable ports of P1 and P2 to control specific
hardware functions. Table 6 lists the specific ports that are used, their function, their active
state, and the mask required to implement that state in the program.
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Table 6. Programmable Ports Used for the Card

Port Description Implementation
P1.0 XJQGXD DXXXXXXXXXGD 7yQTT7'xxxxxxxxx7iQ

PI.1 XLXXXOOOOOOXXXDD DXX

xXXXXXXoXXXXXXXXXXXxxxxxxxxxx
P13 XXXXXXXXXXXXXXXXXYXX

P1.3 70 rjXXXX flX7X XXY

P1.1 IDCJLILILIILILILILIL XXXXILILI/XXX

XXXXXXXXP XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxx
P1.7 XXXXDDDQGDXX(X

P23 1X0X0 QX)LLIIXLLk XXXXJ 00000XXXXXXYJ
XXXXXXXXXXXXX )DOOk/L LLLII /I I ILILIL

Port 1 Y30XX00000X00000030 Initialize the register with OBH

Control XXXXfXXXTXXXXX (00001011).

Table 7. On-Board I/0 Ports

Addr On-Board 1/O Ports
000 xx30x O

XXXXXXXXL XXXXX k/xxxxxLI x LIL LI ILIL L I
001 XXXX) FJQQQQQQ T 

r7x x T T xrjT 7¶¶r¶xTxxgr

XXXXXXXXXX0000XXXX0cz2000x0000000xxxx300c

010 7979QTXXXXXXXXXXXX •XX
KXYX

011 Switch input port. Refer to 4.2.5.
100- XX XX )LLLLLLLLLLLIILLLL IIIILLL IIIIIILxXX
111 x0 Kxx

XXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXX
xYxxxxxxxxYxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
0XXXXXXX00000D00000000000000XXXXXXXXXXXXXX

1000 Counter Status/Mode input. Refer to 4.2.3.
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4.2.3 Counter Status/Mode Port
Two-position slide-switches S4 and S5 control the operation mode of the input channels. S4
selects either the Accumulate or the Rate mode of operation for input channels 1 and 2. S5
selects either the Accumulate or the Rate mode for input channels 3 and 4.

The mode port permits the microprocessor to read the counter status input signals. These
inputs indicate which modes are selected for the input channels.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
xxxX xxxx xxxx xxxx xXxx xxXX xxXX XXXX

CTENl - High state indicates that the counter function for input channels 1 and 2 is enabled.
CTEN2 - High state indicates that the counter function for input channels 3 and 4 is enabled.
RATEO/ - High state indicates that rate mode is selected for input channels 1 and 2.
RATE1/ - High state indicates that rate mode is selected for input channels 3 and 4.

When rate mode is selected for a particular pair of input channels, the CTEN status input is
used to determine when the sampling period is complete. If rate mode is disabled, the
CTEN status is not meaningful.

4.2.4 Input Channels
The AI4K card reports the data for its four pulse input channels as eight Al points to the
SBC06 controller. The. specific channel and Al point assignments depend on the operating
mode of the card.

Table 8. AI Point Assignments to Pulse Input Channels

Mode AII A12 A13 A14 Mode AI5 Al6 Al7 Al8
1&2 3&4

RATE XXX XXX XXX XXX RATE XXX XXX XXX XXX

ACCU Channel 1 Channel 2 ACCU Channel 3 Channel 4

4.2.5 Switch Input Port
Besides the two switches S4 and S5 mentioned above, the card includes four additional
switches:

* J5 - 16-position rotary switch controls alphanumeric displays and programming
functions of the card. This switch permits the operator to read the current values
of the data in memory during normal operation and to enter or revise the
configuration parameters for each channel while in tuning mode.

* S 1 - INC. Actuating this switch during tuning increments the value of the tuning
parameter currently being displayed.

* S2 - DEC. Actuating this switch during tuning decrements the value of the tuning
parameter currently being displayed.
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S3 - SEL. Actuating this switch during normal operating mode displays the value
of the indicated parameter. Actuating the SEL switch during tuning mode steps
through the tuning parameters in sequence and then saves the new parameter in
memory.

The switch input port provides the switch status input signals.

Bit7 I Bit6 I Bit5 1 Bit4 Bit3 Bit2 Bit I Bit0
xxxxxxx -xxx xxx xxx xxx

4.2.6 Alphanumeric Display Messages
The AI4K provides an eight-character alphanumeric display (U23) that indicates current
operating status of the board. During board configuration, the display operates in
conjunction with switches S 1 through S3 and J5 to enter and save configuration parameters.
During normal operation, the display operates with the J5 rotary switch to provide a read-out
of current values for operating parameters.

The messages listed in the table below are designed for the display purpose of AI4K card.

Table 9. Display Messages

Message No Display String
0 xxxxxxx
8 XXXXXXX
16 XXXXXXX
24 XXXXXXX
32 XXXXXXX
40 XXXXXXX
48 XXXXXXX
56 XXXXXXX
64 XXXXXXX
72 XXXXXXX
80 XXXXXXX
88 XXXXXXX
96 XXXXXXX
104 XXXXXXX
.112 XXXXXXX
120 XXXXXXX
128 XXXXXXX
136 XXXXXXX
144 XXXXXXX
152 XXXXXXX
160 XXXXXXX
168 xxxxxxx
176 xxxxxxx
184 xxxxxxx
192 xxxxxxx
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200 XXXXXXX
208 XXXXXXX
216 XXXXXXX
224 XXXXXXX
232 XXXXXXX
240 XXXXXXX
248 XXXXXXX

5.0 Module Implementation Descriptions

5.1 HARDWARE SCHEMATICS

The schematic for the HFC-AI4K card is in drawing 400448-01.

5.2 HARDWARE COMPONENTS - BILL OF MATERIALS

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxx

5.3 SOFTWARE SOURCE CODE LISTING

Besides the common software sources for software common modules listed in the HFC-6000
I/O Card Module Detailed Design Specification, the HFC-AI4K card software also includes
the following programs:

0

0

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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1.1. The purpose of this procedure is to define the requirements for training, qualification, and
certification of personnel who perform tests on HFC products.

2.0 ORGANIZATIONAL RESPONSIBILITIES

2.1. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.2 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.0 REFERENCES

3.1. QPP 17.1, "Quality Records"

4.0 GENERAL INFORMATION

4.1. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.0 PROCEDURE

5.1. Levels of Capability

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXX.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

XXPXXX2.6XXPageXXX3XXof XX14XXRevisionXXXX D

QPP 2.6 Page 3 of 14 Revision D



QUALIFICATION OF TEST PERSONNEL
HFC Non-proprietary

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXQXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

• kJxJXXXXXXXXXX•XXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.2. Limited Certification

XX) 000000XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxXX
xxXxxxxxXXxxxXxxxxxxxxxxxxxxxxxXxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxXXXXXxxXXXxxxxxXxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXXXXXX)OrJ00CXXXXXXXXXXXXXXXXXXXXXXXXXXX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXxXXXXXXXXLXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJXX)XXXXXX DDXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.4. Training

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXX-XXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXX•xxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.5. Evaluation and Certification of Personnel

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXxXXxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxXxxXXXXXXXXXXXXXXxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxDoxxxxxxxxxxxxxxxxxX

5.6. Examination

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXxXXXXXXXXXXxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxDXXJ0XX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)XXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXQxXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXxxXXXXxxxxx
xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXX)XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJQGDOXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxxxxxxxxxx

5.7. Physical Capabilities

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.8. Certification

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXX 00 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
YXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.9. Performance

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXxXXXXXXXXXXXXXXXXXXXXXxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxXxxXXXXXXXXXXXXXXXXXXXXXXxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXYxxxJDDQXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)0 XXXXXx XXXXXXX

6.0 QA RECORDS

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXAXXXXXXXXXX(XXXXXXXXXXXXXXXXXxXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXIXXXXXXXXXXXXXXXDXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXAXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

7.0 ATTACHMENTS

7.1. Minimum Levels of Capability for Test Personnel (General Functions)

7.2. Record of Evaluation

7.3. Instructions for Completing Record of Evaluation Form

7.4. Certification Record, Test Personnel
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ATTACHMENT 7.1

Minimum Levels of Capability for Test Personnel

(General Functions)
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ATTACHMENT 7.2

HF Controls

RECORD OF EVALUATION

Name: Discipline/Level:
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ATTACHMENT 7.3

Instructions for Completing Record of Evaluation Form

The following are instructions for completing the Record of Evaluation form used to document
the evaluation of a candidate's education, experience, credentials of professional competence,
and the results of capability testing, specialized training, and management assessment of factors
not specified in the Record of Evaluation form.

SECTION I

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

SECTION II
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXX)XYXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-xxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXxXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxx XXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxX

SECTION III

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXx
XXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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ATTACHMENT 7.3
Instructions for Completing Record of Evaluation Form (Con't)

SECTION IV

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXxxxxxxxxxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

SECTION V

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

SECTION VI

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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ATTACHMENT 7.4

HF Controls

Certification Record
Test Personnel

Name of Certified Individual:

Method/Discipline:

Level of Certification:

Certification Notes:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-xx-xxx-xx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~X
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1.0 PURPOSE AND SCOPE
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxkxxxxxxxxxxxxixxxxxxxxxxxrcxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXX

2.0 ORGANIZATIONAL RESPONSIBILITIES
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXDXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXXXDXIXXXD
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXIXXX

XXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
.XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxX
XXXXXXXXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXXxxxxxxxxxxx
XXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXxxXxxxxxxxxxxX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

3.0 ACRONYMS AND REFERENCES

3.1 Acronyms

CGSI Commercial Grade Software Item
HFC HF Controls
QPP Quality Process Procedures
WI Work Instructions

3.2 References
IEC 880 -1986 "Software for computers in the safety systems of

nuclear power stations"
IEEE 1028-1988 "Standard for Software Reviews and Audits"
QPP 3.1 "Design Control"
QPP 3.2 "Software Lifecycle"
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4.0 GENERAL INFORMATION
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxXXXXXxXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.0 PROCEDURE

5.1 Obtaining the source code:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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5.2 The scope of a complete review should include the following:

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXCXXXXXXXXYXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

5.3 Mfter completing of the review, for all HEC internal system program
codes, the reviewer shall fill out the Software Source Code Record
Form contained in Section 7. 1.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxXxxxxxxxxXxxxxxxxxxxxxxxxxxxxxXXXXXxxx xXxxxxxxxxxxxxxxxxxxxxxxXX
XXXXXXXXXXXXXXJDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXDXXXXXXXXXXXXXX

ýxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxXx
xxxxxxxx~xxxxxxxXxxxxxxxxxxxxxxxxxxXxxxxxxxxxxxxxxx~xxx
xxxxxxxxxxxxxxx~xxx~xxxxxxxxxxxxxxxxXXxxXxxxx~xx~xxxxx~xx

xxxxxxxxxkxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xXXXXXXXXXXxxXXXXXXXXXXXXXXxxxxxxxxXXXxXXxXXXXXXXx
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXxXXxXXXXXXXXXXXXXXxXXXXXXXXXXXXXXXXXXXXXXXXX
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XXXXXXXXXXXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxX
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxx-xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

XXXXXXXXXXXXXXXXXXXXxXXXXXXXXXXXIXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
XXXXXXXXXDXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

6.0 QA RECORDS
6.1 Completed Software Module Review Q/A Record.

7.0 ATTACHMENTS
7.1 Software Module Code Review Record.
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ATTACHMENT 7.1
Software Module Code Review Record

DATE:REVIEWER:

MANAGER OF S/W DEVELOPMENT:
V&V:PROJECT MANAGER:

XXXXXX/_XXX

_DATE:
DATE:

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xxxxxxxxxxx

xx XXXXXx

K

xxxXXXXX

XXXXXXXXXXx


