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was Dr. Ed. HartouTii. Dr. Eustace Dereniak served as the principal 
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work for the thesis was done on infrared fibers produced by Harshaw 

Chemical Company and Hughes Research Laboratories. 

My experiences of the past year would not have been possible 

without the generous financial support of my employer. The United 

States Air Force, and the guidance of my long-time supervisor, Mr. 
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ABSTRACT 

A method of measuring the transmittance of fibers at 10.6 

micrometers is formulated and applied to arsenic trisulfide, arsenic 

triselenide and KRS-5 fibers. Index of refraction and bulk transmittance 

measurements are made and discussed. Details on the handling and polish

ing of infrared fibers are provided. Low loss KRS-5 infrared fibers 

are shown to result from special manufacturing processes using low loss 

bulk material. Other fibers and materials exhibit much higher losses. 

viii 



CHAPTER 1 

INTRODUCTION 

The characterization of infrared fibers is an important step in 

the verification of theoretical models, the discovery of fiber behavior, 

and in the development of manufacturing processes. Precise and sophisti

cated techniques are usually required to measure parameters such as 

refractive index profile, mechanical characteristics, and transmission 

properties. Attenuation is the most important parameter of a fiber to 

be measured. It is an indication of the quality of processes and 

materials, as well as a parameter used to judge the usefulness of a 

fiber in a system. 

Background 

Fiber optic waveguides made of conventional glass or plastic are 

used today in a variety of applications, many of which were not possible 

only a short time ago. The use of fibers in optical communication was 

not seriously proposed until 1966, at which time the attenuation 

exhibited by glass fibers was thousands of dB/Km (Costa, 1980, p. 2). 

Today, fused silica fibers have been produced with attenuation as low 

as 0.3 dB/Km, not only equivalent to the attenuation of the bulk material, 

but bordering on the theoretical minimum of that material. The minimum 

attenuation for fused silica occurs at wavelengths near 1.4 micrometers, 

and has inspired the development of sources and detectors in this wave

length region. 

1 
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Recent work has resulted in fibers of new materials which trans

mit wavelengths up to 25 micrometers. The potential attenuation of 

_3 
some of these fibers operating near 5 micrometers is as low as 10 dB/Km 

(Harrington, 1980), a factor of almost 1000 better than the best con

ventional glass fibers. Of equally great intersts are fibers which 

transmit 10.6 micrometer (CO2 laser) radiation. The most promising of 

these fibers is polycrystalline KRS-5 (Thallium bromide), for which 

attenuation as low as 300 dB/Km has been demonstrated (Harrington, 1981). 

Attenuation as low as 0.3 dB/Km at 10.6 micrometers is possible accord

ing to theory presented by Harrington. The most ideal wavelength for 

BCRS-5 fibers is probably near 6.5 micrometers, where both attenuation 

and dispersion of the material are near minimum. Other crystalline 

materials such as KCL have potential as infrared transmitting fibers, 

but have undesirable mechanical properties which must be overcome. Some 

of the group of materials known as chalcogenide glasses have been made 

into fibers which transmit infrared wavelengths, but they are not 

generally considered to be "low loss" candidates. 

The most promising of the chalcogenide glasses are compounds 

of arsenic with sulfur, selenium, and/or tellurium. Fibers made from 

arsenic trisulfide (AS2S2) date back to the early 1960's . Standel and 

Hendrickson (1963, p. 225) report the production of bundles of As^S^ 

fibers fused in a cladding of an arsenic-sulfur compound. Losses on the 

order of 10.9 dB/Meter at 4.5 micrometers were measured in fibers made 

from bulk materials exhibiting losses on the order of 6.3 dB/meter. 
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Current work with chalcogenides is centered on finding a clad, 

single fiber configuration with low loss at 10.6 micrometers. A 

significant part of the effort is in learning to control the refractive 

index of the materials by varying chemical composition, such that step 

index or graded index fibers can be produced. Another part is learning 

how to reduce absorption in the bulk material by eliminating impurities. 

According to Hilton (1966) oxide impurities are a major source of 

absorption in ths; 1-20 micrometer band for these materials. The removal 

of oxides is troublesome and complicates compounding and fabrication 

techniques, but can be accomplished by distillation or by addition of 

traces of gettering elements to the mixture. 

The ability to manufacture fibers from a low loss material 

depends on a number of factors. The ductility and low melting point 

of KRS-5 makes it possible to produce polycrystalline fiber by a hot 

extrusion process, the details of which are proprietary. Fibers with 

diameter-s from 75 to 100 micrometers and continuous lengths up to 200 

meters have been produced by Hughes Research Laboratories. Grain size 

can be varied from 8 to 50 micrometers depending on extrusion tempera

ture which ranges from 200 to 350°C. Other crystalline materials such 

as KCl and KBr suffer from their solubility in water and high melting 

points. Glasses made from compounds of S, Se, and Te have softening 

points of approximately 200°C and are practically insoluble except in 

hydroxide solutions. Clad fibers of these materials can be produced by 

the most widely used technique for production of glass fibers, the 

double concentric crucible technique.. Cocito, Roba, and Vergnano 

(1980, p. 317) describe this technique in which fibers of almost any 
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desired diameter and length can be drawn from bulk material heated 

I 
slightly above its melting point. Glasses have no grain structure and 

therefore no potential for scattering at grain boundaries. 

The ability to clad single chalcogenide fibers as they are drawn 

is a potential advantage over KRS-5 fibers. Attempts reported by 

Harrington (1980, p. 135) to produce a clad KRS-5 fiber (n = 2.36) by 

co-extrusion with TlCl (n = 2.19) and by an ion exchange method both 

failed. The reason cited was that the cladding material diffuses into 

the KB.S-5 core along the grain boundaries and causes excessive loss in 

transmittance. Therefore, KRS-5 fibers are used unclad, with the 

fiber protected by a loose fitting polyethylene tube. The inability to 

clad polycrystalline fibers as well as the potential for scattering at 

grain boundaries might be overcome by the development of single crystal 

fibers. However, alkali halides would form square-shaped fibers due to 

preferred growth patterns, and might have "stair steps" on the surface 

due to slippage of crystal planes. 

IR Fiber Applications 

The first infrared fibers were produced, tested, and utilized in 

bundles. A typical application as described by Standel and Hendrickson 

(1963, p. 237), was in relaying non-imaging type, infrared signals from 

gimbaled sensor to a stationary cooled detector, thereby eliminating the 

need to place the cooled detector on the gimbal. 

Current and anticipated applications involve the use of single 

fibers or bundles of single fibers carrying independent information. 

The low loss, low dispersion properties of infrared fibers offer the 
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potential to transmit 100 megabits/sec of information over 100 kilometer 

repeaterless links (Costa, 1980 p. 5). Fibers need not have low loss 

characteristics to be useful. Infrared fibers may be used in infrared 

sensor systems to aid in the dissection and processing of images via 

focal plane arrays or to relay focal planes to remote photodetectors. 

A potentially lucrative market for infrared fibers is in the fields of 

medical surgery and micro-machining. The transmittance of several 

watts of CO2 laser radiation to remote or inaccessible locations has 

already been demonstrated by Harrington (1980, p. 135) using single 

KRS-5 fibers. 

I 

The Experiment 

The objective of this project was to measure the index of re

fraction and attenuation at 10.6 micrometers of a number of new infrared 

fibers. Equipment for measurement of index was available and the pro

cedure followed was based on previous tests. The measurement of fiber 

attenuation was based on methodology found in the literature, but was 

strongly influenced by the availability of equipment and the character

istics of the new fiber materials. Research on the subject was carried 

out as the experiment progressed and was used to guide, verify, and 

supplement the effort. 



CHAPTER 2 

PROCEDURE 

The procedures used to measure refractive index, bulk trans-

mittance, and fiber attenuation are reported in this section. 

Index of Refraction 

Index of refraction was measured by the method of perpendicular 

incidence using equipment designed and built by previous students at 

the Optical Sciences Center. The theory and procedures are thoroughly 

described in previous theses (Swedburg, 1979; Icenogle, 1975; and 

possibly others) and will not be repeated here. 

Refractive index was measured on two samples of AS2S2 which 

differed slightly in their relative content of arsenic and sulfur. Both 

samples were referred to as arsenic trisulfide but were 

actually As(57.5)S(42.5) and As(60.9)S(39.1), where the number in 

parenthesis is the percentage of the element by weight. Two samples 

of As2Se2 were also measured, both having the composition As(38.7)Se(61.3). 

Data were taken over the 2.5 to 10.6 micrometer band for the As^S^ 

samples and over the 3.0 to 12.0 micrometer band for the As2Se2. All 

measurements were performed at room temperature with additional data 

taken at low temperature (LOO"K) on the As(57.5)S(42,5) sample in order to 

allow computation of An/AT for that material. 

Steps were taken throughout the testing to identify error 

sources. The two A-s^S^ prisms used in the measurement of index were 

6 
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supplied by the contractor in an unusable condition. The faces of the 

prisms were not flat enough to allow accurate determination of the apex 

angle, and were reworked in the optical shop at the Optical Sciences 

Center. The two As2Se^ prisms were tested as received with their con

dition judged as marginal. This determination was made primarily by 

inspecting the quality of the autocollimated image off each face during 

use of the Wild spectrometer. At the same time it was noted that, as 

expected, some error existed in the dihedral angle of each prism. This 

error could not be compensated for by alignment of the index measurement 

apparatus, as recommended by Icenogle, because the materials do not 

transmit at the HeNe alignment laser wavelength. 

Windows on the chamber were tested for flatness by autocollima-

tion and by Fizeau interferometer. These windows were found to have 

surprisingly large degrees of power—six to ten waves—in each surface. 

Therefore, the windows were installed only during the low temperature 

testing when the chamber had to be evacuated. 

Bulk Transmittance 

Bulk transmittance of the AS2S2 and As2Se2 materials were 

determined by measurements on a number of samples supplied by the 

contractor. A spectral scan was done on one piece of As(57.5)3(52.5) 

using a standard laboratory spectrophotometer (Beckman IR-20), however, 

samples of As2Se2 were too small and irregularly shaped to test this way. 

Instead, transmittance at 10.6 micrometers was determined using a CO2 

laser. This procedure was also tried on a number of AS2S2 pieces. 
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Figure 1 shows schematically the simple configuration used to 

test transmittance using the CO^ laser source. The laser beam is 

directed through suitable attenuators and a chopper onto a small 

aperture directly in front of a pyroelectric detector, whose output is 

displayed on a lock-in amplifier'and/or oscilloscope. After establish

ing a reference level, the sample is placed in front of the aperture 

and the signal level is recorded. The external transmittance (T) 

of the sample is then the ratio of the two signals. Assuming that re

flection at each surface (p) can be accounted for using the relation

ship 

0 - (Sr)' • 

Then internal transmittance (t) can be calculated from the relationship 

T = (2) 

1-p 

(Dobrowolski, 1978 pp. 8-10). Furthermore, an absorption coefficient 

(t) can be calculated from 

ct = - J £n t (3) 

where t is the thickness of the sample. 

In addition to these measurements, the contractor provided 

spectrophotometer data with some of the samples, and various references 

in the literature were found. All data and references were compared 

and discrepancies were noted as reported in the results section of this 

thesis. 
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Figure 1. Bulk transmittance test configuration. 
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Fiber Description 

The size and availability of the fibers which were tested 

influenced to some degree the method of testing. The chalogenide fibers 

were provided by General Dynamics in large quantities in lengths of 

approximately 12 inches. As^Se^ fibers were 0.0035 to 0.005 inches (90 

to 127 micrometers) in diameter and were not clad. Core/clad fibers of 

As(60.9)S(39.1)/As(57.5)S(42.5) were 0.006 to 0.008 inches (150 to 203 

micrometers) in diameter, with the cladding being about 0.001 inch (25 

micrometers) thick. The fibers were quite flexible, expecially the 

thinner ones, and were fragile. However, after an initial learning 

period and many mistakes, they were handled routinely without breakage. 

All fibers of a given composition were said to be from hhe same melt. 

The raw materials used were described as "high" purity.; "ultra high" 

purity materials were planned for use by the contractor but were not 

available. Several fibers were found to have bumps or cracks along 

their lengths and were therefore discarded. Measurement of fiber 

diameters along their lengths revealed a typical variation of 10 percent. 

KRS-5 fibers made by Hughes and Harshaw are polycrystalline 

materials of a much more fragile nature. Only one Hughes' fiber was 

available for testing. It was 12 inches long and 0.010 inches in 

diameter. Six Harshaw fibers of approximately six inches in length and 

0.015 inches in diameter were obtained. The fibers of this diameter 

were extremely fragile and could be bent only about 1/2 inch over the 

6 inch length before breaking. Granular structure in the fibers could 

be seen easily under low power (approximately lOX) magnification and 
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appeared to be much finer in the Hughes* fiber. The KRS-5 fibers were 

not clad. KRS-5 has a reported refractive index at 10.6 micrometers of 

2.37. 

Fiber Transmittance Test 

The procedure used to measure fiber transmittance is known as 

the "differential", "two point" or "cut back" technique (Costa and 

Sordo, 1980 pp. 160-165). As the names imply, it involves measurement 

of the optical power P(z^) at different lengths along the fiber, the 

fiber being cut to a shorter length for each subsequent measurement. 

For any length of fiber removed, L = z^-z^j the optical loss 2B in 

dB/length can be calculated from the equation 

.2"= i 10 log — . (4) 

An absorption coefficient a can be calculated for the fiber using the 

formula 

P(z,) 
- E:tp (^L) (5) 

Values of a and 3? are related by a factor of 10 log (e), where e = 

2.71828. The most convenient conversion factor to remember is 

a(cm = 0.0023 i^(dB/meter) ( 6 )  
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A schematic which illustrates this procedure is shown in Figure 

2. The CO2 laser beam is first attenuated and chopped before being 

focused onto the end of the fiber under test. Precise positioning of 

the fiber with respect to the focal spot is accomplished by means of an 

X-Y-Z translation stage. The exit end of the fiber is held directly in 

front of a pyroelectric detector, whose output is fed directly into 

preamplification electronics and then on to a lock-in amplifier/display 

unit. 

The differential method was particularly suited to the measure

ment of the chalcogenide fibers because there was no objection to a 

destructive test. The determination of attenuation (dB) at a number of 

points along the same fiber, i.e., cutting it several times, produces 

multiple data points from which a mean and standard deviation can be 

determined. The data can be presented graphically by plotting attenua

tion versus length of the fiber. The result should be a straight line 

through the origin whose slope is the value SB. A least square fit to 

this data can result in a high degree of precision. However, the 

relatively short fibers provided did not allow as many points to be 

obtained as was desired. After improvements of manual dexiterity in 

handling the short fragile lengths, six data points were obtained from 

one fiber. 

The differential method for measurement of the KRS-5 fibers was 

not as appropriate because only a few fibers were available for testing. 

Once a piece of fiber is removed it obviously cannot be replaced to 

settle a question which may arise over the data. Very short pieces 
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Figure 2. Fiber transmittance test configuration. 
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may be removed in order to produce more data points, however this 

means smaller amounts of attenuation must be measured. Since error 

sources are independent of fiber length, ability to measure attentuation 

precisely in short lengths is limited. 

Errors in results obtained using the differential technique are 

caused by inconsistencies in procedure and equipment. The largest 

error source occurs in the failure to produce identical "launching 

conditions" for each data point. In order to minimize this error source, 

a consistent fiber end quality must be achieved, laser power must be 

steady, and the fiber end must be positioned repetitively, such that the 

same amount of power enters the fiber and propagates identically each 

time. 

A number of procedures evolved throughout the testing which 

were a great help in minimizing errors. Laser power was monitored 

before and after each measurement to insure that power output was steady. 

Since cutting a fiber and preparing the end required as much as 20-30 

minutes, it was not unusual for laser power to vary somewhat between 

measurements. This problem was virtually eliminated by combining forced 

air cooling with the laser's normal water cooling system in order to 

better stabilize the temperature of the laser. In addition, input 

voltage to the laser was reduced to 80% of the manufacturer's recommended 

value, a point at which the laser appeared to operate most efficiently. 

Laser power was monitored intermittently as shown in Figure 2. 

Positioning of the fiber likewise required development of a 

specific procedure to minimize error. It was necessary to position the 
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entrance end of the fiber precisely at the focal point of the laser 

repetitively, thus insuring that the same amount of energy was incident 

on the fiber entrance face each time data was recorded. Positioning of 

the front face was accomplished by translating the fiber end using the 

X-Y stage (side-to-side and up-and-down) until the signal on the lock-in 

amplifier was at a peak value. The Z-position of the fiber end (along 

the optical axis) was established in the initial alignment of the 

apparatus and held constant by the design of the fiber optic connectors 

used. Similarly, the angular alignment of the fiber axis to the 

optical axis of the laser beam was initially accomplished by auto-

collimation and thereafter maintained by mechanical stops. 

The exit end of the fiber was held fixed directly in front of 

the detector active area by means of fiber optic connectors. No 

X-Y-Z translation the this end was possible and the location of the 

fiber with respect to the detector was repeatable. However, since the 

fiber itself was not necessarily concentric with the connector in which 

it was held, it was necessary to physcially turn the connector to the 

same orientation each time it was installed. This insured that for 

each measurement radiation emerging from the end of the fiber struck 

the same portion of the active detector area, thus eliminating error due 

to detector nonuniformity. This same consideration required that the 

front end of the fiber be the end which was cut in the process of 

shortening the fiber so that the fiber/detector interface would remain 

unchanged. 
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Test Apparatus 

The laser used was an older Honeywell model capable of about 

2.5 watts of continuous output, which was monitored with a coherent 

radiation model 201 power meter. The attenuators were pieces of calcium 

fluoride and were used when necessary to reduce the power reaching the 

detector to avoid saturation. The chopper was a mechanical blade tjrpe 

operated at 13 Hz. The optical path layout, consisting of two flat 

mirrors and two spherical mirrors, existed from a previous experiment 

and was utilized with only minor alignment adjustments. The resulting 

beam had a numerical aperture of 0.023 which produced a focal spot size 

of approximately 0.040 inch diameter. The translation stage was composed 

of a commercial X-Y stage mounted on a homemade Z-translation base. 

The detector was a molectron Pl-45 pyrolectric type with a 5mm square 

active area. Its output was fed directly into a pre-amplifier and then 

to a lock-in amplifier (ITHACO Dynatrac 397 EO amp). An electrical 

schematic of the pre-amp is shown in Appendix A. 

Fiber Preparation 

Since the accuracy of the attenuation measurement is influenced 

strongly by the consistency of the input and output coupling conditions, 

a great deal of time was expended in determining how to best handle 

fibers and prepare the fiber ends for the test. Little information was 

found on how to work with these materials. Some information was found 

on the polishing of AS2S2 fibers in bundles, but it does not apply well 

to the more delicate and fragile single fibers. KB.S-5 fibers are 

polished at Hughes, but details on that technique are considered 



17 

proprietary. It is suspected, however, that bundles of fibers are 

polished and then separated for use in single fiber experiments. Since 

only one Hughes' fiber was available for test, there was no chance to 

experiment with different techniques. Of the six fibers supplied by 

Harshaw, one was supposedly polished on both ends, but inspection 

revealed that the ends were all of unacceptable quality. 

The first fibers available to work with were 0.008 inch diameter 

AS2S2 fibers. Accordingly, 0.0096 inch diameter amphenol precision 

fiber optic connectors were purchased with an intent to use standard 

polishing techniques. Standard glass fibers can be installed in these 

connectors, which are then connected to a flat metal disk which serves 

as a polishing fixture. By rubbing the metal disk against an optical 

flat coated with polishing slurry, the end of the fiber is polished to 

a consistent optical quality. However, standard glass fibers are en

cased in one or more protective jackets which make this procedure 

possible without accidentally breaking the fiber. It was quickly learned 

that the procedure is not so simple for naked fibers, particularly for 

short ones; one end could be successfully prepared, but with that end 

still in the connector it was very difficult to work on the other end 

without breaking the fiber. The successful technique which finally 

evolved was also applicable to the 0.0035 inch diameter As2Se2 fibers 

using the same connectors. The procedure is described below. 

Cleaving 

An acceptable fiber end is flat, smooth and perpendicular to 

the fiber axis. This can be produced by polishing or, in glass fibers. 
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by cleaving. "The cleaving of glass optical fibers can produce an edge 

that closely approximates a ground, polished surface as far as actual 

operation is concerned" (Math, 1977). Techniques now in common use con

sist essentially of creating a local stress on the fiber surface and 

then applying the proper tension by pulling or bending until the fiber 

breaks cleanly at the stress point. 

The chalcogendide glasses are relatively soft and can be scribed 

with a razor- blade and cleaved by a light bending force. Many trial and 

error attempts were made trying to develop a consistently successful 

procedure. The specific details are described in Appendix B. 

Cleaving is fast and involves no complicated mounting and de

mounting of fiber ends in a polishing fixture. After cleaving both ends 

of a fiber successfully, each end was inserted into a connector, and a 

drop of "super" glue (cyanoacrylate ester) was used to hold the fiber in 

place. The glue was placed near the back of the connector as shown in 

Figure 3, such that no contamination of the cleaved surface was possible. 

The quality of the cleaved ends was judged subjectively under a low 

power microscope with a high intensity light source. 

In order to proceed with the differential measurement technique, 

the front end of the fiber was broken just behind the glue spot and then 

cleaved and re-mounted in the same connector. The connector was easily 

cleaned for re-use by scraping away the small spot of glue. This 

process required the removal of at least one inch of fiber (the length 

of the connector). 
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Amphenol Connector 

No. 906-113-5000 

Super Glue 

Fiber 

Figure 3. Glass fiber/connector interface 

Polishing 

Unlike the glass fibers the KRS-5 fibers cannot be cleaved 

successfully. The ends of these fibers must be polished in order to 

achieve a satisfactoi^r optical surface. Additionally, these fibers are 

more fragile than the glass fibers and thus require additional care in 

handling. The thicker Harshaw fibers (0.015 inch diameter) <7ere quite 

inflexible compared to the thinner Hughes' fiber and had to be tested 

without much bending in order to prevent damage. Both fiber types could 

be crushed easily between one's thumb and finger. 

The best method of preparing the KRS-5 fibers was found to be to 

encase them in protective jacket and then polish the ends of the entire 

assembly. The protective jacket which worked best was 0.125 inch dia

meter brass tubing purchased from a local hobby shop. At each end of the 
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tube the filter was held in place with a drop of wax, the type used in 

the Optical Sciences Center Optical Shop for a variety of optical mount

ing procedures (see Figure 4). Using this method the ends of the fiber 

could be polished to an optical quality and then precisely located in 

the transmittance test apparatus with little chance of damaging the 

fiber. A more complete description of the mounting and polishing pro

cedure is presented in Appendix C. 

Wax 
Fiber 

Locating 
Shoulder 

Q N \ 'n 'v V V. V 'v 'y < Y A < 'v V v 'v 'v N • \ \ V \ ' S I 

tz-'-; 5 

Brass tube 

Figure 4. KRS-5 fiber assembly. 

Modifications for Testing KRS-5 Fibers 

The procedure for testing KRS-5 fibers was basically the same as 

the procedure for testing the glass fiber with a few minor changes. A 

brass ferrule was machined and fastened onto one end of the brass 

tube/fiber assembly to serve as a locating shoulder for positioning of 

the exit end of the fiber with respect to the detector. With the 
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addition of a locking nut, the brass tube was then the equivalent of the 

precision fiber optic connector used previously. The front end of the 

tube was positioned at the focal point of the laser beam by sliding 

it into a slightly modified amphenol receptacle (see Figure 5) which 

replaced an identical unmodified receptacle. 

Brass insert 

Amphenol receptacle 
No. 905-118-5000 

Figure. 5. Modified receptacle. 

The fiber was shortened for the differential measurement by 

cutting through the tube and fiber simultaneously using a fine toothed 

jeweler's saw. As before, the front end of the fiber was always 

removed, leaving the detector/fiber interface undisburbed. The front 

end was rewaxed, polished, and re-installed in the receptacle for the 

next measurement. The X-Y translation stage was adjusted to correctly 

position the fiber in the beam. 



Safety Consdierations 

All of the fiber materials tested are considered hazardous 

materials. Poisons such as arsenic can be absorbed through the skin or 

injested through breathing. Care should be taken to keep all polish

ing residue wet and to dispose of it properly. Caution should be used 

in handling sharp fibers; the wearing of gloves is advisable. The 

cutting, grinding, and polishing of bulk materials should be done with 

extreme caution. 



CHAPTER 3 

RESULTS 

The results of testing performed as part of this thesis are 

presented in this section, as well as some comparative results found 

in the literature. Results include index of refraction data, bulk 

transmittance data, and fiber transmittance data. 

Index of Refraction 

Index as a function of wavelength for As(57.5)S(42,5) and 

As(60.9)S(39.1) is presented in Table 1. Similar data for As(38.7) 

Se(61.3) are presented in Table 2. The data for all three specimens are 

plotted in Figure 6 to better illustrate the relationships of index to 

wavelength. 

The change of index with temperature for As(57.5)S(42.5) was 

found to be -2.54 x 10 ^/"C for the temperature range of 100°K. The 

complete set of data is presented in Table 3. 

Bulk Transmittance 

A plot of spectral transmittance for a 0.625 inch thick piece 

of arsenic trisulfide [As(57.5)S(42.5)] is shown in Figure 7. Decrease 

in transmittance beyond 8.0 micrometers is obvious. Using Equations 

1 and 2, an internal transmittance of 0.154 at 10.6 micrometers can be 

calculated. This is equivalent to a loss of 512 dB/meter. The results 

23 



Table 1. Index of refraction of AS2S2 glass at 300°K. 
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Wavelength Index of Refraction 
(Micrometers) As(57.5)(42.5) As(60.9)S(39.1) 

2.5 2.3691 2.4089 

3.5 2.3632 2.4025 

4.5 2.3577 2.3982 

5.5 2.3542 2.3943 

6.5 2.3505 2.3902 

7.5 2.3461 2.3855 

8.5 2.3414 2.3802 

9.5 2.3359 2.3741 

10.6 2.3286 2.3662 



Table 2. Index of refraction of As2Se2 glass at 300°K. 
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Wavelength Index of Refraction 
(Micrometers) As(38.7)Se(61.3) 

3.0 2.7698 

4.5 2.7611 

5.0 2.7592 

6.0 2.7570 

7.0 2.7544 

8.0 2.7515 

9.0 2.7489 

9.5 2.7479 

10.0 2.7460 

10.6 2.7444 

11.0 2.7431 

12.0 2.7395 
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Figure 6. Index of refraction versus wavelength for 
chalcogenide glasses. 



Table 3. Index versus temperature for ^5 2^2 

Wavelength Temperature Index of An .p, 
(Micrometers) °K Refraction AT^ ^ 

297 2.3589 -2.56 X 10 
1.45 2.3627 

297 2.3473 --2.49 X 10-5 

145 2.3511 

297 2.3372 -2.56 X 10-5 

101 2.3422 
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Figure 7. Transmittance of arsenic trisulfide. 

As(57.5)S(42.5), (sample thickness 
0.625 inches) 
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of the CO^ laser transmittance test performed on this piece and numerous 

other samples confirmed this large attenuation. 

Testing of bulk samples of As2Se2 was unsuccessful due to the 

quality of the samples provided by the contractor. The samples were 

small and irregularly shaped, and were not of constant thickness. There 

was enough wedge in the samples to deviate the path of the laser beam 

such that it struck a different portion of the detector active area for 

different orientations of the sample. The combination of thickness 

variation and beam deviation made it impossible to obtain accurate 

results. Attempts to re-work the samples at the Optical Sciences Center 

were frustrated by the poisonous nature of the material. 

Values of bulk transmittance for As^Se^ have been measured by 

others. Hartouni (1981) reported by telephone an external transmittance 

of 0.60 for an 0.082 inch thick sample measured in his laboratory. 

This sample was from the same batch of material used to make the fibers 

reported on here. In addition, Jerger (1963) lists values for a number 

of chalcogenide glasses including a transmittance of 0.62 for a 2.0 mm 

thick piece of ks2S&2' Calculation of internal transmittance as before 

using n = 2.744 at 10.6 micrometers results in t = 0.939 (Hartouni) 

and t = 0.967 (Jerger), corresponding to losses of 131 and 72.9 dB/meter 

respectively. In contrast, calorimetric tests at the Catholic University 

of America (Mohr, Moynihan, and Macedo, 1974) have resulted in values of 

absorption coefficient as low as 0.015 cm ^ at 10.6 micrometers (^= 

6.52 dB/m) for specially processed samples of As2Se2. 
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No measurements were made on bulk KRS-5. The absorption of this 

material is very low and must be measured by laser calorimetry. 

Harrington (1981) reports bulk loss of 0.30 dB/m at 10.6 micrometers 

for this material. 

Fiber Transmittance 

Fibers of As(60.9)3(39.1) clad with As(57.5)S(42.5) did not 

transmit a measurable amount of energy at 10.6 micrometers. With the 

test apparatus set for highest sensitivity, i.e., maximum gain and no 

attenuators in the beam, no signal could be detected even for the 

shortest usable piece of fiber (approximately 4 inches). 

Data collected on the transmittance of ten As^ Se^ fibers are pre

sented in Table 4. The length of each fiber along with the signal level 

representing"the amount of power which it transmitted are shown. The 
X 

signal level for different fibers should not be compared, since laser 

power and electronic gain were adjusted from day-to-day. The accumulated 

length of each fiber removed by cutting is shown in column four and 

the attenuation in that length is shown in column five. The loss ̂  

is calculated from columns four and five and is shown in column six, 

with the units converted to dB/meter. Most fibers were cut and measured 

multiple times thus producing multiple data points. Two of the fibers 

were cut only once due to accidental breakage. Improved handling 

techniques resulted in five data points for fiber No. 1 (five success

ful cuts). Four the ten fibers a total of 22 values of ̂  are shown with 

an average value of 133 dB/M and a standard deviation of 31 dB/m. 



Table 4. Attenuation of As2Se2 fibers. 

Fiber Uncut Signal L = Az Attenuation 
,ength-zi 
(inches) 

No. Length-zi (mv) (inches) (dB) (dB/m) 

6,06 2.10 
4.45 7.00 

1.61 5.23 128 

11.97 0.24 4.26 16.8 155 

2 7.71 11.6 7.81 26.1 131 
4.16 99.00 

11-92 2.75 4.45 13.2 -117 
3 7.47 57.5 6.93 22.3 126 

4.99 469 

11.68 1.81 5.35 14.2 104 
^ 6.33 47.2 6.93 20.1 114 

4.75 183 

6.71 5.00 1,25 5.71 180 
5 5.46 18.6 

10.18 .190 1.89 5.26 110 
6 8.29 .638 3 . 3 6  9.72 114 

6.82 1.43 

10.18 .100 2.26 7.40 129 
7 7.92 .550 4.98 16.00 126 

5.20 3.98 

8.00 .750 1.40 5.95 167 
8 6.60 2.95 3.43 15.7 180 

4.57 28.0 

8.02 .121 1.61 8.59 210 
9 6.41 .875 2.93 13.3 178 

5.09 2.57 4.26 14.8 137 
3.76 3.64 

11.83 .056 1.37 2.73 78 
10.46 .105 2.94 7.33 98 
8.89 .303 4.18 12.8 120 

10 7.65 2.39 5.46 16.3 117 
6.37 8.38 7 . 2 2  21-.7 118 
4.61 
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Figure 8. Attenuation versus length for As„Se 
fibers. 
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The data in Table 4 are illustrated graphically in Figure 8 

where attenuation is plotted versus length. The slope of the straight 

line is the average value of i£. The spread in the data is easily seen. 

Data collected on two KRS-5 fibers from Harshaw are presented 

in Table 5. The format is similar to Table 4. The average of the 

four values of S£ is 50 dB/m with a standard deviation of 13.6. 

Data collected on the single Hughes' KRS-5 fiber was not con

clusive, except to say that this fiber had much lower loss than the 

other fibers tested. Of the four loss values measured on this' fiber, 

two indicated a slight loss. The other two indicated a slight gain; of 

course, an impossibility. 

Table 6 summarizes and compares the attenuation at 10.6 micro

meters in bulk and fiber samples of the materials tested. Values for 

KRS-5 bulk and the KRS-5 (Hughes) fiber are taken from Harrington (1981). 

All other values are representative of data taken as part of this study. 



Table 5. Attenuation of KRS-5 (Harshaw) fibers. 
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Fiber Uncut Signal L = Az Attenuation se 
No. Length Pzi (mv) (inches) m) (dB/m) 

zi (inches) 

5.85 15.2 .75 .515 27 
1 5.10 13.5 

5.10 8.19 .65 .910 55 
4.45 10.1 

5.81 36.4 
5.20 45.5 .61 .969 63 

2 4.49 38.1 1.67 2.29 54 
2,82 64.5 
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Table 6. Attenuation of materials, bulk and fibers. 

Material Attenuation (dB/m) 
Bulk Fiber 

AS2S2 512 

As2Se2 131 125 

KRS-5 (Harshaw) 0.30 50 

KRS-5 (Hughes) 0.30 0.40 



CHAPTER 4 

DISCUSSION 

This section discusses various aspects of the results such as 

comparison to published data, error sources and significance of the 

results. 

Refractive Index Summary 

The index values obtained for AS2S2 and As2Se2 are well within 

the range of values to be expected for this type material. Values 

reported by Servo Corporation, a source of bulk AS2S2 » are in close 

agreement. Percentage of arsenic in the compound was shown to affect 

the index of the material, but an exact relationship has not been 

documented. Future work could be done to substantiate predictions of 

the refractive index as a function of chemical composition for these 

type materials. Also, the non-dispersive point—wavelength at which 

dn/dX is minimum—of the material could be determined as a function of 

chemical composition. As can be seen in Figure 6, this point is close 

to 5 micrometers (in agreement with the literature) but could be 

determined more accurately by gathering data at finer spectral intervals. 

Since only one composition of arsenic triselenide [As(38.7) 

Se(61.3)] was provided for index measurement, nothing was demonstrated 

in regard to how the index of As2Se2 might vary with composition. 

The index measured on the As2Se2 sample is supported by previously 

36 
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published data. Although several sources report an index of 2.5 for an 

ambiguous composition of arsenic selenide glass, Hilton (1966, p. 1879) 

reports an index of 2.79 for As(38.7)Se(61.3) at 5.0 micrometers. This 

is reasonably close to the value of 2.76 reported herein. Any serious 

consideration of this material as a fiber would naturally lead to more 

work in development of a cladding material/process. 

Hilton also reports a value for An/AT of ^^2^2 glass of -1.0 x 

10 ̂ /"C at 5.0 micrometers (temperature range not given). Although the 

value reported here is -2.54 x 10 ̂ /°C, differences in the material and 

in the temperature range over which the test was performed could easily 

account for the difference. Relatively speaking, the difference in 

An/AT is quite small compared to the range of An/AT values reported for 

chalocogenide glasses. 

The errors inherent in the method of perpendicular incidence are 

discussed by Swedburg (1979). Per his discussion, the index values 

reported here should be accurate within 0.0005. The values of index 

obtained with the chamber windows installed were used only to calculate 

An/AT. The values taken alone are inaccurate as can be seen by compari

son to room temperature values obtained without the windows. Since this 

error is systematic, it cancels when the difference between high and 

low temperature index values is computed. Thus, the An/AT values 

obtained are not affected by window induced errors. 

Transmittance of 
As(60.9)5(39.1)/As(57.5)3(42.5) Fibers 

As previously stated, these fibers did not transmit a measureable 

amount of CO2 laser radiation. However, they were available in quantity 
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and were useful in the development of various measurement techniques 

such as fiber handling and cleaving. Many frustrating attempts were 

made to measure their transmittance before a quick search of the litera

ture clarified the situation. Losses from 256 to 689 dB/meter are 

reported for bulk AS2S2 hy a number of independent sources. A major 

supplier of the material, Servo Corporation, reports an equivalent of 

411 dB/m in its information catalog. These values are widespread, 

probably due to differences in material preparation, but support the 

value of 512 dB/m measured in bulk samples from the contractor. 

Kapany and Simms (1964, p. 38) actually made some bundles of AS2S2 

fibers which transmitted only about 1% at 10.6 micrometers for a 1.5 

inch length. The conclusion is obvious; these fibers are not useful at 

this wavelength. Future work on this material should be done at shorter 

wavelengths where its transmittance is much better and the effect of 

the cladding material could be studied. 

Transmittance of As^Se^ Fibers 
' Z J 

The results presented in Table 4 and Figure 8 show that there is 

a large spread in the values of .2* obtained for the As2Se2 fibers. The 

reason for this spread is primarily the fact that short length of fibers 

were tested, thus allowing the error resulting from variation in launch

ing conditions to dominate the results. Another possible reason is that 

some of the fibers may truely have more or less than the averages? be

cause of imperfections, variations in manufacture, etc. 
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In order to understand the effect of variation in launching con

ditions, it must be realized that this type of error is independent of 

length of the fiber. An estimate of the magnitude of this error can be 

made and then applied to each length of fiber tested in order to see its 

significance. For example, assume that the variation in launching con

ditions causes a spread of ± 2 dB in the measurement of attenuation. 

This is a realistic number based on the spread of the data shown in Fig. 

8. A short length of fiber with a true attenuation of about 5 dB would 

then be measured with a possible 40% error. This is in line with the 

short fibers (less than three inches) in Table 4 which have a standard 

deviation of 29% of the mean. 

In order to obtain more precise results, it is necessary to 

utilize data for longer fibers (more attenuation), such that the error 

due to launching conditions becomes less significant. Actually, this 

data can be extracted from Table 4 in two ways. One way is to simply 

average the multiple values of ̂  for each incremental cut. Another way 

is to calculate using the total length of each fiber. Mathematically 

these two methods would be identical if each fiber had been cut into 

equal lengths. Table 7 shows the results of this procedure. 

The data in Table 7 is much more well behaved than that in 

Table 4. The mean and standard deviation of column 3 are 135 dB/m 

and 24 dB/m (18%) respectively. Going one step further, one can throw 

out data for fibers less than a total length of four inches, based on 

the idea that longer fibers produce more meaningful data. This elimin

ates fibers Number 1, 5, 6, and 8. The resulting mean and standard 

deviation of the six remaining fibers become 126 dB/m and 7.6 dB/m (6%). 



Table 7. Attenuation of kS2S&2 fibers. 

Fiber No. Total Length Avg. ̂  SB (Total Length) 

1 1.61 128 128 

2 7.81 129 132 

3 6.93 131 127 

4 6.93 125 114 

5 1.25 180 180 

6 3.36 102 103 

7 4.98 126 126 

9 3.43 178 180 

9 4.26 132 137 

10 7.22 119 119 
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It should be noted that the average value of S£ does not change much for 

any of the methods of data reduction. But for any single measurement 

of QE, the precision and accuracy of the result depends strongly on the 

length of the fiber. 

Another potential explanation of the variation of data in Table 

7 is that differences in attenuation really do exist between the fibers. 

Although all fibers tested were from the same batch of bulk material, 

there are many possible causes of variation in loss from fiber to fiber. 

Mechanical defects, residual strain, and inhomogeneous impurity con

centrations in the melt are all possibilities, all of which would be 

difficult to prove. The destructive nature of the differential test 

makes it impossible to re-test those fibers. A somewhat reassuring com

parison can be made to data on Hughes' iqjw- loss KRS-5 fibers. Harrington 

(1981) reports the attenuation of six of the fibers which varies by a 

factor of six in dB/m from highest to lowest values. 

A final observation is disturbing only to the manufacturer. The 

10.6 micrometer loss in these As^Se^ fibers is certainly greater than 

100 dB/m, many times more than has been reported for KRS-5 and pre

sumably much more than what the manufacturer had hoped for. It is 

extremely interesting to note that the loss reported by General Dynamics 

for the bulk material is very close to the value measured in the fibers. 

This reinforces the fact that good bulk materials must be perfected 

prior to making fibers. As already stated in Section 3, loss as low 

as 6.5 dB/m has been reported for As2Se2. While this is much too high 

for use in long communication links, there are many other applications 
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for which it may be acceptable, especially in light of the potential for 

cladding this material. 

Transmittance of KRS-5 Fibers 

The attenuation in short lengths of low, loss fibers cannot be 

measured accurately using the differential technique. For the Hughes' 

KRS-5 fiber tested, a change of less than 1% in transmitted power would 

have to have been detected. Any one of a number of small error sources 

make this accuracy extremely difficult to achieve. 

The results on the Harshaw fibers are more interesting. The 

average loss of about 50 dB/m is much larger than the loss value of the 

bulk material, indicating room for considerable improvement in Harshaw's 

method of fiber production. What that improvement might be can only 

be speculated on. Visual inspection of the fibers reveals that they 

are larger diameter, have larger grain size and exhibit a rougher surface 

appearance than the Hughes' fiber. Harrington (1981), reports that 

diameter and grain size have little to do with fiber attenuation; 

however, a poor surface quality is cited as the cause of excessive loss 

in extruded KCl. He has devised a method of measuring the amount of 

power scattered as a function of length along the fiber. This type 

test would be interesting to implement at the Optical Sciences Center 

and perform on the Harshaw fibers (see Chapter 5). 

Error Sources 

In addition to the error due to launching conditions mentioned 

previously, there are a number of minor error sources associated with 



the differential transmittance test,- These error sources include laser 

power fluctuation, fiber positioning, fiber diameter variation, fiber 

length measurements, and the effect of numerical aperature and spot 

size. All of these errors can be estimated and, in some cases, experi

mentally determined. 

Length Measurement 

A small amount of error in the values of ̂  reported is due to 

the inability to measure fiber length exactly, primarily because of the 

connectors attached to each end of the fibers. Measurement inaccuracy 

is estimated to be 0.01 inches, which is equivalent to about 1% error in 

^ for short pieces of fiber. The error is even less significant when 

^ is computed for a longer piece (more than 2 inches). 

Laser Power 

Any change in laser power output between times that data is 

recorded translates directly into an error in the loss calculated for 

that section of fiber. As mentioned previously several modifications 

were made to the laser to reduce significant power fluctuations that 

were observed early in the testing. By intermittent monitoring of 

laser power during data collection, it was observed that laser power did 

not vary by more than 5% when the system was working properly. This 

value agrees exactly with the value for long term stability published 

in the laser specifications. 
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Repeatability 

Some small amount of error must be attributed to the inability 

to repeatably position the fiber ends with respect to the laser focal 

spot and the detector. This error was experimentally determined by 

repeatedly installing the same fiber into the test fixture and noting 

the variation in output signal. The error noted was small and impossible 

to separate from electronic noise and short teinn laser power fluctuations. 

The magnitude of the error from these sources was determined to be 3%. 

Fiber Diameter 

The diameters of the As2Se2 fibers varied by as much as 10% over 

their 12 inch lengths. Since laser spot size was larger than the fiber 

diameter, this change in diameter could result in almost a 20% variation 

in power launched into the entrance face of a fiber. A more reasonable 

estimate of this variation is 10% since the diameter was not likely to 

vary as much over the lengths tested. Fiber diameter variation xjas not 

measured on KRS-5 fibers but is said by Hughes to be 3% (Pinnow, et al., 

1978, p. 28). 

Numerical Aperture and Spot Size 

The errors in actual fiber attenuation which can be attributed 

to numerical aperture and spot size are quite small compared to the large 

losses measured. These errors are the result of launching modes and 

energy distributions into a fiber which are not characteristic of the 

equilibrium modes and distributions of that fiber. It is natural for 



different modes to propagate with different attenuation constants and 

therefore a measured attenuation value is dependent on the optical 

source and the way radiation is injected into the fiber. No attempt 

was made to match the numerical aperture and spot size of the input 

beam with the fibers tested because of the difficulty in doing so and 

because, according to Costa and Sordo (1980, p. 162), the resulting 

error will be no larger than a few dB per kilometer. This error source 

has been of concern in the comparison of test results between different 

laboratories on the losses in conventional glass fibers, where dis

agreements have been about 2 dB/Km (Cherin and Gardner, 1980, p. 60). 

If accurate measurements are to be made on the low loss Hughes' KRS-5 

fibers, more consideration would have to be given to this problem, 

particularly if the objective is to verify the result reported by 

Hughes. For the results reported herein, it is assumed to be of no 

significance. 

Precision and Accuracy 

. Now that a discussion of error sources has been completed, an 

estimate of the precision and accuracy of the experiment can be made. 

Precision is a measure of repeatability of the experiment, i.e., how 

close results would be for the same fiber measured over and over again. 

Accuracy is a measure of how close the results are to the "true" value 

of the quantity being measured. 

An error source termed "repeatability" has already been dis

cussed. It applied to the amount of power measured when a fiber was 

repetitively installed in the test apparatus and was mainly a measure of 



ability to position the fiber. In order to determine the precision of 

the overall transmittance measurement, the repeatability of the entire 

procedure must be determined. That includes preparation of fiber ends, 

regulation of laser power, and other error sources already discussed. 

The precision of the transmittance test can be calculated using 

individual error sources, or it can be determined by analysis of the 

final results. An estimate, based on observations of the experiment'; 

can be made for all error sources except end preparation. Since source 

end preparation is probably the largest source of error, it is not 

possible to calculate precision. The final results can be used to 

estimate precision, with the important assumption that loss is uniform 

and constant along the length of all fibers considered. 

Figure 9 has been constructed to illustrate the precision of the 

fiber attenuation measurement. It is identical to Figure 8 except that 

more data points have been included. The additional data were obtained 

by calculating attenuation for all possible fiber lengths which can be 

constructed from the data in Table 4. Thus, for fiber Number 2, one 

extra data-po.int is obtained by calculating attenuation for the entire 

length removed + AL2)• For fiber. Number 10, ten additional data 

points were obtained. Each data point in Figure 9 is independent in 

the sense that it could have been obtained without measurement or cal

culation of any of the other data points. Therefore, the maximum error 

possible in any one measurement of attenuation is determined by the 

maximum spread in the data. It is seen to be about 3.75 dB. 

The precision of the transmittance test can now be determined 

for any length of fiber to be tested. Actually, it is the total 
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attenuation, not the length, of the fiber that is important. Assuming 

that the attenuation of the fiber tested is 23 dB (a length of about 

seven inches for these fibers), then the precision is 3.75/23.0 or 16%. 

Note that this percentage is based on the fact that not one result in 

34 measurements was outside of this precision. By discarding only one 

result, the precision is improved to 3.0/23.0 or 13%. It should be kept 

in mind that since some "true" differences probably do exist in these 

seven fibers, the precision estimated is on the pessimistic side. 

Not as much can be said about accuracy. Since the technique-does 

not require any absolute radiometric measurements, there is no error due 

to calibration of the instrumentation. As already mentioned, results of 

measurements made by different laboratories are often different if 

launching conditions are not identical. In these cases, the "true" 

attenuation of a fiber can only be determined to the extent that test 

conditions are standardized. These tests were not performed according 

to any standard procedure. If a standard procedure exists, it probably 

involves the use of a mode scrambler. However, differential mode 

attenuation has been shown to cause errors on the order of only a few 

dB/Km. Since these fibers have losses on the order of 10^ dB/Km, 

an error this small is negligible. Therefore, the accuracy of this test 

is probably equivalent to the precision. 



CHAPTER 5 

RECOMMENDATIONS 

A number of improvements in equipment and procedure could be 

made if testing of IR fibers is to be continued at the Optical Sciences 

Center. The nature of the improvements would depend on the nature of 

the work to be done, i.e., the amount of funding, the type and number 

of fibers to be tested and the type of information desired by the 

contractor. However, a number of general, fairly inexpensive improve

ments are worth mentioning which would greatly benefit almost any scope 

of work to be undertaken. Credit for most of the ideas presented here 

goes to the summary by Bruno and Sordo (1980), of methods of fiber 

characterization. 

Power Monitor 

One of the simplest improvements which should be made to the 

transmittance test apparatus is the addition of a constant monitor of 

laser power to replace the awkward method used previously. This could 

be accomplished most easily by purchasing a beam splitter and inserting 

it in place of one of the attenuators. Possibly one of the attenuators 

itself could be used by tilting it and monitoring the Fresnel reflect

ion off its surface as the reference. In either case, a detector more 

sensitive than the coherent radiation thermopile that was used should 

be incorporated to monitor the reference. 
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Microscope 

Owing to the fact that fiber end preparation was found to be 

the largest source of error, something should be done to improve this 

circumstance. The methods of end preparation are probably adequate, 

but the quality control of the process could be improved by use of a 

higher power microscope for inspection. The ideal device would have 

about 25x magnification with illumination through the objective and 

an easy way of positioning the fiber end. 

Mode Scrambler 

The subject of differential mode attenuation is complex. It is 

generally accepted that fiber attenuation experiments should be con

ducted using an input beam with N.A. and energy distribution character

istic of what would be propagated by the fiber at equilibrium, i.e., 

after unstable modes have died out. This is most easily accomplished 

by use of a mode scrambler. The adaptation of this technique is par

ticularly important if fibers of "low loss" quality are to be tested. 

A mode scrambler can be made of a short piece of the type of 

fiber to be tested. A beam of large N.A. is launched into one end 

and the beam exiting the other end is used as the input for the fiber 

under test. In this manner an equilibrium distribution of modes is 

launched into the fiber and interpretation of results are facilitated. 

Incorporation of a mode scrambler has several other advantages. 

First of all it provides a visible location of the input source making 

physical alignment possible. Mode scramblers can be interchanged, 

with fiber under test, thus providing input to various fibers without 



changing the optical system. Also, the use of a mode scrambler would 

allow measurement of fiber attenuation by the "insertion loss" tech

nique. By measuring the output of the scrambler and then the output of 

a fiber coupled to the scrambler, the attenuation can be calculated from 

the loss caused by the insertion of the fiber if coupling losses 

(reflections) are accounted for. The advantage of this technique is 

that it is non-destructive. 

Connectors and Positioners 

If it is known that all or most fibers to be tested are going 

to be the same diameter, it would be wise to try to find commercially 

available connectors. This would facilitate handling and polishing of 

fibers. If not, a type of fiber positioner known as a vacuum chuck 

could be quite useful (See Figure 10). Various fiber diameters can be 

accommodated by this type device which is simply a V-block with holes 

drilled along the base of the groove to hold the fiber in place by a 

small vacuum. A series of these positioners mounted on X-Y translators 

along an optical bench would provide an excellent means of aligning a• 

mode scrambler and fiber-under-test with source and detector. 

Lateral Scattering Technique 

By installing the detector in a small integrating sphere and 

translating the sphere along the length of a fiber, the attenuation of 

the fiber can be measured by the lateral scattering technique. This 

method assumes that the amount of scattered power dP (z) in a section 
s 

of length dz is proportional to the amount of power flowing through 
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that section. By measuring an amount of scattered power AP^ over a 

length of fiber inside the integrating sphere at two places Az apart 

along the fiber, ̂ can be calculated from 

in a? _ 10 T s 1 
Az ® 

which is the same form as Equation 4. This method could be implemented 

easily if the ends of the fiber-under-test are held in vacuum chucks 

such that the mid-section can be passed through the integrating sphere 

without damaging or disturbing the fiber (see Figure 11). This method 

is non-destructive, but its big advantage is that fiber ends have to 

be prepared only once. This means that there is no error due to fiber 

end preparation; the measurement is independent of the amount of power 

launched into the fiber. Additionally, this method provides the 

diagnostic ability to locate imperfections along a fiber such as cracks 

and inclusions which act as scattering centers. 
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APPENDIX A 

ELECTRICAL SCHEMATIC 
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APPENDIX B 

CLEAVING OF CHALCOGENIDE FIBERS 

This procedure was developed by trial and error using 0.003-

0.005 inch diameter As^g 3 unclad fibers. It produced fairly con

sistent results on these fibers but is not meant to be 100% successful. 

It requires no fancy tools with sapphire cutting edges, etc., which 

are available commercially for use on conventional glass fibers. These 

tools will work if adjusted properly, but better results are likely to 

be obtained by adhering to the following procedure. 

Step 1 

Select a fiber and test it for flaws by pulling firmly between 

the thumb and forefinger. Tiny bumps, indicating irregularities in the 

drawing process, can be felt. Tiny cracks or defects will cause it to 

break. 

Step 2 

Hold the fiber with about 1/4 inch protruding between thumb and 

forefinger. Using a fresh razor blade, "scribe" the fiber by touching 

the sharp edge to the point where the fiber emerges from between the 

fingers. The forefinger should be rolled up slightly to support the 

fiber oppostie the scribe. 
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Step 3 

Move the fiber up so that about 1/2 inch protrudes. Bend the 

fiber away from the scribe by pushing sideways on the end. The fiber 

should break at the scribe. 

Step 4 

The most difficult part is inspecting the results. Hold the 

cleaved end under a low power microscope and high intensity light 

source. Orient it such that a good specular reflection is seen off the 

fiber face, indicating the smoothness of the surface. Turn the fiber 

sideways, put a white background behind it, and see if it cleaved per

pendicular to its axis with no jagged edges. Look carefully for a 

chipped edge at the point where the scribe was made, indicating too much 

pressure was applied. 

Step 5 

Wash hands and clean up debris. This material is poisonous. 



APPENDIX C 

POLISHING OF KRS-5 FIBERS 

This procedure was used to allow both ends of a fragile KRS-5 

fiber to be polished without damaging the fiber. After polishing, the 

fiber can be removed from the tube and utilized, or it can be tested as 

a fiber/tube assembly. The procedure applies only to short fibers 

(about 12 inches maximum) but could be adapted to longer fiber if 

necessary. The 1/8 inch diameter brass tube used as a protective jacket 

could be replaced by another type of tubing of any reasonable diameter. 

The wax used is 4 parts beeswax and one part pitch. Other materials 

could be used (glues, epoxies, etc.) but this one has an ideal combina

tion of strength and low melting point. 

Step 1 

Cut a length of tube slightly shorter than the fiber using a 

fine toothed saw. Smooth the ends with a file or abrasive paper. 

Insert the fiber. 

Step 2 

Place a drop of melted wax on each end of the assembly and let 

it solidify. 

Step 3 

Holding the assembly vertically, lightly touch a soldering iron 

to the top end of the tube such that the wax starts to draw down into 
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the tube around the fiber. Use a sharpened wooden stick to work the 

fiber toward the center of the tube. Add a little more wax such that the 

fiber end is completely surrounded. Repeat on other end. 

Step 4 

Holding the tube perpendicular to an abrasive pad, wet sand the 

ends using light pressure. When the ends are flat, inspect the fiber 

faces for any cracks or chips. It may be necessary to sand away a bit 

more, or even to start over in order to achieve smooth undamaged fiber 

faces. 

Step 5 

Using Linde "A" polishing abrasive and water on a felt pad, 

polish the ends of the tube/fiber by rubbing against the pad and rotat

ing the assembly between the fingers. Using light, short strokes the 

process will be completed in about 2-3 minutes (300-400 strokes). Rinse. 

Step 6 

Insert the ends under a microscope and high intensity light. In 

addition to surface defects, look for evidence of sub-surface cracks 

which will scatter light, and change the color of the fiber from deep 

red towards a brighter orange-red. 

Step 7 

Rinse the ends with water prior to installing the transmittance 

test fixture. Do not use solvents of any kind, as the wax will be 

partially dissolved and leave a thin film on the fiber face. 
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Step 8 

To shorten the fiber for the subsequent measurements, first 

free the fiber from the wax at the end to be cut. Then cut through the 

wall of the tubing at the desired length and slip the parted section off 

of the fiber. Cut the fiber with a pair of scissors, leaving a little 

protruding from the tube. Check to see that the other end of the fiber 

has not been pulled or pushed out of location, and then prepare the 

new end as before. 
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