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1 INTRODUCTION

1.1. Purpose

The purpose of this paper is to document the design for the control software developed for the
Pre-Stabilized Laser (PSL) subsytem of the LIGO interferometers.

1.2. Scope

This design document covers all control and monitoring aspects for the PSL, including:
* Realtime Processing
¢ Operator Interfaces
e Alarm Management
e Slow Data Archival (<=10Hz)

This document does not cover what the CDS overall specification calls out as ‘Remote Diagnos-
tics’ or ‘Data Acquisition’.

1.3. Definitions, Acronyms, and Abbreviations

1.3.1. Definitions

1.3.1.1  Physical Input/Qutput Channels

Physical I/O channels are defined as those software data channels which directly receive data
from / send data to VME I/O module channels. The point of I/O reference is the control system
software.

1.3.1.2  Virtual Input/Output Channels

Virtual I/O channels are ones which strictly communicate data between software modules.

1.3.1.3  CDS Diagnostic Data Channel

A CDS diagnostic data channel is one which is not required for operation of the system, othe,
than to provide diagnostic information to allow verification of proper system operation.

1.3.2. Acronyms

ADC.... Analog to Digital Converter

AOM ... Acousto-Optic Modulator

CDS.... Control and Data System

CIM .. .. Computer Integrated Manufacturing

DAC. ... Digital to Analog Convertor

EPICS .. Experimental Physica and Industrial Control System
FDR . ... Final Design Review

FSS..... Frequency Stabilization Servo

I R e N
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9. T/O..... Input/Output

10. LANL. .. Los Alamos National Laboratory
11. LCU.... Logical Control Unit

12. LLA....Laser Loop Amplifier

13. LS...... Laser Steering
14. MEDM. . Motif EPICS Display Manager
15. PC ..... Pockels Cell

16. PDR.... Preliminary Design Review
17. PM..... Phase Modulation

18. PSA ....Power Stabilization Amplifier
19. PSL .... Pre-Stabilized Laser

20. PSS..... Power Stabilization Servo

21. RAM ... Random Access Memory

22. RF ..... Radio Frequency

23. SNL.... State Notation Language

24. TBD.... To Be Determined

25. VME ... Versa Modular Eurocard

1.4. References

1. Prestabilized Laser Control Requirements LIGO-T950001-1-C
2. PSL CDS Software Requirment Specification LIGO-T950022.
3. EPICS User’s Manual, LANL

1.5. Overview

This document is intended, to the extent possible, to follow the same organizational layout and
section numbering as the PSL CDS Software Requirement Specification LIGO-T950022. This is
done to assist in cross referencing and matching designs with the design requirements.

1.6. Document Relationship

this document is outlined in Figure 1: PSL CDS Document Tree.
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Figure 1: PSL CDS Document Tree
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2 GENERAL DESCRIPTION

2.1. Product Perspective

A basic block diagram of the software architecture is shown in the following figure. The software
specified in this document is primarily that real-time control software which resides in the PSL
VME processor. The PSL is a subsystem of an interferometer, which is the scientific instrument
of the LIGO project. Also described are the operator interfaces specific to the PSL and interaction
with the LIGO alarm manager and data archiver.

2.2. Product Functions

The primary function of this software is to provide real-time control and monitoring capabilities
for the PSL within the overall framework of the LIGO Control and Data System (CDS). In Ver-
sion 0 of the software (required to be complete by the time of the PSL Final Design Review), the
software will be expected to provide, at minimum, Remote Manual operation capabilities. This is
defined as having all the necessary capabilities to provide for remote operation and monitoring of
the PSL via operator displays running on a UNIX workstation. Prior to start of LIGO commis-
sioning at the various sites, this PSL software is intended to be extended to provide more auto-
matic functionality as prescribed in this document. This will include such items as automatic
startup and shutdown of the PSL subsystem.

2.3. Evolution

This document is intended to evolve with the design phases of the project. This evolution will be
marked by the revision number of the document. To maintain a history, the revision number shall
be:

1, for conceptual design
2, for final design

3 and above for as-built designs

Though later revisions will be updates and changes to this base document, a version will be ;™
locked and maintained in LIGO document control for each revision number, thereby allo
comparison to previous releases.

2.4. General Constraints

In keeping with the general guidelines for LIGO CDS, this software is developed withi
text of the Experimental Physics and Industrial Control System (EPICS), a tool s developed by
Los Alamos National Laboratory (LANL) and other research facilities.

EPICS is a set of tools and runtime functions to ease and enhance the devélopiient of real-time
controls. Since this is the first LIGO CDS software design, a brief descriptien of EPICS is given
in the following sections for document completeness.
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24.1. EPICS Core

The core consists of a database comprised of pre-defined ‘records’, which provide a storage of
data as well as real-time functions. Approximately 20 pre-defined record types exist, such as ana-
log input/output, binary input/output, calculation, waveforms, etc. Each record type has its own
set of ‘fields’ to store data, including the channel (signal) name, present value, hardware I/O con-
nection, when it should process, alarm limits, display limits, etc. The fields of these records are
defined off-line by the programmer/user, then downloaded and run on VME based microproces-
sors. VxWorks is the operating system on which it is built, therefore, any VME processor which
VxWorks supports, EPICS will run on. For this project, it will be a Motorola 68040.

On the VME processor, the records will process as defined by the programmer when the fields
were defined. The record can be processed at a standard scan rate (10Hz to .1Hz), on a user
defined event or hardware interrupt, or ‘passive’. A passive record will process only when data is
sent to the record, such as when an operator enters a new setpoint, when caused to process by
another record, as defined by the programmer, or when other user provided software writes to the
record.

Actual processing of a record depends on the record type. For example, an analog input record
will get data from the defined ADC channel, convert it to engineering units, check alarm and
range limits, and cause any linked records to process.

The second part of the ‘core’ is Channel Access (CA), which provides automatic networking
communications. Every record which is defined becomes automatically accessible by any other
computer on the network through the use of the record (channel) name. CA uses a discovery pro-
tocol, ie one need not know which processor has the information (there will be many processors
on the LIGO CDS net), only the name of the channel and the data field to be read. When a user
process (or an extension tool, such as the EPICS display manager) wants data, a request is made
to CA with the channel name and when the data is desired ( immediately, whenever the value
changes, 10Hz, etc.). CA will then broadcast a message to all processors requesting that data. The
processor which has that data will respond, and a direct socket will be setup between the requester
(CA client) and the CA server on the data provider to actually transfer data.

The last part of the core is the ‘sequencer’. Stringing together EPICS records to provide complex
or high speed (EPICS records take 80 to 300 usec each to process) control algorithms can be diffi-
cult (or impossible), therefore EPICS provides some standard scripts to allow a programmerito
write sequences in ‘C’ and connect with the EPICS database. Using the EPICS State Nota
Language (SNL) scripts, custom C codes will be developed to handle most of the des1gns of.the
PSL software. This code is pre-compiled by EPICS into a “.c’ file, then cross-compﬂed" ith
VxWorks to run the the VME processors. :

2.4.2. EPICS Extensions

runtime monitoring capabilities.

Editors for creating a database are:
1. DCT: An ascii file creator.
2. GDCT: A graphical ascii database tool.
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3. CAPFAST: A commercial schematic capture package.
4. Access: Commercial relational database (Later to be replaced by Oracle).

The software interfaces which allow the use of Access were developed at LIGO, and this is the
tool of choice for developing EPICS databases for LIGO projects. The primary reason is that the
first three tools do not provide all of the data sorting, querying and report generation capabilities
of a true database, nor do they allow for entering of data not directly needed by EPICS to run,
such as cable runs, equipment locations, and other data associated with data channels.

Two extensions for EPICS exist to create and run operator interfaces:
1. edd/dm: Original EPICS display manager, written in X intrinsics
2. medm: Motif version developed at Argonne National Lab (ANL).

Medm will be used for LIGO developments.

Other extensions provide EPICS diagnostic capabilities and interfaces to other software packages.
These include:

1. Probe: Allows dynamic connection to single channel for diagnostics

DP: Provides a text page layout of channels which can be dynamically defined at runtime
ALH: Provides monitoring, display and logging of alarms

AR/ARR: Provide archiving and retrieval of data to/from mass storage.

BURT: Back-up and restore tool.

CaWave: Interface routines to PvWave software.

Km: Allows connection of a knob box to Medm.

N s W
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3 DESIGN SPECIFICS

3.1. Introduction

3.1.1. Design Layout

3111 CIM Model

The PSL CDS software design, as with the PSL CDS software requirements, follows a CIM
model, as shown in the following figure. The shaded area is the portion of software to be
described in this document.

Site (Level 5) ( LIGO Site )

ower Stab. Servo . . Reference Cavit;

VME Electronics (Level 0)

Figure 2: PSL CIM Model

3.1.1.2 Software Architecture
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Access Forms

Access Reports

CHANNEL ACCESS Microsoft Access Database

Access -> EPICS Convertor

CHANNEL ACCESS

OmniByte Comet

EPICS Database
(psll.database)

Xycom566

vismon

Figure 3: PSL Software Architecture |
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3.1.2. Design Diagrams

In sections which follow, code design diagrams employ a combination of EPICS records and state
diagrams for embedded C code. These diagrams follow a standard as shown in the following fig-
ure.

EPICS records are shown as rectangles, which contain the EPICS record name, type and short
description. Embedded EPICS State Notation Language (SNL) and C code are enclosed in a
shaded region. Code actions are shown within ovals. If a transition rule is to be met before the
next action occurs, a horizontal line appears in the path, and the rule is listed.

EPICS Record

\ Signal Name

CT:IF1-pl1_1001
bi

Record Type

LCU Mode SNL/C Code Module

Short Description

Figure 4: Design Diagram Legend

3.1.3. Directory Tree

In keeping with the LIGO CDS standard, PSL software exists in three di
top directory depending on the state of code development. These areas dtg
1. Development

areas, the specific
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2. Prototype
3. Release

Within each of these areas, there exists a tree structure, as shown in Figure 4: PSL CDS Software
Directory Structure. The prototype area (for the 40 Meter prototype) top directory is /home/CDS/
a/M40 on kater. The release area for LIGO is TBD.

Develop / Prototype /
Release Area
foc mopi opi docs alarms archive PSLApp

/ / Alarnll setup file

processor .
Soft links to archive files pgynh mv162 mv167  sre

/ PSL software docs /

startup.cmd /
Operator Control Pages EPICS Object Code
database
Monitor only displays SNL & C Source Code

Figure 5: PSL CDS Software Directory Structure

3.1.3.1  ioc Subdirectory

The ioc subdirectory contains another directory with the name of the processor which is to run the
PSL real-time code (scipel for the 40 Meter prototype). This directory contains a startup.cmd file,
which the 68040 processor will run automatically when it boots. This file contains:
Paths to VxWorks

2. Paths to EPICS

3. Commands to load EPICS

4. Commands to load and run the EPICS database files

5. Commands to load and run the PSL SNL and C codes

This file, and its execution by the VME m1croprocessor allows the PSL CDS VME §ys
automatically come on line whenever the VME crate is powered up or rebooted. This rocess
takes approximately 30 seconds to complete.

[u—y
.

3.1.3.2  PSLApp Subdirectory

The PSLApp directory contains all of the code developed for the PSL in foursubdirectories:
1. PSLDb: Contains the ascii and compiled versions of the EPICS datab
2. src: Contains all source code (SNL and C) developed for the PSL seq encers, drivers, etc.
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cessors (MVME162 and MVME167). For the 40 Meter prototype, the target is an MVME167,
but may later be an MVME162. Both are Motorola 68040 based modules, the latter being a
less expensive version, with less RAM, slower clock, and no hardware floating point.

3.2. General Design Layouts

This section describes software designs and standards common to the PSL CDS software

3.2.1. Physical Input/Output (I/0)

All realtime control data interfaces across the CDS network via the EPICS Channel Access proto-
cols. Certain blocks of digitized/waveform data destined for disk storage for passing to later anal-
ysis software is transferred by custom C code using NFS.

For communication to VME modules, built-in EPICS drivers are used, except for the ICS-110A
module. For the latter, custom code is used due to performance requirements (see section Xxxx).
All physical I/O channels to/from VME are listed in Appendix B.

3.2.2. General Processing

3.2.2.1 Data Conversions

Most data conversions from raw data to engineering units take place within EPICS database
records. For data coming from the ICS-110A 16bit ADC module, this conversion takes place
within the ICS-110A driver (see section Xxxx). .

3.2.2.2 Automatic sequencing/Closed loop control

All automatic sequencing and closed loop control code is developed using the EPICS State Nota-
tion Language (SNL), with embedded custom C code. In most cases, SNL will be used more for
its built-in ability to allow communication with EPICS records, and therefore Channel Access for
network communication, rather than for its sequencing features.

3.2.2.3 Alarms

PSL alarms are displayed and archived via the EPICS alarm handler (ALH). The PSL alarms...
show up in the alarm tree below the site and respective interferometer. The layout is shown
ure 6: PSL Alarm Tree, which uses the 40 meter prototype as an example.

necessary to monitor alarms is contained under the alarms directory as athConfig’.
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CT:IF1-PL1 1010}

CT:IF1 0023

3.2.24 Data Archival

listed in Appendix C. The data archiver is started via operator selection of an icon on t
Subsystem display, and runs continuously thereafter.

3.2.3.  Operator Displays

The various designs for operator displays are shown in Appendix A. These ar¢Segeen dumps from

the prototype development work.

For development of operator displays, certain standards are incorporated,tag.Jisted in the follow-

ing paragraphs.

page 15 of 41




LIGO-T950037-00

3.2.3.1 Colors

Defined color standards on operator displays:

Red: Alarm/abnormal state indication

Yellow: Warning/abnormal state indication

Green: Normal state indication

Black background in text/digital fields w/white lettering: Operator settable control values
White background in text/digital fields w/black alphanumerics: Monitor/readback signals

Blue background w/white text: Labels and CDS software messages

Blue background w/sequencer messages

Display Type

FSS SEQ: Manual

LCU software status indicator (red/green)

Blue background w/LCU identifier

Figure 7: Common Display Features

3.2.3.2 Xterm Banner

The window banner contains the name of the display file. The name ends with
Control or Monitor. The display types look almost identical, but those which co
the name do not allow interactive control action. This is a temporary securit
allowing open access to ‘Monitor’ files, but only authorized group access ,,5»

3.23.3 Display Area Banner %%W}

an%%ng’rj, with the name of the

sed loop control algo-

Within the Xterm window, displays contain another blue background
Logical Control Unit (LCU), the status of any automatic sequencing/c
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rithms associated with the LCU, and a message area for display of text messages from the auto-
matic control software.

3.3. PSL Subsystem Software

3.3.1. Introduction

PSL subsystem software refers to that software defined within level 3 of the CIM model, as
shown in Figure 3: PSL CIM Model. This level performs those functions which coordinate the
activities of the PSL as a whole, or otherwise cross LCU boundaries.

33.2. Normal Operation (Real-time)

In normal operation, the PSL Subsystem software must provide an automatic means to startup/
shutdown the PSL subsystem. As shown later, the software associated with each LCU contains
the sequences to startup/shutdown their own equipment. Therefore, the PSL subsystem software
just orchestrates the LCU sequences from above.

The basic PSL subsystem sequencer is shown in Figure 8: PSL Subsystem Sequencer. The only
PSL subsystem level record associated with the sequence is the PSL Mode Select. The other
records shown, plus those monitored to transition through the sequences, belong to the various
PSL LCU.

The PSL Mode Select has Manual/Auto Off/Auto On positions. In Manual, the sequencer is dis-

abled, and setpoints/operations are manually selected by the operator. In Auto Off/Auto On, the

laser, power stabilization servo and frequency stabilization servo are sequenced Off/OnWhen in

Auto On, the sequencer:

1. Checks the state of the various LCU to determine a starting point for the sequence. Normally,
this is from the Laser Off state, but the sequencer is designed such that it can start/stop the
sequence from any point. The following steps assume startup from Laser Off.

2. Commands the laser LCU ON by setting the Laser LCU Mode to AUTO and Laser On/Off
Select to ON. The transition to the next step is indication that the laser is On and warmed up to
maximum power. This is handled by the Laser sequencer (described later).

3. Sets the PSS Mode to Auto. This causes the PSS sequencer to power lock the laser. Transifion
to the next step is indication of power lock and pss sequencer done.

4. Sets the FSS Scan Mode to AUTO and LLA Gain Select to AUTO. This causes the F;
sequencer to automatically scan and frequency lock the laser. .

5. When the FSS indicates lock, the PSL Subsystem sequencer will reset the PSL Modgﬂi@é\%ct to
Manual. ke

When set to Auto Off, the sequencer basically reverses the procedure, turning off,

PSS, and finally the laser. Once it gets an indication that the laser is off, it agai

Mode Select to Manual.
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CT:IF1-PL1_1015

— mbbi
PSL Mode Select

[ CT:IF1-PL1_1013 |
P

CT:IF1-PL1_1016
bi

CT:IF1-PL1_1000
mbbi
FSS Scan Mode

i
PSS LCU Mode

i f
Laser LCU Mode |

CT:IF1-PL1_1014 CT:IF1-PL1_1005
bi :

Laser On/Off

CT:IF1-PL1_1001
mbbi
LLA Gain Select

bi
PSA Output On/off

e
s

Wait Input

" Set FSS Auto On

. ( Set PSL Manual X

Figure 8: PSL Subsystem Sequencer

3.3.3. Diagnostics (Real-time)

3.3.3.1 VME Crate Diagnostics

This level of software is responsible for monitoring and reporting the condition/oé
hardware associated with the PSL. VME crate. Unfortunately, EPICS does ng “*hgj/e operator

friendly diagnostics for this purpose, although it does have some scripts ay be run by log-
ging into the VME processor. For LIGO designs, dedicated software and e%tor displays will be
developed to show the system status at a glance without having to kno¥ SPICS scripts and

VxWorks operating system calls.
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For the PSL, this VME diagnostic software design is shown in Figure 9: VME Diagnostic Soft-
ware. Diagnostics are limited to ensuring that the proper modules are installed and responding on
the VME backplane. Without additional equipment, the VME modules do not produce diagnostics
to ensure that internally they are operating properly. Within the VME processor, software runs
which checks the VME module by checking the module ID (if provided by manufacturer) and
ensures no bus error occurs when reading/writing module (indicating that module is installed and
responding). The status information is then set in a binary EPICS record for each module, and
passed on to the operator display. The operator display has a picture of the VME crate, with each
module highlighted in red or green, indicating the status. This display will evolve in time to show
the various VME crates associated with an entire interferometer.

For LIGO designed modules within the VME crate, diagnostics are run by the LCU software,
described later in this document. The results will be displayed in this operator screen, same as the
other VME modules.

R R R S
T~

Xycom 220
Xycom 212
Xycom 566

Binary Input for

each VME module
2
E]
g
=
Embedded C Code

- Check module ID (if avail)

- Check bus error at address
. % % e

Figure 9: VME Diagnostic Software )

3.3.3.2 Software Heartbeat /‘%\@éw

L%
To test the availability and response of all PSL sequencing software, a snﬂ‘b *héartbeat mecha-
nism is incorporated. An outline sketch is shown in Figure 10: PSL Su ysterh Heartbeat Diag-
nostic. The heartbeat itself is composed of two records. One generates thehe eartbeat, a simple roll
over counter which increments every 10 seconds. When seen by the"Seg Encers/closed loop algo-
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rithms, they set their heartbeat image to the same value. When the next 10 second scan comes
around, a calc record ensures that all sequencers have responded properly, issuing an alarm if a
sequence has failed to respond. The heartbeat is then incremented, and the cycle continues indefi-
nitely. The heartbeat response feature is built into every PSL sequencer, though it will not be
shown explicitly in following sections where the PSL sequencers are described in detail.

CT:IF1-PL1_TBD CT:IF1-PL1_TBD CT:IF1-PL1_TBD
ai — cale —P- calc
Seq. Hrtbt Image Software Test Heartbeat

‘ ( Sequencer/Closed loop ) 4____|

Figure 10: PSL Subsystem Heartbeat Diagnostic

3.34. Abnormal Condition Detection/Response (Real-time)

At the subsystem level, abnormal conditions are:

1. VME crate error, as determined by the VME diagnostic software
2. Heartbeat monitor error

3. PSL automatic startup/shutdown sequence error

For the first two, alarms are issued and registered in a branch of the PSL alarm tree. For the latter,
an alarm is issued and text is also provided on one of the PSL display pages to notify the operator
of the problem.

3.3.5. Operator Displays

Two operator display are designed for the PSL subsystem level. These are:
1. PSL Subsystem Overview
2. PSL Hardware/Software Status Page

These display pages are shown in Appendix A.
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3.4. PSL LCU and Device Software (Level 2 & 1B)
34.1. Introduction

34.2. Argon Ion Laser LCU Software

3.4.2.1 Introduction

The Laser LCU software makes use of standard EPICS records and drivers to interface to the laser
via the laser’s 37 pin D connector, which, in previous LIGO prototype operations, connected to
the hand held control unit provided by the manufacturer.

3.4.2.2 Normal Operation (Real-time)

In normal operation, the Laser LCU monitors laser parameters, and provides automatic sequenc-
ing to the ON and OFF states. For the latter, two pushbuttons exist on the PSL subsystem and
Laser LCU displays to actuate a transition between states. These are the LCU Mode (Auto/Man-
ual) and Laser Power On/Off. SNL software exists on the VME processor which monitors these
inputs (and others), and determines the operations to be performed.

When the LCU Mode is set to ‘Manual’, all controls within the Laser LCU display are active to
the operator, and the operator can manually adjust laser parameters. The one parameter which
must still go through the automatic sequencer is the laser power on/off request. The EPICS
records and a section of the Laser sequencer which handles this is shown in Figure 11: Laser LCU
Sequence Response in Manual Mode. As shown, if the Laser LCU Mode is ‘Manual’, and the
laser is requested on, the laser sequencer will first verify that the appropriate interlocks are com-
plete and then set the actual EPICS binary output record which is attached to the laser on/off line.
If the interlocks are not complete, a message will be issued to the operator display and the On/Off
request will be reset to OFF. The reason for this design is as a safety backup. For instance, if the
display pushbutton tied directly to the Power On/Off, the operator could set it On, but the inter-
locks not be made up, and the laser will not actually turn on. But now the operator leaves to go
check interlocks, or forgets about the On request, interlocks make up at a future time, and the laser
will immediately come on. This could then occur when personnel are not expecting it. When nor-
mal LIGO safety procedures are followed, this should not result in injury or damage, but this soft-
ware provides a second level of verification.
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' CT:IF1-PL1_TBD CT:IF1-PL1_TBD Various CT:IF1-PL1_2022
bi bi bi bo
Laser On/Off Req. LCU Mode Laser Interlocks Power ON/OFF

Check Interlocks

/ Control Flow — -
Data Flow —

Figure 11: Laser LCU Sequence Response in Manual Mode

Upon operator (or other software) selection of the Auto LCU Mode, the sequencer will perform
the steps as outlined in Figure 12: Laser LCU Automatic Sequencer to automatically startup or
shutdown the laser. The sequencer will additionally respond if laser interlocks drop out while the
laser is on (or transitioning to the on state) or the operator returns the Manual LCU mode. In the
latter case, if the sequencer is operating an auto on or auto off sequence, it will suspend operation
where it is, leaving the laser in whatever transition state that was reached in the sequence.
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Figure 12: Laser LCU Automatic Sequen%’ery ‘
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34.2.3 Diagnostics (Real-time)

No specific diagnostic routines exist for the Laser LCU.

34.24 Abnormal Condition Detection/Response (Real-time)

Warnings and alarms generated by the laser LCU are grouped into two categories:

1. Those which are set to a fixed value and are monitored at all times.

2. Those which are set dependent to the operating state of the laser.

This is done to avoid generating meaningless alarms, such as no laser emission when the operator
has requested the laser OFF.

3.4.2.4.1 Continuous set alarms and warnings

The following table shows those channels for which alarms/warnings are always set and moni-
tored.

Table 1: Laser Continuous Alarm/Warning Monitor Channels

Channel Setpoint Level
Head Cover Intlk TTL High Alarm
Tube Fill Status TTL High Warning
High Water Temp TTL High Alarm
Regulator Fault TTL High Alarm
Purge Gas Tank Pressure 300 1bs. Warning
Purge Gas Tank Pressure | 50 Ibs. Alarm

3.4.2.4.2 Alarms/Warnings in ON state

Once the laser is stable in the ON state, the automatic sequencer (if Laser LCU set to AUTO
mode) will set the following alarm/warning levels as shown in Table 2. If any of these chanpg]

or the continously monitored channels, alarms, the automatic sequencer will shut down th

Table 2: Laser Alarm Setpoints in ON State

Channel Setpoint
Laser Key Switch OFF
Laser Water Flow Low
Laser On/Off Status OFF
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3.4.2.4.3 Alarms/Warnings in OFF state

In the OFF state, the Water Flow alarm is set to activate if water is still flowing 15 minutes after
the return water temperature drops below TBD degrees.

3.4.2.5  Operator Displays
A single operator display represents the Laser LCU. It is shown in Appendix B.

3.4.2.6 Data Archival

Both laser power and current are continuously archived.

34.2.7 Alarm Handler

A separate branch is built for laser alarms beneath the PSL subsystem. It contains those channels
listed in

3.4.3. Power Stabilization Servo (PSS) Software

3.4.3.1 Introduction

34.3.2 Normal Operation (Real-time)

The PSS software consists of a combination of standard EPICS records and two SNL-based pro-

cesses. The SNL processes are:

1. pss_keys: The PSA mode select and PSA power select are mbbi records with associated oper-
ator push buttons for selection. Since these must drive descrete bits in the Xycom 220 binary
output VME module as part of a single ‘word’, and EPICS does not have this conversion
capability, an SNL program was developed for the sole purpose of providing this conversion
process. Depending on the PSA Mode selected, this routine will set the ‘ringdown enable’ and
‘output enable’ bits accordingly. For the power select, this routine will set the appropriate val-
ues to the PSA gain select channels 0 through 4.

2. pss_lock_sequence: This routine will automatically ‘lock’ the pss to the laser output power
requested by the operator (or other CDS software). This sequence, and associated EPICS
records, is outlined in the following figure.
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3.4.3.3 Abnormal Condition Detection/Response (Real-time)
TBD

3.4.3.4  Diagnostics (Real-time)

3.4.3.4.1 Ringdown Measurement

For initial ringdown measurements, since the first PSL is slated for the Caltech 40M, the equip-
ment will be self-contained within the PSL controls. For LIGO, portions of this measurement
equipment and software may be incorporated into the CDS Remote Diagnostics. This is due to the
requirement to provide ringdown measurements not only for the PSL reference cavity, but the
mode cleaner and arms as well.

A sketch of the hardware involved is shown in Figure 14: Cavity Ringdown Electronics. These
components are:

1. Xycom220 binary output module: sets PSA module to either normal output or ringdown mod-
ulation output.

2. VMIC4116 DAC: Provides variable amplitude modulation at cavity ringdown frequency
(Note: This will be tested to verify output risetimes are fast enough to meet specs. If not, two
channels of VMIC4116 will be used, one set to the high modulation amplitude, one to the low,
with fast switches used to modulate between the two levels.)

3. Omnibyte Comet Digitizer: This module contains four SMHz ADCs, which can be skewed to
provide up to 20MHz sampling. Since the requirements call for 1I0MHz, each cavity photo-
diode will be connected to two ADC channels. In this configuration, each photodiode will be
sampled at 10MHz into 128K sample buffers, allowing a maximum sample time of 12.8msec.

4. 10MHz clock: Clocks data into the Comet module. Source of 10MHz TBD.

Output Enable -

127}

» . >
‘<§ Ringdown Enable._ § AOM Driver

Modulation e

(]

Ref. Cavity Photodiode

ITIFOINA
111 (1%

Mode Cleaner Photodiode

o) ZHINOT

Figure 14: Cavity Ringdown Electronics

A diagram of the software functions and sequence is shown in .
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CT:IF1-PL1_0006
ai
Ref. Cavity Diode

3.4.3.4.2 Intensity Noise Spectrum Measurement

For this measurement, the PSL software must coordinate with the CDS Remote Diagnostics sys-
tem. This procedure is TBD.

3.4.3.5 Operator Displays

Three operator displays are designed for the PSS:
1. Normal operations

2. Ringdown measurement

3. Intensity Noise Spectrum measurement

These displays are shown in Appendix B.

3.4.3.6 Data Archival
TBD

3.4.3.7 Alarm Handler
TBD
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3.44. Phase Modulation LCU Software

This section is TBD, awaiting the design of the control electronics.
344.1  Introduction

34.4.2 Normal Operation (Real-time)

3.4.4.3 Abnormal Condition Detection/Response (Real-time)
3.4.44  Diagnostics (Real-time)

3.4.45  Operator Displays

3.44.6 Data Archival

3.4.4.7 Alarm Handler

34.5. Frequency Stabilization LCU Software

3451 Introduction

The FSS LCU software is comprised of:

1. A group of independent EPICS records for monitoring and manual control (see index for
list).

2. A group of connected EPICS records for monitoring visibility and initiating the Slow PZT
Scan.

3. A sequencer program for operating FSS scan modes.

An overview of the EPICS records which control and monitor the visibility and FSS modes and
their relation to the sequencer is shown in the following figure.

34.5.2 Normal Operation (Real-time)

‘Normal’ operation is defined as the FSS is locked (Visibility > Threshold) and/or the FSS i
set to automatically operate in a scan (Slow PZT ramp) mode. Figure 14: FSS PZT Scan |,
Sequence shows the basic records associated with the normal mode.

In this mode: /N
1. The Ref PD Monitor and RF PD Monitor record values are set by the ICS110 é@}é& ‘driver
(see Device Driver section) and caused to process at a 10Hz rate. iy,

2. These records forward link to the visibility monitor, which calculates VlSlblllf?& é
3. The visibility record, in turn, forward links to the lock indicator, which def%@nnes if the FSS
is/is not in a lock condition.

perator. These two
ing mode as a function
sequence, along with

Two records also monitor the FSS operating modes when selected by
records feed into a calculation record, which assigns an overall FSS oper:
of the two previous records. This information is fed to the Slow PZT
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lock and threshold information.

34.5.3 Abnormal Condition Detection/Response (Real-time)

Abnormal operation is defined as:
1. FSSis not locked.
2. A continuous Slow PZT scan mode has been selected for testing.

To handle these modes, an SNL-based sequencer is used to provide closed loop control. This pro-
gram (vismon1) is outlined in Figure 14: FSS PZT Scan Sequence.

After initial startup, the program will wait for a new event from the EPICS records (described pre-

viously). It will move out of this state when:

1. The operator (or other software) has selected a new FSS operating mode. The sequencer will
note the new operating mode and set wideband/bypass, as appropriate, to the LLA.

2. The operator (or other software) has selected a new threshold for the visibility/lock indica-
tion. The sequencer will note this information for later use if it goes into a scan mode.

3. The FSS has dropped out of lock or a continuous scan mode has been selected. The sequencer
sets the LLA scan enable to ON, and returns to the wait state to allow the EPICS records to
transfer the scan enable data to the LLA.

4. Scan is enabled and a FSS scan mode is selected. The sequencer now ramps the Slow PZT
from 0 to 850VDC (via the LLA) until:
¢ In an Auto scan mode, FSS lock is attained.

* In a Continuous scan mode, the operator deselects continuous scan.

This latter sequence is shown in the bottom right portion of the figure. Two items of note are:

1. Fast Read ICS110: Because the ICS110 has a 64KByte buffer which is wants to fill (requiring
10msec at a 100KHz sample rate) prior to stopping acquisition, the PSL software must give
descrete start and stop commands to the ICS110 to meet the 1msec/point ramp requirement.
(See also the ICS-110 Device Driver section of this document) Therefore, this code is embed-
ded into this sequencer to synchronize with the ramp DAC commands at the higher speeds.
This requires a synchronization as well with the normal ICS-110 device driver, to ensure that
they do not issue conflicting commands to the module.

2. The ‘sleep’ cycle at the end of a ramp cycle. After a full ramp has been generated, if lo%s
not attained or in a continuous scan mode, the process will remove itself from the pro SOy
for approximately 200msec. Since this sequencer has a high priority and basically lo
other tasks out for ~850msec (if a full ramp is generated), time is needed by other tas
catch up and avoid running ‘blind’, due to no data updates in the rest of the sys/tg@.
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Figure 15: FSS PZT Scan Sequence ’
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3.4.54  Diagnostics (Real-time)

34.5.5  Operator Displays

Two displays are designed for the FSS, one for normal operations and one for the frequency noise
spectrum measurement. These displays are shown in Appendix A.

3.4.5.6 Data Archival
TBD

3.4.5.7 Alarm Handler
TBD

3.4.6. Reference Cavity LCU Software

3.4.6.1 Normal Operation (Real-time)

3.4.6.2 Abnormal Condition Détection/Response (Real-time)
3.4.6.3 Diagnostics (Real-time)

3.4.64  Operator Displays

3.4.6.5 Data Archival

3.4.6.6 Alarm Handler

3.5. PSL Hardware Interface Device Drivers (Level 1A)

3.5.1. Introduction

The PSL Design incorporates a number of commercial VME modules in a single VME
Hardware interfaces exist at the VME backplane to the various modules, and to an ethe
nection at the VME processor.

3.5.2. Crate Layout

The layout of this crate, and the module base addresses for software communic
in Figure 15: PSL VME Crate Layout and Module Base Addresses. '
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Name: scipel
Address: 131.215.125.200:£fffff00

Short: 0xffff0700
Long: 0xf0f00700

0xf0d00000

0xffff4800

0xffff4900

Oxffffcc00
0xftffa400
Oxf1fr6000

ICS-110A

“VMIC-4116
Xycom 220
Xycom 212

o
-4
n
E
e
(2]
>,
»

Figure 16: PSL VME Crate Layout and Module Base Addresses

3.53. Target Processor

4
The target VME processor is a Motorola MVME162. During prototype tests on the 40 m&{\g}
will be a MVMEL167, as it was readily available.

3.54. Network Interface Software

The network interface will be through the Channel Access protocol of EPICS.

NFS, and remote login will also be available for off-line functions and some direg
functions.

2
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3.5.5. VME /O Module Drivers

3.5.5.1 EPICS Drivers

Drivers for the Xycom modules presently exist in EPICS, and will be used for this project. A
driver for the VMIC4116 and TPRO timing module are being incorporated into EPICS by LANL.
The TPRO module will replace the LANL master timing module within the core of EPICS (for
LIGO use only). An EPICS driver is also to be developed by LANL for the ICS-110A module,
but will not be used for the PSL (though it will be used in other applications). The reason for this
is the different operating modes and performance requirements of the PSL software, which are not
within the capabilities of EPICS, and the particular design of the module, requiring other than typ-
ical addressing and readout schemes. Further discussion of this and the design to be incorporated
is detailed in the following section.

3.5.5.2  ICS-110A Driver

The ICS-110 16 bit ADC module driver design is shown in the following figure. This is not
designed as a standard EPICS driver, but rather as an EPICS SNL-based, multi-threaded program.
The primary reasons for this are:

1. ICS module is read through a FIFO, rather than each channel at a register in memory.

2. The ICS module wants to fill its 64K byte FIFO prior to issuing an interrupt that it has data.
This means that it takes at least 10msec before it is ready with data, and it is not desirable to
hold up record processing for this long.

3. The ICS110 is operated directly by the FSS sequencer (see section ) in a ‘Fast’ Mode, which
must be synchronized with this driver to avoid collisions of commands.
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CT:IF1-PL1_1012 PL1_0001 thru 16
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Control Flow - -
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Figure 17: ICS-110A VME Module Device Driver

The key portions of the sequencer (program ics110) are shown within the dotted line rectangle.
These parts are:
1. Module Reset: Executed on program initialization. It:
* Hard resets the ICS110 module.
* Sets the clock rate to sample at 100KHz
* Sets the number of channels to 32
* Sets the ICS110 interrupt vector to call the ICS Interrupt Service Routine (ISR)
* Enables the VME interrupts
* Sets up a semaphore for the ISR to call the ICS data readout routine.
2.  Wait EPICS trigger: The sequencer is trlggered at a 10Hz rate by the ICS110 Ulg&er e

function is called.
3. Send ICS Trigger: Sends a start acquisition/enable interrupt command te’ ‘ICS110 VME
module, then returns to step 2 above. P %\w
4. ICS ISR: This ISR is called when the ICS110 FIFO is half full. Thlsgﬁo(&ne disables the
ICS110 interrupt and gives a semaphore to the Read ICS Data routifie
5. Read ICS Data: Upon receiving the semaphore from the ICS ISR, this' module reads in the
first 16 data values of the ICS110 FIFO, corresponding to the first 16V ADC channels. This data
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is then put into the EPICS database records, causing them to process and update.
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This Appendix provides raster screen dumps of the
various operator displays designed for the PSL.
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