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OPTICAL DATA STORAGE SYSTEM WITH MEANS FOR REDUCING NOISE FROM SPURIOUS 
REFLECTIONS . 

Related Applieation11 

The present invention is related to and claims priority :from U.S PrOvisional 

Application 60/079,903 entitled "Optical Drive Utilizing Low Birefringence Fiber," filed 30 

March 1998, U.S. Provisional Application 60/088,192 entitled ''Laser Phase Noise 

10 Minimization In Optical Drive," filed S June 1998, U.S. Provisional Application 60/108,398 

entitled "Optical Head Design Eliminating Fiber End Back Reflection" filed 13" November 

1998, U.S. Provisional Application 60/ entitled "Optical Fiber Coupler Using A 

Spliced Polarization-Maintaining Fiber, filed 9 December 1998, all of which are incorporated 

by reference herein in their entirety. The present application is a continuation-in-part of U.S. 

15 Application 09/124,812 entitled "Low-Birefringence Optical Fiber For Use in an Optical Data 

Storage System," filed 29 July 1998, which is incorporated by reference herein in their 

entirety. 

20 

Baek&found Of The lpyentiQD 

1. Field of the lnyet1tion 

The present invention relates generally to optical fibers for use in data storage systems. 

More particularly, the present invention relates to low-birefringence optical fibers for use in 

magneto-optical data storage systems. 

2. BackSJPUlld Art 

In a magneto-optical storage system, using a 1:llagneto-optical (MO) recording material 

25 deposited on a rotating disk, information may be recorded on the disk as spatial variations of 

magnetic domains. During readout, a magnetic domain pattern modulates an optical 

polarization, and a detection system converts a resulting signal from optical to electronic 

format. 
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· In one type of a·magneto-optical storage system;. a magneto-optical head assembly is 

located on a linear actuator that moves the head along a radial direction of the disk to position 

the optical head assembly over data tracks during recording and readout. A magnetic coil is 

placed on a separate assembly on the head assembly to create a magnetic field that has a 

5 magnetic component in a direction perpendicular to the disk surface. A vertical magnetization 

of polarity, opposite to that of the surro.unding magnetic material of the disk medium, is 

recorded as a mark indicating a zero or a one by first focusing a beam of laser light to fonn an 

optical spot on the disk. The opticiil spot functions to heat the magneto-optic.al material to a 

temperature near or above a Curie point (a temperature at which the magnetization· may be 

10 readily altered with mi applied magnetic field). A· current passed through the magnetic coil 

orients the spontaneous vertical magnetization either up or doWn.. This orientation· process 

occurs in the region of the optical spot where the temperature is suitably high. The orientation 

of the magnetization mark is preserved after the laser beam is removed. The mark is erased or 

overwritten if it is locally reheated to the Curie point by the laser beam during a time the 

15 magnetic coil creates a magnetic field in the opposite direction . 

. Infonnation is re8d back from a particular mark of interest o~ the disk by taking 

advantage of the magnetic Kerr effect so as to detect a Kerr rotation of the optical polarization 

that is imposed on a reflected beam by the magnetization at the mark of interest. The 

magnitude of the Kerr rotation is detennined by the materiat's properties (embodied in: the 

20: · Kerr· coefficient) ... The· sense. Qf the rotation is me~ured by established differential detection 
. .. . . ..... ·· '···· · ... ' .. ; 

schemes and, depending on the direction of the spontaneous magnetization at the mark: of 

interest, is oriented clockwise or counter-clockwise. 

Conventional magneto-optical heads, while presently providing access to magneto­

optical disks with areal densities on the order of 1 Gigabit/in2
, tend to be based on relatively 

25 large optical assemblies which make the physical size and mass of the head rather bulky 

(typically 3-lSmm in a dimension). Consequently, the speed at which conventional magneto­

optical heads are mechanically moved to access new data tracks on a magneto-optical storage 

disk is slow. Additionally, the physical size of conventional magneto-optical heads limits the 

spacing between magneto-optical disks. Because the volume available in standard height disk 

30 drives is limited, magneto-optical disk drives have, thus, not been available as high-capacity, 

high-performance commercial products. For example, a commercial magneto-optical storage 
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device presently available provides access to only one side of a 130. mm double sided 2.6 ISO 

gigabyte magneto-optical disk, a 40 ms disk access time, and a data transfer rate of 4.6 

:MB/Sec.·. 

N. Yamada (US Patent No. 5,255,260) discloses a low-profile flying optical head for 

5 accessing an upper and lower surface of a plurality of optical disks. The flying optical head 

disclosed by Yamada describes an actuating ann that has a static (fixed relative to the arm) 

mirror or prism mounted thereon, for delivering light to and receiving light from a phase­

change optical disk. While the static optics described by Yamada provides access to both 

surfaces of a plurality of phase-change optical disks contained within a fixed volume, Yamada 

10 is limited by the size and mass of the optics. Consequently, the perfonnance and the number 

of optical disks that can be manufactured to function within a given volume is also limited. 

In applications that employ a polarization-maintaining fiber and Fabry-Perot (FP) laser 

to deliver polarized light from a source to a storage location, mode partition noise limits the 

available signal-to-noise ratio (SNR). Mode partition noise (MPN), in the fonn of broadband 

15 polarization fluctuations, is an intrinsic property of the FP laser that is manifest when a highly 

birefringent element is placed in its optical path. Polarization-maintaining optical (PM) fiber 

is, by design, very birefringent; therefore, MPN is very difficult to eliminate when PM fiber is 

utilized with a FP laser. 

·What is needed,· therefore; is an optical data storage system: that utilizes an optical· fiber 

20 to convey light between a laser source and a storage location of an optical drive with a 

sufficient signal-to-noise ratio (SNR) and that allows an increase in the number of disks that 

can be placed within a given volume, as compared with conventional approaches. The 

improved optical head should preferably provide a high numerical aperture, a reduced head 

size and mass. Additionally, the optical head should improve upon conventional access to disk 

25 smfaces, disk drive access times, data 1ransfer rates, optically induced noise, and ease of 

alignment and manufacture. 

Summary of the Invention 

The present invention allows an increase in the number of storage disks that can be . 

placed within any given volume by using low-birefringence optical fibers to transfer 

30 information to and from optical storage media. A high resonance frequency tracking servo 

3 
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· device on a reduced pro.file head, in conjunction with the· optical fibers; also provides 

· iniproved access to storage media, improved disk drive access times,· and improved data 

transfer rates. 

An optical disk drive, in accordance with the present invention, utilizes various aspects 
• .. • . • ! • 

5 of Winchester magnetic disk technology, for example, flying head technology. In another 

aspect of the present invention, a laser optics assembly directs light from an optical light 

source to an optical switch, which directs the light to one of a plurality of low-birefringence 

optical fibers coupled to one or more rotary anns, each of which support a flying optical head . 

. Light is delivered through the optical fiber to a respective optical head for the purpose of 

10 reading and writing of data at a respective storage media with a focused optical spot. A 

reflected light signal .from the storage media couples back through the optical head and optical 

fiber· for subsequent processing. In one embodiment, the optical source of light comprises a 

Fabry-Perot (FP) laser. In another embodiment, the optical source of light comprises a stable 

single frequency laser source such as a distributed feedback (DFB) laser. 

15 The optical path of the light delivered by the optical fiber is altered by a steerable micro-

machined mirror mounted on the flying head. Track following and seeks to adjacent tracks are 

performed by rotating a central mirror portion of the mirror about an axis of rotation. A 

reflected light from the steerable micro-machined mirror is· directed through an embedded 

: ·inicti>-obje~tlve lens such. ·as' a ·:GRIN:(Gradient index) lens or a:riiolded.lens. ··A ~focused 

20 dptical. spot is ~~ back and forth m a direction which is approximately parallel to the . 

radial direction of the storage disk. 

In another embodiment, track following and seeks to adjacent tracks may be performed 

with more than one storage media surface at a time by operating• a set of steerable micro­

machined mirrors independently from each other. A plurality of laser optics assembly are 

25 required in this particular embodiment. 

In another aspect of the present invention, low-birefringence optical fibers are used to 

. transfer information to and from magneto-optical storage disks. Due to inevitable stresses that 

are applied to the optical fibers, the SNR ratio of polarization information from the storage 

media may be degraded when conveyed by the optical fibers. The present invention provides 

30 an apparatus and method for increasing the SNR. In one embodiment, in-plane bend induced 

4 
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birefringence in low birefringence opti.cal fibers is compensated for to increase the SNR. In 

·another embodiment, both in-plane bend induced and out-of-plane bend induced birefringence 

are compensated for to increase the SNR. Out-of-plane bend induced birefringence may be 

compensated for by providing an optical polarization rotation element, which may comprise a 

5 rotatable Yi wave plate or a combination of a fixed % wave plate and a variable-phase wave 

plate. In-plane bending may be compensated by providing optical phase retardation of the 

reflected light. Phase· retardation may be provided by an optical phase retardation element 

comprising, a liquid crystal retarder, a combination of a fixed % wave plate and a rotatable Yi 

wave plate, or a fixed% wave plate and rotatable polarizing beam splitter. In yet another 

10 embodiment, the SNR may be increased by providing an optical source of light comprising a 

modulated Fabry Perot or DFB la8er. 

In another aspect of the present invention, various noise reduction techniques are 

provided by substantially decreasing or eliminating spurious reflections (or the effects thereof) 

at the end faces of the optical fiber. These noise reduction techniques may be applied if the 

15 laser source is, for example, FP or DFB. In particular, spurious reflections (or the effects 

thereof) may be eliminated at the fiber front (launch) end face near the laser source. and at the 

fiber back (head) end face near the s_torage media. 

As similarly stated above, to. eliminate the effects of the spurious reflection from the 

fiber front end.face (i.e., launch ~d face), the laser:source may bep1o~ulate~ at a particular 

20 frequency that depends on the length of the optical fiber. As a result, the spurious reflection 

from the fiber front end face is time-separated from the main signal-bearing beam returning 

from the storage media. 

In another embodiment in accordance with the present invention, the spurious 

reflection from the fiber front end face is eliminated by coupling the fiber front end face to a 

25 material having a refractive index equal to the refractive index of the core of the optical fiber. 

The material may, for example, be formed :from epoxy, fluid, or other suitable materials. 

In another embodiment in accordailce with the present invention, the spurious 

reflection from the fiber front end face is eliminated by coupling the fiber :front end face to a 

cover slip having a refractive index equal to the refractive index of the core of the optical fiber. 

30 The cover slip may, for example, be formed from glass or other suitable materials. 

5 
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· ·In another embodiment··in· accordance with 'thcq>resent·inveiltion; the' effects of a 

spurious reflection from the fiber front end face {i.e .• head end face) are eliminated by 

polishing the fiber front end face at a particular angle with respect to an optical propagation 

axis. As a result, the main signal-bearing beam is spatially separated from the spurious 

5 reflection. In addition, a GRIN lens coupled to the fiber front end· face may be polished at a 

similar angle with respeet to the optical· propagation axis in order to provide optimum . fiber 

coupling efficiency. 

In another embodiment in accordance with . the presen~ invention, the effects of a 

spurious reflection from the fiber back end face are eliminated by cleaving the fiber back end 

10 face at a particular angle with respect to the optical propagation axis. As a result of the angle 

cleave, the spurious reflection is not efficiently baek-coupled through the fiber and is, 

therefore, effectively extinguished. 

In another embodiment in accordance with the present invention, the spurious 

reflection from the fi"er back end face is eliminated by coupling the fiber back elld face to a 

15 fluid or epoxy having a refractive index equalto the refractive index of the core of the optical 

fiber. 

Jn another embodiment in accordance with the present invention, _the sp~ous 

reflections from the fiber back end face is eliminated by coupling the fiber back end face to a 

·· · c~less' ti:r inuiti~mode flbei :Ptirtion ~ving a refractive' index equal to th~ refractive index of 

20 the core of the optical fiber. The coupling of the fibers is carried out, for example, by fusion 

splicing. 

Brief Descrjptjqn of the Drawings 

Figure la illustrates one embodiment of magneto-optical storage and retrieval system 

with in-plane bending and out-of-plane bending of a low birefringence optical fiber; 

25 Figure lb illustrates a magneto-optical storage and retrieval system with predominantly 

in~plane bending of a low birefringence "Optical fiber; 

Figure 2a illustrates a laser-optics assembly in accordance with an embodiment of the 

present invention; · 

6 
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· Figure 2b illustrates one embodiment for providing variable optical phase retardation; 

Figure 2c illustrates another embodiment for providing variable· optical phase 

retardation; 

Figure 2d illustrates another embodiment for providing variable optical · phase 

5 retardation; 

Figure 2e illustrates an embodiment of an optical polarization rotator; 

Figure 2f illustrates an embodiment in which a laser source is pulsed; 

Figure 3 illustrates an optics module comprising an optical switch; 

Figures 4a-g illustrate a flying head of the present invention in various views; 

10 Figures 5a-b illustrate two embodiments of a magneto-optical disk drive; 

Figure 6 is an illustration of an optical fiber coupled to a GRIN lens with an index 

matching material. in accordance with another embodiment of the present invention; 

Figure 7 is an illustration of an optical fiber coupled to a GRIN lens with a cover slip' 

bonded to the fiber, in accordance with another embodiment of the present invention; 

15 Fi~e 8is an illustration of .a reflected .. signal-bearing beam propagating tbroµgh a 

GRIN lens and an optical fiber having a launch end face with an altered configuration, in 

accordance with another embodiment of the present invention; 

Figure 9a is an illustration of a portion of an optical fiber wherein a spurious reflection 

occurs at the head end of the optical fiber; 

20 Figure 9b is a graph illustrating the relative back-coupling efficiency for a fiber end 

face reflection from a fiber head end versus the angle amount in which the fiber head end is 

cleaved; 

Figure 9c illustrates an optical system having an optical fiber with a downward angle 

cleave, in accordance with another embodiment of the present invention; 

25 Figure 9d illustrates an optical system having an optical :fiber with an upward angle 

cleave, in accordance with another embodiment of the present invention; 

7 
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Figure 9e illustrates an ·optical system having·an·optical fiber without· an angle cleave, 

in accordance with another embodiment of the present invention; 

Figure 1 Oa illustrates an optical .fiber including a head erid face with a straight cleave or 

polish and coupled to a slider with· an index matching fluid or epoxy, in accordance with 

S another embodiment of the present invention; 

Figure lOb illustrates the propagation of the signal-bearing beams and the spurious 

reflection in the optical system illustrated in Figure I Oa; 

Figure 11 a illustrates an optical fiber with a head end spliced to a multi-mode fiber 

section, in accordance with another embodiment of the present invention; 

10 Figure llb illustrates the propagation of the signal-bearing beams and the spurious 

reflection in the optical system illustrated in Figure 11 a; and 

Figure 11 c is a graph showing the reflection at the fiber head end versus the length of a 

multi-mode fiber section that is spliced to an optical fiber. 

Qetailed Description Of The Preferred Embodiments 

15 Referring ·in detail now to the drawings wherein similar parts of the invention are . 

identified by like reference numerals, there is seen in .Figure la a magneto-optical storage and 

·retrieval system 100, generally illus,trated in a perspective view. In one emboditnent, the 

magi:J.eto-:optical (MO) data storage and retrieval system 100 includes a set of Winchester-type 

flying heads 106 that are adapted for use with a set of double-sided first surface MO disks 107 

20. (oAe flying head for C?ach M9 disk surface). The set of flying heads 106 (hereinafter referred 
.. ··~·· .. : .. ;.~'>.::.· .~' :_,:·:· · .. ~·:··.::!·.~ _:_.i..>:· .... :">:.·:: ··~:.:: ·. ','. ... · .. ·: .. :·_. .. : . :· .. \ .= 

to as flying MO heads) are coupled to a rotary actuator magnet and coil assembly 120 by a · 

respective suspension 130 and actuator arm 105 so as to be positioned over the surfaces of the 

set of MO disks 107. In operation, the set of MO disks 107 are rotated by a spindle motor so 

as to generate aerodynamic lift forces between the set of .flying MO heads 106 and the set of 

25 MO disks 107 and so as to maintain the set of flying MO heads 106 in a flying condition 

approximately 15 micro-inches above the upper and lower surfaces of the set of MO disks 107. 

The lift forces are opposed by equal and opposite spring forces applied by the set of 

suspensions 130. During non-operation, the set of flying MO heads 106 are maintained 

statically in a storage condition away_from the surfaces of the set of MO disks _107. System 

30 . 100 further includes an optics module 103 and a set of optical elements 102 (such as a set of 

low birefringence optical fibers) coupled thereto. 

8 
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· Figure 2a illustrates ·a laser-optics assembly 101 used as part of the laser. optics module 

103. In the present invention, the optics module.103 of Figs la and lb comprises laser-optics 

assembly 101, which includes a laser source 231 such as a Fabry Perot (FP) laser or a stable 

single frequency laser source such as a distributed feedback (DFB) laser. A DFB laser source 

5 produces a very stable narrow-band single-frequency output due to the use of a wavelength 

selective grating element inside the laser. cavity. In one embodiment, the laser source 231 

operates at a wavelength of approximately 660 nm within a red region of the visible light 

spectrum; however, it is understood that laser sources operating at other wavelengths are also 

within the scope of the present invention. Fabry-Perot laser diodes are characterized by high-

10 frequency fluctuations in their spectral output, which can lead to what is known in the art as 

mode partition noise (MPN). When linearly polarized light is launched into a highly 

birefringent element (with light on both principal axes), for example, a single-mode 

polarization-maintaining (PM) optical fiber, mode partition noise (MPN) is manifest in the 

fonn of polarization noise, which acts to reduce available signal-to-noise ratio (SNR). In MO 

15 recording, since polarization infonnation from the MO disk 107 is desired t9 be read, it is 

important that polarization noise be kept to a minimum, which, however, is difficult to achi~ve 

when using a FP laser source and single-mode polarization-maintaining optical fiber of the 

prior· art. The use of low-bireftingence (lo-bi) fiber, on the. other hand, allows an optical 

system to be constructed that is less prone to MPN. 

20 As will .. be discussed .below, variouS ~ois~ reduction tecruiiques are: provided for. 
. . ., .· . . . 

substantially decreasing or eliminating spurious reflections (or the effects thereof) at the end 

faces of an optical fiber 102. These noise reduction techniques may be applied if the laser 

source is, for example, FP or DFB. 

The laser-optics assembly 101 further includes: collimating optics 234, a leaky beam 

25 splitter 232, and a coupling lens 233. The laser-optics assembly 101 directs a P polarized laser 

beam 291 from the laser source 231 through the leaky beam splitter 232 and coupling lens 233 

towards the optical switch 104. The laser-:optics assembly 101 also receives S and P 

polarization components of a reflected laser beam 292 from the surface of a particular MO disk 

107. The reflected laser beam 292 is directed by the coupling lens 233 and is routed by the 

30 leaky beam splitter 232 towards a differential detector 240 comprising: a polarizing beam 

splitter 239, a mirror 235, and a set of photo-diodes 236. After optical-to-electrical signal 

9 
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. conversion by. the set' of ·photo-diodes 236; the" differential• signal" is <processed· by the 

differential amplifier 237 arid is 'output as signal 294. - The differential-detector 240 measures 

. the optical power of the orthogonal s and p polarization components .(>f the 'reflected laser 

beam 292, with a differential signal being preferably· a sensitive measure of polarization 

5 rotation induced by ·a Kerr effect· at the surface of the particular MO disk 107. As will be 

discussed below, in particular embodiments of the present invention, the laser-optics assembly 

101 may further include a variety of optical components at locations indicated at AA and BB 

to provide optical phase retardation and/or optical polarization rotation of the laser beams 291 

and292. 

10 Figure 3 illustrates the optics module 103 comprising an optical switch 104. The 

optical switch 104 is disposed between the set of optical fibers 102 and the laser optics­

assembly 101 and is shown in a representative optical path that includes one of the set of 

optical fibers 102, one of the set of flying MO heads 106, and one of the set of MO disks 107. 

The optical switch 104 provides sufficient degrees of selectivity so as to direct the outgoing 

15 18Ser beam 291 towards a respective proximal end of a particular optical fiber 102. The 

ouigoing laser beam 29i exitS a distal end of the optical fiber 102 and is directed through the 

·flying MO head 106 onto a surface :recording layer 349 of a respective MO disk 107. 

During the writing of in(o~ation, the outgoing laser beam 291 lowers a coercivity of 

: · the surface_ recQ~d~g l.ay~ ~4~ \>y 1,leating a selected spot of interest 340 to approximately .the :. · 
. . '.. ' ... . ·~- .. . . .. . . . . . . . . . . . ·~ 

20 Curie point of the MO recording layer 349. The optical intensity of outgoing laser beam 291 

is held constant, while a time varying vertical bias magnetic field is used to define a pattern of 

"up" or "down" magnetic domains perpendicular to the MO disk ~07. This technique is 

known as magnetic field modulation (MFM). Alternatively, outgoing laser beam 291 may be 

modulated in synchronization with the time varying vertical bias magnetic field at the spot of 

25 ·· interest 340 in order to b~er control domain wall locations and reduce domain edge jitter. 

Subsequently, as the selected spot of interest 340 cools at the surface layer 349, information is 

encoded at the surface of the respective spinning _disk 107. 

. . . . 

During the readout of information, the outgoing laser beam 291 (at a lower power 

compared to.writing) is selectively routed to the MO disk 107 such that upon its reflection 

30 from the spot of interest 340 the Kerr effect causes a polarization state of the reflected laser 

beam 292 to be rotated either clockwise or counter clockwise (as indicated with arrow 363). 

10 
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The aforemention.ed optical pal):l_is bi-direction,al _in nature_. Accor~gly, the reflected laser 

beam 292 is received through the flying MO head 106 and enters the distal end (head end}_ 900 

of the optical fiber 102. The_ reflected laser beam 292 is directed by the optical fiber 102 

towards the optical switch 104 and is selectively routed by the optical switch 104.towards the 

5 . laser-optics assembly 101 for subsfiquent optical-to-electrical signal conversion. 

Referring back to Fig. la, in one embodiment, the set of optical fibers 102 of the present 

invention comprises single-mode low-bire:fiingence optical fibers. The present invention 

identifi~s that by using an optical fiber that is designed to have low birefringence, a fiber that 

is known in the optical fiber art as low-birefringence (or lo-bi) optical fiber, mode partition 

10 noise may be reduced to achieve an acceptable signal-to-noise ratio (SNR). The low 

birefringence of lo-bi optical fiber contrasts with the inherent high birefringence of single­

mode polarization-maintaining optical fibers, also known as PM optical fiber. Lo-hi fiber can 

be provided as "spun fiber," which is spun ftom a slightly birefringent fiber preform during a 

fiber drawing process. Geometrical twisting is frozen into the spun fibers when cooled. If the 

15 spin rate is sufficient, the effects of bend-induced linear birefringence or birefringence due to 

anisotropic thermal stress can be overwhelmed by the effective circular birefringence 

introduced by the spinning. Most single-mode optical fibers exhibit some degree of linear 

birefringence caused by localized internal stresses. Spun fibers are the exceptions in the sense 

that rapid rotation of the preform during the draw process produces an averaging effect that 

20 ',. 'teads to low intrinsic linear birefringence 'for propagation lengths spanning 'several rotation 

periods. It is ~derstood that the-present invention need not be limited to lo-bi fibers that are 

sp~ as lo-bi optical fibers manufactured using other techniques (e.g., carefully designed 

preforms and special draw techniques) are also~known in the art. In one embodiment of the 

present invention, the set of lo-bi optical fibers 102 comprises: a phase retardation of about· 1-2 

25 degrees per meter, an operating wavelength of approximately 660nm, a cutoff wavelength of 

about 580-600 ~ a cladding diameter of approximately 80 microns, a dual acrylate jacket 

·with a diameter of about 160-190microns, an operational temperature range of about 0-70 

degrees C, a mode field diameter of approximately 4.0 microns, and a mode field ellipticity of 

less than about 5%. _ 

30 As illustrated in Fig. la, the set oflo-bi optical fibers 102 are coupled at the distal ends 

to respective ones of the set of flying MO heads 106, are routed along respective ones of the 

11 
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set of actuator anns 105 and set ofs0spensions 130, are routed around the optics module 103, 

··and are-coupled at the proximal ends to the optics module 103. Because ·of limitations 

imposed by a limited volume present in the system·lOO, the set of optical.fibers 102 may 

require routing in other than a co-linear and/or a co-planar manner, which in tum may stress 

5 the· optical fibers 102 and thus induce birefringence ·in the optical fibers 102. The optical 

fibers 102 exit the optic module 103 at illustrated point A and are grouped together and wound 

around the optics ip.odule 103. The extra windings provide extra fiber length to facilitate 

assembly and rework if necessary. The fibers are preferably routed in such a way that a 

majority of static bending occurs in a single plane (referred to hereafter as in-plane bending). 

10 An example of in-plane bending of the optical fibers 102 is illustrated at point C. At some 

point the fibers 102 fan out to their respective heads, for example starting at illustrated point B; 

thus, there may also be some out-of-plane bending between the optical fibers 102, which may 
' ' 

alter the local orientation of the birefringence, but if the bend radius is kept sufficiently large, 

then.the magnitude of the out-of-plane birefringence may be relatively small. .Bend induced 

15 birefringence can be characterized by. (1) a magnitude that is proportional to ~2 

where ~ is the fiber cladding radiu~ and Ri.enc1 is the bend radius, and (2) an orientation such 

that one axis is in the plane ofb~g and the other axis i~ perpendicular to the plane. If not 

for the bending of the set of optical ·fibers 102, the outgoing and the reflected laser beiim.s 291 

. and 292 would in theory experience. the . set of optical fibers 102 . with 19w-birefringence, 

20. similar to a set of free.space .optical.paths; H;owever,._..._e pohui.zation.ro"tati~n 4'.foi:mation 

conveyed by the set of' optical fibers 102 may be :degraded by the aforementione4 bend. 

i~duced birefringence in the set of lo-bi optic~ fibers 102. Accordingly, in one aspect of the 

invention, there is provided a .method and apparatus for compensation thereof, including 

optical elements in the optical paths of the laser beams 291 and/or 292 to provide optical phase 

25 retardation and/or optical polarization rotation. 

In accordance with the present invention, it is identified that phase shifts between S and 

P polarization components oflaser beam 292 are introduced by the bend induced birefringence 

of the ·set of optical fibers 102 and that the phase shifts may be compensated for by placing 

optical phase retardation elements in the optical path of the reflected beam 292 and that, 

30 furthermore, for detection of a Kerr rotation of the reflected laser beam 292 with a maximum 

SNR, the phase shift between the reflected P and S polarization components of laser beam 292 

should be maintained 0 degrees modulo n. In one embodiment, an optical phase retardation 
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element is utilized to optimize the Kerr signal from the MO disk I 07 by bringing the reflected 

laser beam 292 in the absence of the Kerr signal and the orthogonally polarized Kerr 

· components in phase. Doing so also minimizes the mode partition noise induced by the set of 

optical fibers 102 by operating at the bottom of a noise fringe. Optical phase retardation can 

5 be provided by an optical phase retardation element which resolves a light wave into two 

orthogonal linear polarization components and produces a phase shift between them. Ideally, 

optical elements that provide optical retardation will not polarize, nor will they induce an 

intensity change in a light beam passing therethrough; they will simply change the beam's 

polarization state. Elements that provide optical phase retardation can be of a fixed or v~able 

10 variety and are typically available as birefringent, uniaxial materials having two different 

refractive indices. Such materials may. comprise, for example, a uniaxial crystal, a quartz 

crystal, a mica crystal, nematic liquid crystal, an electro-optic material, a polymer, to name a 

few. 

In accordance with the invention, it is identified that to achieve these conditions, the 

15 bend induced axes of the set of optical fibers 102 should preferably be aligned with the axes of 

the leaky beam splitter 232 such that the P polarization of the outgoing laser beam 291 is 

parallel to the in-plane bend induced axes of the set of optical fibers 102. 

As discussed above, the set of optical fibers. 102 may experience bending,· for example, 

with a combination of in-plane bending and/or out-of-plane bending. In another embodiment · 

20 illustrated in Figure lb, it is possible that the optical fibers 102 be routed such that minimal 

out-of-plane bending of the set of optical fibers 102 occurs, for example, if the optical fibers 

102 are routed to exit the optics module 103 and are maintained along parallel planes having a 

between plane spacing equivalent to a spacing between the respective heads 106 to which they 

are routed (rather than fanning out at point B). In this embodiment, even with no out-of-plane 

25 bending, in-plane bending. of the fibers may still occur, such as during normal routing of the 

set of optical fibers 102 from the optics module 103 to the heads 106. 

In one embodiment where minimal out-of-plane bending of the optical fibers 102 

occurs, optical phase retardation is needed to compensate for the· bend-induced birefringence. 

This compensation may be provided by an optical phase retarder 255 comprising a variable 

30 liquid crystal retarder, such as an LVR 100 VIS manufactured by Meadowlark Optics, 

Frederick. CO 80530. In this embodiment, the optical phase retarder 255 · is used in 
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· combfuation with a first % ·wave plate 253; both of which· are disposed at point BB in the 

optical path between the· leaky beam splitter 232 and· the polarizing beam. splitter 239 

·(illustrated in Figures 2a and 2b)~ Preferably the optica1 axes ofthe optical phase retarder 255 

are aligned at zero degrees relative to the optical axes of ·the leaky beam splitter 232, and the 

5 ·. · optical axes of the first% wave plate 253 are aligned at approximately 22.5 degrees relative to · 

the axes of the polarizing beam splitter 239. This setting of the % wave. plate rotates the 

· polariZation by approximately 45 degrees so as to produce equal powers on the photodetectors 

in the absence of a Kerr signal (i.e., a balanced condition). In one use of the variable liquid 

crystal retarder, a peak-to-peak input voltage in the range from approximately 0.1 volts to 

10 approximately 10.0 volts is applied, which has been shown to produce adequate compensation 

for in.;.plane induced stresses; slight variations of in.;.pJane bending between the set of optical 

fibers 102 may require slightly different voltages. The particular voltage to be applied when a 

particular optical fiber 102 is utilized may be predetermined during a calibrati(m phase.· The 

voltage may be changed during the intervals between switching of the optical switch 104. 

15 In another embodiment where minimal out-of-plane bending of the optical fibers 102 

occurs, optical phase retardation may be provided by a combination of a ¥.a wave plate 254 of a 

. conventional variety and a dynamically rotating ~~ave plate 257, both of which are disposed . . . . . . 

between the leaky beam splitter 232 and the polarizing beam splitter 239. {illustrated in .·. .. . . . . .. 

l1igures' 2a and 2c). In thls embodiment, the optical axes of the ¥.a wave plate 254 are aligned 
~ • .: .. ·~ •· ... , • • :. , ·;· .. ·,_~·--·~ i.:.;1 •.• ; . .: .. :.:·~;: · •. } = .• f .. •· ... ·.:::.'._ .... ~ •· .. ·•··· ... ~:;::··.~,_·; 

20 ... atf~ five degrees relative to the optical axes of the l_eaky be~ splitter.232, and the optical 

axes of the dynamically rotating Yi wave plate 257 rotate ~elative to the axes of th~"t~itlcy beam 

splitter 232. The dynamically rotating. Yi wave plate 257 may comprise a Yi wave plate 

coupled to an electromechanical or electro-micro-machined actuator to enable a desired 

rotation of the % wave plate. The particular rotation to be applied to the Yi wave plate 257 

25 w~en a particular optical fiber 102 is utilized may be pred.etemrlned during a calibfati.on phase. 

The rotation may be applied during the inuavals between switching of the optical switch 104. 

In still another embodiment, optical phase retardation is provided by a Y4 wave. plate 

254, which is disposed between the leaky beam splitter 232 and the polarizing beam splitter 

239, with the optical axes of the Y4 wave plate 254 preferably aligned at forty five degrees 

30 relative to the optical axes of the leaky beam splitter 239 {illustrated in Figures 2a and 2c). In· 

this version, the polarizing beam splitter 239 and its associated photodetectors are provided as 
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a dynamically rotating ·~~~~sem.bly .. The dynamically rotating subassembly may comprise a 

polarizing beam splitter and photodetector module coupled to an electromechanical or .. electro­

micro-machined actuator that enables a desired rotation of the subassembly. The particular 

rotation to be applied when a particular optical fiber 102 is utilized may be predet~ined 

5 · during a calibration phase and may be applied during the intervals between switching of the 

optical switch 104. · 

In the aforementioned embodiments, while static in-plane bend induced stress in low­

birefringence optical fibers is compensated for, dynamic in-plane bend induced stress can be 
. ·. 

neglected as it is typically quite small, although it could in principle be compensated for as 

10 well with sufficiently fast compensation. 

In the aforementioned embodiment of Fig. la, the set of optical fibers 102 are each 

routed around the optics module 103 to respective flying optical heads 106. Routing of the 

optical fibers 102 to the spaced apart heads 106 causes each optical fiber to traverse a slightly 

different path and, thus, experience different out-of-plane bending relative to exit point A. The 
. . 

15 out-of-plane bends cause each lo-bi optical fiber 102 to comprise bend induced &Xes that vary 

slightly in orientation relative to one another ~d/or with the leaky beam si)litter 232: .. The 

variations between the out-of-plane bend induced axes of each optical fiber 102 can be 

accommodated for by using an optical polarization rotator 256 that is dynamically adjustable 

to rotate lineill- polarlzation of tlie outgoing laser beam 291, for example, by a Y4' wave .plate 

20 retarder of a conventional variety coupled at about 4s degrees.relati~e to the axes of a seeond 

variable liquid crystal retarder (illustrated in Figure 2e). Polarization rotation is achieved by 

electrically controlling the retardance of the variable liquid crystal. A variable optical 

polarization rotator as described above is available as an LPR 100 660, which is manufactured 

by Meadowlark Optics, Frederick, CO 80530. The optical polarization rotator 256 may also 

25 be enabled through electro-mechanical rotation of a ¥2 wave plate. The amount of polarization 

rotation necessary for alignment to the induced axes of each optical fiber 102 can be 

determined during a calibration step such that, in operation, when switching between optical 

fibers 102 occurs, a control voltage corresponding to the particular optical fiber 102 being used 

is applied to the optical polarization rotator 256 in a feed-forward fashion to ·provide the 

30 . required polarization rotation. 
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· Without the aforementioned-in-plane bending of the· optical fibers· .t 02; such as. in an 

embodiment where the optical path traversed by the optical fibers· 102 is maintained with 

minimal bending, the optical phase retardation would not necessilri.lY be required. .. Without the 

aforementioned out-of-plane bending of the optical fib~ 102, such. as in an embodiment in 

5 which only a single lo-bi fiber 102 is carefully positioned in· a planar mounting fixture and 

used to convey information to a single MO disk 107, the optical polarization rotation would 

not necessarily be required. In other embodiments, where both in-plane and out-of-pJane 

bending are present, both optical phase retardation and optical polarization rotation. may be 

required. It should be apparent, therefore, that the present invention should not be limited to 

10 the embodiments discussed above but only the scope of the erisuing claims. 

fiber End Face Reflections 

In another embodiment illustrated in Figure 2f, it has been identified ·that spurious 

reflections from the proximal ends (launch ends) 615 of the set of optical fibers I 02 may 

degrade SN&, whereby the reflected beam 292 may co-propagate together with reflected beam 

15 ·291.from the proximal ends 615, thereby resulting in a reflected beam 293 comprising E(t) + 

· E(t+t). In such a case, a laser source 231 may be of, for eXaD1ple, a Fabry-Perot (FP) type that 

is pulsed on and off with a duty cycle of about 50% or less and with a modulation frequency in 

the range from approximately 200 MHz to approximately 1.0 GHz. Furthennore, the present 

invention identifies that pulsing the FP laser at increasingly higher frequencies ( e.g~,. up to the 

20 ·. ~· relaxation- oscillation .Jrequency" ,of ·the laser) causes the mode. partition noise level .in the .: 

optical system to progressively decrease since the laser mode partition dynamics . change at 

higher frequencies. Pulsing of the laser 231 (of an FP-type) also allows the reflected pulses of 

beam 293 to be time· separated from the main signal-bearing beam 292, thereby reducing 

· interference between the two pulse trains and thus effectively increasing the SNR of the 

25 detected Kerr signal. In the event that the two beams· are allowed to overlap in time and 

interfere, then mode partition noise and laser phase noise could arise. 

In one embodiment, with an optical fiber 102 index of refraction of about 1.5, the 

length of each of the optical fibers 102 is selected to be about 71.35 mm for a modulation 

:frequency of approXimately 350 MHz. The relationship between the modulation frequency (F) 

30 and the length (L} of the optical fibers 102 is embodied in the equation: F= c(2i+l)/4Ln where i 

= 0,1,2, ... , c =speed of light in vacuum, and n =refractive index of the fiber. The length of 
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the set of optical· fibers 102 i~ selected to ensure a proper time separation of the pulse trains. It 

is understood that in other embodiments, the length of the optical fiber 102 can be selected in 

accordance with other indices of refraction and other pulsing frequencies· and, thus, the .present 

invention should be limited only by the· scope of the claims. Although the present invention 

5 describes use of low birefringence optical fibers, it is understood that pulsing of the laser· and · 

selecting an appropriate optical fiber length as described above may also be used to increase 

SNR in an embodiment utilizing high birefringence optical fibers (e.g .. , polarization 

nlaintaining optical fiber}. 

Figures 4a-4g illustrate a magneto-optical head in accordance with. an embodiment of 

10 the present invention, in various views. The set of flying MO heads may be illustrated with 

reference to a single representative flying MO head 106. A single representative flying MO 

head 106 is shown in Figure 4b to be positioned respectively above a surface recording layer 

349 of one of the set of spinning MO disks 107. In one embodiment, the flying MO head 106 

includes: a body 444, ·an air bearing surface· 447, a steerable micro-machined mirror assembly 

15 · 400, an objective lens446, and a magnetic coil 460. In one embodiment, the magnetic coil 

460 is a micro multi-tum coil positioned near the air-bearing surface 447 so as to generate a 

magnetic field that is: approximately 300 Oersteds of either polarity, reversible in a time of 

about 4ns. and approximately perpendicular to the plane of the spinning MO disk 107. One 

example of a suitable steerable ·micro-machined mirror assembly 400 is described in 

20 commonly assigned U.S. Patent Application 08/844,207, which is incorporated herein by ·· 

reference in its entirety. Preferably, the magnetic coil should not interfere with the outgoing 

and reflected laser beams 291and292 during passage through the flying MO head 106 to the 

spinning MO disk 107, or vice versa. As determined by mechanical dimensions and/or optical 

properties of the aforementioned elements comprising the flying MO head 106, the body 444 

25 includes a height of approximately 889 microns and a planar footprint area that corresponds to 

that of approximately 2032 microns x 1600 microns. The low-birefringence optical fiber 102 

is preferably coupled to the flying MO head 106 and is held along an axis of the body 444 by a 

v-groove 443 or other suitably dimensioned alignment feature. The optical fiber 102 is 

positioned within the v-groove 443 to preferably direct the outgoing laser beam 291 as an 

30 optimally focused spot of interest 340 onto the MO disk 107. The optical fiber 102 may be 

subsequently secured in place by using an ultraviolet curing epoxy or a similar adhesive. Use · 

of the optical fiber 102 within a V-groove permits accurate alignment and delivery of the 
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outgoing laser beam 29lrelative to the small mirror assembly-400. 'The .steerable micro­

machined mirror assembly 400 and objective lens 446 :are preferably compact and low mass so 

as to· fit within a physical volume defined approximately the· ~tanguJar outer dimensions of 

the body 444 and yet ·sufficiently large to direct a full cross section of the outgoing and 

5 · reflected laser beams 291 and 292 so that minimal power is lost and significant distortion and . 

aberrations in the outgoing· and reflected laser beams 291 and 292 ·are not introduced.. The MO 

head 106 profile; weight, and design are further simplified through the use of the low- . 

birefringence optical fibers 102 of the present invention, in that, a % .wave plate is not required 

as an additional optical component for use on the flying MO head 106 as is required when 

10 using polarization-maintaining optical fibers. 

The steerable micro-machined mirror assembly 400 is preferably aligned in the 

representative optical path so as to ~rect the outgoing laser beam 291 through the objective 

lens 446 towards the MO disk 107 and so as to direct the reflected laser beam 292 from the 

MO disk 107 back to the laser optics assembly 101. In one embodiment, the objective lens. 

15 : 446 may be a microlens.with a numerical aperture (NA) in the.range of approxintately 0.6-

-0.85.- Because flying height above the air bearing surface 447 is maintained with a reasonably. 

constant value, a focusing servo ·is not necessarily required. 

. As used in the magneto-optical storage and retrieval system· .100, ·fine tracking and 

.. short- seeks to nearby tracks ·are ·'peifonned by rotafuig a"reflective central mirror portion: 420 

20.,, (sho~ as hidden by.dottCd. lines iii Fig. 4a) offue steerable micro~machined mirror assembly 

400 about a rotation axis constrained by a set of hinges 410 such that the propagation angle of 

the outgoing laser beam 291 is changed before transmission to the objective lens 446. The 

reflective central mirror portion 420 is rotated about axes formed by the hinges 410 by 

applying a differential voltage to drive electrodes. The differential voltage creates an 

25 electrostatic force that enables the focused spot of interest 340 to be moved in· the radial 

. direction 450 on the MO media , 107. In one embodiment, the central mirror portion 420 

rotates approximately +/- 2 degrees, which is equivalent to approximately +/- 4 tracks at the 

surface of the MO disk 107. Although, in one embodiment a moveinent of+/- 4 tracks is 

disclosed, depending. on the desired performance characteristics of the steerable micro-

30 . machined mirror 400 described above, a range of movement greater or fewer than+/- 4 tracks 

is understood to also be possible. Consequently, movement of the focused spot of interest 340 
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across· the MO disk 107, aii~f detection of the reflected laser be~ 292 may be used .in storage 

and retrieval of information, track following, and seeks :from one data track to .another data 

track. · Coarse tracking may be maintained by adjusting a current to rotary actuator magnet and 

coil assembly 120 (Fig. la). The track following signals used to follow a particular track of the 

5 MO disk 107 may be derived using combined coarse and :fine tracking servo techniques as 

conventionally known. For example, a sampled sector servo format may be used to define 

tracks. The servo format may include either embossed pits stamped into the MO disk 107 or 

magnetic domain orientations that are read similar to data marks. If embossed pits are used, an 

adder output circuit may be used to supplement the differential amplifier 237 (Fig. 2). 

10 Conventional multiple magnetic disk Winchester magnetic disk drives use a set of respective 

suspensions and actuator arms that move in tandem as one integral unit. Therefore, because 

. each .flying head of such an integral unit is fixed relative to another flying head, during track 

following of a particular magnetic disk surface, simultaneous track following of another 

magnetic disk surface is not possible. In contrast, irrespective of the movement of the set of 

15 actuator arms 105 and set of suspensions 130, a set of steerable micro-machined mirror 

assemblies 400 may be used to operate independently and thus permit track following and 

seeks so as to read and/or write information using more than one MO disk surface at any given 

time. Independent track following and seeks using the set of concurrently operating steerable 

. micromachined assemblies 400 would preferably require a set of separate respective read 

20 · · : channel ~.fine track. electronics and mirror dri.ying elec~nics~ B,ecause _the aforementi~ed 
. ~ . . . . . . . . ·. . : .. 

embodiment would ,also preferably require use of separate laser-OP,tics assemblies 191, an 

optical switch 104 for switching between each of the separate optical paths would not 

necessarily be required. 

Figure Sa illustrates a magneto-optical data storage and retrieval system as part of a 

25 magneto-optical disk drive. In one embodiment, the magneto-optical system 100 comprises a 

compact high-speed and high-capacity MO disk drive 500 that includes an industry standard 

5.25 inch half-height form factor (1.625 inch), at least six double-sided MO disks 107, and at 

least twelve flying MO heads 106. As discussed above, the flying MO heads 106 may be 

manufactured to include optical fibers 102 as part of a very small mass and low profile high. 

30 NA optical system so as to enable utilization of multiple MO disks 107 at a very close spacing 

within the MO disk drive 500 and; therefore, to comprise a higher areal and volumetric and 

storage capacity than is permitted in an equivalent volume according to conventional 
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· · apPfoaches. In one embodiment, a sp~tl$ f>etw~en; each of the MO: disks' 107 isless than or 

equal to about o~ 182 inches. ·In accord.~.1u~e with ~e present invention, it is. identified. that a 

po18rization state may be conveyed. by low birefringence optical fibers 102 with reduced noise 

over that when conveyed by polarization".'maintaining optical fiber; 
. . . . . 

5 In an alternative embodiment sh1>~ jn :Fi~e Sb, the rutl{-height form factor MO disk · 

drive 500 may include a removable MO dis1c cartri48e porti~n ?~O and two fixed internal MO 

disks 107. By providing the removable MO di$k cartridge portion, 510, the fixed internal and 

· removable combination pennits extemal inform.ation to be efficie.ritly delivered to the MO disk 

drive 500 for subsequent transfer to the intem~ MQ.disks 107'. 'fhe copied infonnation may, 

10 subsequently, be r~rded back onto ~e re~qvable MO dim.c cartridge portion 510 for 
. . . . .· . . . . 

distribution to other computer systems. Iri addition, the removable MO disk cartridge portion 

510 allows for very convenient and high speed ~ac;k-up storage of the internal MO spinning 
. . . . . 

disks 107. The fixed internal and removable combination also permits storage of data files on 

the removable MO disk cartridge portion 510 anq system files and software applications on the 

15 internal MO spinning disks 107. In another alternative.embodiment (not shown) an MO disk 

drive 500 may include: any number (inclwiing zero) of internal MO disks· 107 and/or any 

n~ber of MO disks 107 within any number of mp.ovable MO disk cartridge portions. 
.. I ' ' 

20 

In aceordance with the present invention, the use of a rotary actuator arm is not 

necessarily required.· For e~ample, a lliieat ac~r arm may be tlsea The low profile optical 
·'··· .... :.;·:·-,,·· .... · ... 

or an optical fiber with a lens fonned on an end). 

As sllnilarly stated above, undesired laser noise can arise when a spurious reflection 

frOm conjugate points in the optical system interferes with the reflected laser beam 292 (Figure 

25 3). The conjugate points inciude the front end face (launch end 615) and back end face (head 

end 900) of the fiber 102. In' particular, lindesired. laser noise occurs when the spurious 

reflection from a conjugate poinf c~propagates with the reflected signal-bearing laser beam 

292 into the differential detector 240 (Figure 2a) and when the spurious reflection and the 

reflected laser beam 292 assume approximately the same spatial distribution. . Thus, the 
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spurious reflection. generally produces .. a reflected .wavefront that spatially overlaps quite 

. closely with the reflected::l~~ beam· 292 ftom the recording laY,~ 349 of an MO disk 107. 

RF modulation for redricini: the effects of fiber lauuch end 615 reflections 

As stated above, the laser source 231 may be modulated to reduce noise in the optical 

5 system by time-separating the spurious reflection E(t) (from fiber launch end 615) and the 

signal-bearing reflection 292 (from MO disk 107) .. Therefore, the interference between. the 

two reflected beams is reduced, thereby increasing. the SNR of the Kerr signal detected by 

differential detector 240 (Figure 2a). As also stated above, the laser source 231 may include, 

for example, an FP laser or a stable single-frequency laser such as a DFB laser. 

10 In accordance with the present invention~ additional techniques are now discussed for 

eliminating the effects of the spurious reflection from the laUoch end 615 of optical fiber 102. · 

These additional techniques include index matchiD.g, a cover slip technique, and angle 

polishing. These additional techniques may be perfonned by use of a laser source 231 that 

may be, for example, an FP laser or a stable single-frequency laser such as a DFB laser. 

15 Index matchini: for reducing the effects of fiber launch end. 615 reflections . 

An index matching approach may also be used to reduce the effects of the spurious 

reflection from the launch end 615 of the optical :fiber 102. In one embodiment, the :fiber 102 

(or fiber bundle) is coupled to a GRIN lens 610 to form a collimator (container) 600, as shown 

. in,~igme 6 .. An fude~-matcbntg m~erial 60S fills ~ ·~ between the GRIN lens: 610 'mid: the 
. . ' ·. . ' . . . 

20 · fiber 102. A capillary 602 supports the optical :fiber 102 in the collimator 600. The GRIN lens 

610 is used to focus the incident laser beam 291 into the fiber core via launch end 615 of 

optical fiber 102 and may have a pitch of, for example, approximately 0.23. The index­

matching material 605 has a refractive index that is equal or nearly equal to the refractive 

index of the core of optical fiber 102, thereby eliminating or substantially reducing the Fresnel 

25 reflection from the surface of launch end 61 S as well as from the inner GRIN lens surface 609 

(to the extent that the GRIN lens refractive index is substantially close to the index of the fiber 

102). The index-matching material 605 may comprise, for example, an optical epoxy, gel, or 

fluid. To the extent that the refractive index of the core of the fiber 102 does not match the 

refractive index of the index matching material 605, a difference in the refractive indices of An 

30 = ±0.05, may be tolerated between the fiber 102 core and the index matching material 605, 

thereby resulting in a maximum interface reflectivity of approximately 0.03%. Preferably, the 
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· · index..:matching material 605 h3s a high optical ·quality to prevent aberrations or scattering. In 

additio~ the·:air-incident surface 608 of GRIN lens ·610' is ~ferably coated with an anti-
. . .· 

reflection (AR) coating to fu.rther mininllze refle(;~on. The Al{ ~oating is, for example, any 

suitable thin-film dielectric stack for redutjng retl~ctions. 

5 It is noted that some amouilt of reflection from the outgoing laser beam 291 may still 

occur at the air-incident·suiface 608 ~en.if this surface is AR~ated. If the.outgoing laser 

beam 291 hits the air-incident surface 608 at perfectly normal incidence, then the reflection of 

· the outgoing laser beam 291 at the surface 608 could overlap with the reflected signal-bearing 

beam 292. However, the probability is slim that the outgoing laser beam 291.will hit the 

10 : surface 608 at perfectly normal incideJ:lce. Typically, in the ~ous. embodiments disclosed 

above, the outgoing Jaser beam 291 will bit the surface 608 ~tsome ang1e o( incidence as a 

, result of the following. In order to:·properly focus or direct the laser beam 291 tQward each . 

associated launch end 615 of each fiber 102 in a fiber bundle in the optical system ofFigure 6, 

the laser beam 291 will hit the air-incident surface 608 ·with some angle of incidence. The 
''. . . ; .... 

15 · laser beam 291 will hit the air-incident surface 608 at different angles of incidence depending 

on the coordinate of a particUlar launch .end 615 that receives the .laser beam 291 • 

. .. · .. 

As shown in Figure 6, the index-match,ing material 605 eauses the spurious reflection . . . ;··. : . . ' ·. . 

,E(t) to n~t ~ccur at the fiber laun~h end 615. The ~purious refl~on B(t) Will instead ric~ at 

non-conjugate surface 609 at the interface between the index-~atching material "605 ati(i"the 
...... : • ~- • : • • • • ! ! - • . ' •• .. -~ • . ; .:. • • .. • -~ .. -~· . : ' . . . . . . 

20 GRIN lens 610 to.the extent that a refractive index differeiice o~~s ·at this slli'face· 609. As a · 

result, the spurious reflection B(t) do~ not spatially overlap wifu. the signal-beariiig beam 291 

and also does not spatially overlap with.the reflected signal-bearing beam 292 from the MO 
. . 

.disk 107 (Figure 3). Since the spurious reflection E{t) is spati8Jly separated from the reflected 

signal-bearing beam 292, the differential qetector 240 (Figure ·2a) will be able to ·detect the 
·.. . ·.. . .· . . . . . ., 

25 components of reflected signal-bearing beam 292 without interference from the spurious 

... reflection E(t). 

In contrast, if an index;.matching material is not coupled to the fiber launch end 615, 

then a refractive index difference exists in the interface between the fiber launch end 615 and 

the adjacent air space. As a result of this refractive index difference, the spurious reflection 

30 E{t) generated at the fiber lamtch end 615 Will spatially overlap with the reflected signal-
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· bearing beam 292~ · This· undesired spurious· .. reflection E{t) is then. transmitted into. the · 

· diffeiential detector 240 ~~gnre ·2a) along with the reflected signal-bearing beam 292. . 

Coyer s]jp tecbnjque for reducin& the effects of fiber laun~ end 615 _reflections 

Figure 7 illustrates another index matching approach for reducing the effects of the 

5 spurious reflection E{t) at the launch end 615 of optical fiber l 02, in accordance with another 

embodiment of the present invention. A collimator 750 includes a GRIN lens 715. and a cover 

slip 700 coupled to the optical fiber 102 and/or to a capillary 755 that supports the optical fiber 

102. The cover slip 700 includes a back surface 765 that is typically cemented to the optical 

fiber 102 (and to the supporting capillary 755) with, for example, an optical cement having 

10 substantially the same refractive index as the cover slip. The cover slip 700 may be formed 

·from a material such as glass or other suitable materials. 

As further shown in Figure 7, the cover slip 700 causes the spurious reflection E(t) to 

not occur at the fiber launch end 615. The spurious reflection E{t) will instead occur at the 

surface 760 {a non-conjugate point) of cover slip 700. As a result, the spurious reflection E(t) 

15 does not spatially overlap with the reflected signal-bearing beam 292 ~m the MO .disk 107 

(Figure 3). Since the spurious reflection E(t) is spatially separated from the reflected signal­

. bearing beam 292, the differential detector 240 (Figure 2a) will . be able to d~ci the 

c~mponents of reflected signal-be8ring beam 292 without interference from .the spurious 
. ~ . . . . . .. 

. reflection E{t). 

20 . ·, .. In an al~~tive embodiment, the &Ont sulf~e 160 of cover slip 700 may als~ be AR-

coated to reduce the Fresnel reflection at the surface 760. The reflectance :from AR-coated 

front surface 760 may be, for example, on the order of about 0.25%. 

As another alternative, the GRIN lens 715 may also be AR-coated to further minimize 

reflection in the optical system in Figure 7. Since the refractive index of cover slip 700 {and 

25 corresponding mounting cement) are chosen to substantially match the refractive index of the 

core of optical fiber 102, the only reflection occurring in the optical system is the reflection 

from the AR-coated :front surface 760 of cover slip 700. Since the front surface 760 does not 

contain a conjugate point in the optic_al system of Figure 7, the spurious reflection E(t) from 

front surface 760 does not interfere with the signal-bearing beam 292, as mentioned above. 

30 An&)e potishin& for reducing the effects of fiber launch end 615 reflections 

In accordance with another embodiment of the present invention, an angle polishing 

approach may be used to reduce the effects of the spurious reflection E(t) from the launch end 
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· 615 of the optical fiber.102. The angle polishing approach Cail be USe<lif the· laser source 231 

is implemerited with, for example, an FP laser or a DFB laser. AB shown in Figure 80 a GRIN 

lens 800.is angle polished at a surface 80~ so that the GRIN 1~ surface 805 is disposed at an 

acute angle value 809 with respect to an QJ>tical prt>j>agation axis· 807. The GRIN lens surface 

5 805 may be ·disposed at an angle ranging. for exllll1ple, :betw~en · approximately seven (7) 

degrees to approximately .fifteen (15) degrees with respect to the optical propagation axis 807. 

In one embodiment~ the fiber launch end 615 is also angle polishcif so that the fiber launch end 

615 is disposed at an acute angle value 811 with respect to the optical propagation axis 807. 

To maximize the coupling of light between th~ GRIN lens 800 and the optical fiber 102, the 

10 angular values of the GRIN lens surface 805 and fiber launch end 615· are substantially equal · 

· ·with respect to the optical propagation axis 807. 

By altering the configuration of the GRIN lens surface 805 and/or the fiber launch end 

615, as shown in Figure 8, the interference between the spurious reflection ~E(t) and the 

reflected signal-bearing beam 292 (:from MO disk 107) is substantially reduced,- since both 

15 · refleetions are spatially separated. 

The beam component 292" (from reflected beam 292) is also spatially geparated from 

'· ·· noise component E'(t) {from spurious reflection ·E(t)) after Passing through the polarizing 

beam splitter 239. The beam component 292' is then received bY: ari MO detector lens 815 and 

by one of the ·photodiodes 236 (see ·also Figure 2a), and is then processed by differential 

20 ·' ·detector '240 (Figure 2a);• Similarly, the beam component 292'~ (from reflected beam· 292) is.:_· 
. ' . . . . 

spatially separated from noise component E"(t) (from ·sj>urious reflection E(t)) after passing 

through the polarizing beam splitter 239. The beam componenf 292" is then received by an 

MO detector lens 820 and by one of the photodiodes 236 (see also Figure 2a), and is then 

processed by differential detector 240 (Figure 2a). 

25 The noise component E'(t) may be prevented from transmitting into the differential 

detector 240 by use of an opaque light blocking element {not shown) that includes an aperture. 

Thus, the reflected signal-bearing beam component 292' will propagate through the aperture 

and Dito the differential detector 240 (Figure 2a), while the op~e light blocking element will 

block the noise component E'(t). Similarly, another opaque llght blocking element may be 

30 used to blOck the noise component E"(t) while permitting the signal-bearing beam component 

292'" to propagate into the differential detector240. 
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· Alternatively, the opaque light blocking elements are not used in the optical system. If 

there is a small angular 'ti~::J:?etween the reflection E(t) and th~ .. reflected signal.;bearing beam 
··;:-.::'::. . . "• 

292, then the two waves will combine to produce a spatial interference pattern at the 

photodetector plane. The period of the pattern is given by Bragg's.relation, Ag= 'JJ(2 sin 0), 

5 where sin 0 is the half-angle between the reflection E(t) and the beam 292. In the embodiment . 

of Figure 8, the polarizing beam splitter 239 in the differential detection system 240 is placed 

before the MO detector lens 815 and 820, so the two beams falling on either pf the MO 

detectors (photo-diodes) 236 (Figure 2a) will have the same polarization, ·leading to an 

intensity interference effect. For example, in Figure 8 the half-angle at an MO detector 236 is 

10 approximately ten (10) degrees, which corresponds to a grating period of about 1.9 microns. 

For an MO detector size of approximately 300-400 microns, the average intensity will be 

typically sensed by each of the MO detectors 236 and laser noise effects will be minimized. 

The angle polishing of GRIN lens surface 805 and/or fiber launch end 615 may be 

performed by use of, for example, various angle polishers available ftom Ultra Tee, Santa Ana, 

15 California. Other suitable polishers may also be used to alter the GRIN len& surface 805 

and/or fiber launch end 615. 

· Alternatively, the fiber launch end 615 may be angle cleaved so that it is disposed at an 

acute angle with respect to the optical propagation axis 807. One example. of a suitable 

instrument for cleaving the fiber launch end 615 is the Model FK.12 Angled Cleaver which is 

20 · lnan.ufactured by··York .Corporation, United Kiilgdom· and is commercially available from : 

· Newport Corporation, Irvine, California. · 

Fiber Head End Reflection (Noise) 

Reference is now made to Figure 9a for discussion of the spurious reflection Ea(t) that 

occurs at a fiber head end 900 of the optical fiber 102. The spurious reflection Ea(t) is 

25 generated as a result of (1) the reflection of the outgoing beam 291 from :the fiber surface 900 · 

on the head end, or (2) from some other optical component surface on the head. The spurious 

reflection Eit(t) propagates back towards the optical switch 104 and may interact with the 

return signal-bearing beam 292 to produce excess noise in the detection channel. The nature 

of the noise depends on the type of laser source used. If a FP diode laser is used, then mode 

30 partition noise (MPN) is the dominant source of noise. MPN arises because the spurious 

reflection Ea(t) travels a different optical path length before combining with the signal•be8.ring 

return light 292 in the detection module. If a DFB laser is used, then MPN is no longer of 
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~oncern, ·but media noise may be aml'lified by mixing of,:the·Spurious reflection with the 

signal-bearing light. In .addition, w~ using a DFR laser sc;>urce, the small optical path 

difference may lead to excess laser phase .noise .. · It is ·theref9~ important to implement a 

technique for eliminating (or significantly reducing) this unwan~ spurious reflection. 

5 . Various techniques are now discussed for eliminating. the · effects of the spurious 
. . 

reflection Eii(t) at the head end ·900 of optical fiber 102. These techniques include angle 

cleaving or angle polishing, index matching, and careless (o~ multi-mode) fiber splicing. 

These techniques are applicable while various type~ of laser sources 231, such ·as an ·FP laser 

or a DFB laser, are used to transmit light through the optical fiber 102. 

10 · Ansle cleayina for reducin& the effects of fiber bead end 900 reflections 

'.In accordance with another embodiment of the P!CSent invention, the effects of the 

. spurious reflection Ei.(t) from the head end 900 of fiber 102 ate eliminated by angle cleaving 
. . .. 

. the fiber head end 900. The angular amount of the cleave formC4 on the fiber head .end 900. 

with respect to an optical propagation axis 910 (Figure 9c) detennines the amount of the 

15 spurious reflection that is coupled back towards the fiber launch end 615. In Figure 9b, a 

graph 902 shows the relative :reflection amount from the fiber he.ad end 900 versus the angle 

by which the fiber head· end 900 is cleaved with respect tO the opti~ propagation axis 910. If, 
. . 

for"eXa.mple, the fiber head end 900.is not ailgle cleaved,~ approximately 100% of the 

·spurious Fresnel reflection E11(t) is reflected back t<>wards the launch end 615· of optical fiber 
. . 

20 102. As another example, if the fiber head end. ,9_00. i.s ~gle ;cleav~d- at, an .angle oL 

··. approximately two (2) degrees with respect to the optical Pl'Ollagation· axis· 910 (Figure 9c), 

then approximately 55% of the spurious reflection ~(t) is reflected back towards the launch 

end 615 of optical fiber 102. If the fiber head end 900 is angle cleaved at an angle of 

approximately four (4) degrees with respect to the optical propagation axis ·910 (Figure 9c}, 

2s·· · ·then less than approximately 10% of the spurious reflection Be(t) is reflected back towards the 

launch end 615 of optical fiber 102. The fiber head end 900 is preferably cleaved in a range 

between· approximately six (6) degrees to approximately fifteen (15) degrees with respect to 

· optical propagation axis 910 so that the spurious reflection Eu(t) ~t propagates back towards 

launch end 615 is essentially extinguished. Anti-reflection coating (AR) coating may also be 

30 al>plied to the fiber head end 900 for purposes of further reducing the Fresnel reflection at the · 

fiber head end 900. 
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Figure 9c illustrates a "fiber 102 with a head end 900 that has· an angle cleave of, for 

· ·example, about eight (8.))tegrees with respect to the optical .pp..?pagation axis 910. . The angle 
1:.' • .. :~·-~ : . ••.. . 

cleave value 903 causes. the central ray of outgoing beam 291 to exit the head end 900 at an 

acute angle value 905.(e.g., about 4.0 degrees) with respect to the optical propagation axis 910. 

5 The outgoing beam 291 is then reflected from the steerable micro-machined mirror assembly 

400 as a reflected beam 291' that propagates through objective lens 446 and that is directed at 

the slirface recording layer 349 of MO disk 107. In order for the reflected beam 291' to be 

directed towards the surface recording layer 349 in a substantially perpendicular direction, as 

shown in Figure 9c, the steerable micro-machined mirror assembly 400 is oriented at an 

10 appropriate angle 915 (e.g., about 43.0 degrees) with respect to the optical propagation axis 

910. In one embodiment, the measurement of angle 915 is an acute angular value other than 

forty-five (45) degrees. The reflected beam 291' is directed perpendicularly towards the 

recording layer 349 so that light is efficiently coupled between the optical fiber 102 and MO 

disk 107. Furthermore, the position of optical fiber 102 may be adjusted in the X, Y, and/or Z 

15 directions for maximum fiber coupling. 

Note that in Figure 9c, the angle cleave of head end 900 faces downward. In another 

embodiment shown in Figure 9d, an optical fiber 102 has a head end 900' with an angle cleave 

that faces upward. As a result, the angle 915 of steerable micro-machined mirror assembly 

400 is set at an appropriate value so that the reflected beam 291' is directed perpendicularly 

20 · · towards recording surface 349 of MO disk 107. . .. 

· Altematively,-the fiber head end 900 (Figure 9c) and/or fiber head end 900' (Figure 9d) 

may be altered with respect to the optical propagation axis 910 by angle polishing in a manner 

as similarly described above with reference to Figure 8. 

In contrast, if angle cleaving (or angle polishing) is not performed on the head end 900 

25 of optical fiber 102, then the outgoing beam 291 exits the head end 900 with a central ray that 

is substantially parallel to the optical propagation axis 910, as shown in Figure 9e. In order for 

the reflected beam 291' to be directed towards surface recording layer 349 at a substantially· 

perpendicular orientation, the value of angle 915 is typically about forty-five (45) degrees with 

respect to the optical propagation axis 910 .. The optical system shown in Figure 9e is 

30 particularly useful if: (1) a DFB laser is used and (2) media noise and laser phase noise are 

negligible. 

Index matching for reducing the effects of fiber head end· 900 reflections 
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· Jn accordance· with another em,bodiment of. the -present ·invention, the effect of the 

spurious reflection ·Ea(t} :from the head end 900 of· fiber 102. is . eliminated by . an index 

·· matching approach. ·As shown in Figure 1 Oa, a portion.of the optical fiber 102 is attached into 

a slider 1000 by, for example; glue 1005. A glass plate 1010 is pl.aced in the slider body 1000 

5 at an orientation substantially perpendicular to the optical fiber ~02. The gap betWeen the fiber 

head end 900 and the glass plate 1010 is filled with epoxy,, fluid, or gel 1015 or. other. suitable 

· material having a refractive index substantially the•same as-the refractive index of the core of 

the fiber. To the extent that the refractive index of the core of the fiber 102 does not match the 

refractive index of the index matching material 1015, a difference in the refractive indices of 

10 · ·.rui = ±0.05, may be tolerated between the fiber 102 core and the index matching material 

1015, thereby resulting in a maxim.um interface reflectivity.of approximately 0.03%. . 

· As shown in Figure I Ob, the index matched fluid 1015 causes the spurious reflection 

Ea(t) to not occur at the fiber head end 900. The spurious reflection E8 (t) will instead occur at 

a smface 1012 of glass plate 1010 (i.e., a non-conjugate surface), while a second spurious 

15 reflection E' e(t) will occur at non-conjugate surface 1013. As a result, the spurious reflections 

E8 (t) and B' H(t) do not couple back into the fiber. Since the spllrious reflecti<>ns: Ee(t) E' H(t) 

.. are effectively extinguished from the 'optical systein, the differential detector 240 (Figure 2a) 

··will be able to detect. the components of reflected signal-bearing beam 292 without 

interference from the spurious reflections &t(t) and E' 8{t). 

20 ·· Fiber &pliciu for re<iucin& the effects of fiber bead end-900 reflections BiAl, , . . ... ,, . 
In accordance With another · em.bodinient· of the :present invention,· the effect of the 

: spurious reflection Ee(t) from the head end 900 of fiber 102 is eliminated by another type of 

index matching approach as discussed with refereJJ,ce to Figures l la to 1 lb. Referring first to 

· · Figure 1 la, a coreless fiber section 1100 is spliced on the head end of fiber 102 .•. The coreless 

25 .fiber section 1100 may, for example, have a diameter similar to that of the single-mode fiber 

· 102 (e.g., 80 microns), and is coupled to the fiber 102. by, for example, fusion splicing. The 

· coreless fiber section 1100 is then cut along lines 1105 so that portion 1110 of coreless fiber 

, ·section 1100 is separated from portion 1115. Thus, the portion 1115 remains spliced to the 

-fiber 102. In an·altemative embodiment, a large-core multiJnode fiber (not shown) may be 

30 •used in ·place of the coreless fiber. The length of spliced fiber portion 1115 is preferably 

chosen so that the radius of the outgoing beam 291 output at the face 1120 of portion 1115 is 

less than the diameter of coreless optical fiber 102, The portion 1115 may have a length of, for 
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example, ·about 100 micrqns~ The. refractive index of coreless. fiber section 1100 (and portion 

1115) substantially matcb~~,#J.e refractive index of the core of optj.cal fiber 102. To the extent 

that the refractive index ~t:iii:e core of the fiber 102 does not m:;~h the refractive index of the 

fiber portion 1115, a ~erence in the refractive indices of An = ±0.05, may be tolerated 

5 between the fiber 102 core and the spliced fiber portion 1115, thereby resulting in a maximum 

interface reflectivity of approximately 0.03%. As a result, the effect of the reflection.from a 

conjugate point (i.e., head end 900) is significan~ly reduced due to the index matching, as 

discussed below. In addition, the light wave spatial distribution of outgoing beam 291 is not 

distorted in shape (e.g., circularity). If, in addition, AR coating is placed on the face of splice 

10 fiber surface 1120, then the Fresnel reflection from surface 1120 can be suppressed down to 

about 0.25%, resulting in a more efficient (i.e., lower loss) optical system in Fig. 1 la. 

If, during the splice process, the core size at the head end 900 (of optical fiber 102) 

changes due to the heating applied to the head end 900, then the effective mode field diameter 

of optical fiber 102 will increase. AB a result, a proper objective lens may be implemented to 

15 compensate for an increase in the effective mode field diameter. 

As shown in Figure 11 b, the· spliced fiber portion 1115 causes the spurious reflection 

Ee(t) to not occur at the fiber end face (head end 900). The spurious. reflection Eu,(t) will 

instead occur at the interface between the surface 1120 and the adjacent air space. AB a result, 

the spurious reflection Ee(t) does not efficiently couple back into fiber 102 and is therefore 

20 effectively extinguished.. Since the spurious reflection Eu(t) is substantially elimina~ from . 

the optical system, the differential detector 240 (Figure 2a) will be able to detect the 

components of reflected laser beam 292 without interference from the spurious reflection 

Ei1(t). 

Figure I le is a graph 1150 showing the.reflection from the fiber head end 900 versus 

25 the length of the spliced fiber portion 1115. It is shown that the interference between .the 

spurious reflection EH(t) at the fiber head end 900 and the laser beam 292 is substantially 

reduced if the spliced fiber portion 1115 has a length of at least approximately l 00 microns. 

In accordance with another embodiment of the present invention, the above-mentioned 

teehniques for eliminating head end reflection are not required if the laser source 231 is 

30 implemented with a DFB laser and if both media noise and laser phase noise are sufficiently 

low in the optical system disclosed above. 
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It is understood that the present invention can find utility ill a variety of environments, 

such as other types of optical drives, conmiunications systems, and the like. Therefore, 

although the present invehtion has been described hereirt ; '\lrith reference to particular 

•embodiments thereof, a latitude of modification, various changes and substitutions are 

5 intended in the foregoing disclosure, and it will be appreciated that in some instances some 

features of the invention wiU be employed without a corresponding use of. other features 

without departure from the scope of the invention as set forth. 

-. . .·~ ~ 

,' ,. .. 

. .... · ... 

' ; . ~ 

30 



W099/50843 

We Claim: 

PCT/US99/0~982 

1. A. system tor propagating a main li8ht signal hetw~ a laser source and a 

storage location, comprising: 

an optical element disposed between the laser source and the storage location . 

5 and adapted to transmit the main light signal generated by the laser source, the optical 

element including an end face; 

10 

wherein the system is configured to reduce interference between the main light 

signal and a parasitic light signal created by a portion of the main light signal reflecting 

off of the end face of the optical element. 

2. The system of claim 1 wherein the main light signal is provided by a Fabry-

Perot laser. 

3. The system of claim 2 wherein the Fabry-Perot laser is modulated at a 

frequency of at least approximately 200 Megahertz. 

4. The system of claim 1 wherein the main light signal is provided by a stable 

15 single frequency laser source. 

20 

5. The system of claim 4 wherein the stable single frequency laser source includes 

a distributed feedback laser source. 

6. The system of claim 1 wherein the optical element includes a low-birefringence 

optical fiber. 

7. The system of claim 1 wherein the end face of the optical element is disposed 

near the laser source. 

8. The system of claim 7 wherein the main light signal generated by the laser 

source is modulated at a particular frequency to reduce interference between the main light 

signal and the parasitic light signal. 

25 9. The system of claim 8 wherein the optical element has a length related to the 

particular frequency. 

11111111111111 11111 1111111 1111 
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10. The system of claim 6 wherein the :main light signal generated by the laser 

source is pulsed at a particular frequency F = c(2i + 1) 4Ln; wherein c is a speed of light in a 

vacuum, Lis a length of the optical element, n is a refractive index of the optical element, and 

· i is an-integer having a value of at least zero. 

5 11. The system of claim 7 wherein a material is disposed between the end face and 

the laser source, the material having a refractive index substantially matching a refractive 

index of a core of the optical element for reducing the interference.· between the main light 

signal and the parasitic light ·signal. 

12.· The system of claim 11 wherein the material includes an epoxy .. 

10 · 13. The system of claim 11 wherein the material includes a liquid. 

14. The system of claim 7 further comprising: 

a container, disposed between the laser source and the optical element, 

containing a material disposed between the end face of the optical element and 

the laser source, the material having a refractive index substantially matching a 

15 refractive index of a core of the optical element for reducing the interference 

between the main light signal and the parasitic light signal. 

15. · The· system of claim 7 wherein a cover slip is disposed between the end face 

and the laser source, the cover slip having a refractive index substantially matching a refractive 

·index of,-a core of the optical ·element for reducing the interference between the. main light 

20 signal and the parasitic light signal. ... . . . < • 

25. 

16. The system of claim 7 ·further comprising: · · · · · ' 

a container, disposed between the optical element and the laser source, 

containing a cover slip disposed between the end face of the optical element 

and the laser source, the cover slip having a refractive index substantially 

matching a refractive index of a core of the optical element for reducing the 

interference between the main light signal and the parasitic light signal. 

: 17. The system of claim 7 wherein the end face of the optical element is altered in 

·· configuration to reduce ·interference between the main· light signal and the .parasitic light 

si- • 

30 · 18. · The system of claim . 7 wherein the end face is angle polished to reduce 

interference between the main light signal and the parasitic light signal. 

19. The system of claim 7 further comprising: 

32 
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. a lens· disposed between the end face and the laser somce, including a 

light receiv.iµg face, wherein said light receiving face is altered in configuration 

to impr0~~·~·~oupling efficiency of the optical ~t~ent. 
20. The system of claim 7 wherein the light receiving face is angle polished to 

S improve a coupling efficiency of the optical element. 

· 21. The system of claim I wherein the end face of the optical element is disposed 

near the storage location. 

22. The system of claim 21 wherein the end face of the optical element is altered in 

configuration to reduce interference between the main light signal and the parasitic light 

10 signal. 

23. The system of claim 21 wherein the end face is angle cleaved to reduce 

interference between the main light signal and the parasitic light signal. 

24. The system of claim 23 further comprising: 

a mirror assembly, disposed between the end face and the storage 

15 location, having an orientation in an angular amount other than forty-five . · 

degrees with respect to an optical propagation axis. 

25. The system of claim 21 wherein a material is disposed between the end face and 

a storage location,. the material having a refraction index substantially matching a refraction 

index of a core of the optical element for reducing interference between the main light signal 

20 and the parasitic light signal 

25 

26. The system of claim 21 further comprising: 

a container, disposed between the optical element and the storage 

location, containing a material coupled to the end face of the optical element, 

the material having a refractive index substantially matching a refractive index 

of a core of the optical element for reducing the interference between the main 

light signal and the parasitic light signal. 

27. The system of claim 21 wherein the end face is. coupled to a fiber portion 

having a refraction index equal to a refraction index of a core of the optical element to re<iuce 

the interference between the main light signal and the parasitic light signal. 

30 28. The system of claim 27 wherein the fiber portion is coreless. 

29. The system of claim 1 further comprising: 

11111111111111 11111 1111111 1111 
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an optical phase retarder disposed near the optical element and adapted 

·to compensate for induced stress on the optical element: 

30. The system of claim 1 further comprising:· 

3L 

an optical polarization rotator disposed near the optical element and 

adapted to· compensate for induced stress on the optical element. 

A low noise optical element for propagating· a main light signal betWeen a laser 

source and a storage medium, comprising: 

an optical fiber having at least one end face; 

wherein the optical fiber is configured to transmit the main light signal 

and to reduce an interference between a parasitic light signal and the main light 

signal. 

32. The low noise optical element of claim 31 wherein the main light signal is 

provided by a Fabry-Perot laser. 

· 33. · The low noise optical element of claim 32 wherein the Fabry-Perot laser is 

15 modulated at a frequency of at least approximately 200 Megahertz. 

34. The low noise optical element of claim 31 wherein the main light signal is 

provided by a stable single frequency laser source. 

35. The low noise optical element·of claim 34 wherein the stable single frequency 

· ·· ·laser source includes a distributed feedback laser source. ·. c · · ·. • . 

20 36. The low noise .optical element of claim 31 wherein the· optical fiber includes a 

low-birefringence ·optical fiber.·· · · · · ·. · · · · · 

37. The low noise optical element of claim 31 wherein the end face is disposed near 

the laser source. 

38.· The low noise optical element of claim 37 wherein the main light signal·from 

25 the laser source is modulated at a particular frequency to reduce interference between the 

parasitic light signal and the main light signal. 

· 39. · The low noise optical element of claim 38 wherein the optical fiber has a length 

related to the particular .frequency. 

40. The low noise optical element of claim 37 wherein the laser source·is pulsed at 

30 a particular frequency F = c(2i + l) 4Ln, wherein c is a speed of light in a vacuum, Lis a 

length of the optical element, n is a refractive index of the optical element, and i is an integer 

having a value of at least zero. 
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41. The low noise optical element of claim 37 wherein the end face is coupled to a 

material having a refractive. index substantially matching a re:fi'active index of a core of the 
. _.···~·:·;: :~ =· <-=r·> 

optical fiber. 

42. The low noise optical element of claim 41 wherein the material includes epoxy. 

5 43. The low noise optical element of claim 41 wherein the material includes a fluid. · 

44. The low noise optical element of claim 37 wherein the end face is coupled to a 

cover slip having a refractive index substantially inatching a refractive index of a core of the 

optical fiber. 

45. The low noise optical element of claim 37 wherein the end face of the optical 

10 fiber is altered in configuration to reduce interference between the parasitic light signal and the 

main light signal. 

46. The low noise optical element of claim 45 wherein the end face is angle 

polished. 

47. The low noise optical element of claim 37 wherein the end face is located 

15 adjacent to a lens with a light receiving face that is altered in configuration to improve a · 

coupling efficiency of the optical element 

48. The··1ow noise optical element of claim 47 wherein the light receiving face is 

· angle· polished. 

49. The low noise optical. element of claim 31 wherein the end face of the ·optical . 

20 . . element is near the storage location.: 

50. The low noise optical element of claim 49 wherein the end face of the optical 

element is altered in configuration to reduce interference between the parasitic light signal and 

the main light signal. 

51. The low noise optical element of claim 50 wherein the end face is altered by 

25 angle cleaving. 

52. The low noise optical element of claim 50 wherein a mirror assembly is 

disposed adjacent to the end face and has an orientation of an angular amount other than forty­

five degrees with respect to an optical propagation axis. 

53. · The low noise optical element of claim 49 wherein the end face is coupled to a 

30 material having· a refraction index substantially matching a refraction index of a core of the 

optical fiber to reduce interference between the parasitic light signal and the main light signal. 

54. The low noise optical element of claim 53 wherein the material includes fluid. 
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SS. ·The low noise optical element of clainf49 wherein:· the end· .face is coupled to a 

fiber portion having a refraction index substantially matching to a refraction index of a core of 

the optical fiber to reduce interference between the parasitic light signal and the main light 

signal. 

5 · 56. The low noise optica1 element of claim 55 wherein the fiber portion is coreless. 

· 57. The low noise optical element of claim· 31 wherein the optical fiber is disposed 

near an optical phase retarder adapted to compensate for induced stress on the optical fiber. 

58. The low noise optical element of claim 31 wherein the optical fiber is disposed 

near an optical polarization rotator adapted to compensate for induced stress on ·.the optical 

10 fiber. 

S9. An optical system for transmitting a main light signal between a light so~ce 

and a storage media, comprising: · · · · · 

15 . ' 

laser. 

an optics fiber adapted to tranm:nit light between the light source and the 

·storage media and having at least one fiber end face; and · 

wherein the optical system is configured ·to reduce an effect of a -

·.· reflection occurring at the fiber end face .. 

60. The optical· system of claim 59 wherein the light is provided by a Fabry-Perot 

61. · · - The optical system of claim 60 wherein the Fabry-Perot laser is modulated at a 

20 ·· frequency of at least approximately 200 Megahertz. -. ; . , · 

· · 62. •> · • The optical system·of claim S3 wherein the light ·is provided by a stable single 

frequency·Iaser source. 

· 63. The optical system of claim 62 wherein the stable single :frequency laser source 

· -includes a distributed feedback laser source. 

25 64. The optical system of claim 59 wherein the optics fiber includes a low- -

birefringence optics fiber. 

6S. The optical system of claim 59 wherein the fiber end face is disposed near the 

light source. 

66. The optica1 system of claim 65 wherein the light source is pulsed .at a particular 

30 frequency to reduce the effect of the reflection from the fiber end face. ·. 

67. The optical system of claim 65 wherein the light source is modulated at a 

particular frequency F = c(2i + 1) 4Ln, wherein c is a speed of light in a vacuum, L is a length 
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of the optics fiber, nis a refractive index of the optics fiber, and i is an integer having a value 

of at least zero. . . , . . . . 

68. The. opti~JY~~tem of claim 65 wherein the flb·~f end face is index-matched 

with a particular material to reduce the effect of the reflection from the fiber end face. 

5 69. The optical system of claim 65 wherein the fiber end face is index-matched 

with a cover slip to reduce the effect of the reflection from the fiber end face. 

70. The optical system of claim 65 wherein the fiber end face is altered. to reduce 

the effect of the reflection from the fiber end face. 

71. The optical system of claim 59 wherein the fiber end face is near the storage 

10 media. 

72. The optical system of claim 71 wherein the fiber end face is altered to reduce 

the effect of the reflection from the fiber end face. 

73. The optical system of claim 71 wherein the fiber end face is index-matched 

with a particular material to reduce the effect of the reflection :from the fiber end face. 

15 74. The optical system of claim 71 wherein the fiber end face is coupled to a multi-

mode fiber portion to reduce the effect of the reflection from the fiber end face. 

75. A method of propagating a main light signal between a laser source and a 

storage location.in an optical drive, comprising: 

transmitting the main light signal across an optical element having an end face; 

20 and 

reducing an interference between a reflection from the . end face and the main 

light signal. 

76. The method of claim 75 wher~in the laser source includes a Fabry-Perot laser. 

77. The method of claim 75 wherein the laser source includes a stable single 

25 frequency laser source. 

78. The method of claim 77 wherein the stable single frequency laser source 

includes a distributed feedback laser source. 

79. The method of claim 75 wherein the optical element includes a low-

birefringence optic fiber. 

30 80. The method of claim 75 wherein the end face is disposed near the laser source. 

81. . The method of claim 80 wherein the reducing step comprises: 
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pulsing· the light at a particular frequency based oil a length of the 

· ·optical element. 

82. The method :of claim 81 wherein the light is pUlsed at a frequency of at least 

approximately 200 Megahertz. 

5 83~ The method of claim 80 wherein the reducing step comprises: 

providing· a material coupled to the end face and having a refractive 

index substantially matching a refractive index of a ·core of the optical element. 

84. The method of claim 80 wherein the reducing step comprises: 

· providing the end face with a cover slip having a refractive index 

10 substantially matching a refractive index of a core of the optical element. 

15 

20 

85. ·The method of claim 80 wherein the reducing step comprises: 

altering a configuration of the end face of the optical ·element. 

· · · 86. · The method of claim 85 wherein the altering step comprises: · 

polishing the end face so that a particular angular value is formed 

. between a surface of the end face and an optical propagation axis. 

87. The method of claim 85 wherein the altering step comprises: 

· " cleaving the end . face so that a . particular angular value ."is formed 

between a surface of the end face and· an.optical propagation axis;··· 

· · · .:. 88 .. · The method of claim 85 further comprising: 

providing a lens ~ocated near the end face, the lens having·: a light 

. receiving face th.at is altered. . '• '• . . . 

89. The method of claim 75 wherein the end face of the optical element is near the 

storage location. 

90. The method of claim 89 wherein the reducing step comprises: 

25 altering the end face of the optical element. 

30 

91. The method of claim 90 wherein the altering step comprises: 

forming an angle cleave on the end face of the optical element .. 

92. · The method of claim 89 wherein the reducing step comprises: 

93. 

coupling to the end face to a material having a refraction ·index 

substantially matching a refraction index of a core of the optical element. 

The method of claim 89 wherein the reducing step comprises: 
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coupling to the end face to a fiber portion having a refraction index 

substantially matching a refraction index of a core of the optical element . 
. ,_:--".}\;;·,:.-' . ,_:, .. ,,.,_ . 

94. An apparaiif~:'ftir directing light between a laser so\irce" and a storage location in 

an optical drive, comprising: 

5 means for transmitting light between the laser source and the storage 

location, the transmitting light means including an end face, the transmitting 

light means :further including means for reducing an effect of a reflection from 

the end face. 

95. A low noise optical system for transmitting a laser beam to and from a data 

10 storage system, the low noise optical system -comprising: 

an optical path capable of transmitting the laser beam to and from the data 

storage system, the optical path having at least one end, wherein the low noise. optical 

system is configured to shift a reflection of the laser beam to reduce interference 

between the reflection and the laser beam. 

15 96. The low noise optical system of claim _95 wherein the reflection is shifted by · 

time to reduce interference between the reflection and the laser beam. 

97. The low noise optical system of claim 95 wherein the reflection is shifted in 

position to reduce interference between the reflection and the laser beam. 

98. A method of transmitting a laser beam to and from a data storage system 

20 comprising: 

transmitting the laser beam to and from the data storage system; and 

shifting a reflection of the laser beam to reduce . interference between the 

reflection and the laser beam. 

99. The method of claim 98 wherein the shifting step comprises: 

25 time shifting the reflection to reduce interference between the reflection and the 

laser beam. 

100. The method of clalln 98 wherein the shifting step comprises: 

spatially shifting the reflection to reduce interference between the reflection and 

the laser beam. 

30 
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