
INTRAOCULAR LENS  Technical Field [0001] The present
invention relates to an  intraocular lens which
enables suppressing contrast  deterioration due to an
optic decentration which occurs  when the intraocular
lens is inserted into an eye. Background  [0002] An
intraocular lens is inserted, for vision  correction,
into an eyeball after removing the  crystalline lens
due to cataract or the like. A  spherical design is
the mainstream of the current optical  designs for an
intraocular lens, because the design has  many
functions required for an intraocular lens
moderately, is easy to manufacture, and is convenient
for managing powers. However, an intraocular lens is
also being developed with attention being paid to a
specific function and with an aim for enhancing the
function. The technological trends for enhancement of
such specific function can be classified into two
types.  The first trend is directed to enable an eye
to see both  near objects and distance objects. The
second trend is  directed to enable an eye to see an
object more clearly.  [0003] A typical intraocular
lens of the first trend  as described above is a
multifocal intraocular lens, in which the optical
region of the intraocular lens is  divided into a
plurality of zones, with each zone having  



a power distribution for seeing near objects, a power
distribution f or seeing intermediate objects, and a
power  distribution for seeing distance objects,
respectively.  The optical designs thereof differ
depending on which  distance priority is given to. In
any of the designs,  however, the quantity of light
which enters each zone  is smaller compared with a
case of a spherical lens which  captures light with
the entire lens. As a result,  despite an increased
visible range, contrast of such lens  is deteriorated
(for example, see Patent Document 1).  [0004] An
invention described in Patent Document 2  is based on
a similar technological concept. Although  the
invention does not cover all of near, intermediate,
and distance, it is directed to provide a wider
visible  range compared with a spherical lens, for
example, with  an enhanced depth of focus for near
vision. Needless to  say, an intraocular lens
according to the invention  results in a deteriorated
contrast compared with a  spherical lens. [ 0005 ] On
the other hand, a technology of the second  trend is
based on the concept which is dramatically  opposite
to the concept of the first trend. That is, the
technology is directed to improve contrast, while
sacrificing the size of the visible range. When a
spherical intraocular lens is inserted into an eye,
focal  points are not concentrated on the retina
because the  



aberration of the cornea itself and the aberration of
the intraocular lens are overlapped with each other.
The  second trend is directed to reduce the
aberration. The  spherical aberrations of the cornea
and of the intraocular lens increase, with increasing
radial  distance from the optical axis. That is,
although  influence due to the spherical aberration is
little if  a width of a light ray entering the eye is
small, it is  significant if the width of the light
ray is large. For  example, a driver has a pupil
diameter equal to or greater  than 3.2 mm when s/he
drives a car at night. Such pupil  diameter is greatly
affected by the spherical aberration  such that the
contrast of an object is deteriorated, which  may be
dangerous for driving a car. A technology of the
second trend is directed to solve this kind of problem
(for example, see Patent Documents 3, 4 and 5).
[0006] All technologies disclosed in Patent  Documents
3 to 5 are directed to reduce the spherical
aberration. However, they have an disadvantage that
they provide a smaller visible range compared with the
spherical lens due to smaller depth of focus. These
aberration correction lenses are directed to reduce
the  spherical aberration which would otherwise
increase with  increasing radial distance from the
optical axis. ,iA Accordingly, these lenses have
simpler power  



distributions compared with a multifocal lens. [Patent
Document 1] Japanese Patent Application  Laid Open No.
S60-85744 [Patent Document 2] Published Japanese
Translation  of a PCT Application No. 2000-511439
[Patent Document 3] US Patent Publication No.  4504982
[Patent Document 4] Published Japanese Translation  of
a PCT Application No. 2003-534565 [Patent Document 5]
Japanese Patent Application  Laid Open No. 2006-14818
Disclosure of the Invention  Problem to be solved by
the Invention [0007] In the meantime, the intraocular
lens for  aberration reduction of the above-described
second trend  is found to have a major disadvantage
other the small  visible range as described above.
That is, when an  intraocular lens is placed into an
eye, the optical axis  of the intraocular lens is not
always aligned with the  optical axis of the eyeball.
Instead, optic  decentration is common, and it is
found in literatures  that an optic decentration of
0.3 mm in average is  generated. Fig. 33 is a diagram
showing that the optical  axis of the intraocular lens
is decentred from the optical 1 axis of the eyeball.
As shown in Fig. 33, when assuming  



the optical axis of an eyeball optical system
including  a cornea 20, a retina 30 and the like, is
O1, an optical  axis OL of an intraocular lens 10
placed in the eye is  decentred from 0= by the amount
AIL. It is reported in  literatures, textbooks, and
the like, that in the case  where the pupil diameter
is large, deterioration in  contrast in the aberration
reduction type intraocular  lens caused by an optic
decentration is much greater  compared with that in a
spherical lens. An object of the invention of the
present  application is to obtain an intraocular lens
in which  deterioration in contrast is suppressed even
when the  optical axis of an intraocular lens is
decentred from  the optical axis of an eyeball when
the intraocular lens  is inserted into the eye, while
the advantage of a  conventional aberration reduction
type intraocular lens  that the image is seen clearly.
Means for Solving Problems [0008] As means for solving
the above-described  problem, the first means is: an
intraocular lens in which deterioration in  contrast
is suppressed when an optical axis of the  intraocular
lens inserted into an eye is decentred from  an
optical axis of an eyeball, by employing such a power
F;' distribution as respectively having at least one
positive  



power deviation region having a larger power than that
represented by the reference power distribution and at
least one negative power deviation region having a
smaller power than that represented by the reference
power distribution in a region in the vicinity of the
center of the intraocular lens, assuming that the
reference power distribution being set to cancel a
spherical aberration of cornea when an intraocular
lens  is inserted into the eye. The second means is:
the intraocular lens related to the first means,
wherein each of the positive power deviation region
and  the negative power deviation region is a circular
region  or an annular region centering around an
optical axis.  The third means is: the intraocular
lens related to the first or second  means, wherein
the central region has a substantially  circular shape
centering around the optical axis having  a radius not
less than 0.7 mm and not more than 1.75 mm.  The
fourth means is: the intraocular lens according to any
one of the  first to third means, wherein a mean value
of power  deviation amounts from a reference power of
the positive  power deviation region is not less than
0.1 diopter and  not more than 0.8 diopter, and a mean
value of power  fi 



deviation amounts from of a reference power of the
negative power deviation region is not less than 0.1..
diopter and not more than 0.8 diopter. Effect of the
Invention [00091 According to the above-described
means, it  is possible to obtain an intraocular lens
in which  deterioration in contrast is suppressed even
when the  optical axis of the intraocular lens is
decentred from  the optical axis of the eyeball when
the intraocular lens  is inserted into the eye, by
employing such a power  distribution as respectively
having at least one positive  power deviation region
having a larger power than that  represented by the
reference power distribution and one  negative power
deviation region having a smaller power  than that
represented by the reference power distribution  in
the central region of the intraocular lens. In this
case, it is preferable that the central region have a
substantially circular shape centering around the
optical axis having a radius not less than 0.7 mm and
not more than 1.75 mm. If the radius is smaller than
0.7  mm or larger than 1.75 mm, the function for
suppressing  deterioration in contrast caused by an
optic decentration  is not sufficient. More
preferably, the radius should  be within a range not
less than 1.2 mm and not more than  1.5 mm. Further,
it is preferable that the power deviation amounts from
the reference power of the  



positive power deviation region or the mean value
thereof  be not less than 0.1 diopter and not more
than 0.8 diopter,  and the power deviation amounts
from the reference power  of the negative power
deviation region or the mean value  thereof be not
less than 0.1 diopter and not more than  0.8 diopter.
If the radius is smaller than 0.1 diopter,  the
function for suppressing deterioration in contrast
caused by an optic decentration is not sufficient, and
if the radius is larger than 0.8 diopter, a clear
image  cannot be obtained. With general environmental
illumination being taken into consideration, more
preferably, the radius should be within in a range not
less than 0.2 diopter and not more than 0.5 diopter.
Notably, it is found that deterioration in contrast is
suppressed also when the intraocular lens is tilted
when it is inserted  into the eye, as well as when
there is an optic  decentration. Best Mode for
carrying Out the Invention  _  [0010] Fig. 1 is an
explanatory view of a power  distribution of an
intraocular lens according to an  Embodiment 1 of the
present invention; Fig. 2 is a  schematic explanatory
view of an optical system in the  eye constituted by
the intraocular lens and cornea, and Fig. 3 is a graph
showing the power distribution of the  



intraocular lens according to the Embodiment 1 of the
present invention, the power distribution of the
spherical intraocular lens, and the reference power
distribution. The intraocular lens according to the
Embodiment 1 of the present invention will now be
explained with reference to these drawings. [0011] In
these drawings, Numeral 10 denotes an  intraocular
lens (IOL). The intraocular lens 10 is a  lens having
a substantially-circular shape made of a soft
material, such as soft acryl, silicon, hydro gel or
the  like, or a hard material such as PMMA. Notably,
although  not shown, haptics or the like are attached
to an outer  peripheral portion thereof, as necessary.
A region 11  exists in the vicinity of an optical
center 0 of the  intraocular lens 10, that is, the
region 11 is included  in a circle centering around
the optical center 0 with a radius r2. The region 11
has a region El included  in a circle with a radius rl
which is smaller than r2,  and a region E2 surrounded
by the circle having the radius  rl and the circle
having the radius r2 outside thereof.  Further, a
region E3 is defined by the outer periphery  of the
circle with the radius r2 and the outer
circumferential edge of the lens. [0012] In Fig. 1,
the graph below the intraocular  lens 10 shows the
power distribution in the radial direction of the
intraocular lens, while the horizontal  



axis represents a distance r in the radial direction
from  the optical center 0 of the intraocular lens 10,
and the  vertical axis represents a power P(r) of the
intraocular  lens 10 at each position at the distance
r. In this graph,  a curve Maml shown by the solid
line is the curve  representing the power distribution
of the intraocular  lens 10 according to the present
Embodiment 1. Meanwhile,  the curve Ma shown by the
dotted line is a reference power  distribution curve
representing a power distribution Ma.  The power
distribution Ma, serving as the reference power
distribution, is set so as to cancel a spherical
aberration of the cornea when the intraocular lens is
inserted into the eye. The reference power
distribution  curve represents a power distribution
which has been set  so as to cancel a
theoretically-assumed spherical  aberration of the
cornea in a theoretically perfect  manner. [0013]That
is, when the intraocular lens 10 is inserted  into the
eye, the lens constitutes the optical system  shown in
Fig. 2. In this optical system, a cornea 20 has  a
certain type of lens function and has a spherical
aberration. Then, if the intraocular lens 10 has a
power  distribution which cancels the spherical
aberration of  the cornea 20, the spherical aberration
as the entire  eyeball can be substantially perfectly
eliminated. In  10 



this embodiment, values such as a radius of curvature,
a refractive index, and the like, of the intraocular
optical system including the intraocular lens 10 and
the  cornea 20 are set to the values shown in the
table at  the bottom of Fig. 2. Further, the cornea
model is  assumed by inputting a conic constant to the
cornea  anterior surface to the LeGrand eye model,
which is the  basis, such that the cornea model is
close to the shape  of a cornea of a human eye.
Further, the aperture is set  to be 4 mm assuming a
mesopic condition when an analysis  to be described
later or the like is made or the like.  [00141 As
shown in the table in Fig. 2, the set values  are as
follows: a radius of curvature Rl of the anterior
surface of the cornea 20: 7.8 mm, a radius of
curvature  R2 of the posterior surface thereof : 6 . 5
mm, a thickness  dl at the central portion of the
cornea: 0.55 mm; a  distance d2 from the posterior
surface of the cornea to  the anterior surface of the
intraocular lens 10: 4.1 mm,  a thickness d3 at the
central portion of the intraocular  lens 0.7 mm; a
refractive index nl in a region which is  in contact
with the front surface of the cornea 20 and  which is
outside of the cornea: 1.0, a refractive index  n2 of
the cornea 20: 1.3771, the refractive index n3 in  a
region between the cornea 20 and the intraocular lens
10: 1.336, a refractive index n4 of the intraocular
lens  10: 1.517, and a refractive index n5 in a region
between 



11 the intraocular lens 10 and a field or retina (not
shown)  1.336. Meanwhile, a lens having the dioptric
power  of 20 diopters is used as the intraocular lens
according  to the Embodiment 1 and the Embodiment 2 to
be described  later. The refractive error of the
optical system (the  model eye and the intraocular
lens) is set to -0.75 D.  In other words, myopia of
-0.75 D is produced in the  optical system consisting
of the model eye and the  intraocular lens, because
myopia of from -0.5 D to -1.0  D is commonly produced
in the case of a single focus  intraocular lens in
cataract surgery. Further, the  position of the field
of the optical system consisting  of the model eye and
the intraocular lens is set to the  best focus
position when the aperture of the optical  system is 3
mm. (00151 As shown in Fig. 1, with respect to the
reference power distribution curve Ma, the power
distribution of the intraocular lens 10 according to
this  embodiment is such that: a power is larger than
that  represented by the reference power distribution
in the  region El inside the region 11 in the vicinity
of the  center of the intraocular lens 20, and the
region El  serves as the positive power deviation
region; and a power  is smaller than that represented
by the reference power  distribution the in region E2
inside the region 11 in  



the vicinity of the center of the intraocular lens 20,
1.2 and the region E2 serves as the negative power
deviation  region. The following equation is obtained
by  polynomial approximation of the power distribution
of  the intraocular lens according to the Embodiment
1.  Eq. 1 P (r) = a0+alr2+a2r4+ ... +ai,_1r2(n-1)+anr
2n  n = 8 , a'- 0 20.31296977  1 -1.45875259  2
0.76120703  3 0.03291369  4 -0.15203333  5 0.05260424
6 -0.00812956  7 0.00060675  8 -0.00001778 [0016] As
shown in Fig. 3, the power distribution  curve of the
intraocular lens according to the Embodiment  1 (Maml:
the curve shown by the dashed-dotted line in Fig.  3)
is a curve deviating from the reference power
distribution curve (Ma: the curve shown by the dotted
line in Fig. 3) as if it is meandering. Meanwhile, the
power distribution curve of a conventional spherical  



intraocular lens is shown by the solid line. The
reference power distribution curve Ma represents the
13 power distribution obtained by adding an aberration
correction so as to cancel the spherical aberration
which  occurs in the cornea to the power distribution
of a  conventional spherical intraocular lens.
Further, the  power distribution curve Mami of the
intraocular lens  according to the Embodiment 1 is a
curve which is  deviating from the reference power
distribution curve  Ma, as if it is meandering. In
this case, the amount of deviation to  the positive
power in the region E1 is +0.2 diopter in  average,
and the amount of deviation to the negative power  in
the region E2 is -0.2 diopter in average. [0017] Fig.
4 is a graph showing the spherical  aberrations of the
entire eyeball in the cases where the  intraocular
lens according to the Embodiment 1 of the  present
invention having the power distribution shown  in Fig.
3, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution Ma are respectively placed in an eye. In
Fig. 4, the curve shown by the solid line is the
aberration  distribution curve when the spherical
intraocular lens  is placed, the curve shown by the
dotted line in the  diagram is the aberration
distribution curve when the  



intraocular lens employing the reference power
distribution Ma (intraocular lens employing Ma) is
placed,  and the curve shown by the dashed-dotted line
in the 14 diagram is the aberration distribution curve
when the  intraocular lens according to the Embodiment
1  (intraocular lens of Maml) is placed. [00181 As
shown in Fig. 4, it can be seen that in  the case
where the spherical intraocular lens for which  no
correction has been made on the aberration of the
cornea is placed, the aberration of the entire eyeball
increases, with increasing distance away from the
center  of the intraocular lens. On the contrary, in
the case  of the intraocular lens employing the
reference power  distribution, the aberration of the
cornea is perfectly  corrected, and thus the
aberration is perfectly reduced  to zero. Further, in
the intraocular lens according to  the present
embodiment, a positive aberration first  occurs and
subsequently a negative aberration occurs in  the
vicinity of the optical center. However, the
aberration is reduced to zero in a region outside of
such  central region and closer to the outer periphery
of the  lens. [00191 Fig. 5 is a graph showing the
contrasts when the  spatial frequency f is 50
lines/mm, in the cases where  the intraocular lens
according to the embodiment of the  



present invention, the spherical intraocular lens, and
the intraocular lens employing the reference power
distribution Ma are respectively placed, with each
optical axis thereof being aligned with the optical
axis 15 of the intraocular optical system. In the
graph of Fig.  5, the vertical axis represents the
contrast, and the  horizontal axis represents the
distance from the object.  Note that these graphs are
determined by analysis using  the optical analysis
software ZEMAX manufactured by ZEMAX  Development
Corporation. As shown in Fig. 5, when the  optical
axis of the intraocular lens is aligned with the
optical axis of the eyeball optical system in the eye,
the intraocular lens employing the reference power
distribution 1 provides the best contrast, followed by
the intraocular lens according to the present
Embodiment  1, and the spherical intraocular lens
provides the worst  contrast of these lenses. [0020]
On the contrary, Fig. 6 is a graph showing the
contrasts when the spatial frequency f is 50 lines/mm,
in the cases where the intraocular lens according to
the  Embodiment 1 of the present invention, the
spherical  intraocular lens, and the intraocular lens
employing the  reference power distribution 1 are
respectively placed,  with each optical axis thereof
being decentred by 0.5  mm with respect to the optical
axis of the intraocular  



optical system. As shown in Fig. 6, unlike the case,
where  the optical axes are aligned with each other,
in the case  where the optical axis is decentred, the
intraocular lens  according to the present embodiment
provides the best  contrast, followed by the spherical
intraocular lens,  1ff'. and the intraocular lens
employing the reference power  distribution provides
the worst. [00211 Fig. 7 is a graph showing the
contrasts when the  spatial frequency f is 100
lines/mm, in the cases where  the intraocular lens
according to the Embodiment 1 of  the present
invention, the spherical intraocular lens,  and the
intraocular lens employing the reference power
distribution are respectively placed, with each
optical  axis thereof being aligned with the optical
axis of the  intraocular optical system. Fig. 8 is a
graph showing  the contrasts when the spatial
frequency f is 100 lines/mm,  in the cases where the
intraocular lens according to the  Embodiment 1 of the
present invention, the spherical  intraocular lens,
and the intraocular lens employing the  reference
power distribution 1 are respectively placed,  with
each optical axis thereof being decentred by 0.5  mm
with respect to the optical axis of the intraocular
optical system. As shown in Figs. 7 and 8, even if the
spatial frequency f is increased, as is the case with
the above-described cases, it can be seen that the  



intraocular lens according to the present Embodiment 1
provides the best contrast in the case where the
optical  axis of the intraocular lens is decentred
with respect  to the optical axis of the intraocular
optical system.  [ 00221 Fig. 9 is a graph showing the
relation between  the amount of decentration and the
contrast when the  17 spatial frequency f is 50
lines/mm, in the cases where  the intraocular lens
according to the Embodiment 1 of  the present
invention, the spherical intraocular lens,  and the
intraocular lens employing the reference power
distribution Ma are respectively placed decentred with
respect to the optical axis of the intraocular optical
system. Fig. 10 is a graph showing the relation
between  the amount of decentration and the contrast
when the  spatial frequency f is 100 lines/mm, in the
cases where  the intraocular lens according to the
Embodiment 1 of  the present invention, the spherical
intraocular lens,  and the intraocular lens employing
the reference power  distribution Ma are respectively
placed decentred with  respect to the optical axis of
the intraocular optical  system. As can be seen from
these diagrams, the intraocular lens employing the
reference power  distribution provides a better
contrast if the amount  of decentration of the
intraocular lens is very small,  while the intraocular
lens according to the embodiment  



provides a better contrast if the amount of
decentration  is equal to or more than a certain
value, for example,  equal to or more than 0. 2 to 0.3
mm. Generally speaking,  when an intraocular lens is
inserted into and placed in  the eye, it is common
that the lens is decentred by 0.3  mm or more.
Eventually, the intraocular lens according  to the
embodiment provides a better contrast practically. 18
As such, in the case where the lens employing the
reference power distribution Ma is inserted into the
eye  with no decentration, a spot distribution (spot
diagram)  shows that a point is formed on the optical
axis when  collimated beam coming from an infinite
distance are  focused on the image plane, and thus the
excellent  contrast is provided. In the meantime, in
the case where  the lens of the Embodiment 1 is
inserted into the eye  with no decentration, the spot
distribution is relatively  larger compared with the
case of the lens employing the  reference power
distribution Ma and thus does not form  a point, due
to existence of the positive power deviation  region
and the negative power deviation region. However,
since the center of the spot distribution is on the
optical axis, the amount of power deviation in the
deviation region with respect to the reference power
distribution Ma is small, and therefore there is no
significant difference in contrast. 



On the other hand, if the lens is decentred in the
eye, the spot distribution is created at a position
far  from the optical axis with an increased size. In
this  case, since the lens employing the reference
power  distribution Ma has the power distrubution in
which the power decreases  along the radial direction,
the decentration directly  affects the size of the
spot distribution, thereby to form a quite large spot
distribution. On the contrary,  in the case of the
lens of the Embodiment 1 (Mami), the  positive power
deviation region and the negative power  deviation
region function in the direction so as to  suppress
the size of the spot distribution. Accordingly,  the
lens of the Embodiment 1 (Mama) forms a smaller size
of the spot distribution and provides a higher
contrast  compared with the lens employing the
reference power  distribution Ma. This concept can
also be applied to  lenses with various modes shown in
Figs. 25 and 26 to  be described later. [0023] Fig. 11
is a graph showing the power  distribution Mbmi of the
intraocular lens according to  the Embodiment 2, the
power distribution of the spherical  intraocular lens,
and the reference power distribution  Mb. Herein, the
reference power distribution curve Mb  employs the
power distribution in which the powers are  the same
as those of the spherical intraocular lens in  



the vicinity of the optical axis, and as to cancel the
spherical aberration of the cornea, the powers are
decreased with distance closer to the outer
periphery. That is, the reference power distribution
curve Mb does not employ the power distribution which
cancels the spherical aberration of the cornea in the
vicinity of the optical axis. In addition, although
the  reference power distribution curve Mb employs the
power 20 distribution so as to cancel the spherical
aberration  of the cornea in other regions, the power
distribution  does not perfectly cancel the spherical
aberration of  the cornea, unlike the reference power
distribution Ma.  [0024] Fig. 12 is a graph showing
the spherical  aberrations of the entire eyeball in
the cases where the  intraocular lens according to the
Embodiment 2 of the  present invention, the spherical
intraocular lens, and  the intraocular lens employing
the reference power  distribution Mb are respectively
placed in the eye. In  Fig. 12, the curve shown by the
solid line represents  the aberration distribution
curve when the spherical  intraocular lens (IOL) is
placed, the curve shown by the  dotted line in the
diagram represents the aberration  distribution curve
when the intraocular lens employing  the reference
power distribution Mb is placed, and the  curve shown
by the dashed-dotted line in the diagram  



represents the aberration distribution curve when the
intraocular lens according to the Embodiment 2
(intraocular lens employing Mbml) is placed. As shown
in Fig. 12, in the Embodiment 2, even in the case of
the  intraocular lens employing the reference power
distribution Mb, the aberration of the cornea is not
perfectly corrected, and thus the aberration is not
perfectly reduced to zero. 21 L 0025] Fig. 13 is a
graph showing the contrasts when  the spatial
frequency f is 50 lines/mm, in the cases where  the
intraocular lens according to the Embodiment 2 of  the
present invention, the spherical intraocular lens,
and the intraocular lens employing the reference power
distribution Mb are respectively placed, with each
optical axis thereof being aligned with the optical
axis  of the intraocular optical system. In the graph
of Fig.  13, the vertical axis represents the
contrast, and the  horizontal axis represents the
distance from the object.  Note that these graphs are
determined by analysis using  the optical analysis
software ZEMAXmanufactured by ZEMAX  Development
Corporation. As shown in Fig. 13, in the  case where
the optical axis of the intraocular lens is  aligned
with the optical axis of the intraocular optical
system, the intraocular lens employing the reference
power distribution Mb provides the best contrast,  



followed by the intraocular lens according to the
present  Embodiment 2 (intraocular lens employing the
power  distribution Mbml), and the spherical
intraocular lens  (spherical IOL) provides the worst
contrast of these  lens. [0026] On the contrary, Fig.
14 is a graph showing the  contrasts when the spatial
frequency f is 50 lines/mm,  in the cases where the
intraocular lens according to the  Embodiment 2 of the
present invention, the spherical intraocular lens, and
the intraocular lens employing the  reference power
distribution Mb are respectively placed,  with each
optical axis thereof being decentred by 0.5  mm with
respect to the optical axis of the intraocular
optical system. As shown in Fig. 14, unlike the case
where the optical axes are aligned with each other, in
the case where the optical axis is decentred, the
intraocular lens according to the present Embodiment 2
provides the best contrast, followed by the spherical
intraocular lens, and the intraocular lens employing
the  reference power distribution Mb provides the
worst. [ 0027 ] Fig. 15 is a graph showing the
contrasts when  the spatial frequency f is 100
lines/mm, in the cases  where the intraocular lens
according to the Embodiment  2 of the present
invention, the spherical intraocular  lens, and the
intraocular lens employing the reference  power
distribution 2 are respectively placed, with each  



optical axis thereof being aligned with the optical
axis  of the intraocular optical system. Fig. 16 is a
graph  showing the contrasts when the spatial
frequency f is  100 lines/mm, in the cases where the
intraocular lens  according to the Embodiment 2 of the
present invention,  the spherical intraocular lens,
and the intraocular lens  employing the reference
power distribution Mb are  respectively placed, with
each optical axis thereof being  decentred by 0 . 5 mm
with respect to the optical axis of 2;i the
intraocular optical system. As shown in Figs. 15 and
16, even if the spatial frequency f is increased, as
is  the case with the above-described cases, it can be
seen  that the intraocular lens according to the
present  embodiment provides the best contrast, in the
case where  the optical axis of the intraocular lens
is decentred  with respect to the optical axis of the
intraocular  optical system. Note that the relation
between the  amount of decentration and the contrast
when the spatial  frequency f is 50 lines/mm, in the
cases where the  intraocular lens according to the
Embodiment 2  {intraocular lens employing the power
distribution Mbm  the spherical intraocular lens, and
the intraocular lens  employing the reference power
distribution Mb are  respectively placed decentred
with respect to the optical  axis of the intraocular
optical system is shown in Fig.  



27. (0028} Fig. 17 is a graph showing the power
distribution of the spherical intraocular lens as a
comparative example, the reference power distribution
Ma, and the reference power distribution Mb. Herein,
the  reference power distribution Ma represents the
power  distribution which perfectly cancels the
spherical  aberration of the cornea. In the reference
power  distribution Mb, the powers are the same as
those of the  spherical intraocular lens in the
vicinity of the optical axis, and as to cancel the
spherical aberration of the  cornea, the powers are
decreased with distance closer  to the outer
periphery. That is, the reference power  distribution
Mb does not employ the power distribution  which
cancels the spherical aberration of the cornea in  the
vicinity of the optical axis. In addition, although
the power distribution in other regions is canceling
the  spherical aberration of the cornea, it does not
perfectly  cancel the spherical aberration of the
cornea, unlike  the reference power distribution Ma.
[00291 Fig. 18 is a graph showing the spherical
aberrations of the entire eyeball, in the cases where
the spherical intraocular lens as a comparative
example,  and the intraocular lenses employing the
reference power  distribution Ma and the reference
power distribution Mb  are respectively placed in the
eye. In Fig. 18, the curve  



shown by the solid line represents the aberration
distribution curve when the spherical intraocular lens
is placed, the curve shown by the dotted line in the
diagram represents the aberration distribution curve
when the intraocular lens employing the reference
power  distribution Ma is placed, and the curve shown
by the  dashed-dotted line in the diagram represents
the  aberration distribution curve when the
intraocular lens  employing the reference power
distribution Mb is placed.  As shown in Fig. 18, the
aberration is reduced to zero 25 only in the case of
the intraocular lens employing the  reference power
distribution Ma, and the aberration  remains a little
in the case of the intraocular lens  employing the
reference power distribution Mb. In the  case of the
spherical intraocular lens, the aberration  extremely
increases with distance closer to the outer  periphery
of the lens. f 00301 Fig. 19 is a graph showing the
contrasts when  the spatial frequency f is 50
lines/mm, in the cases where  the spherical
intraocular lens as a comparative example,  and the
intraocular lens employing the reference power
distribution Ma and the reference power distribution
Mb  are respectively placed, with each optical axis
thereof  being aligned with the optical axis of the
intraocular  optical system. In the graph of Fig. 19,
the vertical  



axis represents the contrast, and the horizontal axis
represents the distance from the object. Note that
these  graphs are determined by analysis using the
optical  analysis software ZEMAX manufactured by ZEMAX
Development Corporation. As shown in Fig. 19, it can
be  seen that, in the case where the optical axis of
the  intraocular lens is aligned with the optical axis
of the  intraocular optical system, the intraocular
lenses  employing the reference power distributions Ma
and Mb  provide better contrasts compared with the
spherical  intraocular lens. 26 [ 0031 ] On the other
hand, Fig. 20 is a graph showing the  contrasts when
the spatial frequency f is 50 lines/mm,  in the cases
where the spherical intraocular lens, and  the
intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed, with
each optical axis thereof being decentred by 0. 5 mm
with  respect to the optical axis of the intraocular
optical  system. As shown in Fig. 20, unlike the case
where the  optical axes are aligned with each other,
in the case  where the optical axis is decentred, it
can be seen that  the intraocular lenses employing the
reference power  distributions Ma and Mb provide worse
contrasts compared  with the spherical intraocular
lens. [0032] Fig. 21 is a graph showing the contrasts
when  



the spatial frequency f is 100 lines/mm, in the cases
where the spherical intraocular lens as a comparative
example, and the intraocular lenses employing the
reference power distributions Ma and Mb are
respectively  placed, with each optical axis thereof
being aligned with  the optical axis of the
intraocular optical system. Fig.  22 is a graph
showing the contrasts when the spatial  frequency f is
100 lines/mm, in the cases where the  spherical
intraocular lens as a comparative example, and  the
intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed, with
each optical axis thereof being decentred by 0.5 mm
with 2 i respect to the optical axis of the
intraocular optical  system. As shown in Figs. 21 and
22, even if the spatial  frequency f is increased, as
is the case with the  above-described cases, in the
case where the optical axis  of the intraocular lens
is decentred with respect to the  optical axis of the
intraocular optical system, it can  be seen that the
intraocular lenses employing the  reference power
distributions Ma and Mb provide worse  contrasts
compared with the spherical intraocular lens.  [0033]
Fig. 23 is a graph showing the relation between  the
amount of decentration and the contrast when the
spatial frequency f is 50 lines/mm, in the cases where
the spherical intraocular lens as a comparative
example,  



and the intraocular lenses employing the reference
power  distributions Ma and Mb are respectively placed
decentred  with respect to the optical axis of the
intraocular  optical system. Fig. 24 is a graph
showing the relation  between the amount of
decentration and the contrast when  the spatial
frequency f is 100 lines/mm, in the cases  where the
spherical intraocular lens as a comparative  example,
and the intraocular lenses employing the  reference
power distributions Ma and Mb are respectively  placed
decentred with respect to the optical axis of the
intraocular optical system. As can be seen from these
diagrams, if the amount of decentration is equal to or
greater than approximate 0.4 mm, the intraocular
lenses 28 employing the reference power distributions
provide  worse contrasts than the spherical
intraocular lens.  [0034] Fig. 25 is a diagram of
explaining other modes  of the reference power
distributions, and Fig. 26 is a  diagram showing modes
of the power distribution of the  intraocular lens
according to another embodiment of the  invention of
the present application. In Fig. 25, M1 and  M2 refer
to the types of power distribution which  respectively
include, as a concrete example, the  reference power
distributions Ma and Mb in the  Embodiments 1 and 2.
Ma refers to the type of power  distribution which
perfectly cancels the spherical  



aberration of the cornea. The reference power
distribution is not limited to Type Mt, and the power
distributions may be of Type M2, M3 and M4. Further,
the  power distribution of the intraocular lens
according to  the invention of the present application
is not limited  to the Embodiment 1 (Maml) or the
Embodiment 2 (Mbm1),  as long as the power
distribution has, in a region in  the vicinity of the
center of the intraocular lens, at  least one positive
power deviation region having a larger  power than
that represented by the reference power  distribution
and at least one negative power deviation  region
having a smaller power than that represented by  the
reference power distribution. For example, the  power
distribution of the intraocular lens may be one 29 in
which one of adjustment patterns of Types mZ to me
shown  in Fig. 26 is added on one of the reference
power  distributions shown in Fig. 25. The adjustment
pattern  refers to the pattern of the power
distribution to be  added on the reference power
distribution, in order to  obtain an effect of
suppressing deterioration in  contrast. [0035] Herein,
the reference power distribution of  Type M1 as
described above refers to the type in which  the power
decreases in the radial direction, when assuming the
power at the center of the lens as the  



base power. This type includes the reference power
distribution Ma in the Embodiment 1. The reference
power  distribution of Type M2 refers to the type in
which the  power increases in the radial direction,
starts  decreasing from a certain radius, and thus is
smaller  than the base intraocular power at the lens
end portion,  when assuming the power at the center of
the lens as the  base power. This type includes the
reference power  distribution Mb of the Embodiment 2.
The reference power  distribution of Type M3 refers to
the type in which the  power is substantially equal to
the base power until a  certain radius, and then the
power starts decreasing from  a certain radius in the
radial direction, when assuming  the power at the
center of the lens as the base power.  The reference
power distribution of Type M, refers to the 30 type in
which the power gradually decreases in the radial
direction, and then it sharply decreases from a
certain  radius, when assuming the power at the center
of the lens  as the base power. [0036] With respect to
the adjustment patterns, Type  mi refers to the type
in which the positive power deviation  region exists
in the center circle and the negative power  deviation
region exists in an annular region surrounding
thereof. Type m2 is a modification of Type m1. Type m3
is the type in which the negative power deviation
region  



exists in the center circle, the positive power
deviation  region exists in an annular region
surrounding thereof,  and the negative power deviation
region exists in another  annular region surrounding
the annular region. Type M4  and Type m5 are the
types, in which the positive power  deviation region
exists in the center circle and the  negative power
deviation region exists in a annular  region
surrounding thereof, and in which the amounts of
deviations are constant in specific ranges both in the
positive power deviation region and the negative power
deviation region. Type m5 is the type in which the
positive power deviation region exists in the center
circle, the negative power deviation region exists in
an annular region surrounding thereof, the positive
power  deviation region exists in another annular
region  surrounding the annular region, and the
negative power 3S deviation region exists in a further
annular region  surrounding the another annular
region. Type m7 is the  type in which the positive
power deviation region and  the negative power
deviation region are reversed from  Type m3. Type me
is the type in which the positive power  deviation
regions and the negative power deviation  regions are
reversed from the type m6. [0037] Fig. 28 is a graph
showing the relation between  the amount of
decentration and the contrast when the  



spatial frequency f is 50 lines/mm, in the cases where
the intraocular lens in which the adjustment pattern
of  Type ml is added on the reference power
distribution of  Type M3, the spherical intraocular
lens, and the intraocular lens employing the reference
power  distribution of Type M3 are respectively placed
decentred  with respect to the optical axis of the
intraocular  optical system. Fig. 29 is a graph
showing the relation  between the amount of
decentration and the contrast when  the spatial
frequency f is 50 lines/mm, in the cases where  the
intraocular lens in which the adjustment pattern of
Type ml is added on the reference power distribution
of  Type M4, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution of Type M4 are respectively placed
decentred  with respect to the optical axis of the
intraocular  optical system. Fig. 30 is a graph
showing the relation 32 between the amount of
decentration and the contrast when  the spatial
frequency f is 50 lines/mm, in the cases where  the
intraocular lens in which the adjustment pattern of
Type m4 is added on the reference power distribution
of  Type M1, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution of Type M1 are respectively placed
decentred  with respect to the optical axis of the
intraocular  



optical system. Fig. 31 is a graph showing the
relation  between the amount of decentration and the
contrast when  the spatial frequency f is 50 lines/mm,
in the cases where  the intraocular lens in which the
adjustment pattern of  Type mti is added on the
reference power distribution of  Type Mt, the
spherical intraocular lens, and the  intraocular lens
employing the reference power  distribution of Type M1
are respectively placed decentred  with respect to the
optical axis of the intraocular  optical system. Fig.
32 is a graph showing the relation  between the amount
of decentration and the contrast when  the spatial
frequency f is 50 lines/mm, in the cases where  the
intraocular lens in which the adjustment pattern of
Type m3 is added on the reference power distribution
of  Type M1, the spherical intraocular lens, and the
intraocular lens employing the reference power
distribution of Type M1 are respectively placed
decentred  with respect to the optical axis of the
intraocular 33 optical system. As shown in these
diagrams, it can be  seen that the intraocular lens
employing power  distribution of any type shown in
these diagrams can  suppress deterioration in contrast
caused by optic  decentration. Note that the
intraocular lens according  to the invention of the
present application includes all  lenses that are
inserted in the eye. 



Industrial Availability [0038] The present invention
may also be utilized for  an intraocular lens inserted
into an anterior chamber  of an eyeball after removing
the crystalline lens due  to cataract or the like, let
alone for an intraocular  lens inserted into the
posterior chamber thereof, an  intraocular lens to be
used for a phakic eye, or the like.  Brief Description
of Drawings --------------------------
------------------- [0039] Fig. 1 is an explanatory
view of a power  distribution of an intraocular lens
according to an  Embodiment 1 of the present
invention. Fig. 2 is a schematic explanatory view of
an  intraocular optical system constituted by the
intraocular lens and cornea. Fig. 3 is a graph showing
the power distribution  (Maml) of the intraocular lens
according to the 311 Embodiment 1 of the present
invention, the power  distribution of the spherical
intraocular lens, and the  reference power
distribution Ma. Fig. 4 is a graph showing the
spherical aberrations  of the entire eyeball, in the
cases where the intraocular  lens according to the
Embodiment 1 of the present  invention (Maml), the
spherical intraocular lens, and the  



intraocular lens employing the reference power
distribution Ma are respectively placed in the eye.
Fig. 5 is a graph showing the contrasts when the
spatial frequency f is 50 lines mm, in the cases where
the intraocular lens according to the Embodiment 1 of
the present invention (Mam,), the spherical
intraocular  lens, and the intraocular lens employing
the reference  power distribution Ma are respectively
placed, with each  optical axis thereof being aligned
with the optical axis  of the intraocular optical
system. Fig. 6 is a graph showing the contrasts when
the  spatial frequency f is 50 lines mm, in the cases
where  the intraocular lens according to the
Embodiment 1 of  the present invention (Maml), the
spherical intraocular  lens, and the intraocular lens
employing the reference  power distribution Ma are
respectively placed, with each  optical axis thereof
being decentred by 0.5 mm with  respect to the optical
axis of the intraocular optical  system. iii Fig. 7 is
a graph showing the contrasts when the  spatial
frequency f is 100 lines/mm, in the cases where  the
intraocular lens according to the Embodiment 1 of  the
present invention (Maml), the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Ma are respectively placed, with
each  



optical axis thereof being aligned with the optical
axis  of the intraocular optical system. Fig. 8 is a
graph showing the contrasts when the  spatial
frequency f is 100 lines/mm, in the cases where  the
intraocular lens according to the Embodiment 1 of  the
present invention (Mam1), the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Ma are respectively placed, with
each  optical axis thereof being decentred by 0.5 mm
with  respect to the optical axis of the intraocular
optical  system. Fig. 9 is a graph showing the
relation between the  amount of decentration and the
contrast when the spatial  frequency f is 50 lines/mm,
in the cases where the  intraocular lens according to
the Embodiment 1 of the  present invention (Mama), the
spherical intraocular lens,  and the intraocular lens
employing the reference power  distribution Ma are
respectively placed decentred with  respect to the
optical axis of the intraocular optical  system. Sc~
Fig. 10 is a graph showing the relation between the
amount of decentration and the contrast when the
spatial  frequency f is 100 lines/mm, in the cases
where the  intraocular lens according to the
Embodiment 1 of the  present invention (Mama), the
spherical intraocular lens,  



and the intraocular lens employing the reference power
distribution Ma are respectively placed decentred with
respect to the optical axis of the intraocular optical
system. Fig. 11 is the graph showing the power
distribution  (Mbml) of the intraocular lens according
to the  Embodiment 2, the power distribution of the
spherical  intraocular lens, and the reference power
distribution  Mb. Fig. 12 is a graph showing the
spherical  aberrations of the entire eyeball, in the
cases where  the intraocular lens (Mbml) according to
the Embodiment  2 of the present invention, the
spherical intraocular  lens, and the intraocular lens
employing the reference  power distribution Mb are
respectively placed in the eye. Fig. 13 is a graph
showing the contrasts when the  spatial frequency f is
50 lines/mm, in the cases where  the intraocular lens
(Mbm ) according to the Embodiment  2 of the present
invention, the spherical intraocular  lens, and the
intraocular lens employing the reference  power
distribution Mb are respectively placed, with each  37
optical axis thereof being aligned with the optical
axis  of the intraocular optical system. Fig. 14 is a
graph showing the contrasts when the  spatial
frequency f is 50 lines/mm, in the cases where  



the intraocular lens (Mbml) according to the
Embodiment  2 of the present invention, the spherical
intraocular  lens, and the intraocular lens employing
the reference  power distribution Mb are respectively
placed, with each  optical axis thereof being
decentred by 0.5 mm with  respect to the optical axis
of the intraocular optical  system. Fig. 15 is a graph
showing the contrasts when the  spatial frequency f is
100 lines/mm, in the cases where  the intraocular lens
(Mbmi) according to the Embodiment  2 of the present
invention, the spherical intraocular  lens, and the
intraocular lens employing the reference  power
distribution Mb are respectively placed, with each
optical axis thereof being aligned with the optical
axis  of the intraocular optical system. Fig, 16 is a
graph showing the contrasts when the  spatial
frequency f is 100 lines/mm, in the cases where  the
intraocular lens (Mbml) according to the Embodiment  2
of the present invention, the spherical intraocular
lens, and the intraocular lens employing the reference
power distribution Mb are respectively placed, with
each  optical axis thereof being decentred by 0.5 mm
with  38 respect to the optical axis of the
intraocular optical  system. Fig. 17 is a graph
showing the power distribution  



of the spherical intraocular lens as a comparative
example, the reference power distribution Ma, and the
reference power distribution Mb. Fig. 18 is a graph
showing the spherical  aberrations of the entire
eyeball in the cases where the  spherical intraocular
lens as a comparative example, and  the lenses
employing the reference power distribution  Ma and the
reference power distribution Mb are respectively
placed in the eye. Fig. 19 is a graph showing the
contrasts when the  spatial frequency f is 50
lines/mm, in the cases where  the spherical
intraocular lens as a comparative example,  and the
intraocular lenses employing the reference power
distribution Ma and the reference power distribution
Mb  are respectively placed, with each optical axis
thereof  being aligned with the optical axis of the
intraocular  optical system. Fig. 20 is a graph
showing the contrasts when the  spatial frequency f is
50 lines/mm, in the cases where  the spherical
intraocular lens, and the intraocular  lenses
employing the reference power distributions Ma  and Mb
are respectively placed, with each optical axis  39
thereof being decentred by 0.5 mm with respect to the
optical axis of the intraocular optical system. Fig.
21 is a graph showing the contrasts when the  



spatial frequency f is 100 lines/mm, in the cases
where  the spherical intraocular lens as a comparative
example,  and the intraocular lenses employing the
reference power  distributions Ma and Mb are
respectively placed, with  each optical axis thereof
being aligned with the optical  axis of the
intraocular optical system. Fig. 22 is a graph showing
the contrasts when the  spatial frequency f is 100
lines/mm, in the cases where  the spherical
intraocular lens as a comparative example,  and the
intraocular lenses employing the reference power
distributions Ma and Mb are respectively placed, with
each optical axis thereof being decentred by 0.5 mm
with  respect to the optical axis of the intraocular
optical  system. Fig. 23 is a graph showing the
relation between the  amount of decentration and the
contrast when the spatial  frequency f is 50 lines/mm,
in the cases where the  spherical intraocular lens as
a comparative example, and  the intraocular lenses
employing the reference power  distributions Ma and Mb
are respectively placed decentred  with respect to the
optical axis of the intraocular  optical system. 40
Fig. 24 is a graph showing the relation between the
amount of offset and the contrast when the spatial
frequency f is 100 lines/mm, in the cases where the  



spherical intraocular lens as a comparative example,
and  the intraocular lenses employing the reference
power  distributions Ma and Mb are respectively placed
offset  with respect to the optical axis of the
intraocular  optical system. Fig. 25 is a diagram of
explaining the modes of the  reference power
distribution. Fig. 26 is a diagram showing the modes
of adjustment  patterns in the invention of the
present application.  Fig. 27 is a graph showing the
relation between the amount of decentration and the
contrast when the spatial  frequency f is 50 lines/mm,
in the cases where the  intraocular lens according to
the Embodiment 2 of the  present invention
(intraocular lens employing the power  distribution
Mbml), the spherical intraocular lens, and  the
intraocular lens employing the reference power
distribution Mb are respectively placed decentred with
respect to the optical axis of the intraocular optical
system. Fig. 28 is a graph showing the relation
between the  amount of decentration and the contrast
when the spatial  frequency f is 50 lines/mm, in the
cases where the  intraocular lens (M3m1) in which the
adjustment pattern 4i of Type m1 is added to the
intraocular lens employing the  reference power
distribution of Type M3, the spherical  



intraocular lens, and the intraocular lens employing
the  reference power distribution of Type M3 are
respectively  placed decentred with respect to the
optical axis of the  intraocular optical system. Fig.
29 is a graph showing the relation between the  amount
of decentration and the contrast when the spatial
frequency f is 50 lines/mm, in the cases where the
intraocular lens (M4m1) in which the adjustment
pattern  of Type m1 is added to the intraocular lens
employing the  reference power distribution of Type
M4, the spherical  intraocular lens, and the
intraocular lens employing the  reference power
distribution of Type M4 are respectively  placed
decentred with respect to the optical axis of the
intraocular optical system. Fig. 30 is a graph showing
the relation between the  amount of decentration and
the contrast when the spatial  frequency f is 50
lines/mm, in the cases where the  intraocular lens
(Mims) in which the adjustment pattern  of Type m5 is
added to the intraocular lens employing the  reference
power distribution of Type M1, the spherical
intraocular lens, and the intraocular lens employing
the  reference power distribution of Type M1 are
respectively  placed decentred with respect to the
optical axis of the  intraocular optical system. 42
Fig. 31 is a graph showing the relation between the  



amount of decentration and the contrast when the
spatial  frequency f is 50 lines/mm, in the cases
where the  intraocular lens (Mlm6) in which the
adjustment pattern  of Type m6 is added to the
intraocular lens employing the  reference power
distribution of Type M1, the spherical  intraocular
lens, and the intraocular lens employing the
reference power distribution of Type M1 are
respectively  placed decentred with respect to the
optical axis of the  intraocular optical system. Fig.
32 is a graph showing the relation between the  amount
of decentration and the contrast when the spatial
frequency f is 50 lines/mm, in the cases where the
intraocular lens (M1m3) in which the adjustment
pattern  of Type m3 is added to the intraocular lens
employing the  reference power distribution of Type
M1, the spherical  intraocular lens, and the
intraocular lens employing the  reference power
distribution of Type M1 are respectively  placed
decentred with respect to the optical axis of the
intraocular optical system. Fig. 33 is a diagram
showing that the optical axis  of the intraocular lens
is decentred from the optical  axis of the eyeball.
Description of-Numeral.  [0040] -C) 10 Intraocular
lens (IOL) 



11 A region in the vicinity of an optical center  0 12
Cornea Claims  ---------------------- [1] An
intraocular lens in which deterioration in contrast is
suppressed when an optical axis of the  intraocular
lens inserted into an eye is decentred from  an
optical axis of an eyeball, by employing such a power
distribution as respectively having at least one
positive  power deviation region having a larger power
than that  represented by a reference power
distribution and at  least one negative power
deviation region having a  smaller power than that
represented by the reference  power distribution in a
region in the vicinity of the  center of the
intraocular lens, assuming that the  reference power
distribution being set to cancel a  spherical
aberration of cornea when the intraocular lens  is
inserted into the eye. [2] The intraocular lens
according to Claim 1, wherein  each of the positive
power deviation region and the  negative power
deviation region is a circular region or  an annular
region centering around an optical axis.  [3] The
intraocular lens according to Claim 1 or 2,  wherein
the central region has a substantially circular  shape
centering around the optical axis having a radius  



not less than 0.7 mm and not more than 1.75 mm. [ 4 ]
The intraocular lens according to any one of claims  1
to 3, wherein a mean value of power deviation amounts
4 from a reference power of the positive power
deviation  region is not less than 0. 1- diopte.r and
not than  0.8 diopter , and a mean value of power'
deviation amounts  from of a ref erence power of the
negative power deviation  region is not less than 0.1
dioter and not more than  , ?t ter, 0,8 NSF3 


