
AN ABSORBENT MEMBER COMPRISING A WATER ABSORBING AGENT
Technical Field This invention relates to an absorbent
member for use in absorbent articles, especially
diapers and training pants. The absorbent member
comprises an absorbing agent made by a method
comprising the steps of mixing a water absorbing
resin, water and a mixing aid without adding a
water-soluble radical polymerization initiator and an
ethylenically unsaturated monomer, and irradiating the
resultant mixture with ultraviolet rays while keeping
the mixture still agitating the mixture in order to
maintain a mixed state. Incidentally, the term "water
absorbing agent" as used in this invention is referred
to as a product resulting from modifying
(cross-linking) the surface of a water absorbing
resin. Background Art The water absorbent resin has
been hitherto used as one component for hygienic
materials such as sanitary cotton, disposable diaper,
and absorbents for other kinds of body fluid. As
concrete examples of the water absorbent resin,
hydrolyzate of starch-acrylonitrile graft polymer,
neutralized starch-acrylic acid graft polymer,
saponified vinyl acetate-acrylic acid ester copolymer,
hydrolyzate of acrylonitrile copolymer or acrylamide
copolymer, and the product of cross-linkage thereof,
and partially neutralized cross-linked acrylic acid
may be cited. These water absorbent resins invariably
possess an internal cross-linked structure and exhibit
no solubility in water. The characteristic properties
which these water absorbent resins are expected to
possess include high absorption capacity against no
pressure and against pressure, excellent absorption
speed, high gel strength, and fully satisfactory
suction force necessary for sucking water from a
medium, for example. Since the water absorbing
properties are affected by crosslink density, they do
not necessarily manifest positive correlations with
one another as evinced by the fact that an increase in
the crosslink density leads to an increase in the gel
strength but a decrease in the amount of water
absorbed. Particularly, the absorption capacity is in
a contradictory relation with the absorption speed,
the gel strength, and the suction force, for example.
The waterabsorbent resin which has acquired an
enhanced absorption capacity, therefore, possibly
shuns uniform absorption of water and forms portions
of partial aggregation of itself when the water
absorbent resin particles contact with water and
induces extreme degradation of the absorption speed
because the water is not diffused throughout the
entire volumes of water absorbent resin particles. For
the purpose of relaxing this phenomenon and obtaining
a water absorbent resin which has a high absorption
capacity and a comparatively satisfactory absorption
speed, a method for giving the water absorbent resin
particles a surface coated with a surfactant or a
nonvolatile hydrocarbon has been available. This
method indeed exalts the dispersibility of the
initially absorbed water but brings no sufficient
effects in enhancing the absorption speed and the
suction force of the individual resin particles. As a
means to produce a polyacrylic acid type polymer of
high water absorbing property, a method which
comprises causing an aqueous composition having a
partial alkali metal salt of polyacrylic acid as a
main component and having a low crosslink density to
be heated in the presence of a water-soluble peroxide
radical initiating agent thereby introducing a
crosslink therein by radical cross-linkage has been
proposed (U. S. Patent No. 4910250). It is difficult
to distribute uniformly internal cross-links in the
polymer and uneasy to adjust the crosslink density.
Thus, a measure of preparing a polymer which contains
water-soluble polyacrylic acid gel having low
crosslink density and then heating the polymer
together with a persulfate added thereto as a
polymerization initiator is adopted. Patent Document 1
claims to realize precise control of crosslink density
by adjusting the amount of the initializing agent to
be added and, owing to the uniform presence of
crosslink in the polymer, acquire perfect water
absorbing properties and obtain as well a water
absorbent resin devoid of stickiness. While the
persulfate which is used in the Patent Document 1
mentioned above is decomposed by heat, it is
decomposed by ultraviolet rays and generates radicals
(J. Phys. Chem., 1975, 79, 2693, and J. Photochem.
Photobiol., A, 1988, 44, 243). Since the persulfate
fulfills a function as a polymerization initiator, the
aqueous solution of a water-soluble vinyl monomer,
when exposed to radiation, undergoes polymerization
and radical cross-linkage simultaneously and produces
a hydrogel (JP-A-2004-99789). A reaction system which
forms an internal crosslink by adding a hydrophilic
polymer component, a photo-polymerization initiator,
and a cross-linking agent together andirradiating them
with ultraviolet rays has been known (WO 2004/031253).
Meanwhile, a method which gives a water absorbent
resin a surface treatment with a cross-linking agent
and imparts thereto a surface of a heightened
crosslink density has been also known (U. S. Patent
No. 4666983 and U. S. Patent No. 5422405, for
example). Such water absorbent resins as cited in the
preceding patent documents entail the presence of a
reactive functional group on their surfaces. By
effecting introduction of a crosslink between
functional groups in consequence of the addition of a
surface cross-linking agent capable of reacting with
the functional groups, it is made possible to give to
the water absorbent resin a surface of increased
crosslink density and enable the water absorbent resin
to acquire water absorbing properties perfect even
under pressure. Further, since the use of the surface
cross-linking agent mentioned above requires the
reaction for the formation of cross-links to be
performed at a high temperature for a long time and
entails the problem of suffering persistence of the
cross-linking agent in the unaltered state, a method
which, by causing an aqueous solution containing a
peroxide radical initiating agent to contact a resin
and heating the resin, accomplishes introduction of
cross-links into polymer molecular chains in the
neighborhood of the surface of the resin by virtue of
decomposition of the radical initiating agent has been
proposed (U. S. Patent No. 4783510). In a working
example of this method, a water absorbent resin
exhibiting an exalted absorption capacity was obtained
by affecting the heating with superheated steam at
1300C for 6 minutes. Further, JP-A-2005-97585
discloses a technique for modifying the surface of the
water absorbing resin and enhancing the absorbency
against pressure by adding a processing liquid
containing a radical polymerizing compound and a
particulate water absorbing resin and irradiating the
resultant mixture with active energy rays. Since this
method uses a radical polymerizing compound, however,
it has greatly lowered the absorbency against no
pressure and entailed a very high cost. JP-A-63-260907
discloses a technique for decreasing residual monomer
content in a water absorbing resin by irradiating a
water absorbing resin having specific water content
with ultraviolet rays without adding a radical
polymerizing compound. However, this technique does
not involve the flow of the water absorbing resin
during the irradiation with ultraviolet rays,
therefore the modification of the surface of the water
absorbing resin was performed extremely unevenly, if
any.Disclosure of the Invention The object of
introducing a surface cross-link to a water absorbing
resin consists in producing a water absorbing resin
excelling in the balance between absorbency and 



absorption speed. Generally, a cross-linking agent
possessing at least two functional groups capable of
reacting with the functional group existing in the
surface of a water absorbing resin is required to
react with the water absorbing resin. The
cross-linking agents which fulfill this requirement
include polyhydric alcohols, polyvalent glycidyl
ethers, haloepoxy compounds, polyvalent aldehydes,
polyvalent amines, and polyvalent metal salts, for
example. Since these cross-linking agents generally
are deficient in reactivity, they require the relevant
reactions to be performed at elevated temperatures and
occasionally placed under application of heat for a
long time. Thus, the reactions call for enormous
energy and time. Even in the method for surface
treatment disclosed in U.S. Patent No. 4,783,510,
which uses a peroxide radical initiator as a
cross-linking agent, the efficient reaction process
needs a high temperature and the additional
improvement of productivity is also demanded. Then,
the method disclosed in JP-A-2005-97585 suffers a
great decrease of the absorbency against no pressure,
as well as incurs a high cost owing to the use of a
radical polymerizing compound. Further, the method
disclosed in JP-A-1988-260907 is desirable
economically in terms that a radical polymerizing
compound is not used. However, since the method
disclosed in JP-A-1988-260907 does not involve the
flow of the water absorbing resin during the
irradiation with ultraviolet rays, the modification of
a surface of a water absorbing resin is performed
extremely unevenly and thus the resultant water
absorbing resin has high possibility not to manifest
excellent water absorption properties. In the present
state of affairs described above, this invention is
aimed at providing an absorbent member for use in
absorbent articles, especially for use in diapers and
training pants. The absorbent member comprises an
absorbing agent made by a method for producing a water
absorbing agent excelling in such water absorption
properties as absorbency and absorbing speed against
no pressure or against pressure at a low cost with a
high efficiency of production.The present inventors
have made a diligent study in search of a method for
producing a water absorbing agent resulting from
modifying the surface of a water absorbing resin and
has consequently discovered that the uniform
modification of the surface of a water absorbing resin
can be attained by mixing the water absorbing resin
and a water in the presence of a mixing aid and
irradiating the resultant mixture with ultraviolet
rays while keeping the mixture in a mixed state. This
invention has been perfected as a result. Moreover,
the method, whereby the water absorbing agent
comprised by the absorbent member of this invention is
made, enables a modified surface without either using
a surface cross-linking agent which has been an
essential component for the conventional method or
performing a treatment at a high temperature for a
long time and permits the production of a target water
absorbing agent exhibiting an exalted absorbency
against pressure and excelling in such water absorbing
properties as absorbency against pressure at a low
cost with a high efficiency of production. It has been
simultaneously found that the water absorbing agent
repress decrease of the absorbency against no pressure
and excels particularly in the balance of water
absorbing properties. Heretofore, the surface
cross-linkage which used a reaction by heating has
necessitated a treatment at an elevated temperature as
in the range of 100 to 3000C, depending on the kind of
a surface cross-linking agent to be incorporated. The
method whereby the water absorbing agent comprised by
the absorbent member of this invention is made,
permits the surface-modification solely by irradiation
with ultraviolet rays and does not always necessitate
heat. Furthermore this method can reduce the energy
costs required for the production because this
invention can shorten the time of the treatment to a
large extent compared with the conventional method.
Since the method, whereby the water absorbing agent
comprised by the absorbent member of this invention is
made, does not use any water-soluble radical
polymerization initiator or ethylenically unsaturated
monomer which is considered to be activated with
ultraviolet rays to induce the formation of surface
cross-linkage as well as any surface cross-linking
agent reacting by heat, the raw material cost therefor
can be decreased. In respect the material properties,
since it does not use any surface cross-linking agent,
it can improve only the absorbency of the produced
water absorbing agent againstpressure considerably
without any decrease in the absorbency under no
pressure. Also, the method, whereby the water
absorbing agent comprised by the absorbent member is
made of this invention is made, can repress the
formation of aggregates which are easily occurred at
the time of mixing the water absorbing resin and water
in the presence of a mixing aid and permit the uniform
surface-modification by irradiating the resultant
mixture with ultraviolet rays while keeping the
mixture in a mixed state. The other objects,
characteristics, and advantages of this invention will
be clarified by taking into consideration the
following explanation and the preferred modes of
embodiment illustrated in the drawings attached
hereto. Brief Description of the Drawings Fig. 1 is a
schematic diagram of a device used for determining the
absorbency 0.3 psi against pressure. Fig. 2 is a
schematic cross section of a separable flask made of
quartz and used in the working examples. Fig. 3 (A) is
a perspective view of stirring vanes used in the
working examples and Fig. 3 (B) is a side view of the
stirring vanes used in the working examples. Detailed
Description of the Embodiment This invention refers to
an absorbent member for use in absorbent articles,
especially for use in diaper or training pants,
comprising an absorbing agent made by a method
comprising a) a step of mixing a water absorbing
resin, water, and a mixing acid without adding a
water-soluble radical polymerization initiator and an
ethylenically unsaturated monomer and b) a step of
irradiating the resultant mixture with an ultraviolet
rays while still agitating the mixture in order to
maintain a mixed state.. (a) Water absorbing resin The
water absorbing resin usable in this invention is a
water-swelling water-insoluble cross-linked polymer
capable of forming a hydrogel. The term
"water-swelling" as used in this invention refers to
the water absorbency against no pressure in an aqueous
0.9 weight% sodium chloride solution (physiological
saline water)such that a given sample absorbs
essentially at a ratio of not less than 2 g/g,
preferably at a ratio in the range of 5 to 100 g/g and
more preferably at a ratio in the range of 10 to 60
g/g. The term "water-insoluble" refers to the eluted
soluble uncross-linked content (the water-soluble
polymer compound) in the water absorbing resin which
preferably is in the range of 0 to 50 weight%, more
preferably not more than 25 weight%, still more
preferably not more than 15 weight%, and particularly
preferably not more than 10 weight%. Incidentally, the
numerical values of the water absorbency against no
pressure 



and the eluted soluble content are those found by the
method of determination specified in the working
example to be cited herein below. This invention
preferably makes use of a water absorbing resin which
possesses a cross-linked structure obtained by
polymerizing an acid group-containing unsaturated
monomer from the viewpoint of liquid absorbing
properties. Incidentally, this invention regards as an
acid group-containing unsaturated monomer such a
monomer as acrylonitrile which is converted by
hydrolysis subsequent to polymerization into an acid
group after the polymerization. Preferably, an acid
group-containing unsaturated monomer which contains an
acid group at the time of polymerization is used. The
water absorbent resin which can be used in this
invention does not need to be particularly restricted
but is only required to be capable of being obtained
by polymerizing a monomer component essentially
containing an ethylenically unsaturated monomer by
means of any of the known methods. The ethylenically
unsaturated monomer is not particularly restricted but
is preferred to be a monomer possessing an unsaturated
double bond at the terminal thereof. Examples of the
monomer according to this invention are anionic
monomers such as (meth)acrylic acid, 2-(meth)acryloyl
ethane sulfonic acid, 2-(meth)acryloyl propane
sulfonic acid, 2-(meth)acrylamide-2 -methyl propane
sulfonic acid, vinyl sulfonic acid, and styrene
sulfonic acid and salts thereof; nonionic hydrophilic
group-containing monomers such as (meth)acrylamide,
N-substituted (meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, and 2-hydroxypropyl(meth)acrylate; and
amino group-containing unsaturated monomers such as
N,N-dimethylaminoethyl (meth)acrylate,
N,N-diethylaminoethyl (meth)acrylate,
N,N-diethylaminopropyl (meth)acrylate, and
N,N-dimethylaminopropyl (meth)acrylamide and
quaternized products thereof. These monomers may be
used either singly or in the form of a mixture of two
or more members.Among monomers enumerated above,
(meth)acrylic acid, 2-(meth)acryloyl ethane sulfonic
acid, 2-(meth)acrylamide-2-methylpropane sulfonic
acid, and salts thereof,
N,N-dimethylaminoethyl(meth)acrylate and quaternized
N,N-dimethylaminoethyl (meth)acrylate, and
(meth)acrylamide prove preferable and acrylic acid
and/or a salt thereof are particularly preferable.
When an acrylic acid salt is used as the monomer, the
monovalent salt of acrylic acid selected from among
alkali metal salts, ammonium salt, and amine salt of
acrylic acid proves favorable from the viewpoint of
the ability of the water absorbent resin to absorb
water. More preferably, the alkali metal salt of
acrylic acid and particularly preferably the acrylic
acid salt selected from among sodium salt, lithium
salt, and potassium salt prove favorable. In the
production of the water absorbent resin, other monomer
components than the monomers enumerated above may be
used in amount not impairing the effect of this
invention. Eexamples of such other monomer components
are hydrophobic monomers such as aromatic
ethylenically unsaturated monomers having carbon
numbers in the range of 8 to 30, aliphatic
ethylenically unsaturated monomers having carbon
numbers in the range of 2 to 20, alicyclic
ethylenically unsaturated monomers having carbon
numbers in the range of 5 to 15, and alkyl esters of
(meth)acrylic acid containing alkyl groups having
carbon numbers in the range of 4 to 50. The proportion
of such a hydrophobic monomer is generally in the
range of 0 to 20 weight parts based on 100 weight
parts of the ethylenically unsaturated monomer
mentioned above. If the proportion of the hydrophobic
monomer exceeds 20 weight parts, this will possibly
degrade the water absorbing property of the produced
water absorbent resin. The water absorbent resin which
is used in this invention is insolubilized by the
formation of an internal crosslink. This internal
crosslink may be the product obtained by the
self-cross-linkage using no cross-linking agent. It
may be formed by using an internal cross-linking agent
possessing not less than two polymerizable unsaturated
group and/or not less than two reactive functional
groups in the molecular unit. The internal
cross-linking agent of this description does not need
to be particularly restricted. Examples of the inner
cross-linking agent are
N,N'-methylenebis(meth)acrylamide, N-methylol
(meth)acrylamide, glycidyl (meth)acrylate,
(poly)ethylene glycol di(meth)acrylate,
(poly)propylene glycoldi(meth)acrylate, glycerin
tri(meth)acrylate, glycerin acrylate methacrylate,
polyvalent metal salts of (meth)acrylic acid,
trimethylol propane tri(meth)acrylate, triallyl amine,
triallyl cyanurate, triallyl isocyanurate, triallyl
phosphate, ethylene glycol diglycidyl ether,
(poly)glycerol glycidyl ether, and polyethylene glycol
diglycidyl ether. These internal crosslinking agents
may be used in the form of a mixture of two or more
members. The amount of the internal cross-linking
agent to be used is preferably in the range of 0.0001
to 1 mol%, more preferably in the range of 0.001 to
0.5 mol%, and still more preferably in the range of
0.005 to 0.2 mol%. If this amount is below 0.0001
mol%, this will possibly prevent the internal
cross-linking agent from being introduced into the
resin. Conversely, if the amount exceeds 1 mol%, this
will possibly unduly heighten the gel strength of the
water absorbent resin and lower the absorption
capacity. For the introduction of the cross-linked
structure into the interior of the polymer by the use
of the internal cross-linking agent, it suffices to
add the internal cross-linking agent into the reaction
system before, during, or after the polymerization of
the monomer or after neutralization of the produced
polymer. For the purpose of producing the water
absorbent resin, it suffices to polymerize the monomer
components including the monomer mentioned above and
the internal cross-linking agent in an aqueous
solution thereof. The polymerization initiators which
can be used in this case are water-soluble radical
polymerization initiators including persulfates such
as potassium persulfate, ammonium persulfate, and
sodium persulfate; potassium peracetate, sodium
peracetate, potassium percarbonate, sodium
percarbonaate, and t-butyl hydroperoxide; hydrogen
peroxide; azo compounds such as
2,2'-azobis(2-amidinopropane)-dihydrochloride and
photopolymerization initiators including
2-hydroxy-2-methyl-lphenyl-propan-l-on, for example.
The water-soluble radical polymerization initiators
mentioned above may be combined with a reducing agent
such as a sulfite, L-ascorbic acid, or a ferric salt
so as to be used as redox type initiators. The
concentration of the monomer in the aqueous monomer
solution mentioned above does not need to be
particularly restricted but falls preferably in the
range of 15 to 90 wt. % and more preferably in the
range of 35 to 80 wt. %. If this concentration is
below 15 wt. %, this may be disadvantageous with
regard to heat consumption and with regard to the time
required for drying because the resultant hydrogel may
have an undulylarge water content. The method to be
adopted for the polymerization is not particularly
restricted but may be selected from among the known
methods such as solution polymerization,
reversed-phase suspension polymerization,
precipitation polymerization, and bulk polymerization.
Among these methods, the aqueous solution
polymerization which comprises dissolving a monomer in
an aqueous solution and polymerizing it in the aqueous
solution, and the reversed phase suspension
polymerization prove particularly advantageous on
account of the ease of control of a polymerization
reaction and the 



performance of a produced water absorbent resin. In
initiating the aforementioned polymerization, the
polymerization initiator mentioned above is used to
effect this initiation. Besides the polymerization
initiator mentioned above, active energy rays as
ultraviolet rays, electron radiation, and rays may be
used either singly or in combination with a
polymerization initiator. Though the temperature in
initiating the polymerization depends on the kind of
polymerization initiator to be used, it falls
preferably in the range of 15 to 1300C and more
preferably in the range of 20 to 1200C. If the
temperature in initiating the polymerization deviates
from the range mentioned above, this may be
disadvantageous with regard to increased residual
monomer in the produced water absorbent resin and the
self cross-linking reaction may proceed too long,
consequently degrading the water absorbing property of
the water absorbent resin. The term "reversed phase
suspension polymerization" refers to a method of
polymerization performed on an aqueous monomer
solution suspended in a hydrophobic organic solvent.
It is disclosed in U.S. Patent No. 4093776, No.
4367323, No. 4446261, No. 4683274, and No. 5244735,
for example. The term "aqueous solution
polymerization" refers to a method for polymerizing an
aqueous monomer solution without using a dispersing
solvent. It is disclosed in U.S. Patent No. 4625001,
No. 4873299, No. 4286082, No. 4973632, No. 4985518,
No. 5124416, No. 5250640, No. 5264495, No. 5145906,
and No. 5380808 and European Patent No. 0811636, No.
0955086, and No. 0922717, for example. The monomers
and the initiators which are cited by way of
illustration in these methods of polymerization can be
applied to this invention. The aqueous solution
polymerization can be implemented by polymerizing
apartially neutralized acrylic acid or polymerizing an
acid group-containing monomer such as e.g. acrylic
acid and thereafter neutralizing the resultant polymer
with an alkali compound such as sodium hydroxide,
ammonium hydroxide, sodium carbonate, or ammonium
carbonate. Preferably, the neutralization degree of
the produced water absorbing resin containing an acid
group (the mol% of the neutralized acid group in the
whole acid group) is in the range of not less than 50
mol% and less than 95 mol%, preferably in the range of
53 to 85 mol%, still more preferably in the range of
55 to 75 mol%, and most preferably in the range of 60
to 65 mol%. If the aforementioned neutralization
degree is below 50 mol%, this will possibly lower the
water absorbency of the water absorbing resin. If it
exceeds 95 mol%, this will possibly inhibit or even
prevent the surface treatment from proceeding. After
polymerization, generally the cross-linked polymer is
in the form of a hydrogel. While this invention allows
this hydrogel-like cross-linked polymer to be
unaltered in order to form the water absorbing resin,
it prefers the polymer to be dried until a water
content (%) (100 - solid content (%)) is achieved,
which will be specifically described below. The water
absorbent resin which is used in this invention is
preferably a powdery water absorbent resin which is
obtained by polymerizing a monomer having acrylic acid
(salt) particularly as its main component. The
hydrogel-like cross-linked polymer which is obtained
by polymerization is preferably dried and subsequently
pulverized to a particulate water absorbent resin. The
drying may be effected by using a drier such as a hot
air drier at a temperature in the range of 100 to
2200C and more preferably in the range of 120 to
2000C. For use in the pulverization, among shear
primary crushers, impact shredders, and high speed
rotary grinders included in the powdering machines
classified in Table 1.10 of the Particle Technology
Handbook (first edition, compiled by Particle
Technology Association), the powdering machines which
possess at least one of the powdering mechanisms such
as cutting, shearing, striking, and rubbing can be
adopted particularly favorably. Among the powdering
machines, the powdering machines which have cutting
and shearing as main mechanisms can be used
particularly advantageously. A roll mill (roll rotary
type) powdering machine may be cited as a preferred
example.The water absorbing resin to be used in this
invention is preferably in a powdered form. Preferably
it is a powdered water absorbing resin which contains
particles of diameters of not less than 150 m and less
than 850 m (as defined by sieve classification) at a
ratio in the range of 90 weight% to 100 weight%,
preferably in the range of 93 weight% to 100 weight%,
particularly preferably in the range of 95 weight% to
100 weight%, still more preferably in the range of 98
weight% to 100 weight%, and most preferably in the
range of 99 weight% to 100 weight%. When the
aforementioned powdered water absorbing resin happens
to have mainly particles of at least 850 m in diameter
and the water absorbing agent manufactured from this
resin is used in a disposable diaper, the disposable
diaper may give an unpleasant touch to the skin and
may possibly rupture the topsheet of the diaper. Also,
the water absorption speed may be reduced. Using
mainly particles of less than 150 m in diameter, the
resin powder may aggregate upon exposure to water, and
may also fail to undergo uniform irradiation with the
active energy rays. Further, this may allow low or
even no enhancement of water absorption capacity
against pressure. When the resin having a particle
size of less than 150 mm is used in a disposable
diaper, for example, of the particles may pass through
the topsheet of the diaper onto the outer surface of
the diaper. The weight average particle diameter (D50)
of the water absorbing resin is preferably not less
than 300 m and less than 500 m, more preferably in the
range of 300 to 450 m, and particularly preferably in
the range of 300 to 400 m. The logarithmic standard
deviation of particle size distribution (sV) of the
water absorbing resin is preferably in the range of
0.20 to 0.45, more preferably in the range of 0.20 to
0.40, particularly desirably in the range of 0.20 to
0.35, and still more preferably in the range of 0.20
to 0.30. The logarithmic standard deviation of
particle size distribution (sV) means a magnitude
which decreases with decreasing particle size
distribution. For the water absorbing resin of this
invention, it is desirable to have a particle size
distribution which is not simply narrow but is widened
to a certain extent. If the logarithmic standard
deviation of particle size distribution (sV) of the
aforementioned water absorbing resin exceeds 0.45,
this will possibly have a negative impact on the water
absorbency against pressure because of an unduly wide
particle sizedistribution. If it is below 0.20, this
will possibly conspicuously lower the productivity of
the water absorbing resin. Incidentally, the weight
average particle diameter of the water absorbing resin
(D50) and the logarithmic standard deviation of
particle size distribution (sV) of the water absorbing
resin are the magnitudes which are determined by the
method specified in the working example which will be
cited herein below. The water absorbing resin to be
used in this invention has an eluted soluble content
which is preferably not less than 0.1 weight parts and
less than 30 weight parts, more preferably in the
range of 1 to 25 weight parts, still more preferably
in the range of 3 to 20 weight parts, and most
preferably in the range of 5 to 15 weight parts per
100 



weight parts of the aforementioned water absorbing
resin. If the eluted soluble content of the water
absorbing resin is below 0.1 weight parts, this will
possibly necessitate a large amount of an inner
cross-linking agent during the course of
polymerization, heighten the cost, and further lower
the water absorbency. Conversely, if the eluted
soluble content of the water absorbing resin exceeds
30 weight parts, this will possibly induce liquation
of a soluble component during the addition of water or
an aqueous solution, inhibiting the soluble component
from functioning as a binder between the adjacent
water absorbing resin particles. Also, this may give
rise to lumps of powder, prevent the surface treatment
from proceeding uniformly, and also prevent the water
absorbency against pressure from being sufficiently
exalted. The water absorbing resin to be used in this
invention may also be obtained by preparing a
precursor water absorbing resin having a relatively
low neutralization degree and then mixing the
precursor water absorbing resin with a base.
Heretofore, polyfunctional surface treating agents
have been used for the surface treatment (surface
cross-linking treatment). These polyfunctional surface
treating agents can react with the carboxyl groups
(-COOH) in the water absorbing resin but fail to react
with the salt thereof (such as, for example, -COONa).
Thus, by polymerizing an ethylenically unsaturated
monomer mixture (the mixture of acrylic acid and
sodium acrylate, for example) adjusted in advance so
as to have a suitable -COOH/-COONa ratio in order to
produce a water absorbing resin having -COOH and
-COONa distributed uniformly therein, and using the
produced water absorbing resin for the surface
treatment with polyfunctional surface treating agents,
it is possible to obtain uniform cross-linkage. Awater
absorbing resin may be obtained by polymerizing an
acid type ethylenically unsaturated monomer as acrylic
acid such as e.g. a main component and then the
resultant polymer is neutralized with an alkali
compound such as e.g. sodium hydroxide or sodium
carbonate. If this water absorbing resin is surface
cross-linked with polyfunctional surface treating
agents, the cross-linkage is indeed at an advantage in
yielding a small eluted soluble content of the water
absorbing resin. Nevertheless, this cross-linkage
inevitably results in a decrease of the water
absorption property because -COOH and -COONa are not
uniformly distributed. Thus, it has not been advisable
to subject the water absorbing resin obtained by the
latter method to the conventional surface
cross-linkage with the polyfunctional surface treating
agents. According to the method, whereby the water
absorbing agent comprised by the absorbent member of
this invention is made, it is possible to modify a
water absorbing resin obtained by polymerizing a
monomer/monomer mixture having as main component such
an acid type ethylenically unsaturated monomer as
acrylic acid, thereby obtaining a precursor water
absorbing resin having a low neutralizing degree. Thus
precursor water absorbing resin is neutralized with an
alkali compound such as sodium hydroxide or sodium
carbonate, whereby a water absorbing resin is obtained
which has -COOH and -COONa distributed uniformly
thereon. The water absorbing agent which is obtained
by this method can manifest excellent water absorption
properties. A precursor water absorbing resin having a
low neutralization degree as used herein refers to a
precursor water absorbing resin having a
neutralization degree (the mol% of the neutralized
acid group in all the acid groups) in the range of Oto
50 mol% and preferably in the approximate range of Oto
25mol%. The precursor water absorbing resin having
such a low neutralization degree can be obtained by
following the aforementioned method while using a
monomer mixture including such an acid
group-containing monomer as acrylic acid preferably in
such a manner as to acquire the aforementioned
neutralizing degree. Thus, the detailed explanation of
the precursor will be omitted here. The water content
of the water absorbing resin to be used for the method
of producing a water absorbing agent according to this
invention does not need to be particularly restricted
so long as the water absorbing resin possesses
fluidity. The water content of the water absorbing
resin after being dried at 1800C for three hours is in
therange of 0 to 20 weight%, preferably in the range
of 0 to 10 weight%, and more preferably in the range
of 0 to 5 weight%. Incidentally, the water content of
the water absorbing resin is the magnitude determined
by the method specified in the working example which
will be cited herein below. Further, in the method of
this invention, during the course of mixing of the
water absorbing resin and water mentioned above, other
additives may be additionally used with the objective
to impart other functions to the water absorbing agent
unless they exert such adverse effects as
deterioration on the water absorbing resin obtained in
consequence of the radiation of the ultraviolet rays.
Anti-fungus agents, aromatic agents, deodorants, etc.
may be cited as concrete examples of the additives
mentioned above (b) Mixture of water absorbing resin,
water, and mixing aid In the method, whereby the water
absorbing agent comprised by the absorbent member of
this invention is made, the water-soluble radical
polymerization initiator and the ethylenically
unsaturated monomer are not added at the time of
mixing the water absorbing resin, water, and the
mixing aid. Therefore, method, whereby the water
absorbing agent comprised by the absorbent member of
this invention is made, does not include the case of
adding only the water-soluble radical polymerization
initiator or adding only the ethylenically unsaturated
monomer at the time of mixing the water absorbing
resin, water. As regards the mixing ratio of the
aforementioned water absorbing resin and water, water
is added in an amount preferably of not less than 1
weight part and less than 50 weight parts, more
preferably in the range of 2 to 30 weight parts, still
more preferably in the range of 3 to 15 weight parts,
particularly preferably in the range of 4 to 13 weight
parts, and most preferably in the range of 5 to 10
weight parts, based on 100 weight parts of the water
absorbing resin. If the amount of water is below 1
weight part, this will possibly prevent radiation with
ultraviolet rays from inducing surface cross-linkage
as expected. If it is not less than 50 weight parts,
this will possibly lower the water absorbency against
no pressure and against pressure of the produced water
absorbing resin. In this invention, the mixing aid is
not particularly limited, so long as that it should be
a water-soluble or water-dispersible compound except
an ethylenically unsaturated monomer or a
water-soluble radical polymerization initiator, and as
long as itcan repress the agglomeration of the water
absorbent resin with water and improve the mixing of
the aqueous solution with the water absorbent resin.
Since the addition of the mixing aid can repress the
agglomeration of the water absorbent resin with water,
and induce the uniform mixing of the aqueous solution
with the water absorbent resin, the ultraviolet rays,
when irradiation is done in the subsequent step, can
equally and evenly irradiate the water absorbent resin
and thus the uniform surface cross-linkage of the
entire water absorbent resin can be achieved. To be
specific, a surfactant, a water-soluble polymer
compound, a hydrophilic organic solvent, a
water-soluble inorganic compound, an inorganic acid,
an organic acid, and an organic salt are available.
Herein, the term "water-soluble compound" means a
compound having solubility in 100 g of water at room
temperature of not less than 1 g, preferably not less
than 1O g. 



When the mixing aid is used, the mode of using the
mixing aid is not particularly restricted. Though the
mixing aid may be used in the form of powder or be
dissolved, dispersed, or suspended in a solution, it
is preferably used in the form of an aqueous solution.
Incidentally, the aqueous solution may incorporate
other solvents than water within the range in which
the solubility of the mixing aid is not impaired. When
the mixing aid is used, the point of time for adding
the mixing aid is not particularly restricted. The
mixing aid may either be added before adding the water
absorbing resin and water thereto, subsequently mixing
them altogether or the mixing aid may be added
simultaneously with the water absorbing resin, water.
The aqueous solution containing the mixing aid has a
surface tension preferably in the range of 40 to 75
dynes/cm, more preferably in the range of 45 to 70
dyes/cm, still more preferably in the range of 48 to
65 dynes/cm, and most preferably in the range of 50 to
60 dynes/cm. If the surface tension is below 40
dynes/cm, this will possibly lower the capillary
capacity of the water absorbing resin during the
course of absorbing water and, when the resin is used
as in a disposable diaper, increase the amount of the
absorbed liquid remaining on or flowing back onto on
the topsheet of the diaper. If the surface tension
exceeds 75 dynes/cm, this will possibly disrupt the
uniformity of the mixture of the water absorbing resin
and the aqueous solution and prevent the ultraviolet
rays from radiating uniformly. The surface tension of
the aqueous solution containing the aforementioned
mixing aid is the magnitude which is determined by the
method specified in the working example cited herein
below.Regarding the surfactant used as the mixing aid,
at least one surfactant selected from the group
consisting of nonionic surfactants and anionic
surfactants having an HLB of not less than 7 can be
used. Specific examples of the surfactant are sorbitan
fatty acid esters, polyoxyethylene sorbitan fatty acid
esters, polyglycerin fatty acid esters,
polyoxyethylene alkyl ethers, polyoxyethylene alkyl
phenol ethers, polyoxyethylene acyl esters, sucrose
fatty acid esters, higher alcohol sulfuric acid
esters, alkyl naphthalene sulfonic acid salts, alkyl
polyoxyethylene sulfate salts, and dialkyl
sulfosuccinic acid salts. Polyoxyethylene alkyl ethers
are particularly advantageous as surfactants. The
molecular weight of the polyoxyethylene alkyl ether is
preferably 200 to 100,000 and more preferably 500 to
10,000. If the molecular weight is unduly large, this
may lower the solubility of the surfactant in water,
allowing no addition of the amount to be added,
increase the viscosity of the solution, and impair the
mixing property of the surfactant with the water
absorbing resin. Conversely, if the molecular weight
is unduly small, this may degrade the effect as a
mixing aid. As preferred examples of the water-soluble
polymer compound, macromolecules possessing solubility
of not less than 1 wt. % in water at room temperature
may be cited, for example, polyvinyl alcohol,
polyethylene oxide, polyethylene glycol, polypropylene
glycol, polyacryl amide, polyacrylic acid, sodium
polyacrylate, polyethylene imine, methyl cellulose,
carboxymethyl cellulose, hydroxy-ethyl cellulose,
hydroxypropyl cellulose, dextrin, sodium alginate, and
starch. Polyethylene glycol proves particularly
advantageous as water-soluble polymer compound. The
molecular weight of the compound is preferably 200 to
100,000 and more preferably 500 to 10,000, similarly
to the polyoxyethylene alkyl ether. Examples of the
hydrophilic organic solvent are alcohols such as
methyl alcohol, ethyl alcohol, propyl alcohol,
isopropyl alcohol, butyl alcohol, isobutyl alcohol,
and t-butyl alcohol; ketones such as methylethyl
ketone; ethers such as dioxane, alkoxy (poly)ethylene
glycol, and tetrahydrofuran; amides such as
g-caprolactam and N,N-dimethyl formamide; sulfoxides
such as dimethyl sulfoxide; and polyhydric alcohols
such as ethylene glycol, diethylene glycol, propylene
glycol, triethylene glycol, tetraethylene glycol,
1,3-propane diol, dipropylene glycol,
2,2,4-trimethyl-l,3-pentadiol, glycerin,
2-butene-l,4-diol, 1,3-butane diol, 1,4-butane diol,
1,5-pentane diol, 1,6-hexane diol, 1,4-cyclohexane
dimethanol, 1,2-cyclo-hexenol, trimethylol
propane,diethanol amine, triethanol amine,
polyoxypropylene, pentaerythritol, and sorbitol. These
solvents may be used either singly or in the form of a
mixture of two or more members. As preferred examples
of the water-soluble inorganic compound, inorganic
compounds possessing solubility of not less than 5 wt.
% in water may be cited, for example, water-soluble
metal salts which are salts of metals having valences
of at least one. More specific examples of the
water-soluble metal salt are alkali metal salts such
as sodium chloride, sodium hydrogen sulfate, and
sodium sulfate, ammonium salts such as ammonium
chloride, ammonium hydrogen sulfate, and ammonium
sulfate, alkali metal hydroxides such as sodium
hydroxide and potassium hydroxide, polyvalent metal
salts such as aluminum chloride, aluminum
polychloride, aluminum sulfate, potassium alum,
calcium chloride, calcium sulfate, calcium carbonate,
magnesium chloride, magnesium sulfate, magnesium
carbonate, zirconium sulfate, zirconium nitrate,
zirconium acetate, zirconium carbonate, zirconium
ammonium acetate, zirconium ammonium carbonate,
zirconium oxychloride, zirconium chloride, titanium
chloride, and titanium sulfate, and irreducible alkali
metal salt pH buffer agents such as hydrogen
carbonates, dihydrogen phosphates, and hydrogen
phosphates. Typical examples for inorganic acids salts
are the salts of the inorganic acid selected from the
group consisting of hydrochloride acid, sulfuric acid,
phosphoric acid, carbonic acid, and boric acid may be
cited such as alkali metal salts and alkaline earth
metal salts. Then, as examples for organic acids
salts, the salts of the organic acids selected from
the group consisting of acetic acid, propionic acid,
lactic acid, citric acid, succinic acid, malic acid,
and tartaric acid, such as alkali metal salts and
alkaline earth metal salts. Among other compounds
enumerated above, polyoxyethylene alkyl ethers,
polyethylene glycol, and water-soluble metal salts are
advantageously usable as a mixing aid. When a
macromolecular mixing aid such as a polyoxyethylene
alkyl ether or polyethylene glycol is used, the number
average molecular weight (Mn) of this mixing aid is
preferably 100 to 500000, more preferably 200 to
100000, still more preferably 500 to 10000, and
particularly preferably 1000 to 5000. If the number
average molecular weight mentioned above is below 100,
this will possibly impair the mixability of thewater
absorbing resin and water, induce formation of lumps
of powder, prevent the surface cross-linkage from
proceeding uniformly, and inhibit the acquisition of a
sufficient water absorbency against pressure. If it
exceeds 500000, this will possibly lower the
solubility of the mixing aid in water and compel the
production in an actual device to incur troubles.
These mixing auxiliaries may be used either singly or
in the form of a mixture of two or more members. Then,
the amount of the mixing aid to be added is not
particularly limited but is only required to repress
the aggregation of the water absorbing resin with
water, and improve the mixability of water and the
water absorbing resin. Specifically, this amount is
preferably not less than 0.01 weight part and less
than 50 weight parts, more preferably in the range of
0.03 to 20 weight parts, particularly preferably in
the range of 0.05 to 10 weight parts, still more
preferably in the range of 0.1 



to 5 weight parts, and most preferably in the range of
0.3 to 1 weight parts per 100 weight parts of the
water absorbing resin. Otherwise, in this invention,
the mixing aid may be used preferably in the range of
0 to 40 weight%, more preferably in the range of 0.01
to 30 weight%, and still more preferably in the range
of 0.1 to 10 weight%, based on the total amount of the
aqueous solution. Incidentally, as means to mix the
water absorbing resin, water or an aqueous solution,
and the mixing aid, a method which consists in
effecting the mixture by the use of an ordinary mixing
device such as, for example, V-shaped mixer, a ribbon
type mixer, a screw type mixer, a rotary disc type
mixer, an air current type mixer, a batch type
kneader, a continuous kneader, a paddle type mixer, or
a spade type mixer may be cited. (c) Keeping the
mixture in a mixed state The method, whereby the water
absorbing agent comprised by the absorbent member of
this invention is made, comprises mixing the water
absorbing resin, water and the mixing aid as described
above and irradiating the resultant mixture with
ultraviolet rays while keeping the mixture in a moving
stream. Thereby, it is possible to perform the surface
treatment uniformly and conspicuously exalting the
water absorbency against pressure without decreasing
the water absorbency against no pressure. The
ultraviolet rays used in this process preferably have
a wavelength of above 200nm and not more than 400nm.
For the purpose of fluidizing the mixture during the
irradiation of the mixture withthe ultraviolet rays,
blowing a gas such as air, oxygen, or nitrogen into
the mixture and fluidizing the aforementioned mixture
are equally possible besides stirring the mixture.
When the mixture containing the water absorbing resin
and water is fluidized by the motion of stirring, the
stirring speed is preferably 300 to 1000 rpm, more
preferably 400 to 750 rpm, and still more preferably
450 to 550 rpm. If the stirring speed is below 300
rpm, this will possibly prevent the ultraviolet rays
from irradiating uniformly. If it exceeds 1000 rpm,
this will possibly expose the mixture to mechanical
damage and increase the content of fine particles in
the water absorbing agent after irradiation with the
ultraviolet rays. The fluidization of the mixture of
the water absorbing resin and water or an aqueous
solution and the mixing aid may be implemented by
using the heretofore known device. Examples of the
known devices are a shaking type mixer, a shaking
feeder, a ribbon type mixer, a conical ribbon type
mixer, a screw type mixing and extruding device, an
air current type mixer, a batch type kneader, a
continuous type kneader, a paddle type mixer, a high
speed fluid type mixer, and a free ascent flow type
mixer. (d) Irradiation with ultraviolet rays, the
ultraviolet rays preferably having a wavelength of
above 200nm and not more than 400nm As a method for
modifying the surface of a water absorbent resin
(particles), the formation of a surface crosslinkage
attained by using a surface crosslinking agent and
promoting the relevant reaction by application of heat
has been known to the public. For surface
cross-linking the water absorbing resin as described
above, compounds such as a polyhidric alcohol, a
polyvalent glycidyl ether, a haloepoxy compound, or a
polyvalent aldehyde which possesses a plurality of
functional groups in the molecular unit thereof are
used. Generally, when the polymerizing monomer
component are heated to 100 to 3000C, these functional
groups react with the carboxyl groups being present in
the surface of the water absorbing resin and
consequently induce formation of a cross-linked
structure in the surface of the water absorbing resin.
Also, a method for modifying the surface of a water
absorbent resin (particles) by adding a treatment
liquid containing the radical polymerization compound
to the water absorbing resin and irradiating the
resultant mixture with active energy rays has been
reported. The method, whereby the water absorbing
agent comprised by the absorbentmember of this
invention is made, however, is characterized by being
capable of forming a cross-linked structure in the
surface of a water absorbing resin by irradiating a
mixture of the water absorbing resin, water and the
mixing aid with active energy rays even in the absence
of such a surfactant and a polymerizing monomer as
mentioned above. Also by this characteristic property,
it is made possible to exalt the water absorbency of
the modified water absorbing agent against pressure
(AAP) without lowering the water absorbency thereof
against no pressure (CRC). The ultraviolet rays
preferably have a wavelength of above 200nm and not
more than 400nm. The ultraviolet rays having a
wavelength of above 200nm and not more than 350nm are
more preferably used, and the ultraviolet rays having
a wavelength of above 200nm and not more than 300nm
are still more preferably used. If active energy rays
with a wavelength exceeding 400 nm are used,
irradiation will be deficient in energy and will
possibly prevent the cross-linkage of the water
absorbing resin from proceeding. If the active energy
rays of 200 nm or below are used, irradiation will
likely simultaneously induce cross-linkage and
severance and possibly deteriorate the water absorbing
resin. As regards the conditions of the radiation, the
intensity of radiation is in the range of 3 to 100
mW/cm2 and the dosage of radiation is in the range of
100 to 10000 mJ/cm2 when the ultraviolet rays are
used. A high-pressure mercury lamp, a reduced-pressure
mercury lamp, a metal halide lamp, and a halogen lamp
are examples for suitable radiation sources. As long
as the ultraviolet rays have a wavelength of
preferably above 200nm and not more than 400nm, more
preferably above 200nm and not more than 350nm, and
still more preferably above 200nm and not more than
300nm, the source may additionally emit other radiant
rays and wavelengths. The way to obtain this radiation
is not particularly restricted. Incidentally, when the
electron radiation is used, preferably the
accelerating voltage is 50 to 800 kV and the absorbed
dose rage is 0.1 to 100 Mrad. Generally, the
irradiation time is preferably not less than 0.1
minute and less than 60 minutes, more preferably not
less than 1 minute and less than 30 minutes, still
more preferably not less than 2 minutes and less than
20 minutes, and particularly preferably not less than
3 minutes and less than 15 minutes. For the fixed
cross-link density, the time for the surface
cross-linking treatment may be curtailed as when it
exceeds 60 minutes in the case of using the
conventional surface cross-linking agent If the time
ofradiation is below 0.1 minute, this will possibly
prevent the surface treatment of the water absorbing
resin from being sufficiently carried out. If it
exceeds 60 minutes, this will possibly degrade the
water absorbing resin due to the active energy rays.
The distance from the ultraviolet rays radiating lamp
to the mixture containing the water absorbing resin,
water, and the mixing aid is preferably 2 to 30 cm,
more preferably 5 to 15 cm, and particularly
preferably 8 to 15 cm. If this distance is below 2 cm,
this will possibly result in adhesion of the mixture
of the water absorbing rein and water or an aqueous
solution onto the irradiation lamp. If the distance
exceeds 30 cm, this will possibly not further increase
the effect of the ultraviolet rays. The surface
treatment effected by irradiation with ultraviolet
rays does not require any warming. It is, however,
commendable to irradiate at elevated temperatures
because this inhibits the risk of aggregation while
mixing. It is only neccessary to elevate the
temperature of the water absorbing resin to preferably
less than 1500C, more preferably to 



less than 1200C, still more preferably only to between
room temperature and 1000C, and particularly
preferably to a temperature in the range of 50 to
1000C. Thus, the temperature can be set lower than the
conventional surface treating temperature. In the
present invention, irradiation does not have to be
carried out in an inert environment. (e) Other
treatments After the irradiation of the active energy
rays, the water absorbent resin may be optionally
subjected to a heat treatment at a temperature in the
range of 50 to 2500C for drying. After irradiation
with ultraviolet rays, the water absorbing resin may
be a surface cross-linked by using any of the
heretofore universally known surface cross-linking
agents such as polyhydric alcohols, polyvalent epoxy
compounds, and alkylene carbonates. The method for
producing the water absorbing agent according to this
invention allows addition of a liquid passage
enhancing agent to the water absorbing resin before,
after, or during the radiation of the active energy
rays. Examples of the liquid passage enhancing agents
are mineral products such as talc, kaolin, fuller's
earth, bentonite, activated clay, barite, natural
asphaltum, strontium ore, ilmenite, and pearlite;
aluminum compounds such as aluminum sulfate 14 - 18
hydrates (or anhydrides), potassiumaluminum sulfate
dodecahydrate, sodium aluminum sulfate dodecahydrate,
aluminum chloride, aluminum polychloride, and aluminum
oxide and aqueous solutions thereof; other polyvalent
metal salts; hydrophilic amorphous silicas (examples,
dry process: product of Tokuyama K.K. sold under the
trademark designation of "Reolosil QS-20",
precipitation process: products of Degussa Corp. sold
under the trademark designations of "Sipernat 22S" and
"Sipernat 2200"); and oxide complexes such as silicon
oxide aluminum oxide magnesium oxide complex (example,
product of Engelhard Corp sold under the trademark
designation of "Attagel #50"), silicon oxide aluminum
oxide complex, and silicon oxide magnesium oxide
complex. These liquid passage enhancing agents are
mixed preferably in an amount of 0 to 20 weight parts,
more preferably in an amount of 0.01 to 10 weight
parts, and particularly preferably in an amount of 0.1
to 5 weight parts with 100 weight parts of the
modified water absorbing resin. A water-soluble liquid
passage enhancing agent is added in the form of an
aqueous solution whereas a non water-soluble liquid
passage enhancing agent is added in the form of powder
or slurry. Other additives such as anti-fungus agent,
deodorant, and chelating agent may be properly
incorporated within the range mentioned above (f)
Water absorbing agent The term "water absorbing agent"
as used in this invention refers to a water absorbing
agent having a modified surface (i.e. a water
absorbing agent which has undergone surface
treatment). When the method for producing a water
absorbing agent according to this invention is
executed, the produced water absorbing agent has an
exalted absorbency against pressure without decreasing
the absorbency against no pressure. It has been
heretofore known that the formation of a surface
cross-link greatly lowers the absorbency of
physiological saline against no pressure and
nevertheless exalts the capacity for retaining the
absorbed liquid even in a state of applying pressure,
namely the absorbency against pressure. According to
the method of this invention, the absorbency of the
water absorbing resin against pressure of 2.07 kPa is
increased by at least 1 g/g even without using a
water-soluble radical polymerization initiator and an
ethylenically unsaturated monomer. This fact is
thought to indicate that the method of this invention
has introduced a surface cross-link to the surface of
the water absorbing resin. In the solid state physical
properties acquired after the modification, the
absorbency under pressure ispreferably not less than 3
g/g, more preferably not less than 5 g/g, still more
preferably not less than 7 g/g, and particularly
preferably not less than 10 g/g. Incidentally, the
absorption capacity of the water absorbing resin
against pressure of 2.07 kPa is the magnitude
determined by the method specified in the working
example cited herein below. The water absorbing agent
of this invention has an absorbency against pressure
of 2.07 kPa of preferably not less than 15 g/g and
less than 50 g/g, more preferably 18 to 40 g/g, still
more preferably 20 to 35 g/g, and most preferably 25
to 30 g/g. If the absorbency against pressure
mentioned above is below 15 g/g, this will possibly
result in an water absorbing agent having an unduly
small absorbency against pressure and, when the agent
is used as in a disposable diaper, induce leakage of
urine. If it exceeds 50 g/g, this will possibly
increase the soluble component and induce gel
blocking. Then, the absorbency against no pressure
(CRC) is preferably not less than 8 g/g, more
preferably not less than 15 g/g, still more preferably
not less than 20 g/g, and particularly preferably not
less than 25 g/g. Though the upper limit of this
absorbency is not particularly restricted, it is
preferably not more than 50 g/g, more preferably not
more than 40 g/g, and still more preferably not more
than 35 g/g. If the absorbency against no pressure
(CRC) is below 8 g/g, the water absorbing agent has an
unduly small absorption capacity and is not suitable
for use as an absorbent member in absorbent articles
such as disposable diapers. If the absorbency against
no pressure (CRC) exceeds 50 g/g, this will possibly
weaken the gel strength and prevent the produced water
absorbing agent from excelling in the absorbency
against pressure. Further, the water absorbing agent
which is obtained according to this invention is
characterized by having an extremely small residual
monomer content. Since the water absorbing resin is
used in absorbent articles such as disposable diapers,
the smaller the residual monomer content is, the
better the end use proves from the viewpoint of odor
and safety. Ordinarily, the residual monomer content
in the water absorbing resin is 200 to 500 ppm. The
residual monomer content of the surface-treated water
absorbing resin obtained by this invention is not more
than 200 ppm (the lower limit is 0 ppm) in most cases.
The residual monomer content of the modified water
absorbing resin is preferably not more than 200 ppm,
more preferably not more than 150 ppm, and still more
preferably not more than 100 ppm.Further, the water
absorbing agent which is obtained by this invention
has a small solid content compared to water absorbing
agents obtained by conventional methods of
modification wherein the water absorbing resin and
surface cross-linking agents are subjected to elevated
temperatures. This is because the method of production
according to this invention does not require elevated
temperatures for the reaction and, therefore, allows
the water contained in the aqueous solution added to
the water absorbing resin to remain substantially
intact even after the reaction. When the water content
in the water absorbing agent is large, this promotes
the formation of fine particulates having a particle
diameter of not more than 150 m, which prevents the
generation of static electricity on the surface of
particulates, thereby which constituting blocking
during the pneumatic transportation. This results in
degradation of physical properties due to physical
damage occuring during pneumatic transportation. The
solid content of the water absorbing agent is
preferably not more than 95%, more preferably not more
than 93%, still more preferably not more than 90%, and
particularly preferably not more than 85%. Though 



the lower limit of the solid content is not
particularly restricted, a solid content below 70%
possibly lowers the absorbency of the water absorbing
agent per unit weight. The form of the surface-treated
water absorbing agent which is obtained by this
invention can be properly adjusted by the conditions
of treatment such as the form of the water absorbent
resin before treatment and the agglomeration and
molding of the treated water absorbent resin after the
treatment. Generally, however, the modified water
absorbent resin has a powdery form. This powder has a
weight average particle diameter (specified by
classification with sieves) which is in the range of
10 to 1,000 m and preferably in the range of 200 to
600 m. In this powder, the content of particles having
diameters of 150 to 850 m is preferably in the range
of 90 to 100 % by weight and more preferably in the
range of 95 to 100 % by weight based on the weight of
the water absorbent resin. The method for production
according to this invention causes the fine particles
generated during the production of the water absorbing
resin to agglomerate during surface cross-linking.
Thus, even when the water absorbing resin yet to be
modified happens to contain fine particles, the method
for producing the water absorbing agent according to
this invention enables agglomeration of the fine
particles and consequently decreases the amount of
fine particles contained in the surface-treated water
absorbingagent. The particle-size distribution of the
produced water absorbing agent is shifted towards
higher particle sizes compared to the particle size of
the water absorbing agent yet to be modified. The
ratio of this shifting, however, is varied by the
amount of water to be mixed with the water absorbing
resin, the condition of radiation with ultraviolet
rays, and the mode of fluidizing the mixture during
radiation. The water absorbing agent to be obtained by
the method of this invention have uniformly formed
surface cross-links formed over the whole surface of
the water absorbing resin with a high cross-link
density. Thus, the water absorbing agents have the
characteristic properties expected of a good water
absorbing resin such as, for example, absorbency,
absorption speed, gel strength, and suction force, at
unusually high levels. When this invention is executed
in the presence of an ethylenically unsaturated
monomer, the execution does not conform to the object
of this invention because the absorption capacity
against no pressure is decreased. The water-soluble
radical polymerization initiator is supposed to be
dissolved in a ratio of not less than 10 weight% in
water (25C). Examples of this polymerization initiator
are persulfates such as ammonium persulfate, sodium
persulfate, and potassium persulfate; hydrogen
peroxide; and water-soluble azo compounds such as
2,2'-azobis-2-amidinopropane dihydro-chloride and
2-2'-azobis[2-2(-imidazolin-2-yl)propane]
dihydrochloride. In accordance with this invention,
the surface treatment of the water absorbent resin is
effected fully satisfactorily even at a reaction
temperature near room temperature and the
surface-treated water absorbent agent consequently
obtained is enabled to manifest at extremely high
levels such characteristic properties as absorption
capacity, absorption speed, gel strength, and suction
force which the water absorbent resin is expected to
possess. The water absorbent resin which is obtained
by this invention, therefore, is optimally usable for
sanitary cotton, disposable diapers, and other
sanitary materials for absorbing body fluid. Absorbent
articles The absorbent members made by the method of
the present invention are preferably used as absorbent
cores in absorbent articles. As used herein, absorbent
article refers todevices that absorb and contain
liquid, and more specifically, refers to devices that
are placed against or in proximity to the body of the
wearer to absorb and contain the various exudates
discharged from the body. Absorbent articles include
but are not limited to diapers, adult incontinent
briefs, diaper holders and liners, sanitary napkins
and the like. Preferred absorbent articles of the
present invention are diapers and training pants. As
used herein, "diaper" and "training pants" refers to
an absorbent article generally worn by infants and
incontinent persons about the lower torso. Absorbent
articles especially suitable for the present invention
typically comprise an outer covering including a
liquid pervious topsheet, a liquid impervious
backsheet and an absorbent core generally disposed
between the topsheet and the backsheet. The absorbent
core may comprise any absorbent material that is
generally compressible, conformable, non-irritating to
the wearer's skin, and capable of absorbing and
retaining liquids such as urine and other certain body
exudates. In addition to the SAP particles of the
present invention, the absorbent core may comprise a
wide variety of liquid-absorbent materials commonly
used in disposable diapers and other absorbent
articles such as comminuted wood pulp, which is
generally referred to as air felt. Exemplary absorbent
structures for use as the absorbent assemblies are
described in U.S. Patent No. 5,137,537 entitled
"Absorbent Structure Containing Individualized,
Polycarboxylic Acid Crosslinked Wood Pulp Cellulose
Fibers" which issued to Herron et al. on August 11,
1992; U.S. Patent 5,147,345 entitled "High Efficiency
Absorbent Articles For Incontinence Management" issued
to Young et al. on September 15, 1992; U.S. Patent No.
5,342,338 entitled "Disposable Absorbent Article For
Low-Viscosity Fecal Material" issued to Roe on August
30, 1994; U.S. Patent No. 5,260,345 entitled
"Absorbent Foam Materials For Aqueous Body Fluids and
Absorbent Articles Containing Such Materials" issued
to DesMarais et al. on November 9, 1993; U.S. Patent
No. 5,387,207 entitled "Thin-Until-Wet Absorbent Foam
Materials For Aqueous Body Fluids And Process For
Making Same" issued to Dyer et al. on February 7,
1995; U.S. Pat. No. 5,397,316 entitled "Slitted
Absorbent Members For Aqueous Body Fluids Formed Of
Expandable Absorbent Materials" issued to LaVon et al.
on March 14, 1995; and U.S.Patent No. 5,625,222
entitled "Absorbent Foam Materials For Aqueous Fluids
Made From high In al. on July 22, 1997. EXAMPLES Now,
this invention will be explained more specifically
below with reference to working examples and
comparative examples. This invention is not limited to
these working examples. Incidentally, the varying
properties of water absorbing resins described therein
were determined by the following methods. All the
operations described therein were carried out under
the conditions of room temperature (20 to 25C) and
humidity 50 RH% unless special conditions were
mentioned. (1) Centrifuge retention capacity
(abbreviated as CRC) The centrifuge retention capacity
(CRC) indicates the absorbency exhibited by a given
sample after 30 minutes' standing against no pressure
in an aqueous 0.90 weight% saline solution. A pouch
(85 mm x 60 mm) made of non-woven fabric (made by
Nangoku Pulp Kogyo K.K. and sold under the trademark
designation of "Heatlon Paper, Type GSP-22") was
packed uniformly with 0.200 g of a given water
absorbing resin or water absorbent agent, heat sealed,
and immersed in a large excess (generally about 500
ml) of an aqueous 0.90 weight% sodium chloride
solution at room temperature. The pouch was pulled up
from the solution after 30 minutes of standing therein
and drained for three minutes with the centrifugal
force (250 G) described in edana ABSORBENCY 11
441.1-99 by using a centrifugal separator (made by
Kokusansha K.K. and sold under 



the product code of "Type H-122"). Then, the drained
pouch was weighed to find the weight Wl (g) thereof.
The same procedure was repeated without using a water
absorbing resin and the drained pouch was weighed to
find the weight WO (g). Then, the centrifuge retention
capacity (CRC) (g/g) was calculated in accordance with
the following formula using the found values ofWl and
WO. Centrifuge retention capacity (CRC) (g/g) = (Wl
(g) -WO(g))/(weight (g) of water absorbing resin or
water absorbing agent) - 1 (2) Absorbency against
pressure 0.3 psi (abbreviated as "AAP 0.3") The
absorbency against pressure 0.3 psi (AAP 0.3)
indicates the absorbencyindicated by a given sample
after 60 minutes' standing under pressure of 2.07 kPa
(0.3 psi) in an aqueous 0.90 weight% saline solution.
In an apparatus illustrated in Fig. 1, a 400-mesh
metal gauze 101 (aperture 38 m) made of stainless
steel was fused to the bottom of a plastic supporting
cylinder 100 having an inside diameter of 60 mm. On
the metal gauze, 0.900 g of a given water absorbing
resin or water absorbing agent was uniformly scattered
under the conditions of room temperature (20 to 25C)
and humidity 50 RH% and a piston 103 and a load 104
adjusted so as to exert a load of 2.07 kPa (0.3 psi)
on the scattered sample, given an outside diameter
slightly smaller than 60 mm and prevented from
producing an interspace between themselves and the
supporting cylinder, and enabled to produce an
uninterrupted vertical motion were mounted on the
scattered sample sequentially in the order mentioned.
The whole of the apparatus was weighed to find the
weight W2 (g) thereof. Inside a petri dish 105 having
a diameter of 150 mm, a glass filter 106 having a
diameter of 90 mm (made by Sogo Rikagaku Glass
Seisakusho K.K., having a pore diameter of 100 to 120
m) was placed and an aqueous 0.90weight% saline
solution 108 (20 to 25C) was added till the same level
as the upper surface. On the soaked glass filter in
the petri dish, one filter paper 107 having a diameter
of 90 mm (made by ADVANTEC Toyo K.K. and sold under
the product name "JIS P 3801, No. 2," and having a
thickness of 0.26 mm and a retention particle diameter
of 5 m) was placed so as to have the surface
completely wetted, with the excess liquid removed
therefrom. The whole apparatus mentioned above was
placed on the aforementioned filter paper and the
water absorbing resin or the water absorbing agent was
left absorbing the liquid under the load. After the
lapse of one hour thence, the whole apparatus was
lifted and weighed to find the weight W3 (g) thereof.
The absorbency against pressure 0.3 psi (AAP 0.3)
(g/g) was calculated in accordance with the following
formula, using the found weights W2 and W3. Absorbency
against pressure 0.3 psi (AAP 0.3) = (W3 (g) -W2
(g))/(Weight of water absorbing resin or water
absorbing agent (0.900 g)) (3) Weight average particle
diameter (D50) and logarithmic standard deviation of
particle diameter distribution (sV)A given water
absorbing resin was classified with JIS standard
sieves (JIS Z 8801-1 (2550)) measuring 850 m, 710 m,
600 m, 500 m, 425 m, 300 m, 212 m, 150 m,106 m, and 45
m in aperture and the residual percentages R
consequently found were plotted on a logarithmic
probability paper. The particle diameter corresponding
to R = 50 weight% was read out as the weight average
particle diameter (D50). Let Xl stand for the particle
diameter for R = 84.1% and X2 the particle diameter
for R = 15.9% respectively, and the logarithmic
standard deviation (sV) will be expressed by the
following formula. The magnitude (sV) signifies that
the particle size distribution narrows in accordance
as this magnitude decreases. sV = 0.5 x In (X2/X1) The
classification adopted in determining the logarithmic
standard deviation (sV) in the particle size
distribution was effected by charging the JIS standard
sieves (the Iida Testing Sieves: diameter 8 cm)
measuring 850 m, 710 m, 600 m, 500 m, 425 m, 300 m,
212 m, 150 m,106 m, and 45 m in aperture with 10.0 g
of a given water absorbing resin under the conditions
of room temperature (20 to 25C) and humidity 50RH% and
shaking the sieves with a shaking classifier (Iida
Sieve Shaker, Type ES-65, SerNo. 0501). (4) Eluted
soluble content In a plastic container having an inner
volume of 250 ml and furnished with a lid, 184.3 g of
an aqueous 0.9 weight% saline solution was placed,
1.00 g of a given water absorbing resin or water
absorbing agent was added to the aqueous solution, and
they were stirred by rotating a stirrer so as to
extract an eluted soluble component from the resin for
16 hours. The extracted liquid was filtered with one
filter paper (made by ADVANTEC Toyo K.K. and sold
under the product name "JIS P 3801, No. 2," and having
a thickness of 0.26 mm and a retention particle
diameter of 5 m). The portion 50.0 g of the resultant
filtrate was taken as a test solution. First, 50.0 g
of an aqueous 0.9 weight% saline solution alone was
titrated first with an aqueous 0.1N NaOH solution till
pH 10 and then with an aqueous 0.1N HCl solution till
pH 2.7 to obtain titers ([bNaOH] ml and [bHCl] ml). By
performing the same titrating operation on the test
solution, the titers ([NaOH]ml and [HCl] ml) were
obtained. In the case of a water absorbing resin
formed of known amounts of acrylic acid and a sodium
salt thereof, for example, the eluted soluble content
of the water absorbing resin was calculated in
accordance with the following formula, based on the
average molecular weight of the monomer and the titers
found by the aforementioned operation. When the
amounts mentioned above were unknown, the average
molecular weight of the monomer was calculated by
using the neutralization degree determined by
titration. Eluted soluble content (weight%) = 0.1 x
(average molecular weight of monomer) x 184.3 x 100 x
([HCl] - [bHCl])/1000/1.0/50.0 Neutralization degree
(mol%) = (1 - ([NaOH] - [bNaOH])/([HCl] - [bHCl])) x
100 (5) Water content In an aluminum cup measuring 4
cm in diameter of bottom surface and 2 cm in height,
1.00 g of a given water absorbing resin was uniformly
scattered on the bottom surface of the aluminum cup.
The aluminum cup containing the absorbing agent was
weighed to find the weight W4 (g). It was left
standing in a hot air drier adjusted at 1800C for 3
hours. The agent-containing aluminum cup was weighed
to find the weight W5 (g) immediately after it was
taken out of the hot air drier (within less than 1
minute). The water content (weight%) was calculated in
accordance with the following formula using these
weights W4 and W5. Water content (weight%) = {W4 (g) -
W5 (g))/(weight (g) of water absorbing resin) x 100
(6) Surface tension of mixing aid solution In a
thoroughly washed 100 mL beaker, 40 mL of purified
water of 200C was placed and the purified water was
tested for surface tension by the use of a surface
tension meter (made by Kruss Corp and sold under the
trademark designation of "KIl Automatic Surface
Tension Meter"). In this determination, the magnitude
of surface tension must be in the range of 72 to 74
dynes/cm. Then, the mixing aid solution adjusted to
200C was tested for surface tension by following the
same procedure. Incidentally, thisinvention adopted
the plate method using a platinum plate, which was
thoroughly cleaned 



with water prior to each determination and thermally
cleaned with a burner prior to use. (Referential
Example 1) In a reaction vessel formed by attaching a
stopper to a jacketed stainless steel twin arm type
kneader furnished with two sigma type vanes and having
an inner volume of 10 liters, 8.55 g of polyethylene
glycol diacrylate was dissolved in 5446 g of an
aqueous sodium acrylate solution having the monomer
concentration of 39 weight% and the neutralization
degree of 60 mol% to prepare a reaction solution.
Then, this reaction solution was deaerated in an
atmosphere of nitrogen gas for 30 minutes. When 20.1 g
of an aqueous 10 weight% sodium persulfate solution
and 25.2 g of an aqueous 0.1 weight% L-ascorbic acid
solution were subsequently added as kept stirred to
the reaction solution, polymerization was initiated
within about one minute of adding the aqueous
solutions. Then, the polymerization was carried out at
20 to 95C while the formed gel was continuously
pulverized. After the elapse of 30 minutes subsequent
to the start of polymerization, a hydrogel-like
cross-linked polymer was taken out. The produced
hydrogel-like cross-linked polymer was in a form
finely divided into particulates not more than about 5
mm in diameter. This finely divided hydrogel-like
cross-linked polymer was spread on a 50-mesh metal
gauze (aperture 300 m) and dried with hot air at 175C
for 50 minutes. Thus, a water absorbing resin (A)
formed of indeterminately shaped, easily pulverizable
aggregates of a particulate or powdery dry product was
obtained. The water absorbing resin (A) was pulverized
with a roll mill and further classified with a JIS
standard sieve having an aperture of 710 m. Then, the
particles which had passed the apertures of 710 m in
the foregoing operation were classified with a JIS
standard sieve having an aperture of 150 m to remove
the water absorbing resin particles which had passed
the JIS standard sieve of an aperture of 150 m. Thus,
a water absorbing resin (Al) was obtained. The water
absorbing resin (Al) was rated to determine various
properties. As a result of the rating, physical
properties shown in Table 1 and the various particle
size distributions shown in Table 2 were obtained.
(Referential Example 2) In a reaction vessel formed by
attaching a stopper to a jacketed stainless steel twin
arm type kneader furnished with two sigma type vanes
and having an inner volume of 10liters, 7.95 g of
polyethylene glycol diacrylate was dissolved in 5438 g
of an aqueous sodium acrylate solution having the
monomer concentration of 39 weight% and the
neutralization degree of 70 mol% to prepare a reaction
solution. Then, this reaction solution was deaerated
in an atmosphere of nitrogen gas for 30 minutes. When
29.43 g of an aqueous 10 weight% sodium persulfate
solution and 24.53 g of an aqueous 0.1 weight%
L-ascorbic acid solution were subsequently added as
kept stirred to the reaction solution, polymerization
was initiated within about one minute of adding the
aqueous solutions. Then, the polymerization was
carried out at 20 to 95C while the formed gel was
continuously pulverized. After the elapse of 30
minutes subsequent to the start of polymerization, a
hydrogel-like cross-linked polymer was taken out. The
produced hydrogel-like cross-linked polymer was in a
form finely divided into particulates not more than
about 5 mm in diameter. This finely divided
hydrogel-like cross-linked polymer was spread on a
50-mesh metal gauze (aperture 300 m) and dried with
hot air at 175C for 50 minutes. Thus, a water
absorbing resin (B) formed of indeterminately shaped,
easily pulverizable aggregates of a particulate or
powdery dry product was obtained. The water absorbing
resin (B) was pulverized with a roll mill and further
classified with a JIS standard sieve having an
aperture of 710 m. Then, the particles which had
passed the apertures of 710 m in the foregoing
operation were classified with a JIS standard sieve
having an aperture of 150 m to remove the water
absorbing resin particles which had passed the JIS
standard sieve of an aperture of 150 m. Thus, a water
absorbing resin (Bl) was obtained. The water absorbing
resin (Bl) was rated to determine various properties.
As a result of the rating, physical properties shown
in Table 1 and the various particle size distributions
shown in Table 2 were obtained. (Referential Example
3) In a reaction vessel formed by attaching a stopper
to a jacketed stainless steel twin arm type kneader
furnished with two sigma type vanes and having an
inner volume of 10 liters, 9.39 g of polyethylene
glycol diacrylate was dissolved in 5447 g of an
aqueous sodium acrylate solution having the monomer
concentration of 39 weight% and the neutralization
degree of 80 mol%. to prepare a reaction solution.
Then, this reaction solution was deaerated in an
atmosphere of nitrogen gas for 30 minutes. When 19.1 g
of an aqueous 10 weight% sodium persulfate solution
and 23.9 g of an aqueous 0.1 weight%L-ascorbic acid
solution were subsequently added as kept stirred to
the reaction solution, polymerization was initiated
within about one minute of adding the aqueous
solutions. Then, the polymerization was carried out at
20 to 95C while the formed gel was continuously
pulverized. After the elapse of 30 minutes subsequent
to the start of polymerization, a hydrogel-like
cross-linked polymer was taken out. The produced
hydrogel-like cross-linked polymer was in a form
finely divided into particulates not more than about 5
mm in diameter. This finely divided hydrogel-like
cross-linked polymer was spread on a 50-mesh metal
gauze (aperture 300 m) and dried with hot air at 175C
for 50 minutes. Thus, a water absorbing resin (C)
formed of indeterminately shaped, easily pulverizable
aggregates of a particulate or powdery dry product was
obtained. The water absorbing resin (C) was pulverized
with a roll mill and further classified with a JIS
standard sieve having an aperture of 710 m. Then, the
particles which had passed the apertures of 710 m in
the foregoing operation were classified with a JIS
standard sieve having an aperture of 150 m to remove
the water absorbing resin particles which had passed
the JIS standard sieve of an aperture of 150 m. Thus,
a water absorbing resin (Cl) was obtained. The water
absorbing resin (Cl) was rated to determine various
properties. As a result of the rating, physical
properties shown in Table 1 and the various particle
size distributions shown in Table 2 were obtained.
(Referential Example 4) In a reaction vessel formed by
attaching a stopper to a jacketed stainless steel twin
arm type kneader furnished with two sigma type vanes
and having an inner volume of 10 liters, 6.04 g of
polyethylene glycol diacrylate was dissolved in 5452 g
of an aqueous sodium acrylate solution having the
monomer concentration of 39 weight% and the
neutralization degree of 90 mol to prepare a reaction
solution. Then, this reaction solution was deaerated
in an atmosphere of nitrogen gas for 30 minutes. When
19.1 g of an aqueous 10 weight% sodium persulfate
solution and 23.9 g of an aqueous 0.1 weight%
L-ascorbic acid solution were subsequently added as
kept stirred to the reaction solution, polymerization
was initiated within about one minute of adding the
aqueous solutions. The polymerization was carried out
at 20 to 95C while the formed gel was continuously
pulverized. After the elapse of 30 minutes subsequent
to the start of polymerization, a hydrogel-like
cross-linked polymer was taken out. The produced
hydrogel-likecross-linked polymer was in a form finely
divided into particulates not more than about 5 mm in
diameter. This finely divided hydrogel-like
cross-linked polymer was spread on 



a 50-mesh metal gauze (aperture 300 m) and dried with
hot air at 175C for 50 minutes. Thus, a water
absorbing resin (D) formed of indeterminately shaped,
easily pulverizable aggregates of a particulate or
powdery dry product was obtained. The water absorbing
resin (D) was pulverized with a roll mill and further
classified with a JIS standard sieve having an
aperture of 710 m. Then, the particles which had
passed the apertures of 710 m in the foregoing
operation were classified with a JIS standard sieve
having an aperture of 150 m to remove the water
absorbing resin particles which had passed the JIS
standard sieve of an aperture of 150 m. Thus, a water
absorbing resin (Dl) was obtained. The water absorbing
resin (Dl) was rated to determine various properties.
As a result of the rating, physical properties shown
in Table 1 and the various particle size distributions
shown in Table 2 were obtained. (Referential Example
5) The water absorbing resin (A) described in
Referential Example 1 was pulverized with a pin mill
and further classified with the JIS sieve having an
aperture of 500 m to remove the water absorbing resin
particles which do not pass on the JIS sieve having an
aperture of 500 m. Thus, a water absorbing resin (A2)
was obtained. This water absorbing resin (A2) was
rated to determine various properties. As a result of
the rating, physical properties shown in Table 1 and
the various particle size distributions shown in Table
2 were obtained. (Referential Example 6) The water
absorbing resin (A) described in Referential Example 1
was pulverized with a pin mill and further classified
with the JIS sieve having an aperture of 710 m to
remove the water absorbing resin particles which do
not pass on the JIS sieve having an aperture of 710 m.
Thus, a water absorbing resin (A3) was obtained. This
water absorbing resin (A3) was rated to determine
various properties. As a result of the rating,
physical properties shown in Table 1 and the various
particle size distributions shown in Table 2 were
obtained. (Example 1) In a separable flask made of
quartz (illustrated in Fig. 2), 10 g of the water
absorbing resin (Al) was placed and stirred with
stirring vanes (illustrated in Fig. 3) at500 rpm
meanwhile 0.85 g of an aqueous 5.88 weight%
polyethylene glycol methyl ether Mn 2000 (PEG-OMe
2000: CH3(OCH2CH2) OH, number average molecular weight
Mn: 20000, made by Aldrich Corp.) solution was added
thereto. After the stirring was continued for 10
minutes, the stirred mixture was irradiated with an
ultraviolet rays at a radiation intensity of 60 mW/cm2
for 10 minutes at room temperature by using an
ultraviolet rays radiating device (made by Ushio Denki
K.K. and sold under the product code of
"UV-152/EVINSC3-AA06") furnished with a metal halide
lamp (made by the same company and sold under the
product code of "UVL-1500M2-N1") to obtain a
surface-treated water absorbing agent (1). The
conditions for the synthesis of the produced water
absorbing agent (1) are shown in Table 3 and the
results of the test of this agent for various physical
properties are shown in Table 4. The various physical
properties concerning "the water contents of 8 weight%
corrected" indicated in Table 4 were the magnitudes
calculated in accordance with the following formula.
CRC (g/g) after correction of water content of 8
weight% = (CRC (g/g) with no correction of water
content + l)/0.92 - 1 AAP 0.3 (g/g) after correction
of water content of 8 weight% = AAP 0.3 (g/g) with no
correction of water content/0.92 Eluted soluble
content (weight%) after correction o water content of
8 weight% = Eluted soluble content with no correction
of water content (weight%)/0.92 (Example 2) A
surface-treated water absorbing agent (2) was obtained
by following the procedure of Example 1 while using 10
g of the water absorbing resin (Bl) instead and
changing the rotational frequency of the stirring
vanes to 450 rpm. The conditions for the synthesis of
the produced water absorbing agent (2) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Example 3) A surface-treated water absorbing agent
(3) was obtained by following the procedure of Example
1 while using 10 g of the water absorbing resin (Cl)
instead. Theconditions for the synthesis of the
produced water absorbing agent (3) are shown in Table
3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Example 4) A surface-treated water absorbing agent
(4) was obtained by following the procedure of Example
1 while using 10 g of the water absorbing resin (Dl)
instead. The conditions for the synthesis of the
produced water absorbing agent (4) are shown in Table
3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Example 5) A surface-treated water absorbing agent
(5) was obtained by following the procedure of Example
1 while using 0.85 g of an aqueous 5.88 weight%
polyethylene glycol methyl ether Mn 550 (PEG-OMe 550:
CH3(OCH2CH2) OH, number average molecular weight Mn:
550, made by Aldrich Corp.) solution instead and
changing the rotational frequency of the stirring
vanes to 400 rpm. The conditions for the synthesis of
the produced water absorbing agent (5) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Example 6) A surface-treated water absorbing agent
(6) was obtained by following the procedure of Example
1 while using 0.85 g of an aqueous 5.88 weight%
polyethylene glycol methyl ether Mn 5000 (PEG-OMe
5000: CH3(OCH2CHz)nOH, number average molecular weight
Mn: 5000, made by Aldrich Corp.) solution instead and
changing the rotational frequency of the stirring
vanes to 400 rpm. The conditions for the synthesis of
the produced water absorbing agent (6) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Example 7) A surface-treated water absorbing agent
(7) was obtained by following the procedure of Example
1 while using 0.85 g of an aqueous 5.88 weight%
polyethylene glycol Mn 600 (PEG 600:H(OCH2CH2)nOH,
number average molecular weight Mn: 600, made by Wako
Junyaku Kogyo K.K.) solution instead and changing the
rotational frequency of the stirring vanes to 600 rpm.
The conditions for the synthesis of the produced water
absorbing agent (7) are shown in Table 3 and the
results of the test of thisagent for various physical
properties are shown in Table 4. (Example 8) A
surface-treated water absorbing agent (8) was obtained
by following the procedure of Example 1 while using
0.85 g of an aqueous 5.88 weight% polyethylene glycol
Mn 2000 (PEG 200: H(OCH2CH2)nOH, number average
molecular weight Mn: 



2000, made by Wako Junyaku Kogyo K.K.) solution
instead and changing the rotational frequency of the
stirring vanes to 600 rpm. The conditions for the
synthesis of the produced water absorbing agent (8)
are shown in Table 3 and the results of the test of
this agent for various are shown in Table 4. (Example
9) A surface-treated water absorbing agent (9) was
obtained by following the procedure of Example 1 while
using 0.85 g of an aqueous 5.88 weight% polyethylene
glycol Mn 6000 (PEG 6000: H(OCH2CH2)nOH, number
average molecular weight Mn: 6000, made by Kishida
Kagaku K.K.) solution instead and changing the
rotational frequency of the stirring vanes to 600 rpm.
The conditions for the synthesis of the produced water
absorbing agent (9) are shown in Table 3 and the
results of the test of this agent for various physical
properties are shown in Table 4. (Comparative Example
1) In a separable flask made of quartz, 10 g of the
water absorbing resin (Al) was placed, stirred with
stirring vanes at 500 rpm, and irradiated with an
ultraviolet rays at a radiation intensity of 60 mW/cm2
for 10 minutes at room temperature by using an
ultraviolet rays radiating device (made by Ushio Denki
K.K. and sold under the product code of
"UV-152/EVINSC3-AA06") furnished with a metal halide
lamp (made by the same company and sold under the
product code of "UVL-1500M2-N1") to obtain a
comparative surface-treated water absorbing agent (1).
The conditions for the synthesis of the produced
comparative water absorbing agent (1) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Comparative Example 2) A comparative water absorbing
agent (2) was obtained by following the procedure of
Comparative Example 1 while using 10 g of the water
absorbing resin (Bl) instead. The conditions for the
synthesis of the produced comparative water absorbing
agent (2) are shown in Table 3 and the results of the
test of this agent for various physicalproperties are
shown in Table 4. (Comparative Example 3) In a
separable flask made of quartz, 10 g of the water
absorbing resin (Bl) was placed and stirred with
stirring vanes at 450 rpm meanwhile 1.30 g of an
aqueous 38.5 weight% ammonium persulfate (APS)
solution was added thereto. After the stirring was
continued for 10 minutes, the stirred mixture was
irradiated with an ultraviolet rays at a radiation
intensity of 60 mW/cm2 for 10 minutes at room
temperature by using an ultraviolet rays radiating
device (made by Ushio Denki K.K. and sold under the
product code of "UV-152/EVINSC3-AA06") furnished with
a metal halide lamp (made by the same company and sold
under the product code of "UVL-1500M2-N1") to obtain a
comparative surface-treated water absorbing agent (3).
The conditions for the synthesis of the produced
comparative water absorbing agent (3) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Comparative Example 4) In a separable flask made of
quartz, 10 g of the water absorbing resin (Al) was
placed and stirred with stirring vanes at 450 rpm
meanwhile 0.80 g of purified water was added thereto.
A comparative water absorbing agent (4) was obtained
by continuing the stirring for 10 minutes. The
conditions for the synthesis of the produced
comparative water absorbing agent (4) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Comparative Example 5) In a separable flask made of
quartz, 10 g of the water absorbing resin (Al) was
placed and stirred with stirring vanes at 450 rpm
meanwhile 0.85 g of an aqueous 5.88 weight%
polyethylene glycol methyl ether Mn 2000 (CH3(OCH2CH2)
OH, number average molecular weight Mn: 2000, made by
Aldrich Corp.) solution. A comparative water absorbing
agent (5) was obtained by continuing the stirring for
10 minutes. The conditions for the synthesis of the
produced comparative water absorbing agent (5) are
shown in Table 3 and the results of the test of the
agent for various physical properties are shown in
Table 4. (Comparative Example 6) A comparative water
absorbing agent (6) having surface treated part of the
water absorbing resin thereof was obtained by
following the procedure of Example 1 whileusing 0.80g
of a purified water in the place of the aqueous 5.88
weight% polyethylene glycol methyl ether and omitting
the rotation with the stirring vanes during the
radiation of the ultraviolet rays. The conditions for
the synthesis of the produced comparative water
absorbing agent (6) are shown in Table 3 and the
results of the test of the agent for various physical
properties are shown in Table 4. (Comparative Example
7) A comparative water absorbing agent (7) having
surface treated part of the water absorbing resin
thereof was obtained by following the procedure of
Example 1 while omitting the rotation with the
stirring vanes during the radiation of the ultraviolet
rays. The conditions for the synthesis of the produced
comparative water absorbing agent (7) are shown in
Table 3 and the results of the test of the agent for
various physical properties are shown in Table 4.
(Comparative Example 8) In a separable flask made of
quartz, 10 g of the water absorbing resin (A2) was
placed and stirred with stirring vanes at 450 rpm
meanwhile 0.80 g of purified water was added thereto.
After the stirring was continued for 10 minutes, the
stirred mixture was irradiated with an ultraviolet
rays at a radiation intensity of 60 mW/cm2 for 10
minutes at room temperature by using an ultraviolet
rays radiating device (made by Ushio Denki K.K. and
sold under the product code of "UV-152/IMNSC3-AA06")
furnished with a metal halide lamp (made by the same
company and sold under the product code of
"UVL-1500M2-N1") to obtain a comparative
surface-treated water absorbing agent (8). The
conditions for the synthesis of the produced
comparative water absorbing agent (8) are shown in
Table 3 and the results of the test of this agent for
various physical properties are shown in Table 4.
(Comparative Example 9) A comparative water absorbing
agent (9) was obtained by following the procedure of
Comparative Example 8 while using 10 g of the water
absorbing resin (A3) instead. The conditions for the
synthesis of the produced comparative water absorbing
agent (9) are shown in Table 3 and the results of the
test of this agent for various physical properties are
shown in Table 4.[Table 1][Table 2] (Not less than A
m) This indicates a water absorbing resin which does
not pass a sieve of an aperture of A m during
classification. (Not more than B m) This indicates a
water absorbing resin passed through a sieve of an
aperture of B m during classification. (C - D m) This
indicates a water absorbing resin passed through a
sieve of an aperture of C m and does not pass a sieve
of an aperture of D m during classification. [Table
3]Nanowire magnetic random access memory 



This invention relates to magnetic devices, to
integrated arrays of such devices, particularly for
memories, and to methods of manufacturing such
devices. Magnetic devices that use a flow of
spin-polarized electrons are known for magnetic non
volatile memory. Such a device generally includes at
least two ferromagnetic electrodes that are separated
by a non-magnetic material, such as a metal or
insulator. The thicknesses of the electrodes are
typically in the range of 1 nm to 50 nm. The
resistance of the device depends on the relative
magnetization orientation of the magnetic electrodes,
such as whether they are oriented parallel or
anti-parallel (i.e., the magnetizations lie on
parallel lines but point in opposite directions). One
electrode typically has its magnetization pinned,
i.e., it has a higher coercivity than the other
electrode and requires larger magnetic fields or
spin-polarized currents to change the orientation of
its magnetization. The second layer is known as the
free layer and its magnetization direction can be
changed relative to the former, to store a "1" or a
"0" The device resistance will be different for these
two states and thus the device resistance can be used
to read the state and distinguish "1" from "0." In
conventional magnetic random access memory (MRAM)
designs, magnetic fields are used to switch the
magnetization direction of the free layer, using
current carrying wires located near the magnetic
layers. Cross-talk will limit the density of the
memory and/or cause errors in memory operations.
Further, the magnetic fields generated by such wires
are limited to about 0.1 Tesla at the position of the
electrodes, which leads to slow device operation. It
is also known to use a spin-polarized current through
the free layer to directly change its magnetic
orientation. As described in US patent application
2005/0041462, the spin angular momentum of the flowing
electrons interacts directly with the background
magnetization of a magnetic region. The moving
electrons transfer a portion of their spin-angular
momentum to the background magnetization and produce a
torque on the magnetization in this region to alter
the direction of magnetization. Conventionally the
preferred axes of the magnetic layers are all
"vertical" (i.e., in the same direction or
orientation). This patent application suggests using
layer magnetizations that are not parallelto the same
axis, to improve speed, reliability, and power
consumption. Columnar stacks of magnetic layers are
used, with widths down to 200nm. A current pulse in
one direction through the stack serves to rotate the
magnetization by 180 degrees and change the state.
Another current pulse in the same direction serves to
rotate by another 180 degrees and thus change the
state back. So the two current pulses are used to
change the magnetization direction to increase the
writing speed: a first pulse to start the rotation of
the magnetization direction and a stop pulse in the
other direction to stop the rotation. By this means
the precession time of the magnetization direction is
reduced. The high critical current density needed to
switch the magnetization direction for metallic
ferromagnets is reported to be a difficult issue. In
metallic ferromagnets the critical current for
magnetization reversal is around 107...108 A/cm2. This
current density is too high for many materials used in
integrated circuits, such as metals. A high current
density means also a high power consumption. It is
known from US patent application 2004 0257894 to
provide a field effect magnetic spin controlled device
for writing an MRAM by electric field carrier doping.
The device uses diluted magnetic semiconductor (DMS)
materials. The DMS regions are switched by an electric
field of a FET. It is known from Applied Physics
Letters 86, 032506 (2005) to provide ferromagnetic
Mn-doped GaN nanowires. The diluted magnetic
semiconductor (DMS) is here a 5% Mn-doped GaN
semiconductor. GaN nanowires doped with 5% Mn have
been manufactured by chemical vapor deposition using
the reaction of Ga/GaN/MnCl2 with NH3. The diameter of
the nanowires is 40-70 nm. The 5% Mn-doped GaN
nanowires exhibit room temperature ferromagnetism. An
object of the invention is to provide improved
magnetic devices, and/or integrated arrays of such
devices, particularly for memories, and/or methods of
manufacturing such devices. According to a first
aspect, the invention provides: A magnetic device
comprising: a first magnetic layer with a fixed
magnetization direction; a free magnetic layer with a
changeable magnetization direction; a spacer layer
separating the first magnetic layer and the free
magnetic layer, and a selection device such as a
switch for selecting the magnetic device, the layers
and at least part of the selection device, e.g. the
switch, being formed as a columnar structure. The
switch is formedintegrally with the columnar
structure. Preferably the columnar structure is a
nano-structure. The nano-structure can be a nanowire
or nanotube or similar. By incorporating the selection
device, e.g. a switch in with the columnar structure
and the magnetic layers, the magnetic device can be
made smaller to enable greater integration or lower
manufacturing costs. The integration can also improve
writing speed and allows a high memory density. No
additional area is required for the selection device
as it is incorporated in the columnar structure. Stray
fields are reduced as writing currents are low.
However, due to the use of a nano-structure current
densities are high. The present invention can be
applied to magnetic devices using external fields or
those using only fields generated on the magnetic
device, e.g. in the columnar structure. The present
invention can also be applied to spintronic devices.
The magnetic device can be arranged as a memory and
having circuitry arranged to couple a current along
the columnar structure with sufficient spin polarized
current density to alter the direction of
magnetization of the free magnetic layer. The current
along the columnar structure can be in a forward or
reverse direction for writing the memory with a value
according to the direction of the current. This
enables the device to be written or switched without
an external field and without needing to set levels of
writing currents to vary the state. Thus the device
can be simpler and easier to manufacture, and more
compact. Power consumption can be lower for reading
and writing by using the current induced magnetization
reversal for the writing process. The reversal can be
performed rapidly, e.g. within hundreds of
picoseconds. Stray fields are reduced as writing
currents are low. One or more of the magnetic layers
can comprise diluted magnetic semiconductor materials
(DMS). Forming the layers as a columnar structure and
using DMS material helps enable the spin polarized
current density to achieve the desired level so that
an external field is not needed to alter the
direction. It is an advantage of the present invention
that the memory cell and the selection device may be
grown in one step, e.g. epitaxially. During this
processing the required impurity atoms can be
introduced, e.g. an n- or p- dopant for a selection
device and magnetic impurities such as Mn, Co, Fe for
the memory cell, without requiring heterostructures.
The semiconductor material can be for instance GaN,
GaA sor InN. The thickness of the spacer layer of the
magnetic device is arranged such that the free
magnetic layer is within a spin flip length of
majority carriers of the first magneticlayer. It is a
big advantage that the spin flip length in DMS
materials is much larger than in metals. The spacer
layer should be thicker than the magnetic coupling
length (such as the interlayer exchange coupling and
other magnetic couplings, e.g., the Peel coupling)
between the first magnetic layer and the free layer,
because the free layer should be able to 



rotate. The magnetic coupling between DMS layers is
weaker than for ferromagnetic or ferrimagnetic metals.
Preferably the columnar structure including the DMS
layers is an n-type doped semiconductor
layer-structure. The columnar nano-structure and the
DMS regions are preferably n-doped because electrons
have a longer spin-flip length than holes. But
generally speaking also holes can be used. The spin of
an electron can be carried without dephasing over
distances as long as 100 micrometer. Another aspect
provides an integrated array of such devices. Another
aspect of the invention provides a second magnetic
layer with a fixed magnetization direction in a
different direction to that of the first magnetic
layer. The columnar structure can comprise two regions
of different thicknesses, which are doped by magnetic
atoms so that these regions transform into a diluted
magnetic semiconductor (DMS). The thinner DMS region
is the free layer which functions as a memory cell and
stores the information within the direction of the
magnetization. The thicker DMS region is the first
layer which is used to write the information, i.e., to
rotate the magnetization direction of the thin DMS
region, by means of current induced magnetization
reversal. Applying a small voltage and measuring the
current through the columnar structure performs the
read-out of the information, i.e., the magnetization
direction. The magnitude of the current depends on the
relative magnetization direction of both DMS regions.
In case of parallel alignment the current is higher
than for antiparallel alignment because the electronic
states are identical in both DMS regions. In the
antiparallel alignment an electron with "spin up"
detects the electronic states for "spin down"
electrons in the other DMS region and so the current
is reduced. A spin-polarized current can reverse the
magnetization direction in a DMS region if the current
density is higher than a critical current density that
typical lies in the order of 105-107 A/cm2. Preferably
at least part of the columnar structure is tubular. In
an integrated memory array having a substrate, the
columnar structures are arranged perpendicular to the
substrate.The array has a first select line coupling
the switches of the devices in a row of the array, and
a second select line for coupling a top or bottom of
the columnar structure of devices in different rows.
The invention further relates to a method of
manufacturing the array of magnetic devices comprising
epitaxial growth of the magnetic layers on a substrate
to form the columnar structures. On an aribitrary
conducting substrate, columnar structures such as
semiconducting nanowires (SC-NW) or nanotubes with a
diameter of about 20-100 nm and with a length of
several 100 nanometers up to several micrometers are
grown epitaxially. The growth of such nanowires can be
performed, e.g., by the VLS growth. But also other
growth techniques may be applicable, e.g., standard
lithography and etching. The epitaxy is needed to
ensure perpendicular growth and a good electrical
contact but is not essential for the working principle
of the memory device. A good crystallinity is needed
because the spin transport and all spin-dependent
scattering events, i.e., the spin-dependent transport,
happen inside the nanowire or nanotube. The columnar
structure comprises two regions, which are doped by
ferromagnetic atoms to create a diluted magnetic
semiconductor (DMS). This can be achieved for example
by doping GaN with a few atomic percent of Mn
resulting in (Ga1-xMnx)N. But there are also other
possible combinations. The nanowire and the DMS
regions are preferably n-doped because electrons have
a longer spin-flip length than holes. But generally
speaking also holes can be used. The spin of an
electron can be carried without dephasing over
distances as long as 100 micrometer. DMS nanowires are
grown with Curie temperatures above room temperature.
It is important that both DMS regions have different
thicknesses so that the thicker region does not change
its magnetization direction. The separation of both
regions is preferably larger than the interlayer
exchange coupling and other magnetic couplings, e.g.,
the Peel coupling. This assures a free rotation of the
thin DMS region. But at the same time the distance
should be smaller than the spin-flip length of the
majority carriers. This ensures that the
spin-polarized current from the one DMS region reaches
the other DMS region to change its magnetization
direction. The thinner DMS region acts as the memory
cell, which stores the information by its
magnetization direction. The integration of an access
(field-effect-)transistor in the columnar structure is
advantageous, because no additional area is needed for
the access transistor. This means that the access
transistor does not limit the scalability. The access
transistor can be placed above or below the active
device.The method further comprises forming a gate
dielectric around each columnar structure. A filler
around each columnar structure is formed up to the
channel, and forming a gate electrode for each
columnar structure on the filler around the gate
dielectric. By depositing a gate dielectric between
the semiconductor columnar structure and the metallic
gate electrode, the electrons in n-doped semiconductor
columnar structure can be depleted by applying a
negative gate voltage. This will reduce the current
through the semiconductor columnar structure by
several orders of magnitude and thus the reading and
writing process can be controlled. Furthermore, the
surrounded gate field-effect-transistor is capable of
the high switching frequencies in the order of several
gigahertz. The accesstransistor is not necessarily a
FET, but can be a bipolar transistor or another type
of transistor. A bipolar transistor can be
manufactured within the semiconductor nanowire by a
dopant profile above or below the active device in the
order n-p-n or p-n-p. By contacting the middle base
region, the current through the nanowire can be
controlled by the voltage at this connection. The
method further comprises forming a second magnetic
layer as a line on top of a number of the columnar
structures to form a second select line. Other aspects
of the invention include methods of manufacturing such
devices or arrays of such devices. Additional features
and advantages are described below. Any of the
additional features can be combined together and
combined with any of the aspects. Other advantages
will be apparent to those skilled in the art,
especially over other prior art. Numerous variations
and modifications can be made without departing from
the claims of the present invention. Therefore, it
should be clearly understood that the form of the
present invention is illustrative only and is not
intended to limit the scope of the present invention.
How the present invention may be put into effect will
now be described by way of example with reference to
the appended drawings, in which: Fig. 1 shows a
schematic view of an embodiment of a memory with a
selection device, Figs. 2 to 5 show schematic views of
writing and reading processes for a memory according
to an embodiment,Fig. 6 shows an alternative
embodiment (compared to Fig. 1). An electrode
connection to an additional spacer layer 310 is added
for the reading process in order to be sensitive to
the magnetization direction of region 20; Fig. 7 and
Fig. 8 show alternative embodiments to pin the
magnetization 



direction of region 10 of the memory with the
selection device shown in Fig. 1. Fig. 9 shows a
schematic view of an array of memories according to an
embodiment, and Figs. 10 to 15 show steps in a
manufacturing process according to an embodiment. The
present invention will be described with respect to
particular embodiments and with reference to certain
drawings but the invention is not limited thereto but
only by the claims. Any reference signs in the claims
shall not be construed as limiting the scope. The
drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for
illustrative purposes. Where the term "comprising" is
used in the present description and claims, it does
not exclude other elements or steps. Where an
indefinite or definite article is used when referring
to a singular noun e.g. "a" or "an", "the", this
includes a plural of that noun unless something else
is specifically stated. Furthermore, the terms first,
second, third and the like in the description and in
the claims, are used for distinguishing between
similar elements and not necessarily for describing a
sequential or chronological order. It is to be
understood that the terms so used are interchangeable
under appropriate circumstances and that the
embodiments of the invention described herein are
capable of operation in other sequences than described
or illustrated herein. Embodiments described show a
new memory concept: a nanowire or nanotube
magnetic-random-access-memory (NW-MRAM). The
embodiments can be applied in the new field of
microelectronics called magneto- or spin electronics
[see Prinz, Science 282, 1660 (1998); Wolf et al.,
Science 294, 1488 (2001).]. Embodiments exploit a
combination of the charge of the electron that is used
widely in microelectronics with the spin of the
electron that is used for information storage as in
hard disks. Although shown for use as a memory, other
applications such as switching and sensing are
included within the scope of the present invention.In
preferred embodiments a selection device and a memory
device are grown in a single columnar structure such
as a nanowire. The term "columnar nano-structure" is
intended to encompass a wide range of elongate
geometric shapes including wires or tubes and other
shapes which can provide the necessary current
density. Additional features include the following:
the selection device can comprise a switch, e.g. it
can comprise transistor such as a field effect
transistor, bipolar transistor or other transistor,
which is grown integrally with the columnar
nano-structure. The part of the switch comprising a
channel of the transistor can be located at one end of
the columnar structure. The transistor can have a gate
dielectric layer adjacent to or surrounding the
columnar structure. The transistor can have a gate
electrode adjacent to or around the channel and be
separated by the gate dielectric. One or more of the
magnetic layers can comprise diluted magnetic
semiconductor material DMS. During this processing the
required impurity atoms can be introduced, e.g. an n-
or p- dopant for a selection device and magnetic
impurities such as Mn, Co, Fe for the memory cell,
without requiring heterostructures. The semiconductor
material can be for instance GaN, GaAs or InN. The
magnetic impurities are thin ferromagnetic disks which
form a single ferromagnetic domain. The magnetization
direction of this single ferromagnetic domain can be
switched within less than 200 picoseconds resulting in
a writing speed of more than one gigahertz.
Furthermore, they have only small stray fields due to
the vortex state of the magnetization pattern.
Together with the absence of large magnetic fields to
rotate the magnetization direction, this leads to a
good scalability of nanowire (NW)-MRAMs. The thickness
of the spacer can be arranged such that the free
magnetic layer is within a spin flip length of
majority carriers of the first magnetic layer. A
second magnetic layer can be provided with a fixed
magnetization direction in a different direction to
that of the first magnetic layer. The magnetic device
can be arranged as a memory having additional
circuitry arranged to couple a current along the
columnar structure with sufficient spin polarized
current density to alter the direction of
magnetization of the free magnetic layer. The current
can be coupled along the columnar structure in a
forward or reverse direction for writing the memory
with a value according to the direction of the
current. At least part of the columnar structure can
be tubular. The columnar structure preferably has
nanometric dimensions, e.g. the width of the columnar
structure is preferably in the range 10 to lOOnm,
preferably 10- 40nm.An integrated memory array can
have a substrate and an array of the above magnetic
devices. The columnar structures of the devices can be
arranged perpendicular to a planar substrate. A first
select line can couple the selection devices, e.g.
switches, of the magnetic devices in a row of the
array, and a second select line can couple a top or
bottom of the columnar structure of magnetic devices
in different rows. The method of manufacturing the
array can have the step of epitaxial growth of the
magnetic layers on a substrate to form the columnar
structures, and the step of forming a gate dielectric
around each columnar structure. The substrate may be
selected from any suitable semiconductor substrate. In
embodiments of the present invention, the term
"substrate" may include any underlying material or
materials that may be used, or upon which a device, a
circuit or an epitaxial layer may be formed. In other
alternative embodiments, this "substrate" may include
a semiconductor substrate such as e.g. doped silicon,
a gallium arsenide (GaAs), a gallium arsenide
phosphide (GaAsP), an indium phosphide (InP), a
germanium (Ge), or a silicon germanium (SiGe)
substrate. The "substrate" may include for example, an
insulating layer such as a SiO or a Si3N4 layer in
addition to a semiconductor substrate portion. Thus,
the term substrate also includes silicon-on-glass,
silicon-on sapphire substrates. The term "substrate"
is thus used to define generally the elements for
layers that underlie a layer or portions of interest.
Also, the "substrate" may be any other base on which a
layer is formed, for example a glass or metal layer. A
filler can be formed between each columnar structure
layer up to the gate region, and a gate electrode for
each columnar structure can be formed on the filler
around the gate dielectric. A second magnetic layer
can be formed as a line on top of a number of the
columnar structures to form a second select line. In
accordance with an embodiment, the magnetic memory
device can have a columnar structure in the form of a
semiconducting nanowire grown perpendicularly on a
bottom electrode and contacted on top by a top
electrode. The nanowire can have two magnetic regions
of different thicknesses, which are doped by magnetic
atoms so that these regions transform into a diluted
magnetic semiconductor (DMS). In this embodiment, the
thinner DMS region is the free layer 20 of the memory
cell and stores the information within the direction
of the magnetization. The thicker DMS region 10 is
used to write the information, i.e. to rotate the
magnetization direction of the thin DMS region, by
means of current induced magnetization reversal. This
means a reduced external magnetic field or no external
field need to be used for writing. Applying a small
voltage and measuring the currentthrough the nanowire
performs the read-out of the information, i.e., the
magnetization direction. The magnitude of the current
depends on the relative magnetization direction of 



both DMS regions. In case of parallel alignment the
current is higher than for antiparallel alignment
because the electronic states are identical in both
DMS regions. In the antiparallel alignment an electron
with "spin up" detects the electronic states for "spin
down" electrons in the other DMS region and so the
current is reduced. Embodiments of the present
invention can have writing speeds in the region of
more than one gigahertz, are non-volatile memories,
have low power consumption, and have high memory
densities. Compared with the standard MRAM they can
show lower power consumption, and/or reduced stray
fields, and/or higher packing density. They can be
used in computer memories and other applications. The
reversal of the magnetization direction is achieved by
a spin-polarized current either from the thick DMS
region or from a ferromagnetic top-electrode. The
read-out is performed by applying a small voltage and
measuring the current. This current depends on the
magnetization direction of the thin DMS region
relative to the one of the thicker DMS region. This
can be understood by a spin-dependent transmission
probability through both DMS regions due to different
electronic states in case of an antiparallel alignment
of the magnetic moments. This contrasts to
conventional MRAMs, in which the reversal of the
magnetization direction of a thin ferromagnetic
pattern is performed by forcing a high current through
the bit- and the wordline and using the resulting
magnetic field to reverse the magnetization direction.
Due to the high current for writing of a MRAM cell the
power consumptions is high and due to the stray fields
around the current lines the memory density is limited
or sophisticated shielding of the stray fields is
necessary. The NW-MRAM can address these drawbacks.
The writing process of the information is obtained by
a spin-polarized current through the relevant
ferromagnetic layer. The spin of the electrons forming
this current acts as a torque on the magnetization and
if a certain current density is reached, the
magnetization direction can be turned by 180 degrees.
Although the current density must be high to obtain
magnetization reversal, the overall current is small
due to the small diameter of the nanowires. In current
thin film processes such small areas in the
sub-micrometer range are difficult to obtain. In
contrast to this the nanowires exhibit diameters in
the order of a few 10s of nanometer. Furthermore, the
current induced magnetization process produces only
tiny stray fields resulting in a very good scalability
with large memory densities of more than one gigabyte
per square inch.The memory is notable for being
non-volatile memory. Because the information is stored
in the magnetization direction of a ferromagnetic
layer, it is kept also when the power is switched off.
This is useful for mobile phones, for personal
computers for speeding up the start of the computer
and for replacing hard disks. It has been shown that
small single ferromagnetic domain pattern can be
switched with a speed of more than one gigahertz. This
results in very high writing speeds of the NW-MRAM.
Also the proposed access field-effect-transistor can
work at similar high frequencies. Notably MRAMs
consume relatively little power since no refresh
cycles are needed to keep the information. The NW-MRAM
consumes even less power since it writes the
information by a spin-polarized current that needs
less power than using the magnetic fields of a
current. High memory density can be achieved if the
nanowires have diameters of a few 10 nanometers. Also
the access field-effect-memory does not need
additional space if it is included in the nanowire
structure. The memory density is only limited by the
resolution of the word- and bit lines. As with any
magnetic memory, there is insensitivity against
radioactivity and cosmic particles since the
information is stored in the magnetization direction
and does not rely on the build up of charges.
Embodiment shown in Fig. 1 A first embodiment of the
invention, schematically illustrated in Fig. 1
includes a nanowire structure. On an arbitrary
substrate as described above (not shown), a non
ferromagnetic bottom electrode 170 is provided, on
which semiconducting nanowires (SC-NW) with a length
in the order a few hundred nanometer are grown, e.g.
epitaxially. The growth of such nanowires can be
performed, e.g., by the VLS (vapor liquid solid)
growth process using known techniques. Other growth
techniques can be applicable. The epitaxy process is
useful to ensure perpendicular growth and to reduce
interface scattering and spinflip processes. A high
interface quality can lead to high spin-polarized
currents in a semiconductor. As depicted in Fig. 1,
the nanowire contains two magnetic regions 20 and 10
formed of a diluted magnetic semiconductor (DMS). This
can be achieved by doping these parts of the
semiconductor, e.g. GaN, with a magnetic impurity
(e.g. Mn) with a concentration in the order of a few
atomic percent (e.g. (Ga1-x,Mnx)N) [see Applied
Physics Letters 86, 032506 (2005) ] . This means no
heterojunctions need to be grown, which results in a
process simplification. The undiluted SC-NW regions of
the columnar structure include a region 160 at the
bottom and a spacer layer 30 between the two magnetic
layers of the columnarstructure. These regions and the
DMS regions should be n-doped rather than p-doped
because the spin of electrons have orders of magnitude
longer dephasing times than holes do. It has been
shown that the spin of an electron can be carried
without dephasing over distances as long as 100
micrometer. On top of the SC-NW a ferromagnetic
electrode 100 with a fixed magnetic moment is
deposited. The fixing of the magnetic moment can be
achieved by either a thick ferromagnetic layer typical
with a thickness of 100 nm with a large coercive field
Hc in a range of 500-1000 Oe or by pinning of the
magnetization direction by an (artificial)
"antiferromagnet". The electrical contacts between the
SC-NW and both metallic electrodes should be ohmic to
prevent additional spin-dependent resistances at the
Schottky barriers and to reduce the working voltage.
In case of ohmic contacts these spin-dependent
resistances are negligible compared to the
spin-dependent resistance of the DMS layers. This
effect has the same origin as the fundamentals of
spin-injection. The DMS regions have two different
thicknesses so that the thicker region does not change
its magnetization direction. The magnetization
direction in the thicker DMS region 10 should be fixed
and remain the same. This is achieved by making this
region thicker than the region 20; thus in this case
the thickness of region 10 must be so thick that the
magnetization direction does not change within the
expected life-time of the memory device; An
alternative pinning is depicted in Figs. 7 and 8:
pinning of the magnetization by an anti-ferromagnet
(see Fig. 7) or by an articificial anti-ferromagnet
(see Fig. 8). The separation between these DMS regions
should be larger than the interlayer exchange coupling
and other magnetic couplings, e.g., the Peel coupling.
That means that the magnetization direction of the
thinner DMS disk can rotate more freely. This is shown
by the double arrows at region 20. Although shown
oriented vertically, in principle other orientations
are possible. The non-magnetic semiconductor spacer
layer 30 thickness should be smaller than the
spin-flip length of the charge carriers, i.e.,
preferably of the electrons, inside this region but
thicker than the magnetic couplings between region 20
and 10 to ensure that the magnetization direction of
region 20 can be changed freely independent of the
magnetization direction of region 10. The thinner DMS
region 20 acts as the memory cell which stores the
information by its magnetization direction. The
thinner DMS region with a freely changeable 



magnetization direction should be thick enough to
ensure that it keeps the magnetization direction long
enough at the operation temperature, e.g., 10 years at
room-temperature. This effect is called
super-paramagnetism.A selection device for the
magnetic device can be a switch, e.g. for selecting
the columnar structure. The selection device is
preferably made intragrally with the columnar
nano-structure. The switch is provided in this
embodiment by a transistor, e.g. a field effect
transistor 150, though in principle other types could
be used. A channel 50 or gate region of the transistor
is formed by the semiconductor nanowire above the free
magnetic layer, and below the top electrode. The
columnar structure is surrounded by a gate dielectric
60, of an insulating material. The gate electrode 70
surrounds the circumference of the channel in the
columnar structure, separated by the gate dielectric.
The gate electrode 70 of the integrated access
transistor can be fabricated as a wrap-around gate to
increase the coupling to the region 50. The gate
dielectric and protection layer of the active device
60 can be SiO or Si3N4 or any other dielectric
material. For protection purposes it can be different
at the gate electrode and the active device. At the
active device it can also be a core-shell structure
with a wider band-gap. The columnar structure has
diameters in the range 40-50 nm and a length of a few
hundred nanometers. The reading and writing process is
shown schematically in Figs. 2 to 5. Writing
information means that the magnetization direction of
the thin DMS region is set according to a binary logic
value, e.g. logic high or a logic low. Figs. 2 and 3
show writing a "1" and a "0" respectively, according
to the direction of the write current along the
columnar structure. The magnetization direction can be
reversed by a spin-polarized current with a specific
high current density . If the magnetization directions
of both regions 20 and 10 are parallel (see Fig. 2)
the current is higher than if they are antiparallel as
depicted in Fig. 3; the reason of this well-known
phenomena is the spin-dependent scattering in region
20. A power source 80 is provided to supply the
writing current. This high current density is
difficult to reach in conventional thin film
technology but it is already inherent in SC-NW due to
the small diameter in the order of a few 10s of
nanometers of the columnar structure. Thin round
ferromagnetic disks form a single ferromagnetic domain
that can be switched within less than 200 picosecond
resulting in a writing speed of more than one
gigahertz. Furthermore, they have only small stray
fields due to the vortex state of the magnetization
pattern leading to a good scalability of NW-MRAMs .
The read-out of the stored information shown in Figs.
4 and 5 respectively, and is achieved by applying a
small voltage (smaller than that used for writing,
typical a few mVs) in the direction used for writing a
"1", and measuring the flowing current. In Fig. 4,
thecurrent detected by current detector 180 coupled
across the top and bottom electrodes, is above a first
threshold, (shown by a dotted line) indicating a "1"
has been read. In Fig. 5, the current is below a
second threshold, indicating a "0" has been read. The
first and second thresholds can have the same or
different values. If both DMS regions have a parallel
aligned magnetization direction, the current is higher
than in the case of an antiparallel alignment. In the
latter case the electron with a specific spin
direction relative to the magnetization direction of
the thick DMS layer travels from the thick DMS region
via the non-magnetic SC-NW to the thin DMS region
without losing its spin information, e.g., by
spin-flip processes. But the electron will encounter
different type of state in the thin DMS region, namely
the states for the other spin direction due to the
antiparallel aligned magnetization of both DMS
regions. Thus most of the electrons will be reflected
at the interface resulting in a higher resistance and
so a lower current. To address the memory cell an
access field-effect-transistor can be included simply
in this approach without the need of an additional
area. This means that the access transistor does not
limit the scalability. By depositing a gate dielectric
between the SC-NW and a metallic gate electrode the
electrons in the SC-NW can be depleted by applying a
negative gate voltage. By this, the current through
the SC-NW will be reduced by several orders of
magnitude. Furthermore, the surrounded gate
field-effect-transistor is capable of the high
switching frequencies in the order of several
gigahertz needed to operate the NWMRAM device. Fig. 6
shows an alternative layer stack of the DMS layers
inside the nanowire. There are two DMS regions with
fixed magnetization directions 10, 300. The DMS region
20 with the changeable magnetization direction stores
the information. The writing process is not changed
(the asymmetry is induced by the direction of the
current flow). However due to the symmetry of the
layer stack, the reading process has to be changed. An
extra electrode connection was made to the region 310
to be sensitive to the magnetization direction of
region 20. Fig. 7 shows an alternative embodiment
where the magnetization direction of region 10 is
pinned by an anti-ferromagnet 400 below it; due to the
magnetic coupling between the regions 10 and 400 and
due to the insensitivity of an anti-ferromagnet from
external magnetic fields, the coercitive fields of
region 10 is very high compared to region 20.Fig. 8
shows an alternative embodiment of Fig. 7, where the
magnetization direction of region 10 is pinned by an
artificial-anti-ferromagnet 500. Regions 10 and 500
are DMS regions. Between both layers 10 and 500 a
non-magnetic spacer layer 510 is placed. Due to the
interlayer exchange coupling the magnetization
directions in regions 10 and 500 can be aligned
antiparallel to each other. The coupling of both
ferromagnetic layers is oscillating with increasing
spacer thickness 510 between ferromagnetic and anti-
ferromagnetic coupling. Moreover, the coupling
strength is decreasing with increasing spacer
thickness. If the magnetization directions of both DMS
regions 10 and 500 are aligned antiparallel they have
a higher coercitive field than layer 20. A possible
way of contacting a single memory cell in an array of
NWMRAMs is shown in Fig. 9, other arrangements can be
envisaged. In this Figure, two rows of three devices
are shown, there can be many more, e.g. organized in
an addressable array. The array can be arranged in
rows and columns or in any other topology. For clarity
only a Cartesian array will be described. The
horizontal rows each have a second select line in the
form of a bit line formed by or connected to a top
electrode of each of the devices (200A, 200B, 200C) in
the row. This corresponds to USOurce-drain in Fig. 1.
The gate electrodes are each connected to (or join to
form) different first select lines, in the form of
word lines (shown as vertical lines) which correspond
to Ugate in Fig. 1. So devices 200A and 210A are
connected to a first word line, devices 200B and 210B
are connected to a second word line, and devices 200C
and 210C are connected to a third wordline. The bottom
electrodes in this example are all connected to a
common ground. The integrated circuits for the
addressing of the memory cells or the amplification of
the signals etc. can be placed above or under the
active device, i.e., under or above the nanowires.
Thus there is no extra space needed for the extra
circuitry. Also the packing of different nanowire
layers on top of each other is possible since the
nanowires do not need a high quality substrate for the
growth. Furthermore, the substrate can be silicon but
in principle any other material, i.e., even amorphous
materials. This allows for a larger 



flexibility in designing the magnetic device. Figs. 10
to 15 show in cross sectional views, some of the
principal steps in a method of manufacturing a device
according to an embodiment. In Fig. 10, the bottom
electrode 170 is formed on a substrate 220. In Fig.
11, a number of the columnar structures in the form of
nanowires described above are grown epitaxially and
perpendicularly on the common bottom electrode. In
Fig. 12, the sides of the columnar structures are
covered by a gate dielectric material 60, and a filler
230 is formed in between the columnar structures.In
Fig. 13, the gate electrodes 70 are formed around each
columnar structure. In Fig. 14, an insulation layer is
formed on top of the gate electrodes, and openings 250
are formed in the insulation layer to enable contact
with the gate electrodes. The tops of the columnar
structures are left exposed. In Fig. 15, the first
select lines in the form of word lines are formed of a
conductor, so as to fill the openings 250 and couple
the gate electrodes. The top electrodes 100 of a
ferromagnetic material are made on top of the columnar
structures so as to form bit lines. Also, the ground
connection to the bottom electrode is completed. The
present invention includes within its scope various
modifications and alternatives. An antiferromagnetic
stabilized magnetic area can be introduced in the
nanowire, following known principles. This could be
another layer using a different material if no
antiferromagnetic DMS can be found. The bottom
electrode could be the ferromagnetic electrode,
instead of the top electrode. The two DMS layers would
need to be swapped in this case. The transistor can be
located at the bottom of the columnar structure rather
than the top, regardless of other layers. The nanowire
can be hollow in some or all parts to form a nanotube,
which could be useful to reduce stray fields from the
currents, particularly from the magnetic regions. One
DMS region could be used rather than the two shown. In
this case, the bottom electrode should also be
ferromagnetic with an antiparallel aligned magnetic
moment, compared to that of the top electrode. One of
the two contacts with electrodes should be ohmic and
the other be a Schottky barrier to create an asymmetry
for the reading process. Other growth methods than VLS
can be used. Applications for embodiments of this
NW-MRAM can include the large market of computer base
memory, memories for mobile phones, and PDAs. Due to
the high memory density, NW-MRAMs have the capability
to replace even hard disks in computers resulting in a
tremendous increase of computation speed. If in the
future spintronics or magnetoelectronics become widely
used, this NW-MRAM can be suitable for implementation
in spintronic devices since it is a purely spintronic
device, i.e., all information processing is based
merely on the spin of the electron and its charge is
only needed to steer the information flow. Of
particular interest is the applicability as
non-volatile and low power consuming memory in mobile
phones with a high memory density. Other variations
and applications within the claims can be envisaged by
those skilled in the art.CLAIMS: 1. A magnetic device
comprising: a first magnetic layer (10) with a fixed
magnetization direction; a free magnetic layer (20)
with a changeable magnetization direction; a spacer
layer (30) separating the first magnetic layer and the
free magnetic layer, and a selection device (40) for
selecting the magnetic device, the layers and at least
part of the selection device being formed as a
columnar structure, the selection device being formed
integrally with the columnar structure. 2. The device
of claim 1 wherein one or more of the magnetic layers
comprise diluted magnetic semiconductor material. 3.
The device of claim 1 or 2, the selection device
comprising a switch. 4. The device of claim 3, wherein
the switch is a transistor. 5. The device of claim 4,
a part of the selection device comprises a channel
(50) of a transistor. 6. The device of any preceding
claim, the part of the selection device being located
at one end of the columnar structure. 7. The device of
any preceding claim, having a gate dielectric layer
(60) surrounding the columnar structure. 8. The device
of any of the claims 5 to 7, having a gate electrode
(70) around the channel and separated from the channel
by the gate dielectric. 9. The device of any preceding
claim, the free magnetic layer (20) being thinner than
the first magnetic layer (10).10. The device of any
preceding claim, the thickness of the spacer layer
being arranged such that the free magnetic layer is
within a spin flip length of majority carriers of the
first magnetic layer. 11. The device of any preceding
claim, the columnar structure comprising n-type dopant
atoms. 12. The device of any preceding claim, having a
second magnetic layer (100) with a fixed magnetization
direction in a different direction to that of the
first magnetic layer. 13. The device of any preceding
claim, arranged as a memory and having circuitry (80)
arranged to couple a current along the columnar
structure with sufficient spin polarized current
density to alter the direction of magnetization of the
free magnetic layer. 14. The device of any preceding
claim, arranged as a memory and having circuitry (80)
to couple a current along the columnar structure in a
forward or reverse direction for writing the memory
with a value according to the direction of the
current. 15. The device of any preceding claim, at
least part of the columnar structure being tubular.
16. An integrated memory array having a substrate and
an array of the devices of any preceding claim, the
columnar structures being arranged perpendicular to
the substrate. 17. The array of claim 16, having a
first select line coupling the switches of the devices
in a row of the array, and a second select line (100)
for coupling a top or bottom of the columnar structure
of devices in different rows. 18. A method of
manufacturing the array of claim 17 comprising:
epitaxial growth of the magnetic layers on a substrate
to form the columnar structures. 19. The method of
claim 18 further comprising forming a gate dielectric
around each columnar structure.20. The method of claim
19 further comprising forming a filler ( 110) around
each columnar structure up to the channel, and forming
a gate electrode for each columnar structure on the
filler around the gate dielectric. 21. The method of
claim 20, further comprising forming a second magnetic
layer (100) as a line on top of a number of the
columnar structures to form a second select line. 


