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Abar code reader for an automated storage library has a lens 
assembly With a pair of polarized liquid crystal lenses. Each 
lens has pair of parallel glass plates that are separated by 
upper and loWer glass substrates. A series of polymer ?lms 
are symmetrically spaced apart betWeen the substrates. Both 
the substrates and the ?lms are perpendicular to the glass 
plates. Electrodes are formed on the ?lms and combine to 

(73) Asslgnee' glternatlonal Busmess Machmes form a semi-cylindrical stack of ?lm. Liquid crystal ?lls the 
orp., Armonk, NY 10504 (US) , , 

spaces betWeen ad]acent pairs of the ?lms. The ?lms are 
(21) APPL NO: 09/761,212 coated and/or treated by an alignment process to predispose 

the liquid crystals to a speci?c rotational direction. When a 
(22) Filed; Jam 16, 2001 selected voltage is applied betWeen adjacent ones of the 

electrodes, the liquid crystals are synchronously rotated to 
Related US, Application Data alter their refractive index to a desired value. Thus, When the 

layers of each lens are manipulated in unison, the bar code 
(63) Continuation of application No. 09/333,079, ?led on reader is able to quickly adjust its focal length to read bar 

Jun. 14, 1999. codes at various distances. 
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AUTOMATED MEDIA STORAGE LIBRARY WITH 
VARIABLE FOCAL LENGTH LENS 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] This invention relates in general to automated 
media storage libraries and in particular to an automated 
media storage library With a variable focal length lens for 
scanning bar coded labels associated With data storage 
media in the library. 

[0003] 2. Background Art 

[0004] Automated media storage libraries Which utiliZe 
storage devices such as data cartridges are Well knoWn in the 
art. A large number of the cartridges are typically mounted 
in a rotatable housing or magaZine and individually indeXed 
With bar coded labels. The labels may be positioned in a 
variety of locations, including on the cartridges themselves, 
adjacent to a mail slot on the housing, or on a door around 
each mail slot. Abar code reader system is located adjacent 
to the housing for reading the labels so that the desired 
cartridge may be selected and accessed. In order to scan a 
label associated With a moving cartridge and/or reader 
system, the focal length of the reader must be adjustable to 
accommodate for cartridges and labels Which differ in siZe 
and, thus, distance from the reader. This problem has 
become even more acute With libraries Which contain mul 
timedia storage devices. 

[0005] Therefore, it is a feature of the present invention to 
provide an assembly With a high speed, variable focal length 
lens for reading bar code labels on media devices located in 
an automated media storage library. 

SUMMARY OF THE INVENTION 

[0006] Abar code reader for an automated storage library 
has a lens assembly With a pair of polariZed liquid crystal 
lenses. Each lens has pair of parallel glass plates that are 
separated by upper and loWer glass substrates. A series of 
rectangular polymer ?lms are symmetrically spaced apart 
betWeen the tWo glass substrates. Both the substrates and the 
?lms are perpendicular to the glass plates. A semi-circular 
electrode is formed on each side of each piece of ?lm to form 
a semi-cylindrical “stack” of ?lm. The electrodes do not 
completely cover the ?lm. Liquid crystal ?lls the space 
betWeen each adjacent pair of the ?lms. The ?lms are coated 
and/or treated by an alignment process to predispose the 
liquid crystals to an alignment and rotation direction. 

[0007] When a selected voltage is applied betWeen adja 
cent ones of the electrodes, the liquid crystals are synchro 
nously rotated to alter their refractive indeX to a desired 
value. Thus, When the layers of each lens are manipulated in 
unison, the bar code reader is able to quickly adjust its focal 
length to read bar codes labels on media devices at various 
distances. For eXample, When the applied voltage is Zero, 
there is no refractive indeX difference betWeen the electrode 
portion and the non-electrode portion of the liquid crystal. 
Therefore, the focal length is in?nite. Applying a voltage to 
the electrodes alters the refractive indeX of the liquid crystal 
and, thus, shortens the focal length of the lens assembly to 
the proper distance for reading the labels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] So that the manner in Which the features, advan 
tages and objects of the invention, as Well as others Which 
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Will become apparent, are attained and can be understood in 
more detail, more particular description of the invention 
brie?y summariZed above may be had by reference to the 
embodiment thereof Which is illustrated in the appended 
draWings, Which draWings form a part of this speci?cation. 
It is to be noted, hoWever, that the draWings illustrate only 
a preferred embodiment of the invention and is therefore not 
to be considered limiting of its scope as the invention may 
admit to other equally effective embodiments. 

[0009] FIG. 1 is an isometric vieW of a lens assembly 
constructed in accordance With the invention. 

[0010] FIG. 2 is an isometric vieW of a single liquid 
crystal (LC) lens of the lens assembly of FIG. 1. 

[0011] FIG. 3 is a schematic, sectional side vieW of the LC 
lens of FIG. 2. 

[0012] FIG. 4 is a schematic top vieW of the LC lens of 
FIG. 2 taken along the line 4-4 of FIG. 3. 

[0013] FIG. 5 is a front vieW of the LC lens of FIG. 2 
shoWing a ?rst con?guration. 

[0014] FIG. 6 is a front vieW of the LC lens of FIG. 2 
shoWing a second con?guration. 

[0015] FIG. 7 is a schematic, enlarged, sectional side vieW 
of a portion of the LC lens of FIG. 2 shoWn Without an 
applied voltage and taken along the line 7-7 of FIG. 4. 

[0016] FIG. 8 is a sectional side vieW of the portion of the 
LC lens of FIG. 7 shown With an applied voltage. 

[0017] FIG. 9 is an isometric vieW of an automated media 
storage library that incorporates the lens assembly of FIG. 
1 and is constructed in accordance With the invention. 

[0018] FIG. 10 is an enlarged front isometric vieW of a 
cartridge station of the library of FIG. 9 Wherein the door of 
the station is open. 

[0019] FIG. 11 is a schematic front isometric vieW of the 
cartridge station of FIG. 10 With the door closed. 

[0020] FIG. 12 is a schematic, rear isometric vieW of the 
cartridge station of FIG. 11. 

[0021] FIG. 13 is a schematic, rear isometric vieW of an 
alternate embodiment of the cartridge station of FIG. 11. 

[0022] FIG. 14 is a schematic draWing of a method for 
making the LC lens of FIG. 2. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0023] Referring to FIG. 1, a sensor or lens assembly 11 
for use With a bar code reader in an automated media storage 
library 12 (FIG. 9) is shoWn. Lens assembly 11 comprises 
a front liquid crystal (LC) lens 13, a rear LC lens 15, and a 
transparent spacer plate 17 therebetWeen. A laser light 
source 19 (indicated schematically by the arroW) is projected 
into rear lens 15 from right to left. Light source 19 is 
independently focused by each lens 13, 15 into a conical 
beam 23, 25, respectively, and focused to a common point 
21 to the left of front lens 13. The thickness of spacer plate 
17 is selected to be one half of one Wavelength of the light 
emitted by light source 19. 
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[0024] Lenses 13, 15 are identical in construction and are 
is illustrated in detail in FIGS. 2-4. For simplicity, only lens 
13 Will be discussed even though the following description 
applies equally to lens 15. Lens 13 consists of a pair of 
parallel, glass plates, 31, 33, and a plurality of thin, rectan 
gular, insulative, polymer ?lms 35 therebetWeen. In the 
embodiment shoWn, plates 31, 33 are 1 mm squares. The 
inner surfaces of plates 31, 33 are spaced apart by 70 
microns Which is also the Width of ?lms 35. Each ?lm 35 has 
a length of 1 mm and a thickness of 2 microns. A pair of 
glass substrates 41, 43 are located at the upper and loWer 
ends, respectively, of lens 13 With ?lms 35 therebetWeen. 
Films 35 and substrates 41, 43 are parallel to one another, 
and perpendicular to plates 31, 33. Films 35 and substrates 
41, 43 are evenly spaced apart from one another by 50 
microns. Thus, in the embodiment shoWn, there are 19 ?lms 
35 Which de?ne 20 layers betWeen substrates 41, 43. 

[0025] The upper and loWer surfaces of each ?lm 35 and 
the inner surfaces of substrates 41, 43 have an electrode 45 
formed on them. In the embodiment shoWn, electrodes 45 
are semi-circular in shape With a radius of 2 mm, but they 
may be formed in any other shape that also Would produce 
a positive focal length. As Will be discussed beloW, the 
radius of electrodes 45 is determined by the range of focal 
lengths required by the application. Although electrodes 45 
have a thickness that is less than 10 nm, they are shoWn 
much thicker for illustration purposes. Electrodes 45 may be 
sputtered to the desired shape With a patterned mask, or 
sputtered over the entire rectangular surface of ?lms 35 and 
substrates 41, 43, and then chemically etched With a pat 
terned photo-resist to obtain the desired shape. Other pro 
cesses, such as photolithography, may also be used to obtain 
the desired pattern for electrodes 45. 

[0026] After electrodes 45 are formed, an alignment mate 
rial (not shoWn) is spin-coated or printed on top of the 
electrodes and the remaining surface area of the underlying 
substrate. The most popular alignment material for liquid 
crystal is polyimide. HoWever, any material for homogenous 
parallel alignment, such as polyvinyl alcohol, may be used. 
The alignment material has a thickness of 30 nm or less. 
After the alignment material has coated the electrodes and 
their substrates, an alignment process, such as rubbing, is 
performed on the alignment material to set the desired 
alignment direction for the liquid crystals. Other alignment 
processes, such as photoalignment, Which establish parallel 
homogenous alignment may also be used. 

[0027] The alignment effect from the surface of the sub 
strate is limited to several doZen microns (approximately 30 
to 70 microns). Therefore, ?lms 35 are mounted in spacers 
(not shoWn) to maintain their 50 micron spacing. The 
spacing betWeen ?lms 35 could be larger or smaller, as long 
as the alignment effect is maintained. The ?lms 35, sub 
strates 41, 43, and plates 31, 33 are then assembled together 
to form lens 13 before the liquid crystals 47 are injected into 
the spaces or cells. 

[0028] Note that the total thickness of each ?lm 35, 
including an electrode 45 and outer layer of alignment 
material on each surface (Which are substantially negligible 
at 20 nm and 60 nm total) is approximately 2 microns. Since 
there is only one ?lm 35 for every 50 microns of transmis 
sion Width, the amount of light transmitted by lens assembly 
11 is diminished by only 4% per lens 13, 15, or 8% total. 
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[0029] Referring to FIG. 14, lens 13 is assembled by 
dispensing heat curable epoxy resin 37 around the perpen 
dicular glass plates 31, 33, ?lms 35, substrates 41, 43 and 
spacers to form a seal 38 therebetWeen. An opening 39 in the 
lens body assembly 13 is reserved for injecting the liquid 
crystals 47. After curing the epoxy, the liquid crystals 47 are 
injected through opening 39 into the cells betWeen ?lms 35 
With a vacuum injection technique. The air in the cells is 
removed With a pump 40 to create a vacuum and opening 39 
in seal 38 is immersed into the liquid crystals 47 to ?ll the 
cells by capillary action. Opening 39 is sealed after the lens 
13 is ?lled. 

[0030] As shoWn in FIGS. 5 and 6, liquid crystal 47 ?lls 
the spaces betWeen ?lms 35 and substrates 41, 43. FIGS. 1, 
5 and 6 also shoW the perpendicular orientation of lenses 13, 
15 relative to one another and the lens assembly 11 overall. 
In the embodiment shoWn, the layers of front lens 13 are 
vertically oriented, and the layers of rear lens 15 are hori 
Zontally oriented to form a polariZed lens assembly 

[0031] Each lens 13, 15 can only focus in one direction, 
hence, lenses 13, 15 are rotated and ?xed at 90 degrees 
relative to each other. Spacer plate 17 is required for 
tWo-dimensional focusing. For example, referring to the 
Cartesian coordinate system 67 in FIG. 1, lens 13 could 
control focusing in an Y-plane angle of light beam 19, While 
lens 15 controls the Z-plane angle. Thus, the coaxial direct 
ion is the X-direction. 

[0032] Referring noW to FIGS. 3, 7, and 8, the leads 51, 
53 of a voltage source 55 are connected to electrodes 45 in 
an alternating pattern. A focal length controller 57 is pro 
vided for controlling the voltage of voltage source 55. 
Although both electrodes 45 on each ?lm 35 have the same 
the same orientation, the adjacent ?lms 35 (both above and 
beloW) have the opposite orientation so that the liquid 
crystal 47 lying therebetWeen is exposed to the voltage 
potential. Thus, the liquid crystal 47 in each cell or space 
betWeen the ?lms 35 may be manipulated simultaneously 
and in unison. The amount of voltage required to manipulate 
liquid crystals 47 is minimiZed as the spacing betWeen ?lms 
35 is only 50 microns. 

[0033] Note that electrodes 45 do not extend across the 
entire Width of ?lms 35 and substrates 41, 43. In the 
embodiment shoWn, electrodes 45 only cover about tWo 
thirds of the surface area of their respective substrates. Thus, 
a portion of the birefringent liquid crystal 47 lying betWeen 
adjacent ?lms 35 (above and beloW the left sides of ?lms 35) 
is not subjected to the voltage potential in order to vary the 
focal length of lens assembly 11. Since, the minimum focal 
length is 10 mm and the difference betWeen the ordinary (left 
side) and extraordinary (right side) refractive indexes of 
liquid crystal 47 is about 0.2, the radius of electrodes 45 
must be no larger than the product of the focal length and the 
index difference (hence, 10 mm>< 0.2=2 mm radius). 

[0034] In FIG. 7, the applied voltage is Zero, so liquid 
crystals 47 are identically aligned and oriented on both sides 
of ?lms 35 (only tWo ?lms shoWn). In FIG. 8, the applied 
voltage does not equal Zero, so the alignment direction of the 
liquid crystals 47 on the right side of ?lms 35 are propor 
tionately reoriented, and the liquid crystals 47 on the left 
side of ?lms 35 remain unaffected. This changes the refrac 
tive index of the liquid crystals 47 and, thus, the focal length 
of lens assembly 11. 
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[0035] Note that since lenses 13, 15 are spaced apart from 
each other along the X-axis, the voltages applied to them 
must be different in order to focus at the same X-axial point 
21. The focal length of lens 15 should be longer than that of 
lens 13. Since the difference in the focal lengths is ?xed by 
the con?guration, the relation of the applied voltage to 
lenses 13, 15 can be calculated. Controller 57 calculates the 
applied voltages to lenses 13, 15 according to the informa 
tion from the bar code reader. For example, if the focal 
length of lens 15 is 15.0 mm, and the total thickness of 
spacer plate 17 and lens 13 is 5.0 mm, the focal length of 
lens 13 Would be 10 mm. Lenses 13, 15 focus light 19 
simultaneously to a single point 21. 

[0036] In operation (FIGS. 9-13), library 12 has a base 61 
containing a plurality of drives (not shoWn) and a door 63 
With an opening 64. Door 63 is pivotally mounted to base 61 
and is normally closed, but shoWn open in FIG. 9. A mail 
slot or cartridge input/output (I/O) station 65 is mounted to 
door 63 (shoWn exploded from door 63 in FIG. 9). Station 
65 has a generally cylindrical, stationary body or magaZine 
71 With a coaxial door 73 that is pivotable or rotatable about 
the Z-axis relative to body 71. Door 73 has a generally 
cylindrical shape and is shoWn open in FIG. 10 and closed 
in FIG. 11. MagaZine 71 has a plurality of parallel, cartridge 
storage slots 75, each of Which may contain one or more data 
cartridges 77 (tWo shoWn). Cartridges 77 may comprise 
tape, magneto-optical disk, digital versatile disk (DVD), 
high density ?oppy disks, or high density removable hard 
disk cartridges. Typically, library 12 does not have mixed 
media in it, but it is capable of handling such. Cartridges 77 
are exported from library 12 in the +X direction, and 
imported in the —X direction. A robotic picker 79 (FIG. 9) 
moves cartridges 77 to and from magaZine 71 in the Y-Z 
plane. 

[0037] When door 73 is open (FIG. 10), a user can 
manually insert cartridges 77 into or remove them from slots 
75 in magaZine 71 through opening 64 in door 63. When 
door 73 is closed by the user, robotic picker 79 can access 
the cartridges 77 placed into slots 75 (cartridge import). 
Alternately, When door 73 is closed, picker 79 can place 
more cartridges 77 into magaZine 71 for removal from 
library 12 (cartridge export). Both of these operations are 
necessary since library 12 has a ?nite amount of cartridge 
storage space. Inactive cartridges Which still contain valu 
able data are exported and shipped to a Warehouse, the 
loWest tier in the data storage hierarchy. Each inactive 
cartridge is replaced by a neWly imported cartridge. 

[0038] Referring noW to FIGS. 11 and 12, a plurality of 
sensors 11 are mounted to an inner portion 81 of door 73 
and, thus, rotatable thereWith. Sensors 11 are vertically 
arrayed to align With the slots 75 of magaZine 71 in a 
one-to-one ratio. Door 73 and sensors 11 pivot relative to 
stationary magaZine 71. PoWer to and electrical signals from 
sensors 11 are transmitted on cable 83. Cable 83 also carries 
poWer to a motor 85 that opens and closes door 73. Amaster 
cable (not shoWn) extends from motor 85 and sensors 11 to 
controller 57. Door 73 alloWs a user to manually access 
cartridges 77 in library 12 through opening 64. 

[0039] A bar coded label 87 is af?xed to a rear side edge 
of each cartridge 77. Labels 87 may also be located adjacent 
to cartridges 77 near slots 75 (not shoWn). The lines of the 
bar code are parallel to the axis of rotation of sensors 11. The 
orientation of the bar code lines causes the sensors 11 to 
sWeep along a line perpendicular thereto. In the preferred 
embodiment, door 73 is pivoted and sensors 11 pivot past the 
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rear side edges of stationary cartridges 77 to scan labels 87. 
It is the sWinging of door 73 Which moves sensors 11, With 
their liquid crystal lenses 13, 15, across the labels 87 Which 
identi?es cartridges 77 in station 65 to controller 57. If the 
bar code reader cannot read the code on a label 87, controller 
57 changes the focal length of lenses 13, 15 in the respective 
sensor 11 to focus the code image on the reader. 

[0040] Alternatively, sensors 11 remain stationary and 
magaZine 71 is pivoted about the Z-axis (FIG. 13) by motor 
85. Sensors 11 read the barcodes 87 (not shoWn) on the 
backs of cartridges 77 as magaZine 71 sWeeps around. This 
alternate embodiment also utiliZes a siding planar door 89 
rather than the cylindrical door 73 of the preferred embodi 
ment. Door 89 may be con?gured to move or slide in either 
the Y-direction or in the Z-direction to alloW a user to 
manually access cartridges 77 through opening 64 in library 
12. With both of these embodiments, there is no mechanical 
motion of the components of sensor 11. Thus, the focus 
action is alWays fast and responsive. 

[0041] The information scanned from the cartridges 77 in 
magaZine 71 is relayed to controller 57 or a central data base 
for processing. The robotic picker 79 Would then move or 
handle individual cartridges 77 based on instructions from 
controller 57. HoWever, controller 57 must identify each 
cartridge 77 before giving commands to picker 79. Thus, 
controller 57 can give instructions to picker 79 as to Which 
cartridges 77 are to be stored in Which slots 75 and Which 
cartridges (if any) are to be directed into drives for imme 
diate data I/O operations. 

[0042] The invention has several advantages. The lens 
assembly uses liquid crystal lenses that can change their 
focal lengths at high speeds by merely varying an applied 
voltage in response to the focal length controller. The lens 
assembly is completely stationary and utiliZes no moving 
parts. This design is readily incorporated into automated 
storage libraries having various con?gurations. The inven 
tion is Well suited for libraries Which contain various types 
of storage media or bar code labels or differing siZes. 

[0043] While the invention has been shoWn or described in 
only some of its forms, it should be apparent to those skilled 
in the art that it is not so limited, but is susceptible to various 
changes Without departing from the scope of the invention. 

We claim: 
1. An apparatus for identifying components, each having 

a label ?xedly mounted in relation to the component and 
having information associated With the component, com 
prising: 

a ?rst element having a plurality of storage positions that 
are adapted to support the components; 

a second element located adjacent to the ?rst element, 
such that the ?rst and second elements are movable 
relative to one another; 

a sensor mounted to the second element and having a light 
source and a variable focal length lens assembly that is 
adapted to read the labels associated With the compo 
nents; and 

a controller connected to the sensor and at least one of the 
?rst and second elements for moving said one of the 
?rst and second elements relative to the other and 
adjusting the focal length of said lens assembly of the 
sensor to focus on and read the labels so that the 
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information associated With their respective compo 
nents may be processed by the controller: 

2. The apparatus of claim 1, further comprising a picking 
device ?xed mounted adjacent to the ?rst element for 
moving the components in response to the controller pro 
cessing the information. 

3. The apparatus of claim 1 Wherein the sensor comprises 
a plurality of sensors that are equal in number to the number 
of storage positions of the ?rst element, and Wherein each of 
the sensors is aligned and associated With one of the storage 
positions. 

4. The apparatus of claim 1 Wherein the second element 
is pivoted relative to the ?rst element. 

5. The apparatus of claim 1 Wherein the ?rst element is 
pivoted relative to the second element. 

6. The apparatus of claim 1 Wherein the ?rst element is a 
stationary support structure and the second element is an 
arcuate door Which is both manually and automatically 
operable relative to the stationary support structure. 

7. The apparatus of claim 1 Wherein the storage positions 
of the ?rst element are an array of parallel slots for sup 
porting a plurality of the components in a one-to-one ratio. 

8. The apparatus of claim 1 Wherein the lens assembly of 
the sensor has a focal length range of approximately 10 mm 
to in?nity. 

9. The apparatus of claim 1 Wherein the sensor is devoid 
of moving parts. 

10. The apparatus of claim 1 Wherein the sensor is a bar 
code reader. 

11. The apparatus of claim 1 Wherein the focal length of 
the lens assembly is altered by liquid crystal material. 

12. The apparatus of claim 1 Wherein the lens assembly of 
the sensor comprises a pair of polariZed liquid crystal lenses. 

13. The apparatus of claim 12 Wherein the lenses are 
separated by a transparent spacer having a Width equal to 
one-half Wavelength of the light source of the sensor. 

14. The apparatus of claim 12 Wherein each lens com 
prises a plurality of parallel substrates containing liquid 
crystal therebetWeen, each of the substrates having an elec 
trode for applying a variable voltage to the liquid crystal 
located betWeen said electrode and an adjacent electrode for 
altering the refractive index of the liquid crystal and, thus, 
the focal length of the lens assembly. 

15. The apparatus of claim 14 Wherein each of the 
substrates is coated With an alignment material. 

16. The apparatus of claim 15 Wherein the alignment 
material has been processed to set a desired alignment 
direction for the liquid crystal. 

17. The apparatus of claim 14 Wherein adjacent ones of 
the substrates are equally spaced apart by a distance in the 
range of 30 to 70 microns. 

18. The apparatus of claim 14 Wherein each of the 
substrates has a thickness of approximately 2 microns and a 
Width of approximately 70 microns. 

19. The apparatus of claim 14 Wherein the electrodes on 
the substrates are generally arcuate in shape. 

20. An automated media storage library having a base 
With a media drive unit and a picking device for interacting 
With data storage devices located therein, each of the data 
storage devices having a label ?xedly mounted in relation 
thereto and having information associated With its respective 
data storage device, the library comprising: 

an input/output station mounted to the base and having a 
scanner and a magaZine With a plurality of storage 
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positions that are adapted to contain the data storage 
devices, the scanner and the magaZine being movable 
relative to one another; 

the scanner having a sensor mounted thereto With a light 
source and a variable focal length lens assembly that is 
adapted to read the labels associated With the data 
storage devices; 

a controller adapted to be connected to the media drive 
unit, the picking device, and the input/output station for 
moving one of the scanner and the magaZine relative to 
the other and adjusting the focal length of said lens 
assembly to focus on and read the labels so that the 
information associated With their respective data stor 
age devices may be processed by the controller; and 
Wherein 

the picking device moves selected ones of the data storage 
devices from said positions of the magaZine to the 
media drive unit in response thereto. 

21. The library of claim 20 Wherein the scanner comprises 
a plurality of sensors Which are equal in number to the 
number of positions in the magaZine, and Wherein each of 
the sensors is aligned and associated With one of the posi 
tions. 

22. The library of claim 20 Wherein the scanner is pivoted 
relative to the magaZine. 

23. The library of claim 20 Wherein the magaZine is 
pivoted relative to the scanner. 

24. The library of claim 20 Wherein the scanner is an 
arcuate door Which is both manually and automatically 
operable relative to the magaZine. 

25. The library of claim 20 Wherein the input/output 
station is mounted inside the base and is manually accessible 
from an exterior of the base. 

26. The library of claim 20 Wherein the lens assembly of 
the sensor has a focal length range of approximately 10 mm 
to in?nity. 

27. The library of claim 20 Wherein the scanner is a bar 
code reader. 

28. The library of claim 20 Wherein the focal length of the 
lens assembly is altered With liquid crystal material. 

29. The library of claim 20 Wherein the lens assembly of 
is the sensor comprises a pair of polariZed liquid crystal 
lenses. 

30. The library of claim 29 Wherein the pair of lenses are 
separated by a transparent spacer having a Width equal to 
one-half Wavelength of the light source of the sensor. 

31. The library of claim 29 Wherein each lens comprises 
a plurality of parallel substrates containing liquid crystal 
therebetWeen, each of the substrates having an electrode for 
applying a variable voltage to the liquid crystal located 
betWeen said electrode and an adjacent electrode for altering 
the refractive index of the liquid crystal and, thus, the focal 
length of the lens assembly. 

32. The library of claim 31 Wherein each of the substrates 
is coated With an alignment material. 

33. The library of claim 32 Wherein the alignment mate 
rial has been processed to set a desired alignment direction 
for the liquid crystal. 

34. The library of claim 31 Wherein adjacent ones of the 
substrates are equally spaced apart by a distance in the range 
of 30 to 70 microns. 
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35. The library of claim 31 wherein each of the substrates 
has a thickness of approximately 2 microns and a Width of 
approximately 70 microns. 

36. The library of claim 31 Wherein the electrodes on the 
substrates are generally arcuate in shape. 

37. An automated media storage library having a base 
With a media drive unit and a picking device for interacting 
With data storage devices located therein, each of the data 
storage devices having a label ?xedly mounted in relation 
thereto and having information associated With its respective 
data storage device, the library comprising: 

an input/output station mounted to the base and having a 
scanner and a magaZine With a plurality of storage 
positions that are adapted to contain the data storage 
devices, the scanner being pivotable relative to the 
magaZine; 

the scanner having a plurality of sensors mounted thereto, 
each having a light source and a variable focal length 
lens assembly that is adapted to read the labels asso 
ciated With the data storage devices, the sensors being 
equal in number to the number of positions in the 
magaZine, and Wherein each of the sensors is aligned 
and associated With one of the positions; 

a controller adapted to be connected to the media drive 
unit, the picking device, and the input/output station for 
moving the scanner relative to the magaZine and adjust 
ing the focal lengths of said lens assemblies to focus on 
and read the labels so that the information associated 
With their respective data storage devices may be 
processed by the controller; and Wherein 

the picking device moves selected ones of the data storage 
devices from said positions of the magaZine to the 
media drive unit in response thereto. 

38. The library of claim 37 Wherein the scanner is an 
arcuate door Which is both manually and automatically 
operable relative to the magaZine. 

39. The library of claim 37 Wherein each of the lens 
assemblies has a focal length range of approximately 10 mm 
to in?nity. 

40. The library of claim 37 Wherein the scanner is a bar 
code reader. 

41. The library of claim 37 Wherein the focal lengths of 
the lens assemblies are altered With liquid crystal material. 

42. The library of claim 37 Wherein each of the lens 
assemblies comprises a pair of polariZed liquid crystal 
lenses. 

43. The library of claim 42 Wherein each pair of lenses is 
separated by a transparent spacer having a Width equal to 
one-half Wavelength of the light sources. 

44. The library of claim 42 Wherein each lens comprises 
a plurality of parallel substrates containing liquid crystal 
therebetWeen, each of the substrates having an electrode for 
applying a variable voltage to the liquid crystal located 
betWeen said electrode and an adjacent electrode for altering 
the refractive index of the liquid crystal and, thus, the focal 
lengths of the lens assemblies. 

45. The library of claim 44 Wherein each of the substrates 
is coated With an alignment material. 

46. The library of claim 45 Wherein the alignment mate 
rial has been processed to set a desired alignment direction 
for the liquid crystal. 
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47. The library of claim 44 Wherein adjacent ones of the 
substrates are equally spaced apart by a distance in the range 
of 30 to 70 microns. 

48. The library of claim 44 Wherein the electrodes on the 
substrates are generally arcuate in shape. 

49. An automated media storage library having a base 
With a media drive unit and a picking device for interacting 
With data storage devices located therein, each of the data 
storage devices having a label ?xedly mounted in relation 
thereto and having information associated With its respective 
data storage device, the library comprising: 

an input/output station mounted to the base and having a 
door and a magaZine With a plurality of storage slots 
that are adapted to contain the data storage devices, the 
door being pivotable relative to the magaZine; 

the door having a plurality of sensors mounted thereto, 
each having a light source and a variable focal length 
lens assembly With a pair of liquid crystal lenses that 
are adapted to read the labels associated With the data 
storage devices, the sensors being equal in number to 
the number of slots in the magaZine, and Wherein each 
of the sensors is aligned and associated With one of the 
slots; 

each lens comprising a plurality of parallel substrates 
containing liquid crystal therebetWeen, each of the 
substrates having an electrode for applying a variable 
voltage to the liquid crystal located betWeen said elec 
trode and an adjacent electrode for altering the refrac 
tive index of the liquid crystal and, thus, the focal 
lengths of the lens assemblies; 

a controller adapted to be connected to the media drive 
unit, the picking device, and the input/output station for 
moving the door relative to the magaZine and adjusting 
the focal lengths of the lens assemblies to focus on and 
read the labels so that the information associated With 
their respective data storage devices may be processed 
by the controller; and Wherein 

the picking device moves selected ones of the data storage 
devices from said slots of the magaZine to the media 
drive unit in response thereto. 

50. The library of claim 49 Wherein the door is both 
manually and automatically pivotable relative to the maga 
Zine. 

51. The library of claim 49 Wherein each of the lens 
assemblies has a focal length range of approximately 10 mm 
to in?nity. 

52. The library of claim 49 Wherein each pair of lenses is 
separated by a transparent spacer having a Width equal to 
one-half Wavelength of the light sources. 

53. The library of claim 49 Wherein each of the substrates 
is coated With an alignment material that has been processed 
to set a desired alignment direction for the liquid crystal. 

54. The library of claim 49 Wherein adjacent ones of the 
substrates are equally spaced apart by a distance in the range 
of 30 to 70 microns. 

55. The library of claim 49 Wherein the electrodes on the 
substrates are generally arcuate in shape. 

* * * * * 


