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PREFACE

Reports in this document are numbered consecutively beginning with number 1. Each
report is paginated with the report number followed by consecutive page numbers, e.g., 1-1,
1-2, 1-3; 2-1, 2-2, 2-3.
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ABSTRACT

The OSEL Scatter Lab, performs research work in the field of stray light,
or scatter, from optical surfaces. The scatter equipment consists of a Complete
Angle Scatter Instrument (CAS!).

This report describes capabilities, operation, and initial setup
(precommissioning) of the CASI scatterometer. The types of samples that can
be measured will be discussed along with a description and examples showing
the various types of data output and the formats in which the data may be
presented.
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SUMMARY

The Scatterometer at RADC has many parts that all work together to obtain the
needed data. This report concerns itself with these parts as well as how to use them. It
also shows the capabilities that it has. The report also goes as far as to tell how to take a
system signawre. It contains many experiments that show some of the scatterometer's
capabilities.




INTRODUCTION

Scatter is a result of surface microroughness and contaminaton of optcal surfaces.
The microroughness is a product of three sources: non-periodic grooves parallel to surtace
tool marks, periodic roughness of tool marks. and nearly isotropic roughness of random
orientatons. Contamination consists of particulates and/or molecular films or an optc's
surface, and free-floating particulates located inside the telescope or near it's field of view.

The Complete Angle Scatter Instrument (CASI) at RADC was constructed by
Toomay, Mathis & Assoc., Inc. (TMA). The instrument has the ability to measure: large
angle scatter, and near specular scatter. CASI is able to measure forward and back scatter
from near specular to close to 90° from normal. The inswument is contolled by software
that gathers the scatter measurements, and calculates and piots (BRDF, BTDF).
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1.0 Laser Classification

There are four main laser classification groupings. These groupings are Class I.
Class II. Class III, and Class IV. The Workhorse Scatterometer at RADC uses a Class
[IIB Helium Neon laser and a Class IV Carbon Dioxide laser. RADC also has a 1.09 nm
NdYAG laser and a 3.39 Helium Neon gas laser. To date these two lasers have not been
used with regards to the Workhorse Scatterometer.

1.1 Introduction
The Classification of a laser requires that the following be known: (a) the
wavelength; (b) the classification duration; (c) average power output; (d) total energy per
pulse; and (e) the laser source radiance. The lasers in use at RADC are both Continuous
Wave (CW), therefore only the following parameters apply: (a) the wavelength: (b)
average power output: and (c) the laser source radiance.
The Class [IIB Helium Neon laser has the following parameters:
swavelength: 632.8 nm
saverage power output: 7 milliwatts
slaser source radiance: 1.1 milliradians
The Class IV Carbon Dioxide laser has the following parameters:
swavelength: 10600 nm
saverage power output: 4 watts
elaser <ource radiance: §-10 milliradians

1.2 Class IIT Laser Classification

A Class II laser has the capacity to cause injury within the natural aversion
response time. They can not cause serious skin damage or dangerous diffuse retlections
under normal use. They must have danger labels. They arx: also known as "Moderate
Risk" or “Medium-Power" lasers. (Sliney, David and Wolbarsht. Myron: 1980. P.7)

1.2.1 Class ITIA Laser Classification

The Class IIT laser grouping is subdivided into ITIA and IIIB. Each subdivision has
separate characteristics. A Class ITIA laser has an output irradiance below 2.5 nW/cm2,
and the power is below 5mW. (Sliney, David and Wolbarsht. Mvron: 1980. P.596)

1.3 Class IV Laser Classification
A Class IV laser may cause diffuse reflections that are dangerous to the eye and
may also cause serious skin injury from direct exposure. They may cause combustion of

1-7
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flammable materials. They are also known as "High Power" or "High Risk" lasers.
(Sliney, David and Wolbarsht, Myron: 1980. P. 7)

2.0 Laser Controls
The safety rules for the above classifications may be summarized as follows:

2.1 Class IIT1 Controls:
Class 1M laser controls are as follows:
a. avoid direct exposure to eye;
b. allow only experienced personnel to operate:
c. make an attempt at enclosing as much of the beam path as possible:
d. place filters, shutters. and polarizers at the laser exit port to reduce the
beam's power to the minimal useful level;
¢. a warning light or buzzer should indicate laser operation:
f. operate laser in a restricted area:
g. place the laser beam path well above or well below eye level of ail
present:
h. use eye protection, and
1. use a key switch.

2.2 Class iV Laser Controls
Class I'V Conrrols are as follows: (In addition to the Class III controis)
1. operate within a localized enclosure:
3. eye protection is needed for all individuals in the area. and

¢

always use beam shutters, beam polarizers, and beam filters

3.0 System Safety
It is important to take a detailed look at hazard anaivsis and general safety
procedures wnen planning system safety.

3.1 The Laser’s Hazards Potentials -- System Safety

Itis possible to develop a classification system to show the need for improvement
of the safety aspects in evaluating the risks that a laser and other general hazards can
present, Figure 2.

1-8




3.1.1 Laser Hazard Analysis

PERSONNEL
LASER| [ENVIRONMENT || POTENTIALLY| | OPERATORIS)
EXPOSED

DIRECT BEAM
EFLECTIONS LOCATION
ON CONTROLLABIL

Analysis CLASSIFICAT!
( RISK ANALYSIS

ALTERNATE
CONTROLS

Hazard 1
Evaluation DECIDE ON

MOST EFFECTIVE
CONTROLS

TRAINING
(DEGREE OF CONTROL
AWARENESS)

. ;
(EQUIPMENT PURCHASE

Control ‘ ; ‘

QF CONTROLS
Figure 2 Laser Hazard Analysis (Sliney, David and
Wolbarsht, Myron; 1980. P. 472)

3.1.2 General Concepts of System Safety

Regardless of the fact that the Bureau of Radiological Health Regulations assures
that there must be certain safery features put into manufactured laser products. it shouid be
recognized that these features are not in and of themselves the only means of reducing
risks. The possibility of applying a greater amount of system safety controls in addition to
the aiready existing features shouid be taken into consideration. Figure 3 shows a basic
method used by system designers for finding possible maifunctions and safety hazards in a
piece of equipment. (Sliney, David and Wolbarsht. Myron: 1980. P. 473)

4.0 Laser Set-Up Safety
When speaking of laser set-up safety, it is important to consider not only the laser.
but also the entire laser set-up (i.e. beam paths, beam enclosures. controlled enay, etc.)

4.1 Laser Eye Protection
Safety goggles or spectacies are extremely effective when other engineering
controls are not possible. It shouid be noted that the filter material and side shields shouid

1-9
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be able to withstand the maximum irradiance encountered in the environment for at least
three seconds. There are therefore many physical parameters that the goggles/spectacles
must meet. Some of these parameters that must be met are: the correct protective
wavelength; the correct optical density of the filter: the proper amount of visual
transmittance; a high damage threshold: and the proper filter curvature. (Sliney, David and
Wolbarsht, Myron: 1980. P. 10)

4.2 Diffuse Reflections

Looking directly at the beam is not the only manner in which damage to the eye can
be done. Hazardous reflections are potendally dangerous to the human eye. The shaded
area in Figure 4a shows the dangerous zones for intrabeam viewing of a Class 3 laser. If
the output radiant exposure of a pulsed laser is increased so that the laser in considered
Class 4 then the probability of eye damage is shown by the shaded area in Figure 4b.

1-11




4.3 Diffuse Reflections Drawing
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Figure 4 Diffuse Reflections. Potentially hazardous (shaded) areas in a laser
laboratory are vastly different for a pulsed laser that produces only hazardous
specuiar reflections (A), rather than hazardous diffuse reflections as weil (B).
(Slinev. David and Wolbarsht, Myron; 1980. P. 568)

4.4 Beam Traps
A beam trap helps minimize stray specular reflections. It shouid be made of a

rough. diffuse. low reflectance level material. Figure 5 shows various types of beam traps.




1. Stacked Double Edge Razor Blades

Beam

2. Mendenhail Wedge Retlecting Cone
Absorber Sphere

Beam

Refiecting Cone

3. Black Box Trap

Beam

Black Inside Surtaces

4. Specuiar Reflection Box

Beam

Figure S5 Beam Traps. In each of the four cases the conceot! s 10
mimmize the refiected energy ieaving the trap wrhout placing too
great a heat burden on the absorbing surtaces. (Sliney, Davia ana
Worbasht, Myron: 1980. P. 570.)
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4.6 Controlled Entry

For Class I'V lasers and certain class III it is generally advisable to limit entry.
Restrictions on entry are generally done through the use of signs, special door latches. and
interlocks. Class IV lasers sometmes provide a power supply relay connector to connect
with a door switch 1o stop power to the laser when the door is opened.

4.7 Beam Path

The main hazard that a laser beam poses, besides the primary beam itseif, are any
secondary beams. It is extremely important that the laser beam, both primary and
secondary be located above or below eye level to reduce the risk of eye damage.

4.8 Temporary Beam Enclosures

Temporary beam enclosures are extremnely helpful because they allow for viewing
of the beam without posing a danger by permitting body exposure to the beam. Small
portable shields of glass or transparent plastic are frequently used. Such enclosures may
also reduce the problem of dust collection upon optical surfaces.

4.9 Standard Operating Procedure
[t is suggested that a standard operating procedure (SOP) be written. This serves
many purposes. The lab personnel are forced to consider safety and generaily will follow

their own rules more readily than those made by a central safety officer. (Sliney, David and
Wolbarsnt. Mvron: 1980. P. 573)

5.0 RADC Scatter Laboratory Safety Checklist
Now that the manner in which the ideal safety cautious laser laboratory shouid be

set up has been presented, it is necessary to take a closer look at exactly what safety
devices/procedures RADC has implemented in the course of the use with the Workhorse
Scatterometer:

QOperating personnel: All of the Workhorse Scatterometer personnei are
compieteiy experienced in the set-up, operation, and safety of the entire system.

*Beam enclosures: RADC does not have beam enclosures to date. A major
reason for this is that enclosures would only hamper the operators from being able to
change such things as the detector head’s apertures, tip, and lt.




«Filters. shurters. and polarizers: RADC has all the proper and necessary
laser beam filters, shutters. and polarizers to assure a safe operanng environment and
testung atmosphere.

*Warning lights. buzzers. and signs: RADC has all the needed safety signs
and warnings.

+Restricted area: The Workhorse Scarterometer is operated in a key locked
room which is iocated inside a combination locked area.

«Laser beam level: The laser beam is situated so that it is above the eve level
of someone sitting and below the eve level of someone standing.

«Eve protection: RADC has many different types of eye protecuon.
RADC’s collection of safety glasses/goggles has a wide variety of optical density’s to
assure an extremely safe operating environment.

«Key switch: All the lasers used in the Workhorse Scatterometer contain a
kev switch.

*Beam maps: RADC uses a stacked double edge razor blade styie of beam
rap.

6.0 Signal Detector Alignment

Now that the safety aspects have been covered, it is necessary to go through the
needed pre-commissioning. Below is a step by step manner in which to get the
Scatterometer ready to take a system signature.

Manually center the aperture Y axis stage. Install the 340 nm aperture plate. Adjust
the detector post to center the aperture on the beam in Y. Choose the manual mode in the
CASI software. Move the scan rotary axis in order to center the beam on the aperture
horizontaily by peaking the detector power reading. In order to fine tune the detector
ourput it is necessary to adjust the pitch and yaw micrometers while watching the detected
power displayed on the computer screen.

Open the alignment iris on the X stage assembly all the way. Use scotch tape to fix
a piece of white paper to the front of the iris to make a diffuse spot. Remove the aperture
plate and move the Sample 8stage to +35 degrees tfrom beamn center. A smail signal should
be seen from the signal detector. Adjust the detector mount pitch and yaw micrometers to
peak the signal while viewing the detector watts on the screen. Put the detector back to
beam center. The detector reading on the screen should show about 2-5 mW of power and
the output meter should have a positve reading. Replace the aperture and remove the paper

from the iris. A signature center can now be run. (TMA (Hardware Reference Manual),
April 20. 1988: pgs. 24-25)
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7.0 System Initialization
This secton wilil cover the needed system alignment/initialization procedures
required immediately prior to taking data

7.1 Prerequisites to System Initialization

Once the system is set up and aligned the systemn inidalization can be carried out.
System initialization depends upon the optical train of the scatterometer being aligned well
enough so that movement of the focusing stage does not require large adjustments to the
output pinhole posidon.

7.2 Focussing the Beam

The last adjustment after the system is aligned is focussing the specular beam at the
detector plane. Using the focusing stage the output pinhole and output optics are moved
with respect to the focussing mirror until a tight focused spot is obtained at the detector.
Moving the output pinhoie towards the focussing mirror will move the focused spot away
from the mirror. while moving the output pinhole away from the focusing mirror has the
opposite effect and draws the focused spot in towards the focusing mirror. The goal of this
step is to positon the focused spot at the front face of the detector aperture. Focus is best
assessed by using a piece of film at the detector and visually inspecting the spot size and
shape.

The beam is considered focused at the detector when the spot appears slightly
elongated in the vertcal.(TMA (Hardware Reference Manual), April 20, 1988: pgs. 26-27)

7.3 Rougin Centering of the Detector in Y

After the focused spot is positioned at the front plane of the detector, the detector
must be moved in 8and Y so that the focused spot is centered on the face of the detector
aperture. Tne smailest detector aperture should be in place on the detector during centering.

The inidal centering is begun by making sure that the detector aperture y stage is at
its center of travei. The detector pitch and yaw stages must also be near their center of
travel. The detector should be roughly aimed at the sample if this is true. Rough centering
of the detector will be accomplished by adjustment the height of the detector post mount.
Using the v travel adjustment on the detector post mount the height of the detector is

adjusted so that the focused spot of the specular beam is at the same height as the detector
aperture.




Once this is completed, the detector post mount is tightened and secured in this
positon.(TMA (Hardware Reference Manual), April 20, 1988; pgs. 27)

7.4 Centering the Detector’s Field of View

The detector’s field of view is limited to an area slighty larger than the illuminated
spot on the sample. Therefore, it is necessary that the detector is aimed well at the sampie.

There are two degrees af freedom of detector motion that are used to aim the
detector. These motions are detector pitch (up and down) and detector yaw (side to side)
modon. To adjust the pitch and yaw of the detector a dummy sample must be mounted to
give the detector a bright spot at the sampie location to center on. A diffuse transmissive
sample is needed for the dummy sample. A piece of scotch tape stretched across an iris
works well. This dummy sample must be positioned in z so that it is in the center of
rotation of 9s.

Once the sample is in place, the detector is rotated about five degrees off the
specular. Movement of the detector requires that the CASI software is running and that the
operator has executed the manual mode that allows manual control of the instument. Then
remove the aperture. Now the detector’s pitch and yaw is adjusted to maximize the signal
the detector sees. After this, the smallest aperture, is replaced onto the detector. the
detector is moved back to specular, and the diffuse ransmissive sampie is removed.

This procedure must be done at system installation and also each time the detector
position on the sweep arm is changed or each time the height of the detector is changed by
adjusting the detector post mount. It is also a good idea to periodically adjust this to insure
the system is aligned.

7.5 Final Centering of Detector in Sample 8 and Y

After the proceeding steps, the focused specular beam should be near the center ot
the detector aperture. the instrument should be still under manual controi through the CASI
software and the detector should still be in the hardware home positon.

The detector is now moved by selecting the Detector Theta Axis for movement in
the CASI software and stepped in 8 until the focused spot is visually centered in the
detector aperture.

The scan setup in the CASI Angle Scan module shouid be defined with the
appropriate sized aperture. The y stage on the detector aperture must also be adjusted 10
visually center the aperture on the focused spot. The signal measured by the detector
should now approach the level of the total signal.

1-17
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After this procedure is done the automatc centering routine in the Angie Scan
sottware should be run. Once this is complete the aperture Y stage shouid be carefully
adjusted again 10 maximize the detected signal. The automatc rounne should be run one
more tme if the detector aperture was moved in y.

The only reason that the entire process needs to be done again is if the system is
changed. This would include changing the detector arm length or any other system
alignment posidons. (TMA (Hardware Reference Manual), April 20, 1988: pgs. 28)

7.6 Measuring the Instrument Signature

Once these inidalization steps have been completed the instument is ready to take
data. The first data taken after system instailation shouid be the Instrtument Signature. The
Inswument Signarure is the beam profile of the insoument as measured by sweeping the
detector through the focused beam.

By measuring the Instrument Signarture the alignment of the instrument is checked.
the background optical noise of the instrument is measured and a baseline for comparisons
of scatter data is set. The Instrument Signature determines the angular range sample scatter
data can be measured. It also forces the measurement of the incident power required for the
computatons of BSDF to be done. (TMA (Hardware Reference Manual), April 20. 1988:
pgs. 28)

8.0 Polarization Geometry

The reiationship between the sample (X,Y,Z) and the beam (XB.YB.ZB)
coordinate systems is as follows (Figure 6) the Z and ZB axes are always the local normal
to the sampie race. Locations on the same face are measured in the sample coordinate
system. The incident and scater directions are measured in the beam coordinate system. If
the sample tiducial mark is not an X axis mark. the intended vaiue must be indicated on the
sampie. tASTM (Standard Practce for Angie Resolved Optical Scatter Measurements on
Specuiar and Diffuse Surfaces), pg. 12)
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Z Fiducial Mark on The
A Sample - Shown on the X
Y 7B Axis
YB
v et ey e
N
A\
AN
> > X
X
SAMPLE FACE
XB

Note 1: The X-Y zero position on the sample face is assumed to be the geomerric center
of the sample.

Note 2: The fiducial mark can be on the edge or back of the sampie.
Figure 6 * Relationship between sample and beam coordinate systems

9.0 Scatter Viewed As Diffraction

An important fact is that scatter may be viewed as diffraction. Diffraction theory
predicts the intensity and locaton of light diffracted from an input specular beam out into
the sphere surrounding the diffracting component. The grating equaton is a direct result ot
diffraction theory and is used to define the location of diffracted (scattered) light. It is
useful to define the grating equation in terms of our geometry at this point.

Plane of Incidence
Sin 8¢ =Sin 8; + N MA

N=0, =1,
Full Hemisphere

(Using N == 1 and defining /A = f=(fx 2+ fy 2) 12
Grating propagates in the 8direction
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sin 6 5 cos B =sin 6; = f A

sin 8 sin 65 = f,A

The grating equaton defines diffracdon (scatter) location only: so far. nothing has been
said about intensity. In general. the larger surface defects are the larger the scater wiil be.
(Stover, John C.; 1989, P. 1-4)

10.0 Definition of Terms
In order to fully understand the meaning of scatter and its impact on the measuring

of opucal scatter it is necessary to comprehend the meaning and context of terms.

10.1 Total Integrated Scatter (TIS)

The insrument gathers a large fraction of the light scattered into the hemisphere in
front of the sample and focuses this light onto a single detector. The detector reading 1s
normalized by the reflected or mansmitted specular light and this ratio is reterred to as the
"TIS™.

Davies Paper was published in 1954. It concemns itseif with radar. It gives the
following formuia for TIS:

_Retlected Scattered Light
Reflected Sgpecuiar Lighr
This equaton 1s derived from:

4xdyy = (4xdy2 AR0y2 (¢
ﬂS=1-e(k Y2 = ( k) fOl'(k )2 (€

Where A is the iight wavelength and & is the root mean square (rms) roughness. (Stover.
John C.. [989. P. 2-1)

Bennem and Porteus built an Optical TIS Scanerometer in 1961. They used Davies
result. This scatterometer denotes the start of optical scarter measurement as a real source
of mewoiogy informaton. (Stover. John C.; 1989, P. 2-2
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Sample ..
| ——
2 — Detector
Coblentz
Sphere Reflected
Beam
Input
Beam

Figure 7 TIS Instrument

Advantages: <Relatvely Cheap
*Fast
*Repeatable

Problems: «Detector retlection losses = £6;
«cOs 65 ~ 1 is assumed

Present Use: +Reflection samples

*Transmission samples

*Raster scans

.ei >0
10.2 Bidirectional Distribution Functions (BSDF/BRDF/BTDF)

Measurement of light scattered as a function of an angle gives additional
information. BRDF was defined in its present notation by Nicodemus in 1970 and is used
to describe the scattering properties of optics. It can be defined for retlecting (BRDF) or
ransmirtting (BTDF) optics. The BRDF is defined as
BRDF = F =-484/Q:_

P;cos 6,
Where: dPs = power scattered in the 9s, Ds direction through d®.
dws = the solid angle containing dPs

Pi = the incident power
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A Lambertian surface exhibits a constant BRDF. Lamberuan surfaces are rough
and do not meet the smooth surface criteria for TIS 9 calculatons.  (Stover. John C.
1989. P. 2-3)

Thus if BRDF 1s known. the scattered power through any aperture. d®s. is easily
found for any input Pj. A slightly different form of the BRDF is often used and is reterred
to as "cosine corrected".

BRDF = $£¢/%:

t

10.3 Instrument Signature

Instrument signature, sometimes called instrument profile, refers to the scatter in a
BRDF measurement that is caused by the instrument itself. The signature is usually
confined to a region within a few degrees of specular and is caused by:

Scatter in the instrument opucs

Specular light reflected off the detector and back onto the sample space

Ghost retlections in the instrument

Limitations on the focussed spot size due to diffraction and aberrations

(Stover. John C.; 1989, P. 2-7)

11.0 Scatterometer Components
A scatterometer is made up of many different components. In order to fully
understand how a scatterometer works it is necessary to know what the parts of a
scatterometer are.
11.1 Laser Sources and Optics
Coherent light is not required - the laser 1s just a very
convenient light source
The nrst spadal filter:
* Removes scatter
* Converts beam wander to beam power variatons
Chopped light / lock in electronics
Monitor beam power
Polarizers and ND Filters
Second spatial filter removes scatter
Final Focusing Element:
* Determines sample spot size
¢ Determines focused spot size

1-22




« Strong contributor to signature

11.2 Sampie Holders
A sample holder can be very simple to very complex. As many as seven degrees of
mechanical freedom are possible: &, fine tilt, out of plane tilt, . x, y, z.

11.3 Detectors (Stover, John C.; 1989, P. 3-2)
Below are listed some rypes and different features of some detectors.

Types
Si 250 -- L1p
Ge Spo-- 1.9
HgCdTe 24 --13n
InAs lu --5.5n0
PMT's Visible/Near IR
Important Featres

+  Sensidvity
*  Dynamic Range
* Low Noise
Housing
+ Limited Field of View
*  Programmable Low Noise Pre-Amp
* Variable Apertures

« Y Motion
« 65 Moton
. Tik Adjust

+  BP Filter, Diffuser

11.4 The Computer System (Stover, John C.; 1989, P. 3-2)
The computer system is made up of many different parts. Below is a listing of
most of these elements.
Controi of Motorized Axes
*  "Manual" Control
+  "Automatic" Control
Controi of Programmable Electronics
*  Pre-Amp Gains
*  Lock in Gains
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*  Detector Bias
Control of Beamn Devices

*  Shutters

*  Tuming Mirrors

*  Apertures

+ ND Filters
Controi of Data Collection
*  Set-up File

*  Real Time Data Presentation
* Data Storage
»  Data Delivery
Data Presentation and Analysis
+ BRDF, BTDF, BSDF
* Log-Log, Log-Linear, Linear-Log, Linear-Linear
+  Comparison
»  Surface Statistics
«  Scatter Predictions - 8i» A
»  Hard Copies

12.0 Experiments and Resuits

It is necessary to show just what the workhorse scatterometer at RADC can do
through the use of completed experiments. The experiments on the following pages show
some of the many capabilities that the workhorse scatterometer has.
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Figure 8: Normal Daily Signature
A system signature must be taken on a daily basis or before any
measurements are taken. A system signature shows the amount of scatter
sresent in the instrument for the day. This is used as the baseline

for the day.
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RECOMMENDATIONS

After reviewing some aspects of the scatterometer and problems that it has, the
writers of this paper have the following recommendatons for making the scatterometer at
RADC into a more precise instrument:

* Permanent beam enclosures around the table, and
* A clean room environment.

Both of these simple, but yet important aspects can eliminate a major porton of dust
particles that cause scatter. Therefore, if these two simple recomr 1endations are initiated
the workhorse scatterometer at RADC will greatly become a much more precise insgument
that it is presently.
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INTEGRATED SERVICES DIGITAL NETWORK AND ITS IMPACT ON
DEPARTMENT OF DEFENSE COMMUNICATIONS SYSTEMS

Matthew Bauder

ABSTRACT

Integrated Services Digital Network (ISDN) will produce major
changes in the way people communicate, provide and receive
services, and purchase merchandise. Business management will also
see a major improvement with implementation of ISDN.  The
Department of Defense (DoD) can use ISDN services for military
programs and for the improvement of Command, Control,
Communications, and Intelligence (C31) functions. This paper will
discuss ISDN concepts and applications, and how the DoD can take

advantage of this technology.

1.0 INTRODUCTION

ISDN is defined as a network that supports many different
services, accessible by a set of standard interface devices. It will
evolve from the Integrated Digital Network (iDN), which is a
telephone network with all digital components. It will be built up
slowly into a worldwide network and will take many years to
combine all the services. Most of today's separate networks will still

be around for a long time.
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ISDN will become necessary in the future, because of the
diversity of networks now being implemented, and the necessity to
coordinate the interaction between these networks. There are so
many separate networks and services in existence, that it is
sometimes difficult and expensive to manage and maintain them, in
addition to ensuring that they remain interoperable. ISDN will be
able to consolidate and coordinate the services that are now available

by many different networks.

2.0 ISDN

2.1 ISDN CONCEPTS

The ISDN backbone is an IDN, setup much like today's
telephone network. It has central offices, to which the users are
connected with a "digital pipe", a transmission media that has a
smaller bandwidth than the IDN. Central offices are be connected by
the IDN. However, the user does not have to go through the IDN if
the service wanted is connected to the same central office.

The Open Systems Interconnection (OSI) Reference Model is a
framework for a set of standards related to computer to computer
communications.  OSI is necessary for communication between
different types of computers. It takes a message, and changes the
data format of it and sends it over the network. Then the message is
changed to the data format of the receiving computer so it can
understand the message. For example, if someone using an Apple

computer wants to send a message to someone who has an IBM
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computer, the OSI changes the format of the data into the standard
ISDN data format and sends it over the network. Then the message
format is changed into IBM format and the person gets the message.
It makes applications independent of the hardware they operate on.

The OSI model is divided into a 7 layer architecture, each with
its own subset of functions. Layer 1, the Physical layer, handles the
electrical and mechanical (activation, deactivation, maintenance, etc.)
aspects of a connection. The second layer, the Data Link layer, allows
for the connection to go through the Physical layer with the right
synchronization and error flow control. The Network layer handles
the routing and switching of information. The fourth layer, the
Transport layer, monitors the transfer of information and makes
sure the data gets delivered error free, with no losses or duplications.
The Session layer handles user to user connection and error
recovery. Layer 6, the Presentation layer defines the syntax of the
information and interprets it. The seventh layer, the Application
layer, allows user access to the OSI.

Figure 1 shows the OSI Reference model. If User 1 wants to
communicate with User 2, the message goes first to the Application
layer. It is then sent to the Presentation layer and it continues down
to the physical media which passes up the Physical layer of User 2.
From there it goes to the Data Link layer and all the way up the
layers until the message gets to User 2. Peer protocols, sets of rules
that allow two devices to communicate, are the same in the

corresponding layers and are necessary for the computers to
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communicate properly. When data gets to a layer, that layer

completes its function and passes it on to the next layer.

Application
Session Session
Peer protocols
Transport —— Transport
Network - - - - Network
DaaLink [ ™! DaaLink
1]
Physical = ——————"™ Pphysical

1 Physical media

Fig. 1- The OSI Reference Model

The transmission link between the user and the ISDN central
office will be divided into three channels; the B channel, the D
channel, and the H channel. The B channel has a rate of 64 kbps and
is used for data and digital voice. The D channel runs at 16 or 64

kbps and carries signalling information for connection over the B
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channel, and transmits low-speed interactive data. The H channel is
used for viacu and has rates of 384, 1536, and 1920 kbps.

ISDN will integrate video and data on a single network by
sending them over different channels. Video will be transmitted
over the H-Channel and data will travel over the B-Channel.

Two types of access to the network are provided, basic access
and primary access. Basic access consists of two B channels and one
16 kbps D channel (2B+D) and uses the B channel for voice and data
transmission and the D channel for signalling. Primary access is used
for high capacity requirements. In the United States and Japan, it
has 1.544 Mbps channels (23B+D), and Europe has 2.048 Mbps
channels (30B+D). Both are provided over a single interface.

ISDN will use two different types of switching, circuit switching
and packet switching. Circuit switching is where two communicating
devices are physically connected through the network for the entire
duration of the call. An example of this type of switching is found in
today's telephone network. Circuit switching is best suited for voice
communication because voice is delay sensitive and has a long hold
time. (The average phone call lasts about ten minutes.) Frequency
Division Multiplexing (FDM) is used with circuit switching. FDM
divides the frequency of the network between users and each user

has that channel for as long as needed (see Fig. 2).
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Fig. 2- Frequency Division Multiplexing

Packet switching is used to send data messages over the
network. With packet switching there is no physical connection
between two users. Instead a user sends the message into the
network, knowing that it will reach its destination, but not know
when or how it will get there. This is better suited for data
information because it is usually delay insensitive and has a short
hold time. For instance, if you want to send a chart showing last
year's business profits to your boss, the information will not change
if it takes a while to get to him through the network. Data
information needs a higher bandwidth than voice information. Time
Division Multiplexing (TDM) is used with data communication. TDM
gives each user the whole frequency of the network for a limited

amount of time (see Fig. 3).
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Fig. 3- Time Division Multiplexing

2.2 ISDN Applications

Many utilities can be linked to the ISDN. Local Area Networks
(LAN's) can be bridged together. Computers can be used for
Electronic mail between terminals, and for obtaining information
from larger computers (e.g., mainframes residing at remote
locations). ISDN will be better suited for this purpose because you
will be able to access any resource hooked to the network as long as
you have proper access privileges. Today different computers are
linked to different networks and it is sometimes difficult to gain
access to another network. Digital telephones can be used in the
ISDN for end-to-end digital voice connectivity and users can hook
special "ISDN" major appliances to the network, which may be turned
on or off and controlled remotely. A home owner can have an alarm

system on the house that can be monitored while away.
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Figure 4 shows some of the services that will be available with
ISDN. The integration of the utilities in the residential model will be
very helpful. For example, someone can talk to a travel agent (the
business model) over the telephone while looking at travel locations
on their TV. The travel agent can then send airline prices to the
user's PC and the user can evaluate the prices and purchase a ticket.

All of this can be done from the home!

RS 3
S

BUSINESS MODEL_

R

SECURITY
COMPANY

CABLETV
COMPANY

RESIDENTIAL MODEL
e EMERGENCY

lSDN SERVICES

UTILITY

LAN COMPANY

Fig. 4-ISDN services
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Many people will benefit from the ISDN. Most importantly, it
will be available to anyone who has a need for it, and can afford it.
People can use it for better, faster, and more reliable
communications. They can get better security systems that can be
checked remotely and monitored by the police. Users will also have
more services available to them, such as computer software, "mail
order" services (done through the ISDN), catalog updates, etc. They
can send billing information directly to the utility company and the
company can check usage over the network. Businesses can use ISDN
for distributing software, video (cable television), and communication
services and for communication (eg. between store chains). They can
also tell customers of sales, and show catalogs and updated prices

over the network.

3.0 ISDN and the DoD

The military is interested in ISDN for communication purposes.
They are mainly interested in the broadband aspects of ISDN because
of the quantity of communication taking place between their
widespread bases, posts, and command centers. ISDN will make
military communication more reliable because military installations
are spread worldwide and ISDN will become a worldwide network.
ISDN will have a major impact on C3I functions. It will expand and
improve information services to the user, improve mission capability
by aiding architectural goals of survivability and interoperability,

and decrease system support costs.
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The network extension of services to the ISDN user is
established because of high speed end-to-end digital connectivity.
Because it will be used for many different services and these
services can be used simultaneously (if necessary) network
management is simplified. Crisis handling management will be
greatly improved. For example, someone using the network for low
priority business can be alerted, over the D channel, of a high
priority message and take immediate action. Also, ISDN will make
transmission of information more secure because it will no longer
need analog to digital conversions. Today, voice quality is low
because of the larger number of analog to digital conversions and low
transmission speeds used on the networks. ISDN will allow
information to pass at high transmission speeds and will have no
analog to digital conversions, except, possibly, at the user interface.
This is achieved with the use of sixty-four kb/s lines over an all
digital network. Conference capabilities will also be upgraded due to
enhanced voice quality using digital telephones.

Survivability and interoperability of C31 will be improved with
ISDN. The network will be viewed as a communication "utility",
much like electric power is today. With standard equipment and
interfaces, and high bandwidth digital pipes, ISDN will provide much
flexibility. Because the implementation of ISDN will be an
evolutionary one, connecting other networks to ISDN will be possible.
This will allow survivability of communication resources, from the
national command level, to the base level, to be satisfied with

military or commercial networks. Interoperability will be achieved
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with ISDN because of the standard 64 kbps and the layered
protocols. Even though the United States and Europe have different
primary access channels, the basic user access of 2B+ will allow
interoperability.

Finally, ISDN will decrease the cost of providing all
communications services. This comes about with the use of common
facilities and standard equipment. An end-to-end digital network
will provide single line access to users for their voice, data, video and
other needs. No additional equipment will be needed for analog to
digital conversions through the networks. The use of standard
equipment will improve maintainability and could affect a decrease
in procurement lead times.

The DoD must be prepared to take advantage of ISDN. Many of
the Defense Communications Agency's (DCA) programs will be
affected with implementation of ISDN. The Defense Switched
Network (DSN) and the Defense Data Network (DDN) will both be
improved with ISDN. Communications and electronics professionals
in the DoD should keep up with ISDN developments to allow
consideration of the military's use of this technology. Also, the DoD
must participate in the development and approval of ISDN standards.
They must help develop the ISDN standards so they can use the full
capabilities network to its full potential.

4.0 ISDN Future

There are arguments for and against ISDN. One argument for

ISDN is that the number of terminals and Public Business Exchanges

(PBX's) has tripled between 1985 and 1990. Not all of these
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terminals will need to be connected to a network, but there will be
enough to make ISDN necessary. Also, it is predicted that the
migration from analog signals to digital signals in the workplace will
be nearly completed within the next five years. An argument
against ISDN is that in 1990 the bandwidth requirements for voice
and data were ninety percent voice and ten percent data. Some
people don't think it is necessary to rush into a fully digitized
network. Even if ISDN generates more data traffic, it is predicted
that there will not be a huge increase until 1995.

In the future ISDN will become a fast, reliable way to transport
data. One way this quickness and reliability can come about is with
the use of optical fibers. Fiber optic cables are made of fiberglass
and use light to transmit data. They have a higher bandwidth than
today's cables, are lower in volume and weight (making them much
cheaper), and because they are glass, they are immune to

electromagnetic noise.

5.0 Summary

ISDN is something that is very necessary and will definitely be
fully implemented in the not so distant future. It will take time, and
will not combine all networks immediately, but when it does come, it
will make communications easier, faster, and more reliable. The
"Utopia" that many people picture when they think of ISDN will
never fully come, because technology is ever growing and ISDN will
have to grow with technology. ISDN will solve many of today's

problems and answer many of its users' needs.
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THE DETECTION OF LASING IN A DIODE CAVITY

Mr. Andrew Gerrard

This paper reports the spectral measurements performed on
an external cavity diode laser with a Princeton Instrument’s
Optical Spectrometric Multichannel Analyzer. The ultimate
result of the measurements being the detection of "lasing"
within the cavity. The Analyzer was run with the Princeton
Instrument’s MSMA software package. The package contained the
MSMA main program, the FSMA data-processor, and the SSMA step
motor. The preliminary problems encountered with the setup and
initiation of the project were the use of the program(s) and
equipment, and the actual search for lasing within the cavity.
Although no true lasing was discovered at the time of the
writing of this report, great steps were being taken to

improve the likelihood of observing lasing in the cavity.

In the past five years, great headway has been made in
the field of optics. Since the days of the ancient Gfeeks, man
has had an uncontrollable urge to discover the true nature of
light, sound, and energy. It seems like only yesterday the
first laser was built after years and years of research and
speculation. While today in the optics and lasers area, leaps

and bounds are being made every second. For the future? Who




knows, the possibilities are mind-staggering. But for now,
lets leave the future for the philosophers and stick to the
present.The experiment was designed with the intent to detect
lasing in an external cavity diode laser using an Optical
Spectrometric Multichannel Analyzer (OSMA) detector. 1In
describing the experiment, it will be easier to first start
with the overall concept and setup, then move on to the more
mundane aspects and problems of the venture. Finally, a
statement of conclusions and projections of this project will
be discussed.

The main purpose of the experiment was to create an
external cavity diode laser that would lase. The theory
follows the same theory of the laser, with the diode emitting
light and mirrors creating feedback in the diode/cavity
system. In order to operate correctly, the cavity must be
aligned perfectly to achieve proper feedback or lasing will
not occur.

The setup of the laser experiment is a basic linear
cavity (FIG A). In the middle of the cavity rests the laser
diode mounted on a thin metal strip. A wire to the diode
provides current from the laser diode controller to stimulate
the active material of the diode to emit light. Since the
diode is open at both ends, light can exit the diode from each
side. Located at each end of the cavity is a mirror, one of
which is totally reflective (the "back" mirror), while the

other is 80% reflective (the "front" mirror, where the lasing
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beam would pass through). The mirrors feed the light back into
the diode, therefore causing the light to oscillate back and
forth in the cavity. The partially reflective mirror allows
20% of a beam to pass out of the cavity, which will then be
detected by the OSMA detector.

However, because of the equipment layout and the need to
be able to make adjustments, the beam first had two be routed
over the optical bench with a series of mirrors in order to be
incident on OSMA spectrometer and detector head. The mirror
combination moved the beam over 5lcm and raised it 5cm. After
the beam was aligned, two irises were added for calibration
and alignment purposes.

In order to use the OSMA, a MSMA software package from
Princeton Instruments, Inc., was utilized. Instead of using
the SSMA, we relied on the front panel of the spectrometer,
which was easier than constantly switching programs. However,
the use of the MSMA and FSMA programs were vital to the
detection stage as the original intent to use a fiber optic
coupled optical spectrum analyzer was unsuccessful, simply
because it’s data update rate was too slow to detect lasing if
it occurred. The MSMA programs allowed almost instantaneous
update, thus improving the possibility of observing lasing.

However, the use of the OSMA and MSMA software caused
certain problems. First, the OSMA detector is very sensitive,
almost too sensitive for our purposes. More so, the detector

becomes more sensitive as one moves the beam toward the upper
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area of the spectrometer entrance slit, so that near the top,
saturation of the detector is inevitable. Second, a slight
change in the angle of the incoming beam ~ so changed the
measured spectrum. Putting these combinations .c jether caused
endless possibilities, making lasing even more elusive (the
addition of the two irises helped some, though more time had
to spent re-aligning the beam if adjustments were made to the
cavity).

The problems with the MSMA and FSMA programs were their
confusing operation methods and "foggy" characteristics. The
programs utilize many unintelligible commands and have a very
user UNfriendly interface, and unnecessary time was spent
trying to decipher the programs. However, after time consuming
experimentation, using the programs becomes much more clear
and second nature. Apendix A lists the common comands of the
MSMS software.

Other problems that occurred with the cavity setup dealt
mainly with alignment. Every change in the cavity (ie.
adjustment of the mirrors or objectives, etc.) caused the beam
to travel out of the irises and detector head. This, if
allowed to continue, would wreak havoc upon the measured
spectrum and hence cavity mode patterns. Constant changes once
again had to be made with each step to the cavity alignment
process in order to maintain optimal alignment with the OSMA
detector.

In order to minimize the variables of the experiment, the
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setup was kept as constant as possible. The current going into
the diode was kept at 292.0mA. The resulting beam was
attenuated with two optical density filters (OD: 1. and 3.
respectively) so that the detector would not saturate.Irises
and the focusing lens going into OSMA were also kept constant.
As with any experiment, as few factors were changed at a time
as possible, reducing measurement error.

At the time of the writing of this paper, no "true"
lasing had yet been found. Main results obtained were the
discovery of small mode patterns (FIG B) on the wave. Though
this was the start of lasing, nothing more could be obtained.
Later, it appeared that the laser diode did lase on its own,
however the result was not the intended one. Causes for the
lose of lasing are seemingly small in number. Alignment was
optimal and the beam was always aligned with the irises and
detector head. The beam was kept at the constant power, and
conditions within the lab were kept at high standards.
However, there could have been a problem with the setup of the
laser diode or the cavity itself, perhaps even the OSMA
detector was at fault. In any case, the lasing we were looking
for did not appear, though even as I write, steps are being
made to "correct" the problem.

In conclusion, the project was neither a success nor a
failure. Although any number of small errors could disrupt the
lasing, I believe few were present in cavity, diode, or mirror

combinations. Great insight was gained from the experiment ,




—

and it is only a short matter of time before lasing is

discovered within the cavity.
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APPENDIX A

Common Commands of MSMA

Commands

Meanings

Experiment-New
Experiment-saVe

Experiment-Load
Experiment-Run
Experiment-Stop
Display-File replay
-File replay
Display-File replay

-~-stacked

Display-File replay
-Spec
Display-Line_mode
Display-set y-maX/miN
Window-Erase
Window-Open/Close

Window-Reset
-All windows

Window-Reset
-Stop_replay

pRocess-cAlculator

3-10

Shows a current experiment
setup

Saves current setup
creates .XST file

Loads a setup

Runs experiment under
current setup conditions

Stops experiment, but does
not store data

Replays experiment’s stored

data

Allows multiple spectra
display(simply change
file name)

Use before making
calibration, used for
multiple spectra

Toggles dots/line patterns

Sets Y-scale

Erases current window

Opens/Closes windows

Resets all windows to norm.

Stops file replays (can be
used with Erase)

Sets up spectrum calculator




into

pRocess-conVert

pLot-plot

pLot-setup
Special-data_Process
Special~-step motor

Special-Confiqure

Commonly Used Function

Converts data from MSMA
another form
convert into float

11}
for data processing!!!

Use serial port 1

"what you see is what you
get!”

Standard plot setup area

Goes to FSMA

Goes to SSMA

Sets system configquration

Calls in MSMA

F2
F3
F4

F9

3-11

Toggles Y-axis
Horizontal zoom in
Horizontal zoom out
STORES DATA!!!

and ends experiment
creates .SPE file




Commonly Used Procedures in MSMA

To run an experiment

To calibrate experiment

To subtract background

3-12

1)
2)

3)

4)

5)

6)

1)

2)

3)
4)

5)
6)
7)
8)
9)

Special-Confiqure
Make sure sysyem is set
Window~Reset-All windows
Resets window to normal
conditions
Experiment-New
Set experiment setup as
needed
Experiment-saVe
Saves ONLY setup, not
data
Experiment-Run
Runs experiment as to
setup
F9 to store data
or

Experiment-Stop to not

store data

Make sure you have

already run an

experiment and have

STORED (F9) it

Display-File_replay
-Spec display

Go to Calibrate menu

Go to graph tracking

mode on mouse

Go to first area and hit

" 1"

Enter value for area

and hit enter

Go to next area and

repeat

Save into calibration

file on same menu

Go to Experiment-New

10) Add the name of

1)

calibration file

Make sure you have
already run a background
experiment and have
STORED (F9) it

Go to Experiment-New
Enter background file
name and switch to "Yes"
on setup menu




4 )Run experiment

TO convert data 1) Make sure you have
already run and STORED
an experiment

2) pRocess-~conVert-Float
3) Enter new filename

To use calculator 1) Use as normal calculator

2) Use Window-Open and
File replays as needed
BEFORE usage

3) Enter a "0" for all
spectra

example:
[ testl,1,1 - test2,1,1 = ,1,1 ]

meaning:
file testl, 1 spectra - file test2, 1 spectra
to be displayed(no file name given) onto
the screen

4) Save equations as needed

5) Hit " = " to process
equation, with "Enter"
to display onto screen
or a file name to store
answer in file

To plot 1) MSMA operates on a

" what you see is what
you get " basis

2) pLot-Setup as needed

3) pLot-Plot and again
set screen as needed

4) Plot command

Note: plotter must be in serial port 1

There is a Command Glossary, Key Chart, etc...
on page 3-1 in the software section of the
OSMA manual. Note however that this glossary
is for use on OSMA and some commands are
have been changed in the newer MSMA.




Common Commands of FSMA

1) Graphics and Plots

Make sure that data in file is stored and converted
into Floating values before graphing
When marking a position on a graph, be sure that you
use the "END" key instead of the "Enter" key
Simply follow the commands that are given by FSMA
other graph commands:
- 2oomin: allows user to view a specific area
- Area: allows user to obtain peak areas, peak
heights, and ratios of these values
Original: returns to the original graph
Next Experiment: allows plotting of another
experiment without having to go
back to the main menu
Plot: plots graph (make sure system configuration
is set at desired setting)
Enter headers as needed(along with
comments), or hit "Enter"” to bypass
-End: returns to main menu

2) Data Processing

Make sure all data is in Floating point values
Follow commands as needed

3) Create, Modify, or Run User Programs
Use as needed
4) Edit Experiment Information and Data
Allows user to change collected data
5) Recall Experiment Information and Data
The user can save data into a text file, must be float
The user can recall data collected
6) Modify System Confiquration

Sets system for operation within FSMA only
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Abstract

This summer I worked not on the Digital Analysis System (DAS)
testing A/D converters but instead wrote C programs to automate
various functions. As I had no knowledge whatsoever of C, most of my
time was spent learning it and writing very simple programs in C. A
great deal of debugging was required, as C has a very strict syntax
which is not easy for novices to work with. I wrote a fair game
program to generate a pseudo-random number and let the player guess
it. The second (and perhaps the one I liked the most for its simplicity
and possible use) was a sort of screen saver which leaves a message on
the terminal when run. The third and final program, which I was
unable to finish, was a menu interface complete with windows which
allows the user to receive files from the DAS using Kermit as well as
letting the user convert and merge those files to a format whereby
FFT's (Fast Fourier Transforms) can be run on them. I used our Sun
workstation to write the C programs, with the Open Windows and
SunView programs. In addition, I interfaced with the Sun workstation
via the LONEX terminals, and edited files from there using the VI

program.

4-2




Introaaction

In the course of my eight-week apprenticeship, I have been able to
greatly expand my knowledge in relation to a few fields of work. I
learned how to use the Sun workstation and -abeut-the UNIX system,
and found it to be somewhat similar to MS-DOS, which I was already
quite familiar with. 1 also logged into the Sun workstation through
LONEX, a computer network, where I learned to use the VI editor to
write my C programs. I used the curses.h library for creating and
manipulating windows, and the string.h library for manipulating the
character strings for such things as messages and file name i/o handling.
By running my programs (and subsequently dumping the core many
times), I was able to find out what I could do to improve their flow and
fix their errors. Although I found C's low-level processor a hassle to
work with and was rather dismayed at its method of handling strings
and pointers, I found C to be an efficient language, and am glad I had

the curses.h library to work with.
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Discussion

Learning C Language

The task I worked on this year was learning C and applying my
knowledge to write programs for the Sun computer. As I had no prior
knowledge, I had to begin from scratch. It was necessary to use C
language because the Sun uses a C-type command processor: i.e., it
operates in a manner which is compatible with C and many of its
capabilities and syntax are similar to that of C.

Fortunately, we had a few resources for me to study. Dave, one of
the engineers, had an introduction to C in a 3-ring binder of
photocopied pages from a lecture, so I borrowed it and began reading
through it. Many of the functions initially confused me, such as the
format for the scanf() function. I had trouble understanding why the
pointers such as &£ in front of var/ needed to be used.

By far, the largest problem I had was with defining functions. The
format was in no book I found (they all used somewhat different
formats) and I had to ask my mentor. However, it was very annoying,
as I often had to wait a while. (My mentor was away at conferences for
about three weeks of my time here.) This forced me to rely more upon
myself, which helped me a great deal in structuring my programs.
However, it also hurt me in that when I had difficult questions there

was no one who knew the answers for certain.
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The first program I wrote was a simple game to generate a random
number from 1 to 1000 and ask for a guess. It would inform the user
that the number was higher or lower until the input was correct.
Unfortunately, there was much difficulty in getting the program to
generate truly random numbers. On an IBM machine in BASIC this is a
matter of RANDOMIZE TIMER; on a UNIX machine in C I had to try
to call functions, and was not able to generate very random numbers.
The program worked, and subsequently excessive error-handling was

put into it, taking much more time to code in.

Aiter the game, I knew I still was not ready for a menuing program,
so I started writing a screen saver program, something that seemed
useful as well as being a small chance for me to try using the curses.h
package. I knew that writing something to actually clear the screen and
restore it would not be a simple task, so I wrote something that was—in
my opinion—-more useful, although it still was a sort of screen saver.
The program initially cleared the screen, drew a box around the border,
printed a message in the center of the screen, and drew a box within the
border’s box. The box was animated; the program drew the horizontal
lines with "-" and the vertical lines with "' and when it got back to the
upper left of the box, it wrote over them with the reverse. This
resulted in a simple effect which also kept any screen from blanking.
This way, anyone who approached the computer would see it, even if it
was run from within a window in SunView or OpenWindows, as the

display would attract attention. Then they would be informed that the
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that the user intended to return to the computer momentarily.

Later versions changed such things as the animation set to make it
loop through four sets of characters to use for the border and actually
read the user login id from the Sun. This made the program more
generic--anyone could use it, and it would simply print their login id
below the message. Screen garbage was also cleared up. The program
could be upgraded to input a custom message each time and check for a

simple carriage return to optionally print a default message.

The final program was extremely difficult for me to write, having
had only weeks of C language experience. The proposed function of
this program was to allow the user to more easily receive files from the
DAS 9200 computer using the Kermit program and protocol, convert
and merge the files together, and perform FFT's all from one window
menu interface.

Setting up functions was the most time-consuming part of my work
on this program, next to debugging. I was forced to go back through
the entire program and change all the sets of variable introductions and
declarations each time I added, changed, or removed a global variable.

Eventually, I got all the windows in the right places and refreshed
them (clearing and redrawing) at just the right places so that they didn't
need to be refreshed too many times (which considerably slows down
the program interface on a remote terminal). I wrote the inputting
function for file names and the Kermit file transfer shell selection. In

addition, I attempted the shell for conversion and merging of files, but
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had difficult problems there. 1 was unable to make the program
automatically select an output file. For instance, Dave used filenames
like in1-095 and in2-095 which needed to be converted and merged into
in-095. To do this, I needed to look for the dash and copy all characters
except the character before that dash. I was unable to do this, despite
numerous attempts at using the strncpy command, due in part to lack of
time and in part to lack of assistance—even my mentor was unsure what
might work in the complicated subroutine I had to write. I finally got it
to where the program seemed to know the output file, but would still
not work correctly; it simply returned to the menu without doing

anything. Still, the program seems fair based on the time at hand.

Understanding the Sun

Learning how to use the Sun itself was also a necessary step, and a
time-consuming one at that. I began without an account on my first
day, as my mentor wasn't there. As a result, I paged through some of
the guides to using the Sun. However, without a machine to work on, it
was sometimes difficult understanding what the books were talking
about. Other times the books were easy to understand either because
they were discussing aspects of the SunOS that were similar in
operation to that of IBM machines or were simply easy to understand
rules, sometimes with excessive explanations.

The Sun has a command line interface similar to that of MS-DOS.
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When I logged on and gave my password, it ran my .login file and my
.cshrc definitions, printing such things as a listing of who else was
logged onto the Sun (which is called the finger command) and then
printed out a fortune from a library almost 350K. After that, it came
to the "bugs%" prompt, which I later changed to read, "bugs%51>",
where the 51 was the number of my command. (The Sun keeps a
history of user-definable length, and previous commands can be easily
recalled using !, !vi, or !50, for instance. ! recalls the last command, !vi
recalls the last command with the string “vi", and 50 recalls command
50. Upon each logoff, the sequence is saved and the last S0 commands

are renumbered 1-50 for the next login.

The vr editor was perhaps the most difficult aspect of the Sun to get
used to, aside from the C programming. The reason for this is its
strange interface, designed to be compatible with the old vt100 and
vt52 terminals we have at work. To illustrate, the program begins in
command mode. Pressing "I" activates insert mode. "A" appends text.
This allows text to be added onto the end of lines. The "ESC" key exits

these, allowing you to move around. From command mode, pressing ":

or "[" activates Jast-line mode. The ":" allows using the "w" to write a
file, the "r" to read and insert a file, the "q" or "q!" to quit, and "x" to
exit. There are many other options but these are the most used. The "/
allows search and replace functions. As this differs from most editors,
which allow the user to cursor around and simply type text into any

space, it is difficult to use. However, it is very compatible with all
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terminals and can even do certain actions (such as "dd" to delete a
paragraph) on older terminals by using an "@" as a place-holder for a
blank line, and by not moving text that you are inserting before but

waiting until insert mode is exited to do that.

Using SunView was a fairly easy to get used to process. I could
simply move the mouse from one window to another and the cursor
would appear there for me to do my typing conveniently. If I began
one procedure I could leave it going and work on something else. Or I
could have muitiple windows open to allow me to simply have more

than one application up at a time.

OpenWindows was very similar to SunView in its usage, although it
had a much more flashy interface complete with 3D frames and buttons
on its windows. I used OpenWindows more often as my work
progressed, and using it I would often save a C program from the Text
Editor, move to the Command Tool and compile it, and finally move to
the Shell Tool to run my program. In the latter two windows, I could
often just type "!!" to repeat commands, further saving time.

Later on, I used the graphical utilities of the OpenWindows program
to help me with getting the Sun logo on the title page. I manually drew

in the dots, doubled it in size and smoothed it back out.
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Results

On the following pages are the last two programs, as they were at the
writing of this Report, complete with comments for those not familiar
with C programming. Although someone foreign to C will not be able
to fully understand, the comments should aid in making a general
analysis as to the nature and flow of the programs. It was impossible to
include the random number guessing game do to lack of space. A

sample screen from the menu program is included, however.

#include <curses.h>
#include <sys/types.h>
/* Screen Saver Program--ldentifies that you are using terminal while
you are away so that no one Logs you off thinking that you’re not
coming back. Creates a cute display of a box around the screen with
a message (*msg which can be replaced with user’s name) centered.
Then creates another box, slightly closer in, which is animated by
a changing pattern of symbols used as box characters. */
main()
4
int vert, hor, loop, a, b, ¢, d, e, f, g, h; /* Starts declaring integer
variables */
int row,col;
char *msg = "I will return shortly.%; /* Default Message to be placed in
center of screen */
int nul = 32; /* Space character to use */
initser(); /* Begins use of curses.h Library */
vert = 124; /* Sets vertical component of box to | */
hor = 45; /* Sets horizontal component of box to - */
a = 124;
b = 45;
c = 92;
d = 47;
e = 43;
f = 88;
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9 = 33;

h = 42; /* a-h are sets for the inner box to use as border characters */

box(stdscr, vert, hor); /* Draws main screen box */

refresh(); /* Updates screen */

mvaddstr((LINES/2 - 1), (COLS/2 - 1 - (strlen(msg)/2)),msg); /* Prints
default message */

mvaddstr((LINES/2 + 2), (COLS/2 - 1), cuserid("")); /* Prints user login
id name */

while (1) /* Loops forever until Break is signalled */

<

for(loop = 1; loop < 5; loop++) /* Sets loop variable for various character
border sets */

if (loop == 1)

vert = a;
hor = b;

if (loop == 2)

vert = ¢;
hor = d;

if (loop == 3)

vert = e;
hor = f;

if (loop == 4)

vert = g;
hor = h;
)
for((row = 2), (col = 3); col < (COLS - 4); col++) /* Top side of box */
{
mvaddch(row, col, hor);
refresh();
)
for((row = 2), (col = (COLS - 4)); row < (LINES - 3); row++) /* Right side
of box */

mveaddch(row, col, vert);
refresh();

)

for(row = (LINES - 3), (col = (COLS - 4)); col > 2; col--) /* Bottom side of
box */
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mvaddch(row, col, hor);

refresh();
>
for((row = (LINES - 3)), (col = 3); row > 2; rea--) /* Left side of box */
<

mvaddch(row, col, vert);

refresh();

#idefine ACHOICES 6
#include <curses.h>
#include <string.h>
/* Main Window Project Program
Menwu for File manipulation involving DAS tests
*/
main()
L4
char *achoice[ACHOICES] [35); /* Begins variable declarations */
char *aprompt (25];
char *respc(15];
char *file1([15], *fite2{15];
char *fprompt (201, *msghdr(20), *msg1(20];
WINDOW *cinput, *finput, *msg;
int respn = 0;
int vert, hor;
int nul = 0;
int i, ierror;
vert = 124;
hor = 45;
initser(); /* Begins use of Curses */
strcpy(achoice(0], "1: Select Files");
strcpy(achoice(1], “2: Receive files via Kermit");
strcpy(achoice(2], "3: Convert/merge files®);
strepy(achoice{3), "4: Perform FFTY);
strepy(achoice[4), "5: Other%);
strcpy(achoice[5), "6: Exit");
strcpy(aprompt, “Enter your choice: ");
strepy(fprompt, "Input Files:"V);
strcpy(msghdr, "Messages:");
cinput = newwin(5, 26, 16, 4);
finput = newwin(7, 37, 3, 40);
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msg = newwin(7, 42, 16, 35);
minput(vert, hor, i, ierror, stdser, nul, filet, file2, respc,
aprompt, achoice, cinput, finput, msg, fprompt, msghdr, msg1l,
respn); /* Moves off to minput function */
)
int drawscr(vert, hor, i, ierror, stdscr, nul, filel, file2, respc,
aprompt, achoice, cinput, finput, msg, fprompt, msghdr, msgi,
respn)
int vert, hor, i, ierror