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(57) ABSTRACT 
The present invention provides a clad glass composition that 
is excellent in devitri?cation resistance and that prevents the 
Whole mother glass rod from devitrifying by preventing a 
core glass composition from devitrifying in forming a 
mother glass rod using a concentric crucible drawing 
method. The clad glass composition forms a clad of a mother 
glass rod for a gradient-index rod lens having a core/clad 
structure. The clad glass composition includes the following 
components, indicated by mol %: 45 to 65% SiO2; 0.5 to 
10% TiO2; 0 to 15% B203; 0 to 7% A1203; 0.1 to 10% 
Bi2O3; 0 to 5% LiZO; 5 to 30% NaZO; 0 to 10% K20; 0 to 
15% MgO; 0 to 10% CaO; 0 to 10% SrO; 0.5 to 10% BaO; 
0 to 10% CsZO; 0 to 10% ZnO; 0 to 7% Y2O3; 0 to 7% 
Nb2O5; 0 to 7% In2O3; 0 to 7% La2O3; 0 to 10% Ta2O5; 0 
to 7% ZrO2; and 0 to 1% Sb2O3, Where the total of 
Li2O+Na2O+K2O is in the range of 5 to 35 mol %, the total 
of MgO+CaO+SrO+BaO is in the range of 2 to 20 mol %, 
the total of Li2O+Na2O+K2O+MgO+CaO+SrO+BaO is in 
the range of 7 to 50 mol %, and the total of Cs2O+ZnO+ 
Y2O3+Nb2O5+In2O3+La2O3+ZrO2+Ta2O5 is in the range of 
0 to 15 mol %. In the clad glass composition, at least tWo 
molar ratios selected from the group consisting of MgO/ 
(MgO+CaO+SrO+BaO); CaO/(MgO+CaO+SrO+BaO); 
SrO/(MgO+CaO+SrO+BaO); and BaO/(MgO+CaO+SrO+ 
BaO) are at least 0.1. The clad glass composition is sub 
stantially free from lead and has a refractive index in the 
range of 1.56 to 1.68. 
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CLAD GLASS COMPOSITION AND MOTHER 
GLASS ROD FOR GRADIENT-INDEX ROD LENS 
FORMED USING THE SAME, GRADIENT-INDEX 
ROD LENS AND METHOD OF MANUFACTURING 
THE SAME, ROD LENS ARRAY, AND IMAGE 

PROCESSOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a glass 
composition (a clad glass composition) that forms a clad of 
a mother glass rod for gradient-index rod lens having a 
core/clad structure, and a mother glass rod for a gradient 
indeX rod lens formed using the same. The present invention 
also relates to a gradient-index rod lens formed of the mother 
glass rod and a method of manufacturing the same as Well 
as a rod lens array and an image processor that include the 
rod lens. 

[0003] 2. Related Background Art 

[0004] A gradient-index rod lens (hereinafter also referred 
to simply as a “rod lens”) is a rod-shaped optical element 
having a refractive indeX distribution from its center to its 
periphery in the section thereof. The rod lens can exhibit lens 
functions such as, for instance, an imaging function even 
When both the end faces thereof are ?at, and has many 
features including one that facilitates the production of 
lenses With rninute diarneters, for instance. Using such 
features, a rod lens array in Which the rod lenses described 
above are arrayed is employed for a Wide range of uses as 
an imaging lens in an optical system of an image processor 
(for example, an irnage-forrning apparatus such as an LED 
array printer, a liquid crystal shutter printer, etc, or an image 
scanner such as a facsimile, a scanner, etc.). 

[0005] The gradient-index rod lens usually is formed by 
providing a mother glass rod for a gradient-index rod lens 
(hereinafter also referred to simply as a “mother glass rod”) 
With a refractive indeX distribution. The mother glass rod is 
manufactured by a direct draWing method (a continuous 
draWing method) that has been used Widely due to its 
eXcellent productivity. In the direct draWing method, as 
shoWn in FIG. 10, rnolten glass 101 that has been subjected 
to a degassing process (a ?ning process) as required is put 
into a crucible 103 that is kept warm with a heater 102. The 
rnolten glass 101 ?oWs out of the loWer end of a noZZle 104 
located in a loWer end portion of the crucible 103 While 
being cooled gradually inside the noZZle 104. Thereby a 
mother glass rod (a ?ber) 105 With a diameter of about 0.1 
mm to 4 mm can be formed continuously through hot 
draWing. In this method, the draWing speed (a formation 
speed) at Which the mother glass rod 105 is draWn can be 
several tens of meters per minute While the crucible 103 can 
be charged With the molten glass continuously. Thus the 
productivity in manufacturing the mother glass rod can be 
increased. 

[0006] The direct draWing method, however, has a disad 
vantage that the rnolten glass 101 tends to devitrify When 
being cooled gradually inside the noZZle 104. Particularly, 
rnolten glass that is free from lead (Whose typical compo 
sition is PbO) tends to devitrify When being draWn by the 
direct draWing method using a crucible. 

[0007] In order to prevent such devitri?cation frorn occur 
ring during the draWing, for instance, J P8(1996)-13691A 
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discloses a method in Which additives such as BPO4, 
Al2(PO3)3, etc. are added to rnolten glass. 

[0008] Furthermore, JP5(1993)-72337A discloses a 
method of forming a mother glass rod 118 having a structure 
(a core/clad structure) composed of a core 116 and a clad 117 
covering the core 116 by the direct draWing method (a 
concentric crucible draWing method) using a concentric 
crucible 115 including an inner crucible 113 and an outer 
crucible 114 (see FIG. 11). The inner crucible 113 and the 
outer crucible 114 are charged With a core glass composition 
111 that forms the core 116 and a clad glass composition 112 
that forms a clad 117, respectively, With the core glass 
composition 111 and the clad glass composition 112 being in 
a molten state. The respective glass compositions are 
alloWed to How out from a noZZle 119 located in the loWer 
end portion of the concentric crucible 115 to form the mother 
glass rod 118. The mother glass rod 118 thus formed can be 
draWn out continuously With rollers 120. In this case, When 
a glass composition that tends not to cause devitri?cation is 
employed as the clad glass composition 112, the core glass 
composition 111 can be prevented from coming into contact 
With the noZZle 119 even in the temperature region Where 
devitri?cation tends to occur in the case of using the direct 
draWing rnethod. Accordingly, the core glass composition 
111 can be prevented from devitrifying and thus the Whole 
rnother glass rod 108 can be prevented from devitrifying 
during the draWing. 

[0009] JP2004-151682A discloses an example of the clad 
glass composition that tends not to cause devitri?cation, 
speci?cally: 

[0010] a clad glass composition of a mother glass rod 
for a gradient-index rod lens that is substantially free 
from PbO (unless containing both TiO2 and La2O3), 

[0011] Wherein the clad glass composition is substan 
tially free from PbO and substantially includes the 
following components, indicated by rnol %: 

[0012] 45 to 65% SiO2; 

[0013] 3 to 30% NaZO; 

[0014] 0 to 10% K20; 

[0015] 0 to 15% MgO; 

[0016] 0 to 20% BaO; 

[0017] 0 to 15% B203, 

[0018] 0 to 10% ZnO; 

[0019] 0 to 10% TiO2; 

[0020] 0 to 7% Y2O3; 

[0021] 0 to 7% ZrO2; 

[0022] 0 to 7% NbZOS; 

[0023] 0 to 7% In2O3; 

[0024] 0 to 7% La2O3; and 

[0025] 0 to 10% Ta2O5, 

[0026] Where the total of Na2O+K2O is in the range of 
3 to 35 rnol %, 

[0027] the total of MgO+BaO is in the range of 0 to 25 
rnol %, and 
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[0028] the total of B2O3+ZnO+TiO2+Y2O3+ZrO2+ 
Nb2O5+In2O3+La2O3+Ta2O5 is in the range of 0 to 20 
mol %. 

SUMMARY OF THE INVENTION 

[0029] The present invention is intended to provide a clad 
glass composition that is different in composition from such 
a conventional clad glass composition but is excellent in 
devitri?cation resistance and prevents a core glass compo 
sition from devitrifying to make it possible to prevent a 
mother glass rod as a Whole from devitrifying in forming the 
mother glass rod using the concentric crucible draWing 
method. 

[0030] The present invention also is intended to provide a 
mother glass rod, a rod lens, a rod lens array, and an image 
processor that are formed using the above-mentioned clad 
glass composition of the present invention, as Well as a 
method of manufacturing the above-mentioned rod lens. 

[0031] The clad glass composition of the present invention 
forms a clad of a mother glass rod for a gradient-index rod 
lens having a core/clad structure, 

[0032] Wherein the clad glass composition includes the 
folloWing components, indicated by mol %: 

[0033] 45 to 65% SiO2; 

[0034] 0.5 to 10% TiO2; 

[0035] 0 to 15% B203; 

[0036] 0 to 7% A1203; 

[0037] 0.1 to 10% B1203; 

[0038] 0 to 5% LiZO; 

[0039] 5 to 30% Na2O; 

[0040] 0 to 10% K20; 

[0041] 0 to 15% MgO; 

[0042] 0 to 10% CaO; 

[0043] 0 to 10% SrO; 

[0044] 0.5 to 10% BaO; 

[0045] 0 to 10% CsZO; 

[0046] 0 to 10% ZnO; 

[0047] 0 to 7% Y2O3; 

[0048] 0 to 7% Nb2O5; 

[0049] 0 to 7% In2O3; 

[0050] 0 to 7% La2O3; 

[0051] 0 to 10% Ta2O5; 

[0052] 0 to 7% ZrO2; and 

[0053] 0 to 1% Sb2O3, 

[0054] Where the total of Li2O+Na2O+K2O is in the 
range of 5 to 35 mol %, 

[0055] the total of MgO+CaO+SrO+BaO is in the range 
of 2 to 20 mol %, 

[0056] the total of Li2O+Na2O+K2O+MgO+CaO+ 
SrO+BaO is in the range of 7 to 50 mol %, and 
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[0057] the total of CSZO+ZnO+Y2O3+Nb2O5+In2O3+ 
La2O3+ZrO2+Ta2O5 is in the range of 0 to 15 mol %, 

[0058] at least tWo molar ratios selected from the group 
consisting of: 

[0064] the clad glass composition is substantially free 
from lead and has a refractive indeX in the range of 1.56 
to 1.68. 

are at least 0.1, and 

[0065] The mother glass rod for a gradient indeX rod lens 
of the present invention has a core/clad structure, 

[0066] Wherein a clad glass composition that forms a 
clad is the above-mentioned clad glass composition of 
the present invention, and 

[0067] a core glass composition that forms a core has a 
different composition from the clad glass composition. 

[0068] The mother glass rod for a gradient-index rod lens 
of the present invention has a core/clad structure, 

[0069] Wherein a clad glass composition that forms a 
clad is the above-mentioned clad glass composition of 
the present invention, 

[0070] a core glass composition that forms a core 
includes the folloWing components, indicated by mol 
%: 

[0071] 
[0072] 
[0073] 
[0074] 
[0075] 
[0076] 
[0077] 
[0078] 
[0079] 
[0080] 
[0081] 
[0082] 
[0083] 
[0084] 
[0085] 
[0086] 
[0087] 
[0088] 
[0089] 
[0090] 

40 to 65% SiO2; 

1 to 10% TiO2; 

0 to 20% B203; 

0 to 10% A1203; 

5 to 12% LiZO; 

5 to 15% Na2O; 

0 to 16% MgO; 

0 to 15% CaO; 

0.1 to 12% SrO; 

0.1 to 12% BaO; 

0 to 3% CsZO; 

0 to 8% ZnO; 

0 to 5% Y2O3; 

0 to 5% Nb2O5; 

0 to 5% In2O3; 

0 to 5% La2O3; 

0 to 5% Ta2O5; 

0 to 1% SnO2; 

0 to 1% Sb2O3; and 

0 to 1% As2O3, 
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[0091] Where the total of SiO2+TiO2+B2O3+Al2O3 is in 
the range of 50 to 70 mol %, 

[0092] the total of Li2O+Na2O is in the range of 10 to 
27 mol %, 

[0093] the molar ratio of Li2O/Na2O is in the range of 
0.7 to 2, and 

[0094] the total of MgO+CaO+SrO+BaO is in the range 
of 5 to 36 mol %, 

[0095] at least tWo values selected from the contents by 
percentage of CaO, SrO, and BaO are in the range of 
0.1 to 15 mol %, 

[0096] at least tWo molar ratios selected from the group 
consisting of: 

[0097] MgO (MgO+CaO+SrO+BaO); 
[0098] CaO/(MgO+CaO+SrO+BaO); 
[0099] SrO/(MgO+CaO+SrO+BaO); and 

[0100] BaO/(MgO+CaO+SrO+BaO) 
[0101] are at least 0.1, and 

[0102] the core glass composition is substantially free 
from lead. 

[0103] The gradient-index rod lens of the present inven 
tion is a rod lens obtained by providing the above-mentioned 
mother glass rod for a gradient-index rod lens of the present 
invention With a refractive indeX distribution by an ion 
exchange method. 

[0104] The rod lens array of the present invention includes 
at least tWo gradient-index rod lenses according to the 
present invention, Wherein the rod lenses are arrayed and 
formed into one body, With their optical aXes being substan 
tially in parallel With each other. 

[0105] The image processor of the present invention 
includes the above-mentioned rod lens array of the present 
invention, Wherein the rod lens array serves as an imaging 
optical system. 

[0106] The method of manufacturing a gradient-index rod 
lens of the present invention includes: charging a crucible 
(an outer crucible) located on the outer side of a concentric 
crucible With a melt of a clad glass composition (a clad glass 
composition that is in a molten state, ie a molten clad glass 
composition) having a composition (A); charging a crucible 
(an inner crucible) located on the inner side of the concentric 
crucible With a melt of a core glass composition (a core glass 
composition that is in a molten state, ie a molten core glass 
composition) having a composition (B); forming a mother 
glass rod for a gradient-index rod lens having a core/clad 
structure by a concentric crucible draWing method; and 
providing the mother glass rod With a refractive indeX 
distribution by an ion eXchange method in Which the mother 
glass rod formed above is immersed in molten salt contain 
ing sodium, 

[0107] Wherein the clad glass composition having the 
composition (A) includes the folloWing components, 
indicated by mol %: 

[0108] 45 to 65% $102; 

[0109] 0.5 to 10% T102; 
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[0110] 0 to 15% B203; 

[0111] 0 to 7% A1203; 

[0112] 0.1 to 10% Bi2O3; 

[0113] 0 to 5% LiZO; 

[0114] 5 to 30% NaZO; 

[0115] 0 to 10% K20; 

[0116] 0 to 15% MgO; 

[0117] 0 to 10% CaO; 

[0118] 0 to 10% SrO; 

[0119] 0.5 to 10% BaO; 

[0120] 0 to 10% CsZO; 

[0121] 0 to 10% ZnO; 

[0122] 0 to 7% Y2O3; 

[0123] 0 to 7% NbZOS; 

[0124] 0 to 7% In2O3; 

[0125] 0 to 7% La2O3; 

[0126] 0 to 10% Ta2O5; 

[0127] 0 to 7% ZrO2; and 

[0128] 0 to 1% Sb2O3, 

[0129] Where the total of Li2O+Na2O+K2O is in the 
range of 5 to 35 mol %, 

[0130] the total of MgO+CaO+SrO+BaO is in the range 
of 2 to 20 mol %, 

[0131] the total of Li2O+Na2O+K2O+MgO+CaO+ 
SrO+BaO is in the range of 7 to 50 mol %, and 

[0132] the total of CsZO+ZnO+Y2O3+Nb2O5+In2O3+ 
La2O3+ZrO2+Ta2O5 is in the range of 0 to 15 mol %, 

[0133] at least tWo molar ratios selected from the group 
consisting of: 

[0134] MgO/(MgO+CaO+SrO+BaO); 
[0135] CaO/(MgO+CaO+SrO+BaO); 
[0136] SrO/(MgO+CaO+SrO+BaO); and 

[0137] BaO/(MgO+CaO+SrO+BaO) 
[0138] are at least 0.1, and 

[0139] the clad glass composition is substantially free 
from lead and has a refractive indeX in the range of 1.56 
to 1.68, and 

[0140] Wherein the core glass composition having the 
composition (B) includes the folloWing components, 
indicated by mol %: 

[0141] 40 to 65% SiO2; 

[0142] 1 to 10% TiO2; 

[0143] 0 to 20% B203; 

[0144] 0 to 10% A1203; 

[0145] 5 to 12% LiZO; 

[0146] 5 to 15% NaZO; 
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[0147] 0 to 16% MgO; 

[0148] 0 to 15% CaO; 

[0149] 0.1 to 12% SrO; 

[0150] 

[0151] 

[0152] 

[0153] 

[0154] 

[0155] 

[0156] 

[0157] 

[0158] 

[0159] 

0.1 to 12% BaO; 

0 to 3% Cs2O; 

0 to 8% ZnO; 

0 to 5% Y2O3; 

0 to 5% Nb2O5; 

0 to 5% In2O3; 

0 to 5% La2O3; 

0 to 5% Ta2O5; 

0 to 1% SnO2; 

0 to 1% Sb2O3; and 

[0160] 0 to 1% As2O3, 

[0161] Where the total of SiO2+TiO2+B2O3+Al2O3 is in 
the range of 50 to 70 mol %, 

[0162] the total of Li2O+Na2O is in the range of 10 to 
27 mol %, 

[0163] the molar ratio of Li2O/Na2O is in the range of 
0.7 to 2, and 

[0164] the total of MgO+CaO+SrO+BaO is in the range 
of 5 to 36 mol %, 

[0165] at least tWo values selected from the contents by 
percentage of CaO, SrO, and BaO are in the range of 
0.1 to 15 mol %, 

[0166] at least tWo molar ratios selected from the group 
consisting of: 

[0172] the core glass composition is substantially free 
from lead. 

are at least 0.1, and 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0173] FIG. 1A is a schematic vieW shoWing an example 
of the mother glass rod according to the present invention 
While FIG. 1B is a cross-sectional vieW shoWing a section 
of the mother glass rod shoWn in FIG. 1A cut at a plane 
perpendicular to the direction of the optical axis thereof. 

[0174] FIG. 2 is a diagram that schematically shoWs an 
example of the refractive index pro?le of the mother glass 
rod according to the present invention. 

[0175] FIG. 3 is a partial cross-sectional vieW to be used 
for explaining an example of the concentric crucible draW 
ing method for forming the mother glass rod of the present 
invention. 
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[0176] FIG. 4 is a schematic vieW to be used for explain 
ing the principle of the ion exchange method for forming the 
rod lens of the present invention. 

[0177] FIG. 5 is a diagram that schematically shoWs an 
example of the refractive index distribution of the rod lens 
according to the present invention. 

[0178] FIG. 6 is a perspective vieW shoWing an example 
of the rod lens array according to the present invention. 

[0179] FIG. 7 is a cross-sectional vieW that schematically 
shoWs an example of the image processor according to the 
present invention. 

[0180] FIG. 8 is a schematic vieW shoWing another 
example of the image processor according to the present 
invention. 

[0181] FIG. 9 is a schematic vieW shoWing a Write head 
of the image processor shoWn in FIG. 8. 

[0182] FIG. 10 is a partial cross-sectional vieW to be used 
for explaining a common direct draWing method. 

[0183] FIG. 11 is a cross-sectional vieW to be used for 
explaining a common concentric crucible draWing method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0184] In the folloWing descriptions, identical members 
may be indicated With the same reference numbers and 
letters and the same descriptions may not be repeated. 

Clad Glass Composition of the Present Invention 

[0185] The clad glass composition of the present invention 
is excellent in devitri?cation resistance. Accordingly, When 
a mother glass rod having a core/clad structure is to be 
formed by the concentric crucible draWing method, the core 
glass composition can be prevented from devitrifying and 
thus the Whole mother glass rod to be formed can be 
prevented from devitrifying. This effect can be obtained 
even When the core glass composition is substantially free 
from lead and has a composition that tends to alloW the 
devitri?cation to occur. That is, the clad glass composition 
of the present invention makes it possible to form stably a 
mother glass rod made of a glass composition that is 
substantially free from lead. 

Devitri?cation Resistance 

[0186] The clad glass composition of the present invention 
usually does not devitrify When it is maintained at a tem 
perature in the range of 600° C. to 1000° C. for 120 hours. 
Accordingly, the mother glass rod to be formed can be 
prevented substantially from devitrifying in forming the 
mother glass rod by the concentric crucible draWing method. 
In this context, the expression “not devitrify” denotes that no 
devitri?ed body (no devitri?cation phase) is observed in 
glass in a devitri?cation resistance evaluation test (for 
details see the Example beloW) in Which a molten glass 
composition is maintained under a predetermined condition 
and then is solidi?ed and thereby a glass is obtained and then 
is observed With an optical microscope (of a magni?cation 
around 100 times). Such a characteristic of a glass compo 
sition is referred to as “having devitri?cation resistance”. 
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Composition 
[0187] The reasons for limiting the composition of the 
clad glass composition according to the present invention 
are described below. In the following descriptions, the unit 
“%” by Which the composition is indicated denotes “mol 
%”. 

$102 
[0188] SiO2 is a component that forms a netWork structure 
of glass. The SiO2 content by percentage of less than 45% 
makes it dif?cult to form a glass composition. On the other 
hand, the SiO2 content by percentage exceeding 65% results 
in production of a glass composition having an excessively 
high melting temperature and thus makes it dif?cult to obtain 
a practical glass composition. 

T102 
[0189] TiO2 is a component that forms a netWork structure 
of glass, and has an effect of increasing the refractive index 
of a glass composition. When the TiO2 content by percent 
age is loWer than 0.5%, the above-mentioned effect of 
increasing the refractive index cannot be obtained satisfac 
torily. On the other hand, When the TiO2 content by per 
centage exceeds 10%, devitri?cation tends to occur. 

B203 
[0190] B203 is an optional component that promotes the 
vitri?cation of a clad glass composition. The BZO3 content 
by percentage exceeding 15% results in an increase in the 
amount of BZO3 that volatiliZes When melted. This causes 
heavy corrosion of a refractory member composing the 
manufacturing apparatus. When the SiO2 content by per 
centage is 50% or less, BZO3 may be required in some cases. 

A1203 
[0191] A1203 is an optional component and the content by 
percentage thereof may be 7% or less. 

B1203 
[0192] Bi2O3 is a component having effects of loWering 
the melting temperature and increasing the refractive index 
of a glass composition. From the vieWpoint of matching With 
a core glass composition, When the content by percentage of 
alkaline-earth metal oxides contained in a clad glass com 
position is excessively large, the clad glass composition 
tends to devitrify. Hence, the clad glass composition of the 
present invention includes Bi2O3 as a component that limits 
the content by percentage of alkaline-earth metal oxides 
While loWering the melting temperature thereof. In the 
present speci?cation, the alkaline-earth metals include mag 
nesium (Mg). 

[0193] When the Bi2O3 content by percentage is less than 
0.1%, the above-mentioned effects cannot be obtained sat 
isfactorily. On the other hand, When the Bi2O3 content by 
percentage exceeds 10%, devitri?cation tends to occur and 
the speci?c gravity becomes excessively high. Preferably, 
the Bi2O3 content by percentage is 0.5% to 5%, Wherein the 
loWer limit is more preferably 1.5% and further preferably 
2%. 

L120 
[0194] Li2O is an optional component that has an effect of 
loWering the melting temperature. The clad glass composi 
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tion of the present invention may contain 5% of Li2O or less. 
The Li2O content by percentage, hoWever, is preferably less 
than 5% and more preferably 3% or less. When the Li2O 
content by percentage exceeds 5%, the chemical durability 
deteriorates and devitri?cation tends to occur. 

[0195] Na2O is a component that has an effect of loWering 
the melting temperature. The Na2O content by percentage of 
less than 5% results in an excessively high melting tem 
perature. On the other hand, the Na2O content by percentage 
exceeding 30% results in deteriorated chemical durability. 
Preferably, the Na2O content by percentage is 10% to 27%. 

K20 
[0196] K20 is an optional component that has an effect of 
loWering the melting temperature. The KZO content by 
percentage exceeding 10% results in deteriorated chemical 
durability. 

[0197] In the clad glass composition of the present inven 
tion, the total X1 of the contents by percentage of alkali 
metal oxides (i.e. Li2O+Na2O+K2O) is 35% or less, Which 
makes it possible to prevent the durability from deteriorat 
ing. The total X1 is preferably 10% to 27%, Wherein the 
upper limit thereof is more preferably 21%. In the present 
speci?cation, Cs2O is excluded from the alkali metal oxides 
since it is considered to be included in other components 
described later. 

MgO 

[0198] MgO is an optional component that has an effect of 
loWering the melting temperature. When the MgO content 
by percentage exceeds 15%, devitri?cation tends to occur. 

CaO 

[0199] C00 also is an optional component that has an 
effect of loWering the melting temperature. When the CaO 
content by percentage exceeds 10%, devitri?cation tends to 
occur. 

SrO 

[0200] SrO is an optional component that has effects of 
loWering the melting temperature and increasing the refrac 
tive index of a glass composition. When the SrO content by 
percentage exceeds 10%, devitri?cation tends to occur. 

BaO 

[0201] BaO is a component that has effects of loWering the 
melting temperature and increasing the refractive index of a 
glass composition. When the BaO content by percentage is 
less than 0.5%, the above-mentioned effects cannot be 
obtained satisfactorily. On the other hand, When the BaO 
content by percentage exceeds 10%, devitri?cation tends to 
occur and the speci?c gravity becomes excessively high. 

Alkaline-Earth Metal Oxides 

[0202] The alkaline-earth metal oxides have an effect of 
loWering the melting temperature. On the other hand, When 
the content by percentage thereof is excessively large, 
devitri?cation tends to occur. Hence, at least tWo types of 
alkaline-earth metal oxides are contained in the clad glass 
composition of the present invention. This is because When 
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at least tWo types of alkaline-earth metal oxides are con 
tained together, the effect of lowering the melting tempera 
ture is ampli?ed and as a result, the total X2 of the contents 
by percentage of the alkaline-earth metal oxides (i.e. MgO+ 
CaO+SrO+BaO) can be reduced. 

[0203] That is, in the clad glass composition of the present 
invention, at least tWo molar ratios selected from the group 
consisting of: 

[0206] SrO/(MgO+CaO+SrO+BaO); and 

[0207] BaO/(MgO+CaO+SrO+BaO) are at least 0.1. 

[0208] The total X2 is 2% to 20% but in order to improve 
the devitri?cation resistance further, it is preferably 2% to 
17%, more preferably 2% to 12%, and further preferably 2% 
to 11%. 

[0209] Moreover, in order to further improve the devitri 
?cation resistance, the total X3 of the contents by percentage 
of the alkaline-earth metal oxides (i.e. CaO+SrO+BaO) 
other than MgO is preferably 2% to 7%, more preferably 2% 
to 6%, and further preferably 2% to 5%. 

Alkali Metal Oxides+Alkaline-Earth Metal Oxides 

[0210] In the clad glass composition of the present inven 
tion, in order to secure the devitri?cation resistance to be 
provided, the total X4 of the contents by percentage of the 
alkali metal oxides and alkaline-earth metal oxides (i.e. 
Li2O+Na2O+K2O+MgO+CaO+SrO+BaO) is limited in the 
range of 7% to 50%. The total X4 is more preferably 7% to 
35%. 

Other Components 

[0211] The clad glass composition of the present invention 
may include CsZO, ZnO, Y2O3, Nb2O5, In2O3, La2O3, 
Ta2O5, and ZrO2 in the above-mentioned composition 
ranges. These components have an effect of increasing the 
refractive index of a glass composition. 

[0212] The total X5 of the contents by percentage of such 
components (i.e. CSZO+ZnO+Y2O3+Nb2O5+In2O3+ 
La2O3+Ta2O5+ZrO2) is limited in the range of 0% to 15% 
in order to secure the devitri?cation resistance to be pro 
vided. 

[0213] The clad glass composition of the present invention 
may include Sb2O3 that is a component derived from a ?ning 
agent. The content by percentage thereof usually is 0% to 
1%. 

Le ad 

[0214] The clad glass composition of the present invention 
is substantially free from lead (Whose typical composition is 
PbO). The core glass composition covered by the clad glass 
composition of the present invention also is substantially 
free from lead. Accordingly, a mother glass rod that is 
formed using the above-mentioned clad glass composition 
as Well as a rod lens and a rod lens array that are formed of 
the mother glass rod also are substantially free from lead. In 
this context, the expression “substantially free” described in 
the present speci?cation denotes that the content by percent 
age of the component concerned is less than 0.1 mol %. 
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[0215] Hence, the mother glass rod, the rod lens, the rod 
lens array, etc. of the present invention are in conformity 
With the lead regulations that are included in the environ 
mental regulations of various countries, for instance, the 
regulations of use of toxic substances in the EU such as 
“Restrictions of use of certain HaZardous Substances 
(RoHS)”, “Waste Electrical and Electronic Equipment 
(WEEE)”, etc. 
Refractive Index 

[0216] The clad glass composition of the present invention 
has a refractive index n2 in the range of 1.56 to 1.68, Which 
results in easy matching With a core glass composition that 
is suitable for a rod lens. It is possible to prevent stray light 
from occurring in a rod lens formed using the above 
mentioned clad glass composition although the extent to 
Which the stray light is prevented from occurring differs 
according to the difference An betWeen the above-mentioned 
refractive index n2 and the refractive index n1 of a core glass 
composition to be combined With the clad glass composi 
tion. 

Colorant 

[0217] The clad glass composition of the present invention 
may include an oxide of at least one element selected from 
the group consisting of Fe, Co, Ni, Mn, Cr, and Cu, as a 
colorant. When it includes a colorant, stray light further can 
be prevented from occurring in a rod lens formed using the 
clad glass composition of the present invention, due to the 
optical absorption of the colorant. 

[0218] The total X6 of the contents by percentage of such 
colorant oxides included in the clad glass composition is 
preferably 5 mol % or less. When the total X6 exceeds 5 mol 
%, devitri?cation tends to occur. 

[0219] The metal oxides contained as a colorant basically 
are oxides of metal elements that do not contribute directly 
to the ion exchange in forming a rod lens from a mother 
glass rod. Generally, the physical properties, such as the 
density, viscosity, thermal expansion coefficient, etc., of a 
glass composition vary in proportion to the content by 
percentage of the colorant. In addition, When the content by 
percentage of the colorant is excessively large, the glass 
composition tends to devitrify in the draWing process to be 
carried out by the concentric crucible draWing method. 
Hence, it is preferable that the content by percentage of the 
colorant be as small as possible in the range that alloWs light 
With a target Wavelength to be absorbed at a predetermined 
rate. In addition, the content by percentage of the colorant is 
preferably as small as possible in order to alloW the refrac 
tive index distribution of a rod lens to approximate a 
parabolic distribution as much as possible. 

[0220] From such a vieWpoint, suitable colorants are an 
oxide of C0 (C00) and an oxide of Fe (Fe2O3). 

[0221] When C00 is included as a colorant, the glass 
composition intensively absorbs light With Wavelengths in 
the region of 520 nm to 680 nm due to the presence of Co2+ 
ions. The above-mentioned absorption increases in propor 
tion to the C00 content by percentage. Hence, the larger the 
C00 content by percentage, the greater the effect of remov 
ing light components that enter the clad but do not contribute 
to imaging. For the above-mentioned reasons, hoWever, the 
C00 content by percentage is limited in the range of 0.2 mol 
% to 2 mol %. 
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[0222] When White light is used as the light to be emitted 
from a light source to enter a rod lens, consideration has to 
be given to the removal of light With Wavelengths in the 
Whole visible-light region. Accordingly, the fact alone that 
CO0 is included in the glass composition is not enough for 
alloWing high absorptance to be obtained With respect to 
light With Wavelengths of 500 nrn or shorter. An oxide of Fe 
(trivalent) can be used as a colorant that absorbs light With 
Wavelengths of 500 nrn or shorter. Fe3+ intensively absorbs 
light With Wavelengths in the region of 380 nrn to 460 nrn. 
For the above-mentioned reasons, the Fe2O3 content by 
percentage is limited in the range of 0.2 rnol % to 5 rnol %. 

[0223] As described above, When both Co2+ ions and Fe3+ 
ions are present in the clad glass composition, light With 
Wavelengths in the Whole visible-light region can be 
removed ef?ciently. 

[0224] An oxide of Ni (NiO) absorbs light With Wave 
lengths in the region (420 nrn to 500 nrn) that exists betWeen 
the region of the Wavelengths of light to be absorbed by C00 
and that of the Wavelengths of light to be absorbed by Fe2O3. 
NiO therefore may be included together with C00 and 
Fe2O3. When the NiO content by percentage is excessively 
large, devitri?cation tends to occur. Accordingly, the NiO 
content by percentage is preferably as small as possible, 
speci?cally 2 rnol % or less. 

[0225] Oxides of Cr, Mn, and Cu absorb light With Wave 
lengths of 500 nrn or shorter. For instance, an oxide of Cr 
(Cr2O3) intensively absorbs light With Wavelengths in the 
region of 380 nrn to 430 nrn that is substantially the same 
region as that of Wavelengths of light to be absorbed by 
Fe2O3. The absorptance of the Cr2O3 is higher than that of 
Fe2O3. HoWever, a clad glass composition, particularly a 
clad glass composition including lithiurn tends to devitrify 
due to the presence of Cr2O3. Accordingly, the Cr2O3 
content by percentage is 2 rnol % or less. 

[0226] When existing in the form of Mn3+ in a glass 
composition, an oxide of Mn (MnO) intensively absorbs 
light With Wavelengths in the region of 440 nrn to 500 nrn. 
MnO, hoWever, exists in the form of Mn2+ When being 
present together With Fe2O3 and thereby the above-rnen 
tioned absorption effect cannot be obtained. Hence, the MnO 
content by percentage can be up to 2 rnol %, but the effect 
to be provided by MnO as a colorant deteriorates When MnO 
is present together With Fe2O3. 

[0227] An oxide of Cu (CuO) intensively absorbs light 
With Wavelengths of 600 nrn or longer. For the reasons 
described above, the CuO content by percentage is 2 rnol % 
or less. 

[0228] In addition to the respective cornponents described 
above, the clad glass composition of the present invention 
may include the folloWing various components, each of 
Which is less than 0.5 rnol %, for instance: As2O3, S03, 
SnO2, and F that are components derived from a ?ning agent 
to be used for degassing (?ning) When the clad glass 
composition is melted (F is derived from a ?uorine corn 
pound); and impurities derived from industrial glass mate 
rials. 

Mother Glass Rod for Gradient-Index Rod Lens of the 
Present Invention 

[0229] FIG. 1A is a schematic vieW shoWing an example 
of the mother glass rod of the present invention. FIG. 1B is 
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a cross-sectional vieW shoWing a section of the mother glass 
rod 1 shoWn in FIG. 1A cut in the direction (the radial 
direction) perpendicular to the optical axis direction (ie the 
longitudinal axis direction) of the mother glass rod 1. As 
shoWn in FIGS. 1A and 1B, the mother glass rod 1 has a 
structure (a core/clad structure) in Which a clad 3 covers the 
periphery of a core 2. In this case, the clad glass composition 
that forms the clad 3 is the above-mentioned clad glass 
composition of the present invention. The mother glass rod 
1 can be manufactured Without causing devitri?cation to 
occur and is excellent in productivity. Furthermore, a rod 
lens that prevents stray light from occurring can be formed 
by controlling the difference in refractive index betWeen the 
clad glass composition and the core glass composition that 
forms the core 2 and alloWing the clad glass composition to 
include the above-mentioned colorants as required. In FIGS. 
1A and 1B, a clear boundary line is shoWn betWeen the core 
2 and the clad 3. In an actual rnother glass rod 1, hoWever, 
the boundary line is not alWays observed visually. 

Core Glass Cornposition 

[0230] The core glass composition that forms the core 2 
may have the compositions described before. The core glass 
composition is substantially free from lead but includes 
Li2O as a material that provides a rod lens With the refractive 
index distribution in forming it. A gradient-index rod lens 
obtained using such a core glass composition can have an 
angular aperture of 8 to 18 degrees, particularly 10 to 14 
degrees although it depends on the clad glass composition to 
be combined With the core glass composition and the 
conditions under Which the ion exchanges are carried out in 
forming the rod lens from the mother glass rod 1. 

[0231] Like the clad glass composition, in addition to the 
respective cornponents described above, the core glass corn 
position of the present invention may include the folloWing 
various components, each of Which is less than 0.5 rnol %, 
for instance: SO3 and F that is used as a ?ning agent for 
degassing (?ning) When the core glass composition is melted 
(F is derived from a ?uorine compound); and impurities 
derived from industrial glass rnaterials. 

Difference An in Refractive Index betWeen Core and Clad 

[0232] FIG. 2 is a schematic vieW shoWing an example of 
the radial refractive index pro?le of the mother glass rod 1. 
In the mother glass rod 1, it is preferable that the difference 
An (An=n1—n2) betWeen the refractive index n1 of the core 2 
(the refractive index of the core glass composition) and the 
refractive index n2 of the clad 3 (the refractive index of the 
clad glass composition) be in the range of —0.03 to 0.04. In 
this case, it is possible to reduce the re?ection caused due to 
the difference in refractive index at the interface betWeen the 
core 2 and the clad 3 When the mother glass rod 1 is formed 
into a rod lens. Accordingly, a rod lens can be formed that 
further can prevent stray light from occurring. The effect of 
preventing stray light from occurring can be improved 
further When the above-mentioned colorants are included in 
the clad glass composition. 

[0233] The difference An in refractive index is preferably 
in the range of —0.03 to 0.026 and further preferably in the 
range of —0.03 to 0.02. 

Diarneter 

[0234] The diameter of the mother glass rod 1 is not 
particularly limited but generally is in the range of 100 urn 
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to 4.0 mm. When the diameter of the mother glass rod 1 
exceeds, for instance, 400 pm, a rod lens that can prevent 
stray light from occurring can be formed by roughening the 
peripheral surface of the mother glass rod 1 through etching 
or by removing the clad 3. On the other hand, When the 
diameter of the mother glass rod 1 is 400 pig/m or smaller, 
such an etching process is dif?cult to carry out because the 
strength of the mother glass rod 1 might be reduced too 
much. In the mother glass rod of the present invention, 
hoWever, since it is easy to match the clad glass composition 
With the core glass composition and the clad glass compo 
sition may include colorants as required, a rod lens that 
further can prevent stray light from occurring can be formed 
even if it is not necessarily formed With an etching process. 
That is, the diameter of the mother glass rod 1 is not limited 
to 400 pm or smaller, but When the diameter is 400 pm or 
smaller, the effect to be obtained through the use of the clad 
glass composition of the present invention can be exhibited 
further. When the mother glass rod 1 has a diameter of 400 
pm or smaller, the rod lens formed of the mother glass also 
has a diameter of 400 pm or smaller. 

SiZes of Core and Clad 

[0235] Generally, the core 2 has a diameter in the range of 
0.3 mm to 1.1 mm While the clad 3 has a thickness in the 
range of 5 pm to 100 pm. 

Manufacturing Method 

[0236] The mother glass rod 1 may be formed by the 
common concentric crucible draWing method using, for 
example, a concentric crucible 53 including an inner cru 
cible 51 and an outer crucible 52 such as the one shoWn in 
FIG. 3. The concentric crucible 53 shoWn in FIG. 3 includes 
a noZZle 54 that is formed at the loWer ends of the inner 
crucible 51 and the outer crucible 52 so as to extend 
continuously from the outer crucible 53. The inner crucible 
51 includes a stirrer 55 that stirs a molten glass composition 
contained in the inner crucible 51. 

[0237] The inner crucible 51 is charged With a core glass 
composition (a molten core glass composition) 4 that is in a 
molten state While the outer crucible 52 is changed With a 
clad glass composition (a molten clad glass composition) 5 
that also is in a molten state. If necessary, the molten glass 
compositions may be subjected to a degassing process (a 
?ning process) ?rst and then may be put into the respective 
crucibles. Subsequently, the molten core glass composition 
4 and the molten clad glass composition 5 are draWn out 
from the loWer end of the noZZle 54 to be formed into a rod. 
Thus the mother glass rod 1 With a core/clad structure can be 
formed. The molten core glass composition 4 to be put into 
the inner crucible 51 includes Li2O as a material that 
provides the rod lens With a refractive index distribution in 
forming the rod lens. Furthermore, glass compositions that 
are in a semi-solid or solid state may be put into the 
respective crucibles and then may be heated and melted in 
the crucibles, so that the respective crucibles may be charged 
With the respective molten glass compositions. 

[0238] In the concentric crucible draWing method, it is 
possible to control the diameter of the core 2 and/or the 
thickness of the clad 3 by controlling the difference in 
surface level betWeen the molten clad glass composition and 
the molten core glass composition, the height of the surfaces 
of the molten glass compositions With respect to the noZZle 
54, the temperature of the noZZle 54, etc. 
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Gradient-Index Rod Lens of the Present Invention 

[0239] The gradient-index rod lens of the present inven 
tion is a rod lens obtained by providing the above-mentioned 
mother glass rod of the present invention With a refractive 
index distribution by the ion exchange method. Accordingly, 
the rod lens of the present invention is excellent in produc 
tivity and also can be excellent in optical characteristics (for 
instance, the MTF value to be described later in Examples) 
as stray light is prevented from occurring. Furthermore, the 
rod lens is substantially free from lead. Hence, color dis 
persion can be reduced While a certain degree of angular 
aperture is maintained. Thus the rod lens of the present 
invention is suitable for the processing of full color images. 

[0240] The ion exchange method can be carried out 
according to the common method. For instance, as shoWn in 
FIG. 4, the mother glass rod 1 may be immersed in molten 
salt 62 containing sodium (for example, molten salt of 
sodium nitrate) that is contained in a container 61 (for 
instance, made of stainless steel). In this case, it is preferable 
that the temperature of the molten salt 62 be maintained at 
a temperature around the glass-transition temperature of the 
glass composition that forms the mother glass rod 1. When 
the mother glass rod 1 is immersed in the molten salt 62, Li 
ions (indicated With the letter “X” in FIG. 4) contained in 
the mother glass rod 1 and the Na ions (indicated With the 
letter “Y” in FIG. 4) contained in the molten salt 62 are 
exchanged for each other. Thereby the mother glass rod 1 is 
provided With a composition distribution of Li in the radial 
direction thereof and thus is provided With a refractive index 
distribution. That is, it also can be said that the rod lens of 
the present invention is one obtained by providing the 
above-mentioned mother glass rod of the present invention 
With a refractive index distribution through the ion exchange 
that occurs betWeen Li ions and Na ions. The shape of the 
rod lens thus formed is the same as that of the mother glass 
rod 1. 

[0241] FIG. 5 schematically shoWs an example of the 
refractive index distribution in the rod lens of the present 
invention. As shoWn in FIG. 5, the rod lens 11 of the present 
invention is provided With the refractive index distribution, 
When vieWed in the radial direction thereof, in Which the 
refractive index decreases relatively With the distance from 
the center part toWard the peripheral part. This refractive 
index distribution corresponds to the Li distribution in the 
radial direction of the rod lens 11. 

Rod Lens Array and Image Processor of the Present Inven 
tion 

[0242] FIG. 6 shoWs an example of the rod lens array of 
the present invention. The rod lens array 21 shoWn in FIG. 
6 includes at least tWo rod lenses 11. The rod lenses 11 are 
arrayed, With their optical axes being substantially in par 
allel With each other, and are formed into one body together 
With a pair of FRP substrates 22 and a black resin 23. Such 
a rod lens array 21 can be formed as folloWs. That is, after 
at least tWo rod lenses 11 are arrayed on the surface of one 
of the FRP substrates 22 so as to be substantially in parallel 
With each other and then are sandWiched betWeen the one 
and the other of the FRP substrates 22, the space betWeen the 
pair of FRP substrates 22 is ?lled With the black resin 23, 
Which alloWs the respective members to be formed into one 
body, and further the end faces of the rod lenses 11 are 
polished. 














