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PC'TIUS99/12658   5 INVERSE TRIPLET LENS ASSEMBLIES FIELD OF THE INVENTION
This invention relates to objective lenses that contain aspherical surfaces
and are designed to be manufactured in high volumes. 10 More particularly,
the invention relates to an rover se triplet objective lens which: ' (1)
has a negative (or weak positive)) positive, negative configuration; (2)
uses aspherical surfaces to correct primary aberrations; and 15 (3) uses
aspherical surfaces to reduce manufacturing sensitivities by reducing the
amount of aberration correction contribution by an individual lens element.
In certain embodiments, the negative (or weak positive}, positive, negative
configuration is followed by a positive lens unit which serves to 20
provide the lens with an extended exit pupil. BACKGROUND OF THE INVENTION
It is well know that the classical triplet (see Figure 6A and Table 6) can
be corrected for a11 of the primary aberrations) but because there is a
residual secondary astigmatism that is not correctable) the performance is
25 limited by astigmatism. If the specifications for the lens are "pushed"
too far, the astigmatism is so severe that the depth of focus becomes very
shallow (see Figure 6B)) and the lens becomes very difficult to manufacture
simply because any manufacturing variations will further reduce this
already shallow depth. 30 A further disadvantage of the triplet design is
that the spherical aberration and astigmatism correction are both achieved
because the    2 December 2002 -2 negative element introduces just the
"right" amount of aberration of the opposite sign to cancel the effects of
the two positive elements. This means that strongly aberrated lenses must
be located properly, without tilts or decentrations, or the aberrations
will not completely cancel each other, as demonstrated by the through-focus
MTF for a decentered second element shown in Figure 6C. There are many four
element lens types that are much better than the classical triplet and are
usually employed to achieve higher performance than the triplet, but with
some increase in cost. Even employing aspherical surfaces only results in
limited improvement of a classical triplet because the stop is located too
close to the negative element for the astigmatism to be corrected and the
manufacturing sensitivity problem still remains. SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of the invention to provide
improved objective lenses. More particularly, it is an object of the
invention to provide objective lenses having improved aberration correction
and reduced sensitivity to manufacturing variations. It is a further object
of the invention to provide objective lenses which use a minimum of lens
elements, e.g., three or four elements, where, preferably, a11 of the lens
elements are composed of moldable materials and have aspherical surfaces.
To achieve the foregoing and other objects, the invention in accordance
with a first aspect provides an optical system for producing an image of an
object, said system having an overall positive optical power "Q~o", an
overall positive focal length "fo" (fo =1/Qjo), an object side, and an
image side, and comprising in order from its object side to its image side
of: (a) a first lens unit (U 1 ) having a negative power or a weak positive
power (i.e., a positive power which is less than 0.3 times the overall
positive power of the optical system and preferably is less than 0.2 times
the overall positive power) and an object side surface and an image side
surface; (b) a second lens unit (U2) having a positive power and an object
side surface and an image side surface; and 



2 December 2002 -3 (c) a third lens unit (U3) having a negative power, the
magnitude of the focal length of the third lens unit being less than 1.5
times the overall positive focal length of the optical system; wherein said
optical system has an aperture stop (AS) between the object side surface of
the first lens unit and the image side surface of the second lens unit; and
at least one aspherical surface. According to second aspect of this
invention, an optical system consists of just the first, second and third
lens units. According to a third aspect of this invention, the distance
from the object side of the first lens unit to the image is less than 2
times fo. According to further aspects of this invention, the optical
system has some or a11 of the following characteristics, either separately
or in combination: (1) each of the first, second, and third lens units
comprises at least one aspherical surface; (2) at least two of the first,
second, and third lens units comprises two aspherical surfaces; (3) each of
the first, second, and third lens units comprises two aspherical surfaces;
(4) each of the first, second, and third lens units consists of a single
lens element; (5) the operative imaging components of the optical system,
i.e., the components with optical power, consist of just the first, second,
and third lens units; (6) the operative imaging components of the optical
system, i.e., the components with optical power, consist of just the first,
second, and third lens units and each of those units consists of a single
lens element; (7) the optical system comprises a fourth lens unit (U4) on
the image side of the third lens unit, said fourth lens unit having a
positive power; (8) the fourth lens unit comprises at least one aspherical
surface;    _ 2 December 2002 WO 99/63379 _4- PCTIUS99112658 (9) each of
the first, second, third) and fourth lens units consists of a single lens
element; (10) the operative imaging components of the optical system i.e.)
the components with optical power, consist of just the first, second,
third. 5 and fourth lens units; (11) the operative imaging components of
the optical system i.e., the components with optical power) consist of just
the first, second) third, and fourth lens units and each of those units
consists of a single lens element; 10 (12) a11 lens elements used in the
optical system are made from moldable materials, e.g., plastics or moldable
glasses; (13) the back focal length of the optical system is at least U.5
times the overall positive focal length of the optical system; (14) the
exit pupil of the optical system is located at a distance 15 from the image
of at least 2 times the overall positive focal length of the optical
system; (15) the distance from the object side of the first lens unit to
the image is less than 2 times the,overall positive focal length of the
optical system; 20 (16) at least one surface of the lens element nearest
the image has an inflection; (1?) the optical system has a half field of
view in the direction of the object of at least 25; (18} the optical system
has a relative aperture of less than f15, e.g.) 25 a relative aperture of
f/4 or f13.5; (19) the optical system is used as a taking lens for a
digital light 



sensor; and (20) the optical system comprises sufficient aspherical
surfaces to substantially correct third and fifth order aberrations and to
substantially 30 reduce the system's sensitivity to manufacturing
deviations (tolerances).   2 December 2002 WO 99/63379 PCT/US99/12658 . c5.
BRIEF DESCRIPTION OF THE DRAWINGS Figure lA is a schematic side view of an
inverse triplet lens constructed m accordance with the invention and having
an fl# of 4.;i, a semi-field of view of 2a, and a focal length (f } of 10
mm. 5 Figure 1B is a through-focus white light MTF at 50 cycles/mm for the
inverse triplet of Figure lA. Figure 2A is a schematic side view of a
desensitized rover se triplet constructed in accordance with the invention.
Figure 2B is a through-focus MTF at 50 cycles/mm for the inverse 10 triplet
of Figure 2A with the second element decentered by U.025 mm. Figure 3A is a
schematic side view of an inverse triplet modified for an extended exit
pupil position. Figure 3B is a through focus MTF at 50 cycles/mm for the
inverse triplet of Figure 3A. l:i Figure 4A is a schematic side view of an
inverse triplet modified for an extended exit pupil position and a large
back focal length. Figure 4B is a through focus MTF at 50 cycles/mm for the
inverse triplet of Figure 4A. Figure 5A is a schematic side view of a
further inverse triplet having 20 an extended exit pupil position and a
large back focal length. Figure 5B is a through focus MTF at 50 cycles/mm
for the inverse triplet of Figure 5A. Figure 5C is a through focus MTF at
50 cycles/mm for the inverse triplet of Figure 5A with the first element
(U1) decentered by 0.035 mm. 25 Figure 5D is a through focus MTF at a0
cycles/mm for the rover se triplet of Figure 5A with the second element
(U2) tilted by 0.3. Figure 5E is a through focus MTF at 50 cycles/mm for
the inverse triplet of Figure 5A with the third and fourth elements (U3 and
U4) each tilted by 0.3.     2 December 2002 WO 99I63379 -s- PCT/US99112658
Figure 5F is a through focus MTF at 50 cycles/mm for the inverse triplet of
Figure 5A with the air space between second and third elements (U2 and U3)
changed by 0.04 mm. Figure 5G is a through focus MTF at 50 cycles/mm for
the inverse 



5 triplet of Figure 5A with the thickness of the second element (U2)
changed by 0.04 mm. Figure 6A is a schematic side view of a classical
triplet having an f/# of 4, a semi-field of view of 25) and a focal length
(f) of 10 mm. Figure 6B is a through-focus white light MTF plot at 50
cycles/mm 10 for the classical triplet of Figure) 6A at selected field
positions. Figure 6C is a through-focus white light MTF plot pit 50
cycles/mm for the classical triplet of Figure 6A with second element
decentered by 0.025 mm. Prescriptions for' the lenses of Figures 1-6 are
set forth in Tables 1-6, 15 respectively. The prescriptions of these tables
use the "OSLO" format of the optical design program sold under that
trademark by-Sinclair Optics Inc, Rochester, New York. . The symbols used
in the MTF plots have the following meanings: plus sign (+) -- on-axis;
upward facing triangle (p) -- 0.7 field tangential: 20 downward facing
triangle (v) -- 0.7 field sagittal; square (D) -- full field tangential;
diamond (O) -- full field sagittal; circle (Q) -- ideal. The wavelengths
used in calculating the MTF plots were 0.54f 1 microns) 0.480U microns) and
0.6438 microns. The wavelengths were equally weighted. The through-focus
MTF plots of Figures 1B, 3B, 4B, and 6B are for 25 full fields of 25) while
those of Figures 2B, 5B-5G, and 6C are for a full field of -20. The
foregoing drawings) which are incorporated in and constitute part of the
specification) illustrate the preferred embodiments of the invention, and
together with the description, serve to explain the principles 30 of the
invention. It is to be understood, of course, that both the drawings   2
December 2002 WO 99l63379 PCTIUS99/12658 _ j. and the description are
explanatory only and are not restrictive or limiting; of the invention.
DETAILED DESCRIPTION OF THE INVENTION A. Dividing' the Negative Power ;i As
discussed above, the classical triplet with its positive) negative.
positive configuration suffers from both aberration correction and
manufacturability problems. In accordance with the invention. the power of
the classical triplet are inverted so that the lens has three lens units
with a negative (or weak positive), positive) negative configuration.
Figure lA 1() shows the basic structure of the inverse triplet lens of the
invention. By inverting the powers of the triplet, a different means of
aberration correction is achieved. The stop is placed after the first
element near the positive element, and the negative elements are allowed to
be spaced somewhat from it. 15 In an a11-spherical surface design, the
single positive element contributes too much spherical aberration for the
negative elements to correct) but the astigmatism can be well corrected
with little secondary aberration residual. Unlike astigmatism) the
spherical aberration can always be corrected with aspherics, and in fact
the design form can be well 20 corrected. The through-focus MTF of Figure
1B shows the improved astigmatism correction as compared to the classical
triplet (see Figure 6B). B. Manufacturing Desensitization While the inverse
triplet requires aspherical surfaces for full correction, only one or two
aspheres are required) depending on the field 25 and aperture desired. For
molded lenses, only the cost of tooling is increased if additional
aspherics are added) and this cost is easily justified if the manufacturing
yield is increased. By allowing all of the surfaces to become aspherical,
the design can be tailored for particular manufacturing processing. 



30 Figure 2A shows a design modified to minimize effects of tilting)
decentering, and spacing errors. A comparison of through-focus MTF for   2
December 2002 WO 99/63379 -$_ PC?/US99I12658 about 0.75 relative field is
shown in Figure 2B where the second lens element is decentered. Table 7
compares the sums of the primary and secondary aberrations for each element
of the classical triplet of Figure 6A and the desensitized 5 inverse
triplet of Figure 2A. As can be seen in this table, the approximate
aberration correction of the individual inverse triplet lens elements is
better than those of the classical triplet. For manufacturing purposes, the
most important characteristic is whether any of the tolerances required is
too severe for mass production, IU even if all of the other tolerances are
very loose. The next level is the cost ' associated with too many
restrictive tolerances. The use of multiple aspherical surfaces provides
the means to accomplish both of these goals. That is, if a sufficient
number of surfaces are aspherical) there are more degrees of freedom than
required for aberration correction, so the lens can I5 be optimized for
manufacturability. C. Modification for Extended Exit Pupil Position For
imaging with a single polychromatic sensor it is often necessary to limit
the angle of maximum chief rays so as to avoid color artifacts caused by
the separation of the color filter and the actual active sensor. 20
Satisfying this telecentric, or nearly telecentric condition, requires
additional positive power in the space between the objective lens and the
image. Ideally) a lens at the image could perform the function of extending
the exit pupil without introducing severe aberrations. In actual practice
this space is usually occupied with filters of various types so the
positive 25 lens is removed somewhat. By adding positive power) field
curvature is increased as well, and because there is no significant choice
of plastic materials, correction requires either larger size or additional
negative power. The aspherical surfaces are sufficient to correct for the
aberrations resulting from this 30 increased power) and even the ability to
desensitize remains.   Z December 2002 WO 99I63379 -~- PCTIUS99/12658 It
seems possible to place the positive lens anywhere in the image space. If
it i5 placed near the image, chown in Figure 3 A, only spherical surfaces
are required. If aspherical surfaces are used the departure from sphericity
of the additional lens becomes very noticeable. This design, shown in
Figure 4A) looks like a conventional triplet with negative element added to
the front. The aberr ation cog r ection, however , is quite different
because the stop is located a substantial distance from the central
negative element. It is interesting to note how the aspherical surfaces can
be used to 10 correct the aberrations in different ways. The sum of the
Seidel and fifth order surface contributions lens element by lens clement
is shown m Tables 8 and 9 for the designs shown in Figure 3A and 4A,
respectively. By adding the additional aspheres the lens of Figure 4.A has
less spherical aberration per lens element, and thus is less sensitive to
manufacturing errors of lei decentr ation. Because the positioning and
tilting of the sensor itself can usually be adjusted to remove the effects
of a tilted image) the larger lens element contribution for off-axis
aberrations can be tolerated. The through-focus MTF at 50 cycles/mm for the
extended exit pupil designs of Figures 3A and 4A are shown in Figures 3B
and 4B, respectively. 20 The designs show some astigmatism for the corner
of the image ('?~> degrees semi-field), but compare quite favorably with
the conventional triplet without the extended pupil. Figure 5A illustrates
a further lens design which (I) has an extended pupil) (2) has a long back
focal length) and (3) employs sufficient aspherical 25 surfaces so as to
reduce substantially the design's sensitivity to manufacturing deviations
(tolerances). In particular, a comparison of Figure 5B with Figures 5C-5G
demonstrates the relative insensitivity of this design to decentration
(Figure 5C), tilt (Figures 5D and 5E), spacing errors (Figure 5F), and
element thickness errors (Figure 5G). 30 Although preferred and other
embodiments of the invention have been described herein) further
embodiments may be perceived b~- those   2.December 2002 W O 99I63379
PCT/US9911 Q658 -10 skilled in the art without departing from the scope of
the invention us defined b~~ the followinh claims.   .2 December 2002 WO
99I63379 PCTIUS99/12658 -11TABLE 1 SRF RADIUS THICKNESS APERTURE RADIUS
GLASS SPE NOTE OBJ -- 5.8238e+19 2.7157e+19 AIR 1 -3.069874 V 2.400264 V
1.779l36 S ACRYL C 2 -7.562037 V 0.248357 V 1.4B8879 S AIR AST 3.722346 V
2.313840 V 1.419980 AS ACRYL C 4 -3.051072 V 0.500484 V 1.830093 S AIR 5
-2.329B61 V 1.03326Z V 1.814661 S STYRE C 6 -7.191681 V 5.000000 2.095155 S
AIR 7 -- 0.B74400 / 3.3933D0 S 8K7 C 8 -- 4.315274 S 3.542750 S AIR IMS --
-0.091852 V 4.639273 S *CONIC AND POLYNOMIAL ASPHERIC DATA SRF CC AD AE AF
AG 1 -- 0.016073 -0.001518 0.000291 - .1617e-05 3 -- -0.014628 -0.001961
1.8097e-05 -5.8687e-05 5 -- 0.046559 -0.000971 -4.3232e-05 8.7316e-05 6 --
0.028145 -0.00D172 -0.000283 4.1117e-05 



*WAVELENGTIiS: 0.540000 0.450000 0.620000 *REFRACTIVE INDICES. GLASS RN1
RN2 RN3 VNBR ACRYL 1.492403 1.499298 1.48880B 46.940121 STYRE l.595772
1.611790 1.587636 24.665717 8K7 1.519039 1.525320 1.515539 53.071437
Working F-number: 4.499908 Field angle: 25.0D0000 Effective focal length:
10.000093 UNIT POWER EFL 1 -0.078720 -12.703311 2 0.260570 3.837735 3
-0.1S9153 -6.283258   2 December 2002 WO 99I63379 -ll- PCTNS99/12658 TABLE
2 SRF RADIUS THICKNESS APERTURE RADIUS GLASS S?E NOTE OBJ -- 1.0000e+20
3.6397e+19 AIR 1 -1.B71869 V 0.882563 V 1.400000 K ACRYL C 2 -2.07B649 V
0.D77102 1.468745 S AIR * AST -- 1.362577 V Z.443419 AS AIR 4 4.38S774 V
2.03B735 V 1.700000 K ACRYL C 5 -4.896073 V 0.21B500 1.9B2925 S AIR 6
-2.5839'_'7 V 1.752980 V 1.959875 S CARBO C 7 -7.200777 V 5.000000 '
.300000 K AIR * 8 -- 0.873000 3.089841 S 8K7 C 9 -- 3.121l03 S 3.176392 S
AIR IMS -- -- 3.646332 S *CONIC AND POLYNOMIAL ASPHERIC DATA SRF CC AD AE
AF AG 1 -- 0.022092 0.004971 -0.00201 0.00C759 ' 2 ~ -- 0.016915 0.001905
-0.000566 0.000228 4 -- -0.000542 -0.001445 -1.7676e-OS -2.1005e-05 5 --
D.000532 -0.000913 9.7818e-05 - .6015e-05 6 -- 0.029750 -0.001536 0.000357
-:.7813e-05 7 -- 0.015015 -0.000516 0.000157 -1.7916e-05 ' *WAVELENGTHS:
D.546100 0.480000 0.643800 *REFRACTIVE INDICES GLASS RN1 RN2 RN3 VNBR ACRYL
1.492067 1.496540 1.487978 57.474701 CARBO 1.590088 1.600365 1.5807y
30.090095 8K7 1.518721 1,522B29 1.514721 63.97B908 working F-number:
4.007073 Field angle: 20.000000 Effective focal length: 10.018215 UNIT
POWER EFL 1 0.010658 93.B23764 2 0.197291 5.068654 3 -0.1257B9 -7.949799
2 December.2002 WO 99/63379 -13 PCTNS99/12658 TABLE 3
SRFRADIUSTHICKNESSAPERTURE RADIUSGLASS SPE
NOTEOBJ--5.8238e+192.7157e+19AIR1-2.66B669V2.400985V 1.886256SACRYL
C2-5.645963V0.43Z900V l.695983SAIRAST3.7H7009V3.639209V 1.580753ASACRYL
C4-3.143441V0.721000V 2.143264SAIR5-2.452537V1.551295V 2.067523SSTYRE
C6-42.455643V5.0000002.000000KAIR715.018072V2.0000004.267459SBK7
C8-12.7l2902V3.86l206S 4.550894SAIRIMS---0.038S31V 4.663557S*CONIC AND
POLYNOMIAL
ASPHERICDATASRFCCADAEAFAG1--0.019180-0.0011B60.0D01942.4289e-063---0.D11463
-0.000298 -5.0005e-05-3.0879e-055--0.027499-0.001863
0,00026B2.1667e-056--0.016636-0.0014480.0001S3-1.0934e-05*WAVELENGTHS:0.540
000 0.450000 0.620000 *REFRACTIVE INDICES SRFGLASSRN1
RN2RN3VNBR1ACRYL1.492403 1.9992981.48880846.9401213ACRYL1.492403
1.99929B1.4B880846.940l21SSTYRE1.595772
1.6l17901.58763624.6657177BK71.519039 1.5253201.51553953.071437Working
F-number:4.201221Fieldangle:25.000000Effective focal length:
10.003465UNITPOWEREFL1-0.D71410-l9.00354820.2370034.2193643-0.225574-9.4331
3540.07353113.599728   2 December,2002 WO 99I63379 -14- PCTNS99112658 TABLE
4 SRF RADIUS THICKNESS APERTURE RADIUS GLASS SPE NOTE OBJ -- 1.0000e+20
4.6631e+19 AIR 1 -1.981592 V 0.956852 V l.400000 K ACRYL C 2 -2.437039 V
0.094142 1.420000 AIR AST -- 2.527223 V 1.430000 AK AIR 4 4.551250 V
3.5035B7 V 3.170000 ACRYL C 5 -5.5359B9 V 0.667224 3.170000 AIR 6 -2.557747
V 0.517987 V 2.B80000 CARBO C * 7 -7.7229e+03 V 1.338772 2.600000 K AIR 8
35.060881 V 2.904450 V 4.000000 ACRYL C * 9 -4.739874 V 3.277058 4.000000
AIR 10 -- 1.000000 5.000000 8K7 C 11 -- 3.287032 S 5,000000 AIR , IMS --
-0.036095 V 4.662896 S *CONIC AND POLYNOMIAL ASPHERIC DATA SRF CC AD AE AF
AG 1 -- 0.025922 0.002042 -0.000232 0.000238 2 -- 0.015826 -0.000156
0.000365 -5.1713e-05 4 -- 0.00147B -0.000500 5.3849e-05 -1.3072e-06 5 --
0.003161 '0.00136B -0.0O0325 2.6057e-OS 6 -1.000000 0.032196 -0.004592
0.000323 -7.2973e-06 7 -- 0.026643 -0.003928 0.000316 -1.1361e-05 B --
-5.3670e-05 0.0002B8 -2.8108e-05 4.8652e-07 9 -- 0.002044 -0.000103
1.4479e-05 -6.6382e-07 *WAVELENGTHS: 1 0.546100 0.480000 0.643800
*REFRACTIVE INDICES 



GLASS RN1 RN2 RN3 VNBR CARBO 1.590088 1.600365 1.580754 30.090095 ACRYL
l.492067 l.496540 1.48797B 57.474701 BK7 1.518721 1.522829 1.514721
63.978408 Working F-number: 3.999787 Field angle: 2S.000000 Effective focal
length: 10.000000 UNIT POWER EFL 1 -0.014259 -70.129963 2 0.l74436 5.732754
3 -0.230624 -4.336065 4 0.115013 8.694691   . ' . 2 December 2002 WO
99I63379 -1~. PCT/US9911Z658 TABLE 5 SRFRADIUS THICKNESSAPERTURE
RADIUSGLASS SPE NOTEOBJ-- 1.8280e+03908.000000AIR1-2.702181 V 0.993383V
2.250000ACRYL C'_'-3.057447 V 3.5030002.3Q0000AIR *AST-- 1.5260001.230000
AKAIR45.478221 V 2.5934B1V 1.900000ACRYL C5-5.441035 V
1.2550001.960000AIR6-2.181334 V 1.0000001.960000CAR80 C *721.l38383
0.800000..700000AIR87.220097 V 2.50S1243.400000ACRYL C9-3.781015 V
1.2800003.500000AIR10-- 0.5000005.000000 GLASS16 M11-- --5.000000AIR12--
l.4000005.000000 GLASS18 M13-- --5.000000AIR19-- 1.0000005.000000 f8K7
C15-- 3.096984S S.000000AIRIMS -- -0.0200005.000000*CONICAND POLYNOMIAL
ASPHERICDATASRFCC ADAE AFAG1-- 0.0107890.000437 3.4575e-058.5312e-062--
0.0084298.3533e-05 8.7405e-OS-6.4345e-064-- 0.0029260.000486
5.2554e-061.9259e-065-0.500000 0.0035047.6571e-05 0.00D364-4.5360e-056--
0.00412l0.00226B 0.0003532.1025e-OS7-- -0.0098850.000660
7.1870e-05-1.1261e-058-- -0.003873-7.1717e-05 4.5720e-05-2.1033e-069--
0.00443B0.000142 -1.1630e-052.0009e-06*WAVELENGTHS: 0.546100 0.480000
0.643B00*REFRACTIVE INDICESGLASSRN1 RN2 RN3 VNBRCARBO1.590088 1.600365
1.5B0754 30.090095ACRYL1.492067 1.496540 1.48797B 57.474701GLASS16 1.518721
1.522835 1.514727 63.978408GLASS18 1.550000 1.555122 1.545122 55.000000   2
December 2002 WO 99/63379 -16- PCT/US99/12658 TABLE 5 (continued) Working
F-number:4.010265Field angle:26.372434Effective
focallength:8.708503UNITPOWEREFL1-0.001647-607.02195420.166l396.0190583-0.3
031B1-3.29835540.1834035.452484 TABLE 6 - PRIOR ART
SRFRADIUSTHICKNESSAPERTURE RADIUSGLASS SPE
NOTEOBJ--1.0000e+194.6631e+18AIR13.618229V1.516310V2.021492 KGLASS1
M26.708656V0.3570251.45B777AIR3-5.035902V0.1860131.445575GLASS3
M44.352446V0.2A1346Vl.283532AIR58.221S13V1 0.602167V1.27l637GLASSS
M6-4.23b010V0.081008V1.126154AIRAST--8.298B40S1.010B17
AKAIRIMS---0.073304V4.631058 S *WAVELENGTHS: 0.587560 0.480000 0.643B00
*REFRACTIVE INDICESGLASS RN1RN2GLASS1 1.7440001.754114GLASS3
1.7847001.803037GLASS5 1.B340001.847665Working F-number:4.000002Field
angle:25.000000Effective focal
length:10.000o05UNITPOWER10.1145512-0.33903930.291767 RN3 VNBR 1.740592
55.022000 1.778831 32.418000 1.B29490 A5.885000 EFL 8.72974S -2.949517
3.427392   2 December 2002 WO 99I63379 -1?- PCTNS99/12658 TABLE 7
ClassicalSACMAASTInverseSACMAASTElement 1-.053-.017-.088Element
1-.020.099.083Element 2.203-.034.522Element 2-.092.097-.134Element 3-
150.054. 429Element 3.089- 171 I-.005 TABLE 8 Lens
ElementSACMAASTDIST1-.376.140.012-.3732-
041-.099-.103-.0693.425-.025.0024614-.003-.006.036-.235 TABLE 9 Lens
ElementSACMAASTDIST1-
126.013.096-.2452-.062.269,234.2093.089-.153,229-1.674-.025-.034-.660.503
2 December 2002 -18 CLAIMS: 1. An optical system for producing an image of
an object, said system having an object side, an image side, an overall
positive focal length fo, and comprising in order from its object side to
its image side of: (a) a first lens unit having: (i) a negative power or a
weak positive power; and (ii) an object side surface and an image side
surface; (b) a second lens unit having: (i) a positive power; and (ii) an
object side surface and an image side surface; 



and (c) a third lens unit having a negative power, the magnitude of the
focal length of the third lens unit being less than 1.5 times fo; wherein:
(i) each of the first, second, and third lens units comprises at least one
aspherical surface; and (ii) said optical system has an aperture stop
between the obj ect side surface of the first lens unit and the image side
surface of the second lens unit. 2. An optical system for producing an
image of an object, said system having an object side, an image side, an
overall positive focal length fo, and comprising in order from its object
side to its image side of: (a) a first lens unit having: (i) a negative
power or a weak positive power; and (ii) an object side surface and an
image side surface; (b) a second lens unit having: (i) a positive power;
and (ii) an object side surface and an image side surface; and (c) a third
lens unit having a negative power, the magnitude of the focal length of the
third lens unit being less than 1.5 times fo;   2 December 2002 -19
wherein: (i) said optical system has at least one aspherical surface; (ii)
said optical system has an aperture stop between the object side surface of
the first lens unit and the image side surface of the second lens unit; and
(iii) the components of the optical system with optical power consist of
just the first, second, and third lens units. 3. An optical system for
producing an image of an object, said system having an object side; an
image side, an overall positive focal length fo, and comprising in order
from its object side to its image side of: (a) a first lens unit having:
(i) a negative power or a weak positive power; and (ii) an object side
surface and an image side surface; (b) a second lens unit having: (i) a
positive power; and (ii) an object side surface and an image side surface;
and (c) a third lens unit having a negative power, the magnitude of the
focal length of the third lens unit being less than 1.5 times fo; wherein:
(i) said optical system has at least one aspherical surface; (ii) said
optical system has an aperture stop between the object side surface of the
first lens unit and the image side surface of the second lens unit; and
(iii) the distance from the object side of the first lens unit to the image
is less than 2 times fo. 



4. The optical system of claim 1, 2, or 3 wherein at least two of the
first, second, and third lens units comprises two aspherical surfaces. 5.
The optical system of claim 1, 2, or 3 wherein each of the first, second,
and third lens units comprises two aspherical surfaces.   2 December 2002
-20 6. The optical system of claim 1, 2, or 3 wherein each of the first,
second, and third lens units consists of a single lens element. 7. The
optical system of claim 1 or 3 wherein the components of the optical system
with optical power consist of just the first, second, and third lens units.
8. The optical system of claim 7 wherein the first, second, and third lens
units each consists of a single lens element. 9. The optical system of
claim 1 or 3 further comprising a fourth lens unit on the image side of the
third lens unit, said fourth lens unit having a positive power. 10. The
optical system of claim 9 wherein the fourth lens unit comprises at least
one aspherical surface. 11. The optical system of claim 9 wherein each of
the first, second, third, and fourth lens units consists of a single lens
element. 12. The optical system of claim 9 wherein the components of the
optical system with optical power consist of just the first, second, third,
and fourth lens units. 13. The optical system of claim 12 wherein the
first, second, third, and fourth lens units each consists of a single Lens
element. 14. The optical system of claim 1, 2, or 3 wherein a11 lens
elements used in the optical system are made from moldable materials. 15.
The optical system of claim 9 wherein a11 lens elements used in the optical
system are made from moldable materials. 16. The optical system of claim 1,
2, or 3 wherein the back focal length of the optical system is at least 0.5
times fo.   2 December 2002 -21  17. The optical system of claim 9 wherein
the back focal length of the optical system is at least 0.5 times f. 18.
The optical system of claim 9 wherein the exit pupil of the optical system
is located at a distance from the image of at least 2 times f. 19. The
optical system of claim 1 or 2 wherein the distance from the object side of
the first lens unit to the image is less than 2 times f. 20. The optical
system of claim 9 wherein the distance from the object side of the first
lens unit to the image is less than 2 times f. 21. The optical system of
claim 1, 2, or 3 wherein at least one surface of the lens element nearest
the image has an inflection. 22. The optical system of claim 9 wherein at
least one surface of the lens element nearest the image has an inflection.
23. The optical system of claim 1, 2, or 3 wherein the system has a half
field of view in the direction of the object of at least 25. 24. The
optical system of claim 9 wherein the system has a half field of view in
the direction of the object of at least 25. 25. The optical system of claim
1, 2, or 3 wherein the system has a relative aperture of less than f/5. 26.
The optical system of claim 9 wherein the system has a relative aperture of
less than f/5. 27. The optical system of claim l, 2, or 3 wherein the
system comprises sufficient   2 December 2002 -22 



aspherical surfaces to substantially correct third and fifth order
aberrations and to substantially reduce the system's sensitivity to
manufacturing deviations. 28. The optical system of claim 9 wherein the
system comprises sufficient aspherical surfaces to substantially correct
third and fifth order aberrations and to substantially reduce the system's
sensitivity to manufacturing deviations. 29. A digital camera comprising
the optical system of claim 1, 2, or 3 and a digital light sensor. 30. A
digital camera comprising the optical system of claim 9 and a digital light
sensor. 31. An optical system comprising first and second lens elements,
the first lens element having first and second aspherical surfaces and the
second lens element having third and fourth aspherical surfaces, wherein
the first and second aspherical surfaces at least partially correct at
least one primary aberration of the first lens element and the third and
fourth aspherical surfaces at least partially correct at least one primary
aberration of the second lens element, said corrections being sufficient to
reduce the sensitivity of the optical system to at least one manufacturing
tolerance. 32. The optical system of claim 31 wherein the first and second
aspherical surfaces at least partially correct the spherical aberration of
the first lens element and the third and fourth aspherical surfaces at
least partially correct the spherical aberration of the second lens
element. 33. The optical system of claim 31 wherein the first lens element
has a positive power and the second lens element has a negative power.
.A9r.A&.y.A{f.AY.A &.A&.AU&.A&2.AY y.A,3.A .A&Y .AH&l .A9.AL.A@9.Al
Lr.A.fY.A`f.ALy.AE.ALy%9:;=]tBP | ;W5s
T}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c
a]c^a]c^a]ca]c:a]cRa]caU]ca]ca]caU]ca Tmnpy|6^|ks
ku#t{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]c^a!p+rs_{0<-HNp4 {
!N!zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca!N!!!!>"T"""#4#{###$U$$$%%f%%%%%%%%4&
~&&&,'8'''|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'(N((((.)~)))*k**+O+++%,5,v,,-
]-m----..3.0001}wrlgb]X]]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1e112223E5U5a5e5t5U99;
=S=c==&@KDEEFgFFFFFFG%G'GEG~xslga\Vlgb]XU]ca]caU]ca]ca
U]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]caU]ca]caU]ca]ca]ca
]ca]c^a]ca]ca]ca
EGGGsHHcII8JJJJJKKkKLLLLLMMM!MONcNNLOrOOOOOOzupje`ZUlgb]X]caU]ca]ca]caU]ca]
ca]ca]ca]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca]ca]c^a]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]c^a OOOORRTTTTTT
UVWWXX_YYYYZ0Z<ZAZPZXZ____{vpid_YTje`ZUlgb]]caU]ca]ca]ca
U]c^aU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca
U]c^aU]ca]caU]ca]ca]ca]ca]ca]c^a U]c^aU]ca__``+``````a"aaa3b;
bWb`bqbbbpcqccccccddd*d~xrlgb\WQje`U]ca]caU]ca]ca]caU]caU]caU]ca]caU]ca]caU
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]caU]ca]ca
U]c^aU]ca*d2d;de ee*e/e5e9eAeBeOeTe^ebeeeeeef,f1f9fff
g+g^ggg~xsnid_ZUje`U]c]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca
U]c^a]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca
U]c^agghh]hhhhhQiiCjijjjjk*kakekkkkllIlll8m]mn1nOnn}xsnid_Z]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!nnnn)o-oooooNppppqr
r%rrrIsssgtttVuuuNv|vvvUw}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Uwwwwwxxbxyxyy
zz{{||||:}J}O}}}~~>}xsnid_nid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca 9:;
]fH*S10%&'()-#10%&'()- 10%&'()-F10%&'()-3:10%&'()-t
>9%10%&'()-p9%10%"&'()-]tBPfD*S10%&'(!H9m%10%&'()- 10%&'()-
`!10%&'()-S10%&'()- 10%zz&'()-10%* &'()- | W{Y:*S10-10%&'()-! ( 10%&'()-  N
( 10%}&'()- '!%10%&'()-yLl"10%&'()-z!v9m%10%==&'()-5sdYNCS10 10 10 10
l:F10%&'()- 8F10%&'()- S210%&'()- 



0S 10%&'()-/s10%&'()-  TdEYNCS10
Z"10%"&'()-F@m10%"&'()-&G"10%"&'()-mS10%"&'()-Y"y10%"&'()-&:10%"&'()-MTmn|d
EYNCS10 *G"10%"&'()-f)G"10%"&'()-'10%"&'()-G"10%"&'()-m&10%"&'()-
10%"&'()-|6^dEYNCS10
L6m10%"&'()-410%"&'()-3G"10%"&'()-l1G"10%"&'()-/m10%"&'()-,G"10%"&'()-z^yz{
|bCS10 Z"10%T&'()-Z10%T&'()-s10%T&'()-"f10%T&'()- 10" 10" 10"7
10%"&'()-ksdEbCS10Ft10%T&'()-10%T&'()-10%T&'()-sy10%T&'()-:10%T&'()-,Z10%T&
'()-
ku#dEbCS10"s10%T&'()-L!310%T&'()-910%T&'()-&m10%T&'()-10%T&'()-m10%T&'()-#t
pdEbCS10,m10%T&'()-*z10%T&'()-S)G"10%T&'()-'m10%T&'()-&10%T&'()-$m10%T&'()-
+opqrsbCS10Z10%&'()-G3&&10%&'()-s10%&'()- 10T 10T
10T/:10%T&'()-3.10%T&'()-{Y7bCS!Pfz&10%&'()-!Pfz&10%&'()-!8fz&10%&'()-!yhfz
&10%&'()- .fz&10%>&'()-C 10%&'()-+_yZ;bCS!sy,M10%&'()-*S10%&'()- N '
10%f&'()-S)!3#-&10%&'()-  3#-&10%^&'()- !#fz&10%&'()-_{0<^?4C 10
s910%&'()-!9610%&'()-410%&'()-3:10%&'()-! /!10%&'()- .  10%&'()--NpjKC 10
s,-10%G&'()-M10%G&'()-  10%G&'()-!A310%  &'()-4!&10%G&'()- 10 104 {
!N!dEKC 1010%G&'()-F10%G&'()-&10%G&'()- f10%G&'()-f 10%G&'()-
10%G&'()-N!!!!>"T""aBKC 10 s!g
10%G&'()-10%G&'()-L10%G&'()-10%G&'()-!:10%&'()- lg 10%Gj&'()-Z""#4#{###dEKC
10*10%G&'()- @)10%G&'()-'
10%G&'()-,&-10%G&'()-$10%G&'()-#10%G&'()-#$U$$$%%f%dEKC 10410%G&'()-
210%G&'()- Y110%G&'()- /10%G&'()-.10%G&'()-  y,-10%G&'()-f%%%%%%%%%bC
10!&10%"&'()-`910%"&'()-L&&10%"&'()-: 10G 



10G 10G  7y10%G&'()-  &610%G&'()-%%4&~&&&,'dEbC 10Sf 10%"&'()- '10%"&'()- f
10%"&'()-s10%"&'()-10%"&'()-f10%"&'()-F,'8'''(N((dBbC 10! 9%10%""&'()-
10%"&'()- s10%"&'()- 10%"&'()-310%"&'()- F10%"&'()-(((.)~)))dEbC 10!
$10%"&'()-  ,#L10%"&'()- !!10%"&'()- 310%"&'()-  sF10%"&'()-
@10%"&'()-)*k**+O++dEbC 10!3 Y.S10%"&'()- 3 ,Y10%"&'()-3  +10%"&'()-
)10%"&'()-  '10%"&'()-S&10%"&'()-++%,5,v,,-dEbC 10!Y @8 10%"&'()-F 6
10%"&'()- 510%"&'()-F L310%"&'()-1 10%"&'()-010%"&'()--Z-[-\-]-m----{\=
1010%t&'()-@10%t&'()-!P,m10%--&'()-Z!3&10%MM&'()- 10" 10" 10"9g
10%"&'()--3.//000wX9{\= 10,
m10%t&'()-F10%t&'()-!yS&10%&'()-s!yS&10%JJ&'()-s!=yS&10%rr&'()-s!`yS&10%&'(
)-s01e112223zX6{\= ! (!10%ll&'()-Z![ (!10%ll&'()-Z!I (!10%tt&'()-Z!v
$'10%&'()-z!L@#&10%  &'()- !10%t&'()-2334B5C5D5E5U5}oP= !
(!10%ll!&10%M&'()- 10pp 



10pp 10pp!p 0!10%pp&'()-&!S 0!10%&'()-&!D 0!10%tt&'()-&U55`6#78+9R9wU4P=
'10%--&'()-`*!'10%PePe&'()-`*!'10%&'()-`*!G'10%AA&'()-`*!'10%ASAS&'()-`*!'1
0%3}3}&'()-`*R99[:;;=P=Q=xV7,= 10M 9M10%M&'()-!&310%MM&'()- '10%;=;&'()-`*!
'10%mama&'()-`*!'10%cc&'()-`*!'10%&'()-`*Q=R=S=c==?&@QAdB= 10M !;Y
ss!10%&'()-@!Y '!10%&'()-!#Y '!10%&'()-!Y '!10%jj&'()-!10%&'()- 10M 10MQA.B
CmCKDbEEwU3B= 10!S `3- 10%&'()-!@ `3- 10%&'()-!Y ss!10%&'()-@!\Y
ss!10%&'()-@!Y ss!10%&'()-@!IY ss!10%&'()-@EEEEEFgFFFFrSH=S 10
1010%&'()-!,Z10%--&'()-F!,Z10%]]&'()-F!10%&'()- 10 10
10FFFFFGGHoM+S!0$10%hh&'()-%!D
$10%khkh&'()-%!DP$10%koko&'()-%!4@@F10%[[&'()-@@F10%'o&'()-! 10%oo&'()-
10HsHHcII8JJwU3+S!!f$10%G G
&'()-%!0$10%&'()-%!$10%&'()-%!0$10%""&'()-%!$10%  &'()-%!f
$10%cc&'()-%JJJJJJKKkKrS1!K#10%&'()-"@&10%g&'()-,m10%g&'()-4!3&`10%&'()- 10
10
10!$10%&'()-%kKK2LLMjMMwU3rS1!!0#10%POPO&'()-"!q0#10%gSgS&'()-"!#10%oo&'()-
"! #10%GG&'()-"! #10%BB&'()-"!T#10%&'()-"MONcNNLOOOOOxYNC8!! 10g 10g 10g
410%g&'()-L!#10%__&'()-"!0#10%oo&'()-"
#10%}J}&'()-"!0#10%}}&'()-"OOOOOOOdENC8!! 10g
10%T&'()-10%T&'()-$S10%T&'()-10%T&'()- ,G10%T&'()-!&410%T&'()- OOOOOO
PoPNC8!! 10g  10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 



PPPPPP)PwX9NC8!!  10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-5W:
)P*P.P/P1P;P=PvW8NC8!! 10%T&'()- 10%T&'()- 10%T&'()-5W:  10%T&'()-
10%T&'()-=PFPQPSP[P\P^PN4NC8!! 10%T&'()-5W:  10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-^PhPjPsP~PPPeFNC8!! 10%T 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()- 10%T&'()-PPPPPPPrS4NC8!! 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-5W: PPPPPPPrS4NC8!! 10%T&'()- 10%T&'()- 10%T&'()-5W:  10%T&'()-
10%T&'()-PPPPPPPN4NC8!! 10%T&'()-5W:  10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-PPPPPQQeFNC8!! 10%T 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()- 10%T&'()-Q QQQQ"Q+QrS4NC8!! 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()- 10%T&'()-5W: +Q-Q1Q2Q4Q>Q@QrS4NC8!! 10%T&'()- 10%T&'()-
10%T&'()-5W:  10%T&'()- 10%T&'()-@QIQRQTQZQ[Q]QN4NC8!! 10%T&'()-5W:
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-]QhQjQsQ~QQQeFNC8!! 10%T 10%T&'()-
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-QQQQQQQwX9NC8!! 10%T&'()-
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-5W: QQQQQQQrX>NC8!! 10%T&'()-
10%T&'()- 10%T&'()-5W: ) 10%T&'()- 10%T&'()-QQQQQQQ\=NC8!! 10%T&'()-5W:
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-QQQQQQQjKNC8!! 1 10%T&'()- 10%T&'()-
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-QQQQQQQwX9NC8!! 10%T&'()- 10%T&'()-
10%T&'()- 10%T&'()- 10%T&'()-5W: QRRRRRRrS9NC8!! 10%T&'()- 10%T&'()-(
10%T&'()-5W:  10%T&'()- 10%T&'()-R#R0R:RFRGRIRN4NC8!! 10%T&'()-5W:
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-IRLRMRVRbRkRvRjKNC8!! 10%T&'()
10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-vRwRyR|R}RRRwX9NC8!! 10%T&'()- 10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-5W: RRRRRRRrX9NC8!! 10%T&'()- 10%T&'()- 10%T&'()-5W:  10%T&'()-
10%T&'()-RRRRRRR\CNC8!! 10%T&'()-5W:  10%T&'()- 10%T&'()- 10%T&'()-
10%T&'()-RRRRRSS_?NC8!!l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l
a)10%E &'()- l a)10%E &'()-  { l(X10%E &'()-SSSS S)S3SzZ:NC8!!l a)10%E
&'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()-
)?3S4S6S<SNSWSaSzZ:NC8!!l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l
a)10%E &'()- l a)10%E &'()- )?aSbSdSjS|SSSzZ:NC8!!l a)10%E &'()- l a)10%E
&'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- )?SSSSSSSzZ:NC8!!l
a)10%E &'()- l 



a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()-
)?SSSSSSS~bFNC8!!l a)l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l a)10%E
&'()- l a)10%E &'()- )?SSSSSSSvZ>NC8!!l a)10%E &'()- &l a)10%E &'()- &l
a)10%E &'()- l a)10%E &'()- l a)10%E &'()- )?SSTTTTT~bFNC8!!l a)l a)10%E
&'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()- l a)10%E &'()-
)?TT!T'T+T,T-TvZ>NC8!!l a)10%E &'()- &l a)10%E &'()- &l a)10%E &'()- l 



a)10%E &'()- l a)10%E &'()- )?-T.T0T:TETFTGTvZ>NC8!!l a)10%E &'()- &l
a)10%E &'()- &l a)10%E &'()- l a)10%E &'()- l a)10%E &'()-
)?GTHTJTST\T]T^TvZ>NC8!!l a)10%E &'()- &l a)10%E &'()- &l a)10%E &'()- l
a)10%E &'()- l a)10%E &'()- )?^T_TaTkTuTvTwTvZ>NC8!!l a)10%E &'()- &l
a)10%E &'()- &l a)10%E &'()- l a)10%E &'()- l a)10%E &'()-
)?wTxTzTTTTTvZ>NC8!!l a)10%E &'()- &l a)10%E &'()- &l a)10%E &'()- l a)10%E
&'()- l a)10%E &'()- )?TTTTTTTTTsR1 @10%$&'()-&  Y10%$&'()-G !910%$&'()-10E
10E 10E l a)10%E &'()- 



)?T UUU3VVV|[:sR1  '10%&'()-@, B'10%ii&'()-@, 8'10%__&'()-@,E
8'10%__&'()-@, '10%&'()-@, '10% &'()-@,VVWXX_YY{Z8sR1 !'10%&'()-@,
o0'10%&'()-@,, x'10%&'()-@,, G0'10%n5n&'()-@,,!`'10%&'()-@,
0'10%!&'()-@,YZZZZ0ZPZXZ\ZqP0S10% &'()-+ l 10% &'()- F Z10% &'()-F L10%
&'()- 10\\ 10\\ 10\\!5 '10%\\&'()-@,\ZmZ}ZZZZZ{_?qP0S1S10% &'()-+S10%
&'()-+#3 %~S10% &'()-+S10% &'()-+S10% &'()-+ZZZZZZZ_?qP0S1S10% &'()-+S10%
&'()-+S10% &'()-+#3 %~S10% &'()-+S10% &'()-+ZZZZZZ[_?qP0S1S10% &'()-+S10%
&'()-+S10% &'()-+S10% &'()-+#3 %~S10% &'()-+[[[[[#[$[`<qP0S#3 %~S10%
&'()-+S10% &'()-+S10% &'()-+S10% &'()-+#3 %~$[&[:[E[M[N[P[`DqP0S#3S10%
&'()-+#3 %~S10% &'()-+S10% &'()-+S10% &'()-+S10%
&'()-+P[e[n[r[s[u[[{_?qP0S#S10% &'()-+S10% &'()-+#3 %~S10% &'()-+S10%
&'()-+S10% &'()-+[[[[[[[_?qP0S#S10% &'()-+S10% &'()-+S10% &'()-+#3 %~S10%
&'()-+S10% &'()-+[[[[[[[_?qP0S#S10% &'()-+S10% &'()-+S10% &'()-+S10%
&'()-+#3 %~S10% &'()-+[[[\\ \\`<qP0S#3 %~S10% &'()-+S10% &'()-+S10%
&'()-+S10% &'()-+#3 %~\\\0\1\2\5\dDqP0S#3S10% &'()-+#3 %~S10% &'()-+S10%
&'()-+S10% &'()-+S10% &'()-+5\;\D\H\I\L\X\{_?qP0S#S10% &'()-+S10% &'()-+#3
%~(S10% &'()-+S10% &'()-+S10% &'()-+X\k\l\m\p\v\\_?qP0S#S10% &'()-+S10%
&'()-+S10% &'()-+#3 %~S10% &'()-+S10% &'()-+\\\\\\\_?qP0S#S10% &'()-+S10%
&'()-+S10% &'()-+S10% &'()-+#3 %~S10% &'()-+\\\\\\\`<qP0S#3 %~S10%
&'()-+S10% &'()-+S10% &'()-+S10% &'()-+#3 %~\\\\\\\dDqP0S#3S10% &'()-+#3
%~S10% &'()-+S10% &'()-+S10% &'()-+S10% &'()-+\]]]]]]_?qP0S#S10% &'()-+S10%
&'()-+#3 %~+S10% &'()-+S10% &'()-+S10% &'()-+]]]]]*]>]_?qP0S#S10%
&'()-+S10% &'()-+S10% &'()-+#3 %~S10% &'()-+S10%
&'()-+>]I]J]L]X]n]z]_?qP0S#S10% &'()-+S10% &'()-+S10% &'()-+S10% &'()-+#3
%~S10% &'()-+z]{]}]]]]]`<qP0S#3 %~S10% &'()-+S10% &'()-+S10% &'()-+S10%
&'()-+#3 %~]]]]]]]`DqP0S#3S10% &'()-+#3 %~S10% &'()-+S10% &'()-+S10%
&'()-+S10% &'()-+]]] ^^ ^^{_?qP0S#S10% &'()-+S10% &'()-+#3 %~S10%
&'()-+S10% &'()-+S10% &'()-+^.^:^;^=^J^a^_?qP0S#S10% &'()-+S10% &'()-+S10%
&'()-+#3 %~S10% &'()-+S10% &'()-+a^m^n^p^|^^^_?qP0S#S10% &'()-+S10%
&'()-+S10% &'()-+S10% &'()-+#3 %~S10% &'()-+^^^^^^^hDqP0S##3 %~S10%
&'()-+S10% &'()-+S10% &'()-+S10% &'()-+#3 %~^^^^^^^gGqP0S##S10% &'()-+#3
%~S10% &'()-+S10% &'()-+S10% &'()-+S10% &'()-+^^^^^_'_cCqP0S#S10%
&'()-+S10% &'()-+#3 %~S10% &'()-+S10% &'()-+S10%
&'()-+'_(_)_*_0_U_V_W_dH,0S10% &'()-+S10% &'()-+S10% &'()-+S10% &'()-+#3
%~S10% &'()-+S10% &'()-+W_X______d@,0S10% &#3 %~S10% &'()-+S10% &'()-+S10%
&'()-+S10% &'()-+#3 %~_________dI</10 10 S10% &'()-+#3 %~S10% &'()-+S10%
&'()-+S10% &'()-+S10% &'()-+____````pT4/10L T10%&'()-L T10%&'()-%L 



T10%&'()-  Z10%&'()- Y10%&'()-41 !910%&'()-10 ``,`-`7`8`H`P`lP0/L
T10%&'()-L T10%&'()-'aR'L T10%&'()-L T10%&'()-L
T10%&'()-0'aRP`Y`Z`_`e`i`j`l`eG+/L T10%&'()-'aRL T10%&'()-L T10%&'()-L
T10%&'()-('aRL T10%&'()-l`v``````eE+/L T10%&'()-L T10%&'()-L T10%&'()-L
T10%&'()-'aR-L T10%&'()-L T10%&'()-````````hL,/L T10%&'()-L T10%&'()-'aRL
T10%&'()-L T10%&'()-L T10%&'()-'aR````````eE) 10% &'()- 10% &'()- 10% &'()-
@[L10% &'()-L T10%&'()-'aRL T10%&'()-```aaaaM1) 10% &'()-5WIEs i  10% &'()-
10% &'()- 10% &'()- 10% &'()-aaa#a$a/a3agG) 10% &' 10% &'()- 10% &'()- 10%
&'()- 10% &'()- 10% &'()- 10% &'()-3a4a6a?aAaJaLanN.) 10% &'()- 10% &'()-
10% &'()- 10% &'()- 10% &'()-5WIEs i LaWa`aaacalanamM-) 10% &'()- 10% &'()-
10% &'()-5WIEs i   10% &'()- 10% &'()-nawaxaaaaaM1) 10% &'()-5WIEs i  10%
&'()- 10% &'()- 10% &'()- 10% &'()-aaaaaaacC) 10%  10% &'()- 10% &'()- 10%
&'()- 10% &'()- 10% &'()- 10% &'()-aaaaaaanN.) 10% &'()- 10% &'()- 10%
&'()- 10% &'()- 10% &'()-5WIEs i aaaaaaamM-) 10% &'()- 10% &'()- 10%
&'()-5WIEs i   10% &'()- 10% &'()-aaaabbbI-) 10% &'()-5WIEs i  10% &'()-
10% &'()- 10% &'()- 10% &'()-bbbbb&b*b_?) 10%  10% &'()- 10% &'()- 10%
&'()- 10% &'()- 10% &'()- 10% &'()-*b+b/b2b3b<b>brR2) 10% &'()- 10% &'()-
10% &'()- 10% &'()- 10% &'()-5WIEs i >bJbNbObSbVbWbmM1) 10% &'()- 10% &'()-
10% &'()-(5WIEs i   10% &'()- 10% &'()-WbabcbnbobpbqbM2) 10% &'()-5WIEs i
10% &'()- 10% &'()- 10% &'()- 10% &'()-qbbbbbbbbkK3,l-@s-l10% &'()-M@s-l10%
&'()-M,l@s-l10% &'()-M@s-l10% &'()-M @@*@10% &'()-bbbbbbbcpX<@s-l10%
&'()-Ml,l@s-l10% &'()-M@s-l10% &'()-M,l@s-l10% &'()-M@s-l10% &'()-Mcc
cc(c)c6c@csW7@s-l10% &'()-M@s-l10% &'()-M,l@s-l10% &'()-M@s-l10%
&'()-M,l@s-l10% &'()-M@cAcYcccdcicocpcxX@,l@s-l10% &'()-M@s-l10%
&'()-M,l@s-l10% &'()-M@s-l10% &'()-M,lpcrc{c|c~ccccpX<@s-l10%
&'()-M,l@s-l10% &'()-M@s-l10% &'()-M,l@s-l10% &'()-M@s-l10%
&'()-McccccccccjI</10 10  @0610% &'()-: @610% &'()-: @F l.10% &'()-M@s-l10%
&'()-M,l@s-l10% &'()-Mccd*d2d<d?dCdpP0//10% &'()-/10% &'()-/10% &'()-
@YS'10% &'()- @l Sm10% &'()-3l Y L10% &'()-10 CdGdOdRdVdZd[d_#;c ,/10%
&'()-/10% &'()-/10% &'()-/10% &'()-/10% &'()-[dedkdqdwddddD;c ,/10%
&'()-/10% &'()-/10% &'()-/10% &'()-/10% &'()-/10% &'()-dddddddgG';/10%
&'()-/10% &'()-/10% &'()-;c ,/10% &'()-/10% &'()-ddddddd_#;c ,/10%
&'()-/10% &'()-/10% &'()-/10% &'()-/10% &'()-ddddddddD;c ,/10% &'()-/10%
&'()-/10% &'()-/10% &'()-/10% &'()-/10% &'()-ddeee eehG';A 010%%&'()-F l
Y10%%&'()-/10% &'()-;c 



,/10% &'()-/10% &'()-eee"e'e(e*eU9;A 010%A 010%%&'()-F)? (hA 010%%&'()-FA
010%%&'()-FA 010%%&'()-FA 010%%&'()-F*e0e5e:e@eAeCeU9;A 010%A 010%%&'()-F)?
(hA 010%%&'()-FA 010%%&'()-FA 010%%&'()-FA 010%%&'()-FCeIeOeUe[e\e^eU9;A
010%A 010%%&'()-F)? (hA 010%%&'()-FA 010%%&'()-FA 010%%&'()-FA
010%%&'()-F^eceienereseueU9;A 010%A 010%%&'()-F)? (hA 010%%&'()-FA
010%%&'()-FA 010%%&'()-FA 010%%&'()-Fue{eeeeeeU:;A 010%A 010%%&'()-F)? (hA
010%%&'()-FA 010%%&'()-FA 010%%&'()-FA 010%%&'()-Feeeeeee_?;A 010%A
.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-= l
F)&10%%&'()-eeeeeeezZ:;A
010%.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=)?IeeeeeeezZ:;A
010%.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=)?IeeeeeeezZ:;A
010%.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=)?IeefffffzZ:;A
010%.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=.10%%&'()-=)?Iffffff,f1f9fs
R1A l  10%"&'()- l 10%"&'()- l 3"f10%"&'()-'10%10%10%.10%%&'()-=)?I9fff 



g+g^gg|[:sR1A l  l 10%"&'()- l , 10%"&'()- l 10%"&'()-% l  10%"&'()- l
LF"10%"&'()- l  3"10%"&'()-ggghh]hh|[:sR1A l  l -10%"&'()- l 10%"&'()- l
FZ10%"&'()-% l 10%"&'()- l :10%"&'()- l f10%"&'()-hhhhQiiCj|[:sR1A l  l
'F"10%"&'()- l $10%"&'()- l "10%"&'()-% l L!10%"&'()- l m10%"&'()- l
&M10%"&'()-Cjijjjjk*k|[:sR1A l  l 3:10%"&'()- l l110%"&'()- l /10%"&'()-% l
. 10%"&'()- l ,10%"&'()- l *10%"&'()-*kakekkkkkkk|obU4A  l
!f10%1#&'()-10"10"10" l s9@10%"&'()-% l 710%"&'()- l 96Y10%"&'()- l
410%"&'()-kllIlll8m|[:bU4A  l l 9 m10%1#&'()- l sL10%1#&'()- l 9
m10%1#&'()-% l 9s10%1#&'()- l `lL10%1#&'()- l 10%1#&'()-8m]mn1nOnnn|[:bU4A
l l 10%1#&'()- l 



3 10%1#&'()- l 910%1#&'()-% l s10%1#&'()- l s3"10%1#&'()- l
s`10%1#&'()-nnn)o-ooo|[:bU4A  l l 9s$@10%1#&'()- l 9"10%1#&'()- l
L9!Z10%1#&'()-% l 10%1#&'()- l &10%1#&'()- l 9l10%1#&'()-oooNpppp|[:bU4A  l
l s .10%1#&'()- l Ly,Z10%1#&'()- l s*10%1#&'()-% l L@)Z10%1#&'()- l
9's10%1#&'()- l s&910%1#&'()-pq rrrr r%rrvU4A  l `&F"10% E# &'()- l 10% E#
&'()- l !y10% E# &'()-101#101#101# l s&6F"10%1#&'()- l
sY1F"10%1#&'()-rrIsssgtt|[:vU4A  l l `3"10% E# &'()-l l LG"10% E# &'()-l l
Ly`10% E# &'()- l `F"10% E# &'()- l L10% E# &'()- l `3"10% E#
&'()-ttVuuuNv|v|[:vU4A  l l L,Z10% E# &'()-l l `*3"10% E# &'()-l l L't10%
E# &'()- l `,&F"10% E# &'()- l ``!F"10% E# &'()- l L& 10% E#
&'()-|vvvUwwwwww|[:-410 E# l l L,;-10% E# &'()-l l `93"10% E# &'()-l l LL6
10% E# &'()- l `4F"10% E# &'()- l Ll110% E# &'()- l `/3"10% E# &'()-
wwwxxbxyxybA410 E# l l  l 



G"10%#&'()- l  Z10%#&'()- l &4"10%#&'()- l 10%#&'()- l !10%#&'()-10 E# 10
E# yyzz{{||[:A410 E# l l +G"10%#&'()- l ,&G"10%#&'()- l `!G"10%#&'()- l
G"10%#&'()- l G"10%#&'()- l G"10%#&'()-||||7}8}9}:}J}|obU410 l !y10% E#
&'()-10#10#10# l 9@ 10%#&'()- l `6&10%#&'()- l 4G"10%#&'()- l
/Z"10%#&'()-gJ}O}}}~~>|[:bU410 l l `yF"10% E# &'()- l L@m10% E# &'()- l
LZ"10% E# &'()- l ` L10% E# &'()- l `9F"10% E# &'()- l 10% E#
&'()->|[:bU410 l l `/10% E# &'()- l `F.F"10% E# &'()- l `+F"10% E# &'()- l
L&Z"10% E# &'()-  l `&10% E# &'()- l `YF"10% E# &'()-|[:bU410 l l `/10% E#
&'()- l `F.F"10% E# &'()- l `+F"10% E# &'()- l L&Z"10% E# &'()-  l `&10% E#
&'()- l `3F"10% E# &'()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph
Font{q"\*D2R:BCGLQW\`chot9zTN!'1EGO_*dgnUwXYZ[\]^_`abcd]T|^#_N!"#f%%,'()+--
023U5R9Q=QAEFHJkKMOO
P)P=P^PPPPPQ+Q@Q]QQQQQQQRIRvRRRRS3SaSSSSST-TGT^TwTTTVY\ZZZ[$[P[[[[\5\X\\\\\
]>]z]]]^a^^^^'_W___`P`l````a3aLanaaaaab*b>bWbqbbc@cpcccCd[ddddde*eCe^eueeee
eef9fghCj*kk8mnoprt|vwy|J}>efghijklmnopqrstuvwxyz{|}~  6Times New
RomanArialCourier New"h Root EntryWordDocument+
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   


