1 ‘NEEDLE SHI ELD ASSEMBLY HAVI NG A SI NGLE- USE CANNULA LOCK
FI ELD OF THE | NVENTI ON The subject invention relates to needle

shi,el ds for hypoderm c needles, to help 5 prevent accidental contact
wi th the needle. - BACKGROUND

Accidental needle sticks with a used hypoderm c needl e can transmit
di sease. Most prior art needl e assenblies have a needle shield. Sone

needl e shields define a rigid sleeve

EXCHANGE COﬂPLING FILM, MAGNETORESISTANCE EFFECT

DEVICE, MAGNETORESISTANCE EFFECTIVE HEAD AND
METHOD FOR PRODUCING EXCHANGE COUPLING FILM



that can be tel escoped distally over the needle cannula. This procedure
requires a 10 heal t hcare worker to hold the needl e assenbly or the
associ ated nedical inplenment in one hand and the shield in the other.
Some nedi cal procedures require the application of pressure to the
penetration site.after the needl e has been renoved. Thus, healthcare
wor.kers are often unable to use both hands for shielding the needle
cannula. In these situations, worKers nmerely deposit the used nedi cal

i npl ement on a nearby surface w S5ar Rtyentd i sposi ng or
V#é%éﬁﬁgl«ﬁ oF BhE .I;t\l%fl]\ﬁfldili

shielding at a nore conveni ent wever, ‘until the needle is
shi el ded or properly disposed, the device presents a potential danger.to

ot her peopl e. e | whi ch is hinged near the base of
t he needl e has the %%Ié%t%Fgérgﬁ EWE&JB%?F%V\A ng one- handed needl e

reshi el ding, thus provi d¥hg) puRseppdmvention gelkakes dialiagy exchange, re¥r-
nost circugst ances; nd FIAY 2be! ¥i2{h§'a HaEnetization direction of a ferro-

magnetic body, a magnetoresistance effect device

incorporating the same which causes a substantial magnetore-

sistance change with a low magnetic field, a magnetoresis—

tance head incorporating the same which ié suitable for use

10 in high density magnetic recording and reproduction, and a
~method for producing such an exchange coupling film.

2. DESCRIPTION OF THE RELATED ART:

_ In recent years, the density of ‘hard disk drives has
15 been dramatically increased, while reproduction magnetic
heads have also been imprbved dramatically. Among others, a
magne'toresis.tance effect device (hereinéfter, referred to
simply as an "MR device") utilizing a giant magnetoresistance
' effedt, which is also called a "spin valve", has been re-
20 séarc_:hed actively and is expected to have the potential to
significantiy improve the sensitivity of a currently-
employed magnetoresistance effect head. (hereinafter,

- referred to simply as+an "MR head").

25 | A spin valve includes two ferromagnetic layers and a
non-magnetic layer interposed between the ferromagnetic
layers. The magnetization direction of one of the
ferromagnetic layers (hereinafter, referred to also as a
"pinned layef" ) is fixed by an exchange bias magnetic field

30 from a pinning 1éyér (the ferromagnetic layer and the pinning
layer are referred to collectively as an "exchange coupling
£ilm"). The magnetization direction of the other one of the
ferromagnetic layers (hereinafter, referred to also as a



20 A hinged needl e shield which permanently | ocks when it is

pi voted to the cl osed needl e shi el ding position has certain
advantages. Primarily, there is no doubt about the status of the
needl e shield assenbly and the heal t hcare worker knows that the needle
shoul d be carefully di sposed of and not used for further fluid
transfer. This is analogous to the _ oprior art rigid cylindrical needle
shiel d which is tel escoped over the needle cannula and 25 frictionally

engages the needi b b e a Yy

whet her thefﬁggd 8§IE§ zhl (%I %ﬁ'& not sta‘liée'?%e afélgev\ﬁéfy Egggtg& in
permanent |y | ocke@$pohsaged an extem;@n aagnetic ffiakdt s I fhdis é’ﬁ\anthe
situations wher egf bR RRRMULEN! thd MbEREeHz5L1H8 d43@&tiBICEE the pinned layer

and that of the free layer is allowed to change so as to vary
5 the electric resistance of the MR device.

A spin valve film has been proposed which utilizes
Ni-Fe for the ferromagnetic layer, Cu for the non-magnefic
layer and Fe-Mn for the pinning layer. The spin val\}e £ilm

10 provides a magnetoresistance rate of change (hereinafter,
referred to simply as an "MR ratio") of about 2% (Journal of
Magnet:.sm and Magnetic Materials 93, p. 101 (1991)). When
Fe-Mn is used for the pinning layer, the resulting MR ratio is
| small, and the blocking temperature (a tempei‘ature at which
15 the pinning layer provides no effect of fixing the
magnetization direction of the pinned layer) is not suffi-
ciently high. Moreover, the Fe-Mn film itself has a poor
corrosion resistance. In view of this, other spin valve films
have been proposed which employ pinning layers with materials

20 other than Fe-Mn.

Among others, a spin wvalve film which employs an
oxide, suclras NiO or a-Fe,0,, for the pinning layer is
expected té realize a drar_l_latically large MR ratio of

25 about 15% or greater. . |

However, the blocking temperature of NiO is not
sufficiently high. Therefore, the thermal stability of
the MR device employing NiO is undesirable.

30 |

When a spin valve film employs a pinning layer of
a-Fe,0,, on the other hand, the reverse magnetic field of
the pinned layer is not sufficientiy large when the



2 For exanple, the needle is first used to penetrate the pierceable
st opper of a nedication vial - for the purpose of filing the syringe
wi th nmedication for subsequent injection into a patient. The needl e
shield assenbly with attached syringe is then transported to the patient
area. for i njection of the nmedication. If the needle is re-shiel ded
permanent|ly after the syringe is filledy, 5 It cannot be used for
injection and a second needl e nust be |nstalled at the time of use.

I t advant a e el f ta el d e

the - 0 Gapiinrihd hEr S ofe  FRRH T BRI, R BB PR Ve RO,
needl e shield arhﬁ\airhg a dualcspiscvedven scnqunune dhea pspn ualventmues
syringes having vﬁ%’elh Qi cgl Fé'&eéﬁieﬁ}vgrto T OdC on th83§>§hﬂ§ddi Eeﬁafo

After injection, e sleeve 1% ladvance ked needie prote
position. The sy&istrangrtendgney athat atke yrefversesnagoeticr fiadd alf.l the

syringes age Usefiidd 1ayer obtained in the overlying a-Fe,0, layer is
insufficient. Moreover, the thermal stability of the a-
Fe,0;-employing spin valve film is also undesirable for
the same reasons as the NiO-employing spin valve film.
Furthermore, the a-Fe,0;-employing spin valve film has
10 other problems in controlling the anisotropy during
' | deposition in a magnetic field or during a low-tempera-
ture heat treatment in a magnetic field. |

SUMMARY OF THE INVENTION

15
According to one aspect of this invention, an
exchange coupling'film includes a ferromagnetic layer and
a pinning layer which is provided in contact with the
ferromagnetic layér for pinning a magnetization direction
20 of the ferromagnetic layer, the pinning layer including

an (AB),0, layer, wherein: O denotes an oxygen atom;
2.8<x<3.2; and a value t as defined by:

| t = (Ra+Ro)/(¥2+(Rb+Ro))
25 (where Ra, Rb and Ro denote the ion radii of the
atoms A, B énd 0, respectively) '
satisfies 0.8<t<0.97.

In one embodiment of the invention, the (AB),0,
30 includes an antiferromagnetic layer.

In another embocdiment of the invention, the atom
B of the (AB),0, layer includes a transition metal atom.



a needl e. The use of a self-contained needle shield assenbly all ows the end

user to attach the needl e assenbly onto a variety of syringe sizes
and to inventory standard syringes for all uses. Accordingly, a nore
costly safety syringe would not have to be used for applications

where the safety features are not necessary. 15 It is also

advant ageous to have an encl osed needLg‘gover that protects the cleanliness
of the needle even after the needle shiefd assenbly is removed fromits

sterile package, A o SEELPSRbASEY SuSQHBet W ThbatifiSh Ohrthe

needl e while a hinged ne en si e an

exposure of the atenl B bf ahebQABe5mamay5nﬂnncludes an Fe appmhough the
prior art provides many inproved needl e shield devices, there is still a
20 need for a self-contained needl e shield assenbly wherein the needl e
shiel d can be positionedIn stilliancotikeneauthedbnent @HEhe dinventies,nghe

one- handed §roce§1ﬂ&% ang gt Qﬁengﬁgl)eosq%b% inc ed@gtgr@éfgaégythoglééml n

t he needl e shieldi'ng position to reused. There i1s a

In still another embodiment of the invention, the
atom A of the (AB),0, layer includes an alkaline-earth
atom. '

10 |

| In still another embodiment of the invention, the
pinning layer includes a layered structure of the (AB),0,
layer and an.NiO layer.

15 In still another embodiment of the invention,'the
(AB),0, layer is provided in contact with the ferromagnet-
ic layer.

, In still another embodiment of the invention, the
20 pinning'layer includes a layered structure of the (AB),0,
layer and an Fe-M-O layer (where M = Al, Ti, Co, Mn, Cr,

Ni or V).

In stili another embodiment of the invention, the
25 Fe-M-0 layer includes an (Fe, M,),0; layer (where M = Al,
' Ti, Co, Mn, Cr, Ni or V, and 0.01sx<0.4).

According to another aspect of this invention, a
magnetor331stance effect device includes a substrate and

30 a multilayer film. The multilayer film includes at least
two ferromagnetic layers, a non-magnetic layer and a
pinning layer for pinning a magnetization direction of

the ferromagnetic layer. The ferromagnetic layers are



need for a self-contained heedle shield assenbly which allows the needle to

be used tw ce, once for withdrawi ng nedication into a syringe and
then for injecting the nedication into a 25 patient wherein the needle
may be shi el ded between the first and second use. There is a need
for a needle shield assenbly which.protects the cleanliness of the needle
after the needl e shield assenbLyéig_reaned fromits sterile
package. There is also a need for a nee _ o fI ]

3 shield t hat, proyides th h t possible u at
bet ween t he syrf%%%ggbég%l ﬂ&P %h hofh-h % é%ic iayer Bosed

therebetween. At least one of. the ferromagnetic layers
is a pinned layer whose magnetization direction is fixed
by. the pinning layer which is provided in contact with
5 the one of the ferromagnetic layers on an opposite side
of another one df the ferromagnetic layers with respect
to the nbn—magnetic layer. At least one of the
ferromagnetic layers is a free layer whose magnetization
direction is allowed to rotate freely. A change in an
10 - angle between the magnetization direction of the pinned
layer and the magnetization direction of the free layer
causes an electric resistance of the device to vary. The
' pinning layer includes an (AB),0, layer, wherein: O
denotes an oxygen atom; 2.8<x<3.2; and a value t as

15 defined by:

= (Ra+Ro)/(¥2+(Rb+Ro))
(where Ra, Rb 'and Ro denote the ion-radii of the
atoms A, B and O, respectively)
20 . |
satisfies 0.8<t<0.97.

_ In still another embodfment of the invention, the
pinning layer includes a layered structure of the (AB),0,
25 layer and-an NiO layer.

In still another embodiment of the invention, the
pinning layer includes é'layered structure of the (AB);%
layer and an Fe-M-0O layer (where M = Al, Ti, Co, Mn, Cr,

30 Niorv). | | |

In still another embodiment of the invention, the
atom B of the (AB),0, layer includes a transition metal



the needle tip to avoid | oss of nmedication in the fluid path which cannot

be expel | ed. SUVVARY OF THE | NVENTI ON
5 A needl e shield assenbly having a single-use cannul a | ock of
t he present invention i ncl udes a needl e cannul a having a proxi nmal
end, a distal end and a |unen therethrough. A hub i ncl udes a

praxi mal end for connection to a quid_téansfer devi ce and a distal end
connected to the proximal end of the needle cannula. A collar is

rotationally conggghgd to the hub so that the collar can be rotated
around the hub. An elongate needle cover 10 renovably engages the hub and
covers the needle cannula. An elongate needle shield havi ng a

proxi mal end and a distakp Eﬂliﬁ S SOEEE YerRtbdEhb R of mnwawetr&wrpxm@
end, to the coll ar. e needl e shield includes two sidewa] |

defining a | ongi B&EMNAI ofp&hendARIdOa laver inglydes) @ B%?%e%ﬂrgﬁlﬁtQWde

wal |'s definmgng a recess having an interior surface. The needle

In still another embodiment of the invention, the
atom A of the (AB);L layér includes an alkaline-earth

atom.

10 In still another embodiment of the invention, AB
of the (AB),0, layer includes La, Fe,6 (0.4<y<0.6).

In still another embodiment of the invention, the
_ atom A of the (AB),0, layer includes an A' atom or an A"
15 atom, and the atom B of the (AB),0, layer includes an B'
atom or an B" atom. The A' atom includes a rare earth
atom; the A" atom includes an alkaline-earth atom; the B'
atom includes an Fe atom; and the B" atom includes an Ni
‘or Mn atom.
20 :
In still'anothef émbodiment of the invention,_the
A' atom includes an La atom; the A" atom includes an Sr
atom; the B' atom includes an Fe atom; and the B" atom
_ includes an Ni atom.
25
In still another embodiment of the invention, the
free layer includes two or more magnetic films deposited
via the non-magnetic layer interposed therebetween.

30 In still another embodiment of the invention, the
pinned layer includes two magnetic layers having an anti-
ferromagnetic exchange coupling therebetween via the non-
magnetic layer interposed therebetween.



shield is capable of pivoting froman open position wherein the needle
cannula is exposed, 15 to a closed needle protecting - -position wherein the
needl e cannula is within the |ongitudinal openi ng of the needle
shield. The needl e shield assenbly further includes structure for
preventing the needle shield frompivoting into the closed position unless
t he needl e cover is renoved, and.structure for |ocking the needle
shield in the closed needle protecting position when the needl e

shield is pivoted into tﬂ?tﬁ%’l Cj] e%n%qﬁ{ n%ﬁlboﬁl%é‘i‘h{ lé?t lé??% %ge{(elg}‘%g_ghngﬁaéaps

20 the needle cannula in ongl t udi openi ng
BRI EF DESCRI PTI g pyepRagiNgges a first pinningylayer, & fidstepinaedon

vi ew of the needia-yé..g & Ue 2288 HbK-RhghBRR AWMU, W ALt PinagneticAEEaEhed

to a syringe befor ei ng us
layer, a second non-magnetic layer, a second pinned layer

5 and a second pinning layer which are deposited in this
order on the substrate. The first pinning layer fixes a
magnetization direction of the first pinned layer. The
second pinning layer fixes a magnetization direction of
the second pinned layer. The first pinning layer in-

10 cludes the (AB){L layer. |

In still another embodiment of the invention, the
second pinning layer includes a T-Mn (where T = Ir, Pt,
Pd, Rh, or Ni).

15
In still another embodiment of the inventibn, the
second pinning layer includes the (AB),0, layer.
In still another embodiment of the invention, the
20 . first pinning layer or the first and second pinning

layers include a layered structure of the (AB),0, layer
"and an NiO layer.

In still another embodiment of the invention; the
25 first pinning layer or the first and second pinning
layers include a layered structure of the (AB),0, layer
and an Fe-M-O layer (where M = Al, Ti, Co, Mn, Cr, Ni or
V).

30 In still another embodiment of the invention, the
Fe-M-0 layer includes an (Fe; M,),0, layer (where M = Al,
Ti, Co, Mn, Cr, Ni or Vv, and 0.01<x<0.4).



25 Fig. 2 is an exploded view illustrating the needle shield

assenbly of the present I nvention attached to a syringe with the
needl e cover and portions of the hub illustrated in Cross-section.

4 Fig. 3is atop plan view of a needle shield and collar
assenbly for use in the present I nventi on. Fig. 4is a

crgss-sectional view of the needle sthuy_gnd collar assenbly of Fig. 3

In still another embodiment of the invention, the
atom B of the (AB),0, layer includes an Fe atom.

In still another embodiment of the invention, the
5 atom A of the (AB),0, layer includes a rare earth atom.

In still another embodiment of the invention, the
atom A of the (AB),0, layer includes an alkaline-earth
atom.

10 | |

In still another embodiment of the invention, AB

of the (AB),0, layer includes La, Fe, (0.4<y<0.6).

In still another embodiment of the invention, the
15 atom A of the (AB),0, layer includes an A' atom or an A"
atom, and the atom B of the (AB),0, layer includes an B'
atom or an B" atom. The A' atom includes a rare earth
atom; the A" atom includes an alkaline-earth atom; the B'
atom includes an Fe atom; and the B" atom includes an Ni
20 or Mn atom. |

In still another embodiment of the invention, the
=+ A' atom includes an La atom; the A" atom includes an Sr -
atom; the B' atom includes an Fe atom; and the B" atom
25 includeS'an Ni atom.

. In still another embodiment of thé invention, the
free layer includes two 6r‘more magnetic films deposited
via the non-magnetic layer interposed therebetween. .
30 B _
In still another embodiment of the invention, the
pinned layer includes two magnetic layers having an anti-
ferromagnetic exchange coupling therebetween via the non-



taken along lines 4-4. 5 Fig. 5is a cross-sectional view of the

needl e shield and collar assenbly of Fig. 3 taken al ong lines 5-5.
Fig. 6 is a cross-sectional view of the needle shield and collar assenbly
of Fig. 3 taken along |ines 6-6. Fig. 7 is a side

el evation view of the needle shield assenbly of the present invention 10
attached to a syringe at the tine of firgst_ use. Fig 8is a

side el evation view of the needle;shiel assenbly of the present invention
Sf |t gr au;sagr\émptegt |t v %a%fgﬁgﬁéﬁ%gl ﬁ@%ﬁﬁg’g&, 15?13 assenbl y of theFI J
present I nvention attached to a syringe.
According to still another aépect of this inven-
tion, a magnetoresistance effect head includes: a
5 magnetoresistance effect devide of the present invention;
and a shield gap section for insulating the magnetor-
esistance effect device and the shield section from each
other.

10 _ Adcording to still another aspect of this inven-
tion, a magnetoresistance effect head includes: a
magnetoresistance effect device of the present invention;
and'a-yoke section for intrbducing into the magnetor-
esistance éffect device a magnetic field fo be detected.

15 - |

| According to still another aspect of this inven-
tion, a method for producing an exchange coupling film
includes the steps of: heating a substrate to a tempera-
ture of about 300°C or higher;'and-depositing the ex-
20 change coupling film by a sputtering method using an Ar
" - gas at a pressure of about 2 mTorr or less..

In order to solve the problems in the-prior art,

the exchange-ééupling film of thé present invention is

25 formed by depositing a ferromagnetic léyer and an (AB),0,

'1ayer for fixing the magnetization direction of the

ferromagnetic layer. Herein, O denotes an oxygen atom;
2.8<x<3.2; and a value t as defined by:

30 -t = (Ra+Ro)/(¥2+(Rb+Ro))
(where Ra, Rb and Ro denote the ion radii of the
atoms A, B and O, respectively)



15 Fig. 10 is a cross-sectional view of an alternative needle

shi el d. Fig. 11 is a side elevation view of an alternative
needl e shield assenbly of the present invention illustrated w thout
the collar and needl e shield. Fig. 12 is another alternative
enbodi nent of the present needle shield assenbly. ' Fig. 13
illustrates an alternative needle shieldgnd collar assenbly. 20

DETAI LED DESCRI PTI ON WhiTe this invention is satisfied by
enbodi nents in -diefLeran there are shown in the draw ngs
and will be herg?%¥ag§%%§bgdbfﬁqgg?gfl preferred enbodi nents of the 25

I nvention with the understanding that the present disclosure is to be
consi dered exenpl ary TheOd {)Pﬁsgﬂaﬂcﬂ'ﬂf’% of ndHeat 8y etd O doiplosi -
intended to limt the scope 6? fhe 1nvention-to
: tion ratio of the total of the A and B elements with
-5 respect to the O element is 2:X (i.e., (A, B,),0,). While
both of the A element and the B element should be includ-
ed, the ratio between the A element and the B element may
be arbitrary (preferably, such that 0.4<y<0.6). Particu-
larly, when the A element and the B element are included
10 at a ratio of 1:1, the resultant composition will be
A,B,0,, which will hereinafter represented as "ABO,". A
representative e:_;ample of ABO,, among others, is one which
has a crystalline structure called a'"perovskite struc-~
, ture". ' |
15
When the exchange coupling film is deposited on
a substrate, which has been heated to a temperature of
about 300°C or higher, by sputtering using an Ar gas at
- a pressure of about 2 mTorr or less, the exchange cou-
20 pling film exhibits a greater exchange coupling and
| preferable characteristics for use as an MR device.
During the deposition step, it is preferable to apply a
magnetic field in the film plane so as to fix the axis of
easy magnetization. | '
25 |
| While the above-described (AB){L layer is basi-
cally used as a film to be coupled with the ferromagnetic
- layer, desirable structures thereof include the follow-
~ ing:
30
(1) An (AB),0, layer in which B-is Fe;
(2) An (AB),0, layer in which A is a rare earth
atom;



t hose enbodinents illustrated. The scope of the invention will be neasured

by the appended cl ai ns and their equival ents.
Adverting to Figs. 1-8, ‘a needle shield assenbly having a singl e-use
cannul a | ock, such as needl e shield assenbly 20, includes a needle -

cannula 21 having a proximal end 22, a 5 distal end 23 and a | unen
theret hrough defining a |ongitudinal axijg 25. In this preferred
enbodi ment, the distal end of the needl e cannula includes sharpened tip 26.

It is within the (3) An (AB),0, layer in which A is an alkaline-
earth atom;
(4) A layered structure of an (AB),0, layer and an
NiO layer:
5 (5) A layered structure of an (AB);& layer and an
Fe-M-O layer (where M = Al, Ti, Co, Mn, Cr, Ni or V); and
(6) A structure of (5), in which the Fe-M-0 layer
is an (Fe, ,M,)-0 layer (where M = Al; Ti, Co, Mn, Cr, Ni
or V, and 0.01<sx<0.4).

10
In the MR device of the present invention, the
magnetization direction of - at  least one of the
ferromagnetic layers, which are depositéd together via a
non-magnetic layer interposed therebetween, is fixed by
15 the pinning layer which is provided in contact with the

one of the-ferromagnetic layers on an opposite side of
another one of the ferromagnetic layers with respect to
-the non-magnetic 1ayer (this ferromagnetic layer is
called a pinned layer). On the other hand, the magneti-
20 zation direction of at least one of the ferromagnetic
layers is allowed to rotate freely (this ferromagnetic
layer is called a free layer). A change in the angle
between_the magne#¥ization directidn of the pinned layer
and that of the free layer causés an electric resistance
25 of the device to vary. The pinning layer for fixing the
| magnetization direction of the pinned layer may be formed
of the above-described (AB),0, material. While the above-
described (AB),0, layer is basically used for the pinning
layer, desirable structures include the abovefdescribed
30 structures (1)-(6).

A particularly preferable example of the (AB),0,
layer may be an La, ,Fe O, layer (where 0.4<y<0.6, and



purvi ew of the present invention to include blunt cannula which are cannul a
W t hout sharp tips. Blunt cannula are known in the art and are
usual ly used to inject liquid into an I.V. set or other fluid path
havi ng an access port with a pre-slit septum The blunt cannula is forced
10 through the slit in the septumand into fluid comunication wth the
fluid flow path. Upon renoval af {ffe_blunt cannula, the slit portion
of the septumautomatically seals itself. A hub 28 includes a

proxi mal ‘end 29 “é<§<élgt)ahneml h 80AReGlLGre proxirg end 22 of
t he needl e cannul a. The b 1 ncludes a base nmenber 30 which for the

pur poses of describing the instant invention is part of the hub.

There are many ways of cegpesybpg the (A’é)zoba_%sreneerﬁw Hé)sfdaﬂi Wﬁt SWJ% as
through interference fit, adhesives,

| t
e o CTRART oty B 4 B Be WHAREIR A hvifi Pofelh PSR S e tans

and its bas suchagber ophr.ah Av'elgf ad amk"aaﬁ.yieeearlunee&eﬁieﬁmwm akhe
one- pi ece structgre nayog Ba, B' is Fe, and B" is Ni or Mn, for example.
In the case of a composition (A'A")l_y(B'B")Ox, y is

preferably such that 0.4<y<0. 6.

10 ' A partlcularly preferable example may be one in
which A' is La, A" is Sr, B' is Fe, and B" is Ni.

An exemplary structure of the MR. device of the

present invention includes an (AB),0, layer as a first

15 pinning layer, a first pinned layer of.a ferromagnetic

méterial, a first non-magnetic layer, a free layer of a

ferromagnetic material, a second non-magnetic layer, a

second pinned layer of a ferromagnetic material and a

. second pinniﬁg layér which are deposited in this order on

20 a substrate. While the above-described (AB),0, layer is

basically used for the first pinhing'layer, desirable

structures include the above-described structures (1)-

(6). *Por the second pinning layer, the (AB),0, layer or

any of above-described structures (1)-(6) may be used.

25 Alternatively, a T-Mn metal antiferromagnetic_film (where
T = Ir, Pt, Pd, Rh, or Ni) may be used.

'Furthermore, the present invention includes the
. following two types of MR heads. an MR head which is ob-
30 ‘tained by providing a shleld section to the MR device of
' the present invention; and an MR head which is provided
with a yoke of a softmagnetic material for introducing

into the MR device a magnetic field to be detected.



acconpl i shed by many net hods including injection nolding the hub and base
menber as a one-piece unit thereby elimnating the need to assenble
t he base menber to the hub during 20 the manufacturing process. In this
preferred enbodi nent, the collar is rotatably connected to the hub
in a snap-fit arrangenent which allows the collar, through application of
manual force, to be rotated arqyngbtbe hub. The rotational
connection of the collar and hub is acconpl i'shed by interaction

between structure on theTHH%’in% ddi RGNS EESEHLE8" t hQRein makee

distal raised portion 33 and’collar recerving recess 34 and the collar. The
distance 25 ape8sibpeodhenl advupntagesr t9Hn $2)apFoyiding rap s eFchangcon

33 is greater théau%)gﬁg'gnfiﬂﬁ havin i@p‘é eD[EJhé?cfmaEP'é@ébﬂli-@;P%rﬁ %ailﬁggfehan

the diameter or dis “€ across recess ~During | assenbl y,
collar is passedMBvEatipe §2dt mrovidisg an MRAewice oirearepEpting: such

rai sed 5 an exchange coupling £ilm; (3) providing an MR head
incorporating such an MR device; and (4) providing a
method for producing such an MR device.

These and other advantages of the present inven-

10 tion will become apparent to those skilled in the art
upon reading. and undérstanding the following detailed
description with reference to the accompénying figures..

BRIEF DESCRIPTION OF THE DRAWINGS

- 15
Figure 1 is a cross—sectional_diagram illustrat-
ing an exchange coupling film of the present invention;
Figure 2A is a cross-sectional diagram illustrat-
20 ing an MR device of the present invention;
Figure 2B is a cross-sectional diagram illustrat- -
ing a variation of the MR device of Figure 2A;
25 Figure 3A is a cross—sectional diagram illustrat-
ing another MR device of the present invention:;
Figure 3B is a cross-sectional diagram illustrat-
ing a variation of the MR device of Figure 3A;
30 '

Figure 4 is a cross-sectional diagram illustrat-
ing an MR head of the present invention:;



6 portion 33 so that it snaps into the space between raised
portion 32 and rai sed portion 33 . and is trapped in that position.

is preferred that there be a certain anmount of frictional

It

engagenent

bet ween the collar and the hub so that the collar cannot rotate too freely
W th respect to the hub. As will be explained in nore detai

herei nafter it

with respect to the needl e hub and have

in the sel ected pOSit““big§§é §apsbg ﬁ%ﬁ%ﬁ?ﬁﬁ%ﬁ?aﬁﬂﬁgﬁg%#@¥§at§“§htﬁ%

ralr se ortron

by making the

Is desirable to be abl e %3_ to rotate the needle shield
% e shield maintain itself

di stahce bet ween

33 | ess than t hédRhheatcaf thecpregeni]invention;
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Figure 6 is a cross-sectional view illustrating
the MR head of the present invention along with a magnet-
ic disk;

Figure 7A is a cross-sectional viéw'illustrating
an MR head integrated with a recording head according to
the present invention;

Figure 7B is a cross-sectional view iliustrating
another MR head of the present invention;

Figure 8 is a cross-sectional view illustrating
a yoke-type MR head of the'present invention;

_ Figure 9 is a flow chart illﬁstrating steps of
producing an MR head of the present invention; and

Figure 10 'is a flow chart illustrating steps of
producing an exchange coupling film of the present inven-

“tion. _ L ke

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An MR device and an MR head of the present
invention will now be described with reference to the
accompanying figures. '

Figure 1 illustrates a structure of an exchange

coupling film of the present invention. Referring to
Figure 1, an (AB),0, layer 2 and a ferromagnetic film 3



and/ or maeking the dianeter or distance across recess 34 slightly |arger
than the inside di aneter of the collar to provide a frictiona

rel ati onship between the .collar and the hub. 10 Al so nechani cal
retention can be provided by placing a series of projections on the hub or
inside the collar and a series of recesses inside the collar or on the hub.
The projections can engage the_yq&$s§es to position the collar with
respect to the hub but still allow rotation by overcom ng the force

of the projectiopn_ and r en n teriqr 43 of AC
41 can be forneda$% §99§$§§§9 %?agﬁg%eérgéghgésgasggﬁg?gﬁﬁ ?ﬁsi eggkgkgfer
In this preferredf tite predeut nomentinrrisrthanfseeofian (ABIEONdEYRy BSur

segnents al ong nj nQt .di t faur sgg@{g I |

di aneter D, as g%spapﬂﬁﬁgfga g%'%%g%i%pp§¥lk§ngp. |anef§¥§é&pgsnﬁhehetic
slightly smallerfigbd thetbeafersomggnedissslavenn hResPBabini stzuekyzgs
configuratisDn MBYES the Pre%gﬁtcfi+?%ntféﬁ Sﬁ&?:lh%dé/etth‘é maBe{achestRdbed

tol erances so that the frictiona et ween
structures (1)-(6)

| Next, an MR device using such an ekchange cou-
pling film will be described in greater detail. '
10 : S
Figure 2a is a qroéSesectional.view illustrating
a structure of an MR device of the present invention.
Referring to Figure 2R, an (AB),0, layer 2, a pinned
layer 3, a hon-magnetic layer 4 and a free layer 5 are
15 deposited in +this order on a substrate 1. The
magnetization direction of the pinned layer 3, which is
a ferromagnetic layer, is fixed by an exchange bias
magnetic field from the (AB),0, layer 2. The free
layer 5, which is another ferromagnetic layer, is magnet-
20 ically separated from the pinned layer wvia the non-
magnétic layer 4, so that the magnetization direction
thereof. is allowed to change.relativély freely in re-
sponse to an “external magnetic field. In this way, the
angle befween the magnetization direction of the pinned
25 layer and that of the free layer is allowed to change so
‘as to vary the electric resistance of the MR device. -
When the MR device is used as an MR sensor, the change in
the electric resistance of the MR devide.in response to
an externai magnetic field can be detected as an electri-
30 cal signal. |

A feature of the present invention is the use of
an (AB),0, oxide layer, which has a high resistance as a



collar and the hub can be nore tightly controlled. The stepped
configuration also gives the 20 collar sone flexibility to allowit to

be easily snapped into place during the assenbly process. The
advant ages of rotationally connecting the collar to the hub will be
explained in nore detail hereinafter. An el ongat e

rigid needl e cover 37 having a cylindrigg ly-shaped side wall 38 and an
open prOX|naI end 39 renovably engages hub 28 and covers needl e cannul a 21,

as best | ¢ 18yBL0. aha A 0CULEpEBYET ¥ ALdMPRSL Mg  the

dvantage of th rese Yenti on. erably, enbl y
i s manuf act ur ed m%'@e?@ti@éd direction e@f ve p‘&%ﬂmg‘élw tkpyer at thigh
needl e cover |rlﬁgﬁ55&ag3§éggedle cover provides a contamination barrier
for the needle

5 As is described above in the prior art section,
a spin valve film using NiO or a-Fe,0, exhibits a large
magnetoresistance ratio (MR ratio). However, in the NiO
of a-Fe,0; spin wvalve, the magnetic field provided for
fixing the pinned layer is insufficient. The tendency is

10 greater in the a-Fe,0, layer when a-Fe,0,. is used for
pinning an upper pinned layer.in a dual structure. NiO
has a disadvantage that it may lose its capability of
pinning a magnetic layer at a temperature of about 200°
or higher.

15
In order to solve this problem, the present

invention employs an (AB),0, oxide film as a pinning
layer. In (AB),0,: O denotes an oxygen atom; 2.8<x<3.2;
and a value t as defined by:

20

= (Ra+Ro)/(¥2¢(Rb+Ro)) |

_ (where Ra, Rb and Ro denote the ion radii of the
atoms A, B and O, respectively)

25 satisfies 0.8<t<0.97.

‘When these conditions are not met, there is not
provided a sufficient effect of fixing the magnetization
direction of the magnetic layer. In (AB),0,, "A" denotes

30 an element which haé a large ion radius, e.g., a rare

earth element such as La, Pr, Nd, Sm or Y, or an alka-
line-earth element such as Ca or Sr. Other desirable
elements include Bi. Moreover, the A element may com-



7 after the needle shield assenbly is renoved fromthe sterile

package. Accordingly, the user I s assured of a clean needle at the
time of first use. At the tinme of first use, the needl e cover S
reimoved, as illustrated in Fig. 7, by overcom ng engagenent forces between
t he needl e hub and the open proxi mal end of the needle cover. 5
An _el ongate needl e shield 45 having a diptal end 46 and a proxinmal end 47
S hi ngedly connected to collar 41. In this preferred enbodi nent,

needl & shield 45,958 Rgedleiements A'COMM@CACd LBesalinaa4lid hoRegbE! ithieng
hinge 44. It is Wthin the purview of the present tion to

i ncl ude any struE?E?eePSthPﬂ&@&P¢sbéﬁﬁkéi|rkFt?E@sﬂfeFBetBE¥ﬁgleﬁr earthy,
that the el8R8hesShirelrd gl Pi VPEedevablly! espctin of ABEO;0likan

These structurestégggggsogn%g%al which has a small ion radius. Fe is
5 particularly preferable for a pinning layer which pro-

vides the pinning effect at-high temperatures. When the

A element comprises two elements, such as A' and A", the

B element may similarly comprise two elements B' (e.g.,

Fe) and B" (e.g., Ni, Mn). A particularly preferable

10 combination of the elements is A'=La, A"=Sr, B'=Fe and

B"=Ni, fbr example.

Generally, when some of the Fe atoms are substi-
tuted with Ni atoms, or the like, although the MR ratio
15 would remain at substantially the same level, the level
of the pinning magnetic field, Hp, tends to decrease.
However, this can be solved by substituting some of the
rare earth (e.g., La) atoms with alkaline-earth (e.g.,
Sr) atoms; whefeby the device exhibits satisfactory
20 characteristics as an MR device. '

. - Moreover, a pinning layer may be provided as a
i multilayer film of the (AB),0, oxide film and the NMiO or
' Fe-M-0 film. When NiO is used, preferably, the magneti-
25 zation direction of the magnetic 1aYer is fixed by the
(AB),0, film, while using NiO as an underlying layer for
the (AB),0, film. By using NiO as an underlying layer, it
is possible to provide a substantial pinning effect even
when the thickness of the (AB)J% film is as small as
30  about 30 nm or less. However, when NiO is used for
pinning the magnetic layer, the resultant thermal stabil-
ity and the obtained pinning effect would not be as good

as those obtained by the (AB),0, film.



10 mechani ca

hi nges and various |inkages, or conbinations of hinges an

| i nkages. Needl e shield 45 includes two side walls 50 and 51
defining a | ongitudinal opening 52 and a back wal | 53 between the
side walls defining a recess 55 having an interior surface 56.

The needl e shield assenbly of the present invention is suitable for use

wth fluid

del i very devi ces such igp Ssyringes. For the purpose of

illustration, needle shield assenbly 20 15 is illustrated connected to

hypoderm c syringe 70 copprigs ”ﬁeaMﬁQ?Sr ifRaf, DaiHeL M 7élélﬁ’é/r'1f‘gc@mprlses ghat al
end 73, a proximal end 74 and a circular _side wall 75 deflnln% a chamber

f or retaNﬁFﬁ@W@l%ﬂ%ﬂ%ﬁﬁ selemped uETaBl thei 9Toup wenEie

kBgsafi Ad-

d

76

indicia 72 are opy thedariugl f@F, Ni aneagyri ng;nt h§r§g§e € Iﬁ(ﬂjﬁ?&é og to
be delivered. The distal end of fhe syringe barre onnected_ to

the hub so that $Selsfaekosy EfferedPé Ripringi §hen P*HPﬂdc&rﬁi{ﬁ'ﬁ'caitPS

with 20 schanm@tonfc dohps Hi1dN A €06 5l twdeh tHHe nyfdi(FeiM) dingt &heend
73 of the syrlnge barre
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xygen %G) should be around 2/3.

An atomic composition ratio between O and Fe+M
outside the range of about 1.2 to about 1.6 is not
preferred. The atomic composition ratio between O and
Fe+M less. than about 1.2 results in a poor pinnihg
effect. When the atomic composition ratio between 0O and
Fe+M is greater than about 1.6,lthe Fe-M-O layer becomes
a weak ferromagnetic body unsuitable for use in an MR
head.

When Cd, Ni, or the 1like, is used as the M
element in the Fe-M-0 film, the spin wvalve film would
provide a greater pinning magnetic field during produc-
tion of the MR deﬁice or after alheat treatment.

Among others, Mn and Co are particularly effec-
tive in obtaining a large MR ratid: For a greater
pihning magnetic field, Co is particularly effective. It
is effective to use Al, Ti, Cr or V as the M elemeht so
as to perform an_anisotropic control by a low-temperature
heat treatment at a temperature of about 250°C or less.
A desirable composition of the Fe-M-O layer is:

(Fe, M,)-O (where M = Al, Ti, Co, Mn, Cr, Ni or V,
and 0.01sx<0.4). '

When x is excessively small, the resulting effect



I ncludes a frusto-conically shaped tip 77 having a passageway therethrough

whi ch provi des

i nternal thread which engages the needle hub to

a fluid path between the cannula and the chanber. The
frusto-conically shaped tip of the syringe barrel fictionally
engages a frusto-conically shaped cavity in the needl e hub. The

di stal end of the syringe barrel also includes a |ocking luer-type collar
79 concentrically 25 surrounding the §gp- The luer collar has an

the barrel. It iggWijhifrERgi8aRPe OfwrHdie B €88Ntek¥E81vaNy! OLdRge Udethe

vari ous hub configurations to attach to a wide variety of medical or other

fluid-handling
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resulting pinning effect may be reduced.

Since the thickness of a shield gap for a high
density recording magnetic head is about 200 nm to about
100 nm, when the (AB),0, film or a layered film of the
(AB),0, film and the NiO or Fe-M-0 film is used in a
shield typé magnetic head, as illustrated in Figure 4,
the thickness d of the (AB),0, film or the layered film
should be about 50 nm or less and, more preferably about
30 nm or less.

Usﬁally, an Ni-Co-Fe alloy layer is suitably used
as the free layer 5 of the spin valve film. Preferably,
the atomic composition ratio of the Ni,Co,Fe, layer may
be: | '

0.6<x<0.9

Osy<0.4

0<z<0.3 (thereby obfaining an Ni—rich soft
magnetic film); or ' -

0<x<0.4

0.2<y<0.95

0<z<0.5 (thereby obtaining a Co-rich film).

A film having such a composition exhibits a low magneto-
striction (1x10°°) which is required for an MR sensor or

_an MR head.

An amorphous layer, such as a Co-Mn-B layer, a
Co-Fe-B layer, a Co-Nb-Zr layer, or a Co-Nb-B 1éyer, or

a layered film of such an amorphous layer and the Ni-Co- .

Fe layer, may alternatively be used as the free layer 5.
In such a case, however, the resistance of the device
will be relatively high. Therefore, it is not very

hold it securely.-to

8



devi ces. The hub configuration descri bed herei nabove, having a
frusto-conically shaped Interior cavity, reflects one of these many
possibilities. Many syringes, fluid handling devi ces, such as

st opcocks and adapters, and other fluid handling devices contain luer slip
and |l ocking luer-type fittings to which the hub of a frusto-conically
shaped interior cavity 5 w || properdgyy engage. It is also within the
purview of the present invention to provide a needl e shield assenbly

wherein the hub dwi tdbE8T 8bky J0adEY Wdudtir ey ra89e 104 t@lated in Fig-
It is an inportant feature of the present jnvention that all el ements of

the needl e ur%rﬁ%ﬂcP%Es%H%W%daPEeéﬁﬁﬁBE¥eBetBSFﬁefﬁEbaaﬁHrPﬁgPthefhub

i s capabl e of diflesttyp&oaseciiigtrated ihOFaghirel @ahandl i ng device such as
a syringe. Sonme prior art devices contain a separate 10 housi ng whi ch

mounts between the needl e hub and the syringe, wherein the needle shield is
- B _ Preferably, the thickness of the free layer 5 is

in a range between about -1 nm and about 10 nm. When the

free layer 5 is excessively thick, the MR ratio is
reduced due to a shunting effect. When the free layer 5

is excessively thin, the soft magnetic property is

10 reduced. More preferably, the thickness of the free
' - layer 5 is in ‘a range between about 2 nm and about 7 nm.

Preferred materials fqi‘ the pinned layer 3
include Co, a Co-Fe alloy, an Ni-Fe alloy, or an Ni~Fe-Co
15 alloy.

A particularly large MR ratio can be obtained
when Co or a Co-Fe alloy is used. In particular, it is
desirable to employ a Co layer 5C at the interface

20 between a free layer 5A and the non-magnetic layer 4, and
an Ni-Fe-Co layer 5B on the Co layer 5C, as illustrated
in Figure 2B. It is also desirable to employ a Co
layer 5C -at the interface between.the free layer 5A and
the non-magnetic 1layer 4, and the Ni-Fe-Co layer 5B

25- substantially in the middle of a free layer 55A, as
illustrated in Figure 3B. |

The pinned layer 3 may be in a mﬁltilaYer struc-

ture includiﬁg two magnetic layers which have an anti-

30 ferromagnetic exchange coupling therebetween via the non-
magnetic layer 4. More particularly, the pinned layer 3

may be a Co/Ru/Co multilayer film, for example. In such

a case, the thickness of Ru needs to be such that there



hi ngedly connected to the separate housing. A separate housing | engthens

the fluid fl ow pat h between the chanber in the syringe and the
di stal end of the needl e cannul a t hereby wast i ng nedi cati on, because
it cannot be expelled, the fluid flow path through the housing nmust

be filled wth nedication before nedication can | eave the proxi mal end of
the needle. 15 1In sone cases, the nedizamtion may cost one hundred tines
nore than the syringe and small amounts of medication | ost over a
substantial nunbeg obrowidedes stan dresifdrromagnabitanekehange coupling

unnecessary | oss_of valu ti Al so, the [ el e

i ncreases the | eRgtHeen W bggﬂe%%) ﬁﬁlgﬁr (% ana® ﬁ'éltngggjq %gposmsol y
making it slight Imsuraheedl ffllmlﬁhei Q:ase of acnurmakl MRpdewticen mmetéxﬂ e,
for exanple in a atlent s yvein I ery
and a hi nged neeHR SIS 4% ?’ﬁ%r%%ﬁYesg'ﬁl eI’d % %&I‘ &EE&Q %h%%\é
present inv@nti omagne\tndegomeheccad'rangagﬁtsthe emd mmfhm (o8] @eamxinned

assenbl ing of thia 2dLs SN Ghde8PR8BPEYn1 M0 Hadid P, Ve1d T8 18P

cannul a, hub and &al :ea %@éer canh bée
free layer 5. When the pinned layer 3 is formed of two

magnetic layers which have an antiferromagnetic exchange
coupling, substantially no bias magnetic field is applied
10 to the free layer 5, thereby solving this problem.

Preferably, the thickness of the pinned layer 3
is in a i‘ange between about 1 nm and about 10 nm. The MR
ratio is reduced when the .pinned layer 3 is either exces-

15 sively thin oi: excessively thick. More prefera_bly, the
thickness of the pinned layer 3 is in a range between
about 1 nm and about 5 nm. '

While the non—inag_netic layer 4 between the free

20 layer 5 and the pinned layer 3 may be made of Cu, Ag, Au,

' Ru, or the like, Cu is particularly preferred. The

thickness of the hon—magnetic layer 4 needs to be at
least about 0.9 nm in order to reduce the interaction:.

between the two ferrdmagnetic layers (the pinned layer 3

25 and the free layer 5). When the non-magnetic layer 4 is

excessively thick, the MR ratio is reduced. Therefore,

the thickness of the non-magnetic layer 4 shoﬁld be 10 nm

or less, and mofe preferably about 3 nm or less.

30 ‘ It is also effective to insert an interface
magnetic layer at the interface between one of the
ferromagnetic layers (the pinned layer 3 or the free
~layer 5) and the non-magnetic layer 4 in order to further



manuf actured as a separate assenbly. So |ong as the needle cover is
attached to the hub the needl e cannula and in particular the
sharpened tip of the needle cannula is protected from 25 damage and
cohtam nation. The final assenbly step involves slipping collar 41 over

needl e cover 37 until the collar snaps into place on the collar
recei ving recess 34 of the hub. To - 22 facilitate this assenbly, needle
cover 37 includes annular flange 40 which has a tapered.

9 OUt SiiGgs il d&Cehd MR fm& hes Cohé IRt @ePBES . STRRER! ¥hEVEAter-

annul ar flange 40 and distal raised
face magnetic layer is excessively thick, the sensitivity

of the MR ratio to the magnetic field is reduced. There-

fbre, the thickness of the interface magnetic layer is

5 preferably about 2 nm or less, and more preferably about

1.8 nm or less. in order for the interface magnetic film

to effectively function, the thickness thereof should be

at least about 0.2 nm, and more preferably about 0.8 nm

_ .or greater. Preferably, Co or a Co-rich Co-Fe alloy is
10 used as the material of the interface magnetic film.

Preferably, the substrate 1 has a relatively
smooth surface, and may be a glass substrate, an MgO
substrate, a Si substrate or an Algg-TiC substrate. An

15 .Al,0,-TiC substrate is particularly suitable for producing
an MR head. .

Another way to further increase the MR ratio of
the MR device is to form a metal reflective layer on the
20 free layer 5 in the structure illustrated in Figure 2A.
Preferably, Ag, Au, or the like, is used as the material
of the metal reflective layer.

When the metal reflective layer is excessively

25 thick, the MR ratio is reduced due to a shunting effect.

Therefore, the thickness of the metal reflective layer is

preferably about 10 nm or less, and more preferably

-about 3 nm or less. When the metal reflective layer is

ekcessivély thin, the resulting effect will not be

30 sufficient. Therefore, the thickness of the metal

reflective layer should be at least about 0.5 nm or
greater, and more preferably about 1 nm or greater.



portion 33 of the hub and into recess 34 during assenbly. Further, this

final assenbly step I's acconplished while the fragile needle
cannula is protected by needl e cover 37, thus avoi di ng

contam nati on and damage to the needl e cannul a. 5 Needl e
shield 45 is capable of pivoting froman open position wherein needle
cannula 21 is exposed, as best illustratzgl 4n Fig. 7, to a closed needle
protecting position wherein at | east part of needle cannula is

within the |ongitudinal ppehdkMdmple dmastibed above 3 eothneatilteswith -
illustrated in Fi i | aj ned. i nor e det

herei nafter, an F?rng?aﬁP'f @%r@%}zouﬁia\gﬁgs@g? t%éicpui“ﬁ%ng?gﬁri Rel J%I Is
neans for prevenhbigmbffettedlaysh & arid athdefnge plapéed5i are Heposlidedd
posi 1 on before 4he Jendl 8LaRICIon shETUSRaCHIPRNYS P! EhEREC LSRR JRY.,
the side waB| s saltbshatlieely be deposited in the opposite order (the
free layer 5/ the non-magnetic layer 4/ the pinned layer-
3/ the (AB),0, layer 2) on the substrate 1 directly or
via an underlying layer. This reverse structure results |
in a slightly reduced pinning effect from that obtained
10 by the structure illﬁstrated in Figure 2A, but can still
' be used as an MR 'device and may be effective for some
particular device designs. |

~ While a normal spin.vaiVé film has been described

15 above, an MR device 300'having a dual spin valve struc-
ture, as illustréted in Figure 3A, is also effective,

- particularly for further increasing the MR ratio. In

such a case, an (AB),0, layer, an IrMn layer, an NiMn

_layer, an Fe-M-0 layer, or a compound layer (layered

20 £film) of an Fe-M-O layer and an (AB),0, layer, can be used

for an uppermost pinning layer 6. An (AB),0, layer or an

Fe-M-0 layer is particularly preferred in order to

further increase the MR ratio.»»In view of an MR device

electrode formation or MR head formation, it is appropri-

25 ate to use a metal antiferromagnétic-material such as Ni-

Mn, Pd-Mn, Pt-Mn, Ir-Mn, Fe-Ir, Pd-Pt-Mn, Cr-Pt-Mn, Ru-

Rh-Mn, or the like. Among'others, Ni-Mn is believed to

be the most preferred matérial in wview of the heat

resistance. In view of the MR ratio, Ir-Mn is believed.

30 to be the most preferred material.  Preferably, the
-atomic composition ratio of an Ir,Mn, , layer may be: '

0.1<z<0.5.



| ongi tudi nal opening is smaller than the needle cover, so that the needle
cover nust be . renoved before the needle shield can be pivoted into
the closed needle protecting position. 15 It is within the scope of the
present invention to include many structures which prevent the

nmovenent of the needle shield into the closed needle protecting position
before the needle cover is remy Such structures may include a
projection on the needle shield, the needle cover or on both

el ements which creates i r ﬁgﬁ§¥ egdh Le e
needl e cover which prevgﬁ%gﬂﬁgdén % %E%%%Efgﬁéglgﬁiﬁ%gu?ﬁg ?goggg %gédle

protecting 20 thRJiABhLR. layer 2 is deposigiaft£ingiooraither subgtrage idhe

present inventi oM t&FhAEEFe FANEHEON AU BhAF 2bbY deposi td® W Nené N8ub-
needl e shield in the closed heedle protecting position when the needle

shield is strate cll inmttdha revexse enday (frar thy pdppingalpyer; § to
i ntended t @ nmeanchdapinRYRGEDAyEE Rhe : needl e shield sufficiently
into the needle protecting position will cause |ocking to occur

While, in the above instance, an (AB),0, film is
used solely as the pinning layer 2, as illustrated in
Figures 1, 3A and.3B; an NiO film and an (AB),0, film, for

10 " example, may alternatively be layered to form the pinning
layer 2.. When using the NiO/(AB),0, film, it is prefera-
ble in view of the thermal stability and the film flat-
ness t.o'form an NiQO film first on the substrate 1, and
then an (AB),0, film 6n the NiO J.ayér, so that the layer 3

15 is pinned by the (AB),0, film. In such a case, the
thickness of the NiO film can be about 10 nm, while the
Fe-M-0 film is preferably thicker than the NiO film.

The ‘layers can be formed suitably by a sputtering

20 method. Sputtering methods which can be used to produce

the MR device of. the present invention include a DC

sputtering method, an RF sputtering method, an ion beam
sputtering method, and the*like. '

25 : An MR head can be produced using the above-
described MR device of the present invention. Figure 5
is a perspective view which illustrates a structure of an

- exemplary hard film bias type MR head 30 of the present
invention. Figure 4 illustrates a cross-sectional view

30  of Figure\5'as viewed from the direction indicated by an
arrow A in Figure 5. Figure 6 illustrates a cross-
sectional view of Figure 5 taken along a plane indicated
by a broken line B in Figure 5. Figure 4 willvbe mainly



25 automatically without further action on behalf of the user.

"Per manent | y"

structure,
di sposal .

di sposal

needl e shield will

Is intended to nmean that there is no unl ocking

and the needle will remain shielded until proper

The | ock shoul d generally wi t hstand the norna
during proper

of the needle shield assenbly. Jxcessive forces applied to the

cannul a to be TCrg¥Besed vo in the followihd Hissdraferged embodi ment,

neans for

| ocking the needl e shield in the
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Referring to Figure 4, an MR device section 9 is
interposed between upper and lower shield gaps 14 and 11.
An insulation film such as an Al,0, film, an SiO, film, ah
AlN film, or the like, may be used as the shield gaps 11
and 14. Upper and lower shlelds 15 and 10 are further
provided on the shield gaps 14 and 11, respectively. A
soft magnetic film such as an Ni-Fe alloy film may be
used as the shield material. In order to control the
magnetic domain of the MR device, a bias magnetic field
is applied by a hard bias section 12 made of a material
such as a Co-Pt alloy. While a hard film is used in this
instance for applying a bias magnetlc field, an anti-
ferromagnetic f£ilm such as an Fe-Mn film can similarly be
used. The MR device section 9 is insulated from the
shields 10 and 15 by the shield gaps 11 and.14, and
changes‘in the resistance of the MR device section 9 can
be read by applying an electric current thereto through
a lead section 13.

Since an MR head is a read only head, it is
typically used in combination with an induction head for
writing. Figureé_G, 7 and 7B illustrate a write head
section 31 as well as a read head section 32. Figure 7A
illustrates the same structure as illustrated in Figure 4

with the write head section 31 being additionally provid-

ed thereon. The write head section 31 includes an upper
core 16 which is provided above the upper shield 15 via
a recording gap film 40.

While Figure 7A illustrates an MR head having a
conventional abutted Jjunction, Figure 7B illustrates

f orces encountered

10

bend the needl e cannula but not allow the needle



needl e protecting position includes needl e cannul a | ocki ng means for
trappi ng the needl e 5 cannul a in the | ongitudinal opening of the
needl e shield. In this preferred enbodi nent needl e cannul a | ocki ng
means includes an arm 58 projecting frominterior surface 56 of the
needl e shield. Arm 58 includes a transverse portion 61 at its free end 59.
Transver se portion 61 includes .a dgdge 62 which is positioned so
that when the needle shield is pivoted to the cl osed position,

needl e cannul a 2inStRES BETLCLAIBSMR HRaPWiaw & SPdrisilir appadtute id
the needl e shield bghleq€ The action of the needl e cannula sna

_ e 62, ] ) pi ng
past the transvefRich a tragh vidgh 44 B@naPEOWBFPsH€S°B§e&¥fP@BFF@E1§@°the

arm and/ or the tTRes8E6EE, PEhEI 88rub¥ure illudtiated an ehiguhe Teedlay be
cannula or by a inatign of all el enent

CO so that after the needle. .
cannul a passes t#eMer &Ry eﬂbr?PGﬁP“Fheiﬁﬁrt§ ?ERQEKI IF?gPGtﬁﬁﬁ r

undef | ect eds positeéesulting from ah LAatrealse dnpadid irstodiing tdengieg] e
cannul a cannot reverse its path and remains
Now, the recording and reproduction mechanism of
the MR head 30 will be described with reference to
Figure 6. Referring to Figure 6, during a recording
10 operation, a magnetic flux which is generated by an
~electric current oonducted through a coil 17 and leaks
through 'a space between the upper core 16 and the upper
shield 15, thereby wrii:ing information on a magnetic
disk 21. The MR head-3§ moves in a direction indicated
15 by an arrow ¢ in the figure with respect to the magnetic
disk 21, where it is.possible to reverse a recording
magnetization direction 23 by reversing the direction of
the current flow though the coil 17. When the 'recording
density is increased, the recording 1ength'(recording
20 pitch) 22 becomes shorter, whereby it is necessary to
‘reduce a recording gap length (recording gap pitch) 19
accordingly. '

In a reproduction operation, a magnetic flux 24

25 leaking from a'réoording magnetization section of the

magnetic disk 21 acts upon the MR device section 9

betweeno the shields 10 and 15, thereby altering the

'résistance of the MR device section 9. Since a current

is conducted to the MR device section 9 through the lead

30 section 13, a change in the resistance thereof can be
read as a change in the voltage (output) thereof.

Figure 8 illustrates a structure of a yoke-type



15 trapped in the recess of the needle shield. The retention forces are
preferably such that an attenpt to return the needle shield to the
open needl e exposing position will cause the needl e to be bent in
that direction but usually not re-exposed. In this preferred enbodi nent
arm 58 extends frominterior surface 56, and in particular outwardly from
back wal |l 53. However, the armcad-al so extend fromeither of the
side walls and still achieve a simlar 20 resul t. In this

preferred embodi gl 80 ScEAPHLABihgCktRgd RN/ ise | 58 udhe f prekent
inclined wall 64_and second inclined wall 65 having exterior surfaces 67

and 68 respectivipyention. ¢ yrging the needl e cannula toward the center
of | ongitudi nal opening 52 as the needle. shield is being rotated

Lo, Lhe ol osed, Post 1 onedherkag! RS MBS B2, SIRFCL AL ARl ookl a7
t he | ongi t Bli nal iAslades a yoke Sextidn 81d nde nuf. a Thefexmagnetiesufidmes
will urge the “eggkegﬁﬁﬁﬁﬂbatEo%ﬁédmﬁ ﬁgggéglsection 9 a signal magnetic
field to be detected. Since a conductive metal magnetic
film is normally used for the yoke section 81, an insula-
tion film 82 may preferably be provided in order to avoid
10 short-circuifing between the yoke section 81 and the MR
device section 9. The illustrated insu;atidn film 82 may
~be optional when the MR device section 9 is in a dnal
structure, as illustrated in Figﬁré 3A, where the upper
pinning layer employs an oxide insulation film such as
15 the (AB),0, £film or the Fe-M-O film, for example. While
each of the insulation films 14 and 11 in the structure
illustrated in Figure 4 should be a non-magnetic film or
a weak magnetic film which does not adversely influence
the head characteristics, the insulation film 82 of
20 Figure 8 does not have to be non-magnetic. In particu-
' lar, the insulation film 82 may be magnetic in order for
a signal magnetic field guided by the yoke section 81 to
T ' continuously enter the MR device section 9. Thexrsfore,
. when the npper pinning layer of the MR device section 9
25 employs an (AB),0, film or an FeQM—O f£ilm, the'insulation
film 82 may be optional. Thus, it is suitable for the
illustrated yoke-type head 80 to employ a dual structure
where an .(AB),0, film or an Fe-M-0O film is formed in the

upper portion. |

30

Moreover, ' since the above-described yoke-type
head employs a yoke section, the output thereof may be
lower than that of a head of the type illustrated in



position so that it properly engages and is trapped by the arm structure.

Al t hough the inclined walls are not necessary for the
present invention at |east one wall is desirable and two walls, as
best illustrated in Figs. 3 and 5, are preferred. Ref erring

to Figs. 7 and 8 it can be seen that the needl e shireld can be noved from
the open position to the closed positiopgusi ng a singl e-handed procedure.
For exanple, by

Figure 4. .However, since the MR device does not have to
be interposed between shield gaps, as in the structure
illustrated in Figure 4, the yoke-type head may be advan-

tageous in realizing a super narrow gap.

Referring to Figure 9, a method for producing the
MR head 30 will now be described.

_ First, the lower shield 10, as illustrated in

10 Figure 4, is formed on an appropriately processed sub-
strate (S801). Then, the lower shield gap 11 is formed

‘on the lower shield 10 (S802), and an MR device section
layer is formed on the ipﬁer shield gap 11 (S803). After

. the MR device_sectibn layer is patterhed into the MR

15 device section 9 (8804), the hard bias section 12 (S805)
and the lead sectioh 13 (S806) are formed. Then, the

upper shield gap 14 (S807) and the upper shield 15'(3808)

are formed. Finally, the write head section 31 is
formed, as illustrated in Flgure 78 (s809), thereby
20 obtaining the MR head 30. '

Referring to Figure 10, a method for producing an

exchange coupling film will now be- described. The
substrate 1, as illustrated in Figure 1, is heated to a
25 . temperature of about 300°C or higher (S901). Then, the

exchange coupling film 100, as illustrated in Figure 1,
is deposited by a sputtering method using an Ar gas at
about 2 mTorr or less (S5902).

30 : - In view of a future increase in recording density
of hard disk drives, the recording wavelength (recording'
pitch) should be shortened, for which it may be necessary
to shorten the distance d between the shields as illus-



5 grasping syringe 70 with the fingers and advanci ng the needle shield
fromthe open to the cl osed position by pressing on the back wall
with the thunb until the needle shield is in the cl osed | ocked
position. To facilitate the single-handed operation of the needl e shield,
finger pad 69 is provided at the proxinmal end of the needle shield.
It is desirable to have neans for releasaply retaining the needle shield in
the open 10 position. Holding the needle shield in the open position

kee’pﬁ it flr?)m i ntf!éf:eaibzlﬂﬂ M dilrd e, As can f‘ﬁé(ﬁéeﬁfllﬂgﬁ_ﬁcﬁguﬁ:@ Hgr i magl |y
or physically. Rel easa retai ning.the e shie int open
positi on may be ‘2BcIORFFEEST b?DdF%@HQ?oﬁﬁﬁb ﬁB}? ngest RE ggg%ﬁgﬁydfggfﬁht
frictionis secti6nt 90 | PridReddblge, othby thickpess af ithe aMRddevice
over-center hinge or.b reati sone iterference bet n_the
needl e shield anﬁe?{i%"%ogl aﬁﬂ"?/mhg&s?b%‘étf dgé}“hl g’i Q‘\Feﬁsg‘orre JC)né‘?LSthe
nmove t he nekdl e phnaidgolibyelr Rhefopen qpasid ifiim |sudhias eabofiABR0,, fddm
best illustrated_in . Fig. 4 L Oj i . ol _t cql ' e e
odge 85 of aper i WEad R hErREElte ShveRyion °ls! i Cdrdtdtdd, CRRS
pinning layer 2 can be considered substantially to be a
part of the lower shield gap 11, rather than the ym
device section 9. Such a structure is suitable for the
10 pui'poses of. the present invention. A conventional a-Fe;0,
film had to have a thickness of about 50 nm or more, and

it was thus diffiéult to use it in a dual structure.

In order to suppress generation of Barkhausen
15 noise when the magnetization difection of the free layer
rotates, the MR device section 9 preferably has an
arrangement such that an axis of easy magnetization (also
referred to as an "easy axis") of the free layer 5
_ (Figures 2A and 3A) is-subétantially'perpendicular to the
20 direction of a magnetic field of a signal to be detected,
whereas the easy axis of the pinned layer 3 are parallel

to the direction. .

In the above description; a conventional lateral
25 GMR head has been described. However, the present -
invention can effectively be used in a vertical GMR head.
While the direction of the current flow in the lateral
GMR head is perpendicular to the magnetic field to be
detected, the direction of the current flow in the
30  vertical GMR head is parallel to the magnetic field to be
detected. |

Examples



Is pivoted to the open position. Additional force is required to pivot the
needl e shield out of" the open position. In the open position, it is
preferred that |ongitudinal opening 52 be oriented from between
about 90 to 180[err] fromlongitudinal axis 25 of the needle cannula, as
20 best illustrated in Fig. 7, where the needle shield is rotated so that
| ongi tudi nal opening 52 is ~about gppQ err] from | ongitudi nal axis 25
of the needl e cannul a. As best illustrated in Fig. 7.

sharpened tip 26 of needi ea¥HEMRyR EdupIShiay FENGY HhelMR deviclexal shape
havi ng a bevel surface 27 oriented at angle A with_respect tqQ |ongijtudinal

axi s 25. Mt haad gf ibe prepgdds igveatiiosh wallTRew BeatesFEibed by

connecti on of thfa%qbf AH11l@stretiv® éfamgdes.an inportant feature of the
present invention because it allows rotation of the needle shield 7 so0

that the bevel surface faces the sane side of the collar as the needle

shield wheB t he Exampleneedl e shield is in the open position. Rotation of
the needle shield to thiAsn peoxsci:ﬁz;iu?gneo é&SﬂA& film according to Example 1
of the present invention was produced by using a multi-
spuftering apparatus. ABO; (A = La, Pr, Nd, Sm, G4, Tb,
Dy, Y,'.Hb, Bi, Ca, Sr; B = Fe) sintered to a target and

10 an alloy plate of Co,  Fe,, were used.

After a vacuum chamber was exhausted to about
1x10® Torr, an Ar gas was supplied therein so as to
maintain the pressure therein at about 0.8 mTorr while

15 the exchange couplihg film 100, as illustréted in Fig-
ure 1, was formed on the glass substrate using a sput-
tering method, thereby producing a sample exchange
coupling film having the structure as illustrated in
Figure 1. The -composition of the sample film is shown

20 below, wherein the respective thicknesses (in nm) of the
layers thereof are shown in parentheses. An RF cathode
was used when ABO; was employed, and a DC cathode was used
when any.-other material was employéd. The ABO, layer had
a thickness of about 50 nm, and the Co-Fe layer had a

25 thickness of about 10 nm. |

Samples 1 to 13 as specified below were produced,
where B = Fe in each of Samples 1 to 13.

30 Sample 1: CoFe(10) _
~ Sample 2: LaBO;(50) / CoFe(10)
Sample 3: PrBO,(50) / CoFe(10)
Sample 4: NABO,(50) / CoFe(10)



12 orients the bevel surface and nmakes it easier to insert the
needle into a patient's-vein or subcut aneously. Also, it is
desirabl e to have bevel surface 27 facing the sanme side of the

needl e assenbly as the needle shield when the needle shield is in the open
position, so that the needl e shield does not interfere with
positioning the syringe at a | ow angl e-cgbse to the 5 patient's body,
for exanple, the patient's arm when attenpting to gain access into a vein
In addition, the abilitysamplet 8kesnBo,(8@)l ¢ sbFe dowi th respect to the

hub allows the needle o hie 6: GaBO,(50) / CoFe(10)
Sample 7: TbBO,(50) / CoFe(10)
Sample 8: DyBO,;(50) / CoFe(10)
5 ' Sample 9: YBO,(50) / CoFe(10)
Sample 10: HoBO,(50) / CoFe(10)
Sample 11: BiBO,(50) / CoFe(10)
‘Sample 12: CaB0,(50) / CoFe(10)
Sample 13: SrBO,(50) / CoFe(10)
10
| The produced exchange coupling £ilm was -main-
tained in a vacuum at about 200°C for about 1 hour while
applying thereto a magnetic field of about 80 kA/m (about
-1 kOe). Then, the magnetization curve of the exchange
15 coupling film was measured at room temperature by using
a vibrating sample magnetometer.

As a result, the CoFe film of Sample 1 showed a
coercive fofce Hc of about 600 A/m, whereas all of the
20 ABO;/CoFe layered films of Samples 2 to 13 showedla coer-
cive force Hc of about 20 kA/m or larger, thus indicating
that there is provided an exchange coupling between ABO,
s .and CoFe to form a film of a large coercive_force. =

.25  Example 2 | |
- - Sample MR devices, A(i) (see Table 1 below), as
illustrated in Figure 2A, were produced by using a multi-
sputtering apparétus as in Example'l. An Si substrate
was used as the substrate 1, an (AB),0, 1ayér of the type
30 used in Example 1 was used as the pinning layer 2, and a
Co layer was used as the férromagnetic pinned layer 3.
Moreover, a Cu layer was used as the non-magnetic lay-
er 4, and an Ni, Fe, ,,C0, ,, layer was used as the free



shield to be po
measuring indic
illustrates nee
a‘® 10 config
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dl e shield assenbly 20 connected to hypoderm c syringe 70 in

uration in which it is likely to be delivered, in sterile
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sition between the cl osegzpasition and the open
r to the closed position, creates a configuration which

layer 5pRackamhdéld resbSBtPPENItRiEkR8sS83CEof ThiKke | Sayers
en the needle shield assenbly i s being shipped
shergetnyeze: a6nSR P§IM d del i very i nstrument 15
ge. Also, in this internediate position, the needle shield
ier to cy. aan for t pur p s,of installing if_onto
ydevi ceA 4 PRSI bl R e /HEBC2) 7 Nio.igrids.wCparkist
pe fitti pghefedarding v, tHd 123 deRl AbhmbBer AP \PalenEns
easahl v retaini q he needl| e shielg in an internediate
FSfh eé]%:ﬁspasit?’l Kness in nanome ers.I _

As in'Example 1, the sample MR device produced as
described above was subjected to a heat treatment at
about 200°C for about 30 minutes.

The sample device A(0) empldys a-Fe,0, instead of
ABO; as a comparative example to be compared to the
samples A(1l) to A(12) of the present invention.

In Table 1, A'(1l) denotes a sample which has the
same composition and film thicknesses as those of the
sample A(1), but in which the ABO, film is deposited at
a substrate temperature of about 500°C. |

‘MR characteristics of the produced sample MR
devices were evaluated while applying a maghetic field of
up to about 80 kA/m (or greater for the sample A'(1l)) by

.a DC 4-terminal method at room temperature. The results

25

30

are shown in Table 1 below. For comparison, MR
characteristics of the sample MR device A(0) were also
evaluated in substantially the same manner. As described
above, the sample device A(0) was produced-by using an a-
Fe,0; layer in place of the (AB),0, layer.

Table 1



and the closed position. In this preferred enbodi nent neans for rel easably
retaining the 20 needl e shield in the internedi ate position includes
protrusions 86 and 87 projecting inwardly fromside walls 50 and 51
respectively engage the outer surface of needle cover 37 to bias

the needl e shield toward the needle cover. An additional force is required

to_pivotably nove the needle shiggl d fromthe internmedi ate position
to the open position. Fig. 9 |IIustrates an alternative
needl e shield assenbly of the present |nvent|on The alternative

needl e shield as f nct ns Si IarI he n | el d assenbly of
Fi gs. ggﬂﬁpﬁé H“H@@dﬁ&eéhl ﬁhrﬁ @enbiﬁﬂgg/%akludes col | ar

hronan b RSEd'lif “ﬁ”}islﬁ‘ir reL§§5931 ke éi‘gfﬂgefhidlg" the collar
5 A1) LaBO3 18 >80
A(2) PrBO3 14 40
A3  NdBOs 14 45
A(4) SmBOs .~ 15 . 50
A(5) 6dBO3 14 35
10 - A6 . TbBOs 14 - 3
A7) DyBOs 14 .35
A(8) Y BO3 15 . 50
A(9) HoBO3 14 40
A(10) BiBOz © 14 40
15 A(11)  CaBO3 14 40
A(12) 'SrBO3 14 40

As can be seen from the experimental results, a
20 sample employing an ABO, film has a greater value of Hp.
than that of a sample employing an a-~Fe,0, film.

Moreover, a similar experiment was conducted

while producing a sample AA'(1l) using an A', A",B',,B",0;

25 film, wherein A' = La, A" = Sr, B' = Fe, B" = Ni and
x=0.1, ih place of an-ABO3 film. The composition of the

produced film was as follows:

AA'(1): A';,A".B') B",0,(50) / Co(2) / cu(2) /

30 Ni, esF€o,20C00.12(5)
(wherein a number in parentheses denotes a

thickness in nanometer)



13 needl e shield in the open position includes a projection 91 on
the collar and finger pads 92 and 93, on the needle shield, defining
slot 94 therebetween. The width of slot 94 between finger pads 92
and 93 is preferably equal to or slightly |l ess than the width of projection
91 on the collar so that when the needle shield is pivoted to the
open position projection 91 5 enterg,slot 94 and is frictionally '
engaged therein by the sides of flnger pads 92 and 93. Proj ecti ons

or recesses can be proviyded..a i yel n o) ] t.94
to provi de for aA%ég a%%%ggiéhié ¥%§ ?QﬁﬁigﬁgkH%g%%cé?ﬁrb@gé%& ?%
col | ar ,when t hedesediidbed abovehiwas Sgbnﬂctthd dpenapdwat okreptment cate,
the needle shi elathout RIPTS Y AfhA S dihdtlS. MR characteristics of

the produced sample MR devices were evaluated while
5 applying a magnetic field of up to about 80 kA/m (or
greater for the sample AA'(1l)) by a DC 4-terminal method
at room temperature. As a result, the MR ratio was about
16%, and Hp was about 40 kA/m, indicating again that the
sample devices have satisfactory characteristics. |

10 .
Sample devices B(1i) were produced, while using
Co(2) / Ru(0.6) / Co(2) with an antiferromagnetic ex-
change coﬁpling for the pinned layer in place of Co(2);
15 ' B(i): ABO4;(35) / Co(2) / Ru(0.6) / Co(2) / Cu(2)

/ Nig ggFeqy 50C0q.1,(5)

Regarding the ABO,(35) layer, the sample devices

B(i) (1 = 1 to 12) employ the same pinning layers as

20 those of the A(i) (i = 1 to 12), respectively. The
characteristics of the sample devices B(i) were evaluéted

in substantially the same manner as for the sample
devices A(i). ~-The sample devices B(i) had MR ratios

which are reduced by about 2%, on average, from those of

25 the respective sample devices A(i), but the sample
devices B(i) had Hp values which all were about 100 kA/m

.or greater. It was also observed tﬁat there is substan-
tially no bias ;nfluence on the free layer due to the

magnetic pole occurring at the end surface of the pinned
30 layer.

Sample devices B'(1i) were further produced, where
the same films as those listed in Table 1 were used for



position and additional force will be needed to overcone the frictional or
mechani cal 10 engagenent of the projection to the needle shield to
advance the needle shield to the cl osed position. Discontinuous
surfaces 95 and 97 are provided to help to provide a nore positive
connecti on between the users finger and the needl e shield when advanci ng
the needl e shield to the closed i tion. Fig. 10
ilTustrates an alternative needl e shiel or use with the needle shield

assenbly 15 O;héihg;ﬂégﬁg "fagQUentand. il eAld gﬁ};ﬁf U IRRIE o5 Bhetd10f

t he enbodi nent o Unetions si'm to the needl & shield
assenbly of Figsity-®f magnetic layexs cflepesitefdeddice Ehf ePONTHGINEHiTIes
side walls 150 apg %5} defining a | ongitudinal opening 152 and a
back wal | between ¥ e side walls defining a recess 155 having an interior
surface 156. Needl e cannul a | ocking neans for trapping the needle cannul a

in the 5 B'(i):  ABO(35) / Co(2) / Cu(2) /
_Nio.saFeo.zocoo.1z(2°5) / Cu(l) / Ni, ggFeg 320C00.12(2.5)

Characteristics of the produced sample devices
B'(1i) were evaluated in substantially the same manner as
10 for the sample devices A(i). The ABO,;(35) layer employed
thé same pinning layers as'.. those of the sample devices
A(1l) to A(1l2) listed in Table 1.

‘As a result, the sample device B'(i) of the

15 'present_invéntion had substantially the same MR ratio and
substantially the same Hp value with an improved soft
magnetic property of' the free layer. In particular, the
cOerciVe.force of the soft magnetic layer was reduced

from about 800 A/m to about 400 A/m. Thus, it is possi-

20 ble to improve the soft magnetic property of the free
layer and the magnetic field sensitivity of the device by
forming the free layer from two or more magnetic films

' layered via a non-magnetic layer. '

25 Example 3 .
MR heads as illustrated in Figure 4 were produced

while using the sample devices B(i: i = 1 to 12) and. the

sample device B(0) (comparative example) for the MR'

device section 9, and the characteristics thereof were
30 evaluated.

In each of the produced MR heads, an Al,0;-TiC
material was employéd for the substrate, an Ni, ;Fe, , alloy



20. longitudi nal opening of the needl e shield includes an arm 158 having a
transverse portion 161 at its free end including a | edge 162
positioned so that when the needle shield is pivoted to the cl osed
position, the needle cannula 121 snaps past transverse portion 161 and is
trapped in the needle shield by a | edge g2 Fig. 11
illustrates an alternative needle shield assenbly 200 of the present
invention 25 illustrated without the collar and needl e shield. In this

part of & hub 22897 LS 8 MeARA] nEhldds anand. AL Epgoctiior SPIRISs
to facilitate regapal lanandns4al |Mdrasveaf, téle:m&etdlaimwﬂ:d yxse%(fause:he
hard bias section 12, and Au for the lead section 13.
The magnetic films were provided with an anisotropy in
5 such a way that the easy axis of the pinned layer 3 was
substantially parallel to the direction of a magnetic
field of a signal to be detected, whereby the easy axis
of the free layer 5 was substantially perpendicular to
the direction of the magnetic field of the signal to be
10 detected. This was achieved by first subjecting the
produced MR device to a heat treatment at about 250°C in
a magnetic field so as to define the direction of the
easy axis of the pinned layer 3, and then further sub-
jecting the produced MR device to a heat treatment at
15 about 180°C so as to define the direction of the easy
axis of the free layer 5.

The respective outputs of the produced MR heads
were evaluated while conducting a DC current as a sense.
20 current through these MR heads and applying an alternat-
ing signal magnetic field of about 3 kA/m thereto. The
output of the MR head employing the MR device B(i) of the
present invention was compared with that of the MR head
employing the comparative MR device B(0). The results

25 are shown in Table 2 below.



14 the collar is rotatably connected to the hub it may be

difficult to install and renove the hub froma hypoderm c syringe
because rotation of the assenbly will cause the shield and its

conhnected collar to rotate around hub 228. The enl arged surface 235

provi des a surface to grab to fagjlitate the renoval and ]
installation of the needle shield assentl’y.” In this 5 enbodi nent

enl arged portion 235 has an octagonal shape to further increase its utility.
as a gripping surface. In addition, hub 228 includes radially
outwardly projeciabtetdb 236 which further acts as an enhanced

poi nt of contact for connecting and di sconnecting the needl e shield

the Y 1O ol Par rodinple Nk " utfind Rl REKHE; 9?5%( present

I nvention |nclude prowdlE[(g)structu‘;_.Q,Fézo3

5 B(1) LaBO3 +2
B(2) PrBOs3 : +1

B(3) NdBO3 O+

B(4) - -SmBOz 42

B(5) 6dBO3 +1

10 B6) =  TbBO3 +1
- - B(?) © DyBOz -~ +1
B(8) Y BO3 +2

B(9) HoBO3 +1

| B(10) BiBOs - +1
13 B(11) CaBO; +1
B(12) = SrBOs 4

.Thus, it has been confirmed that the MR head of

the present invention can produce a greater output as

20 compared with that'from the conventional MR head. When
the characteristics were measured after applying an
external magnetic field of about 20 kA/m, the outpuf of

the MR head employing the comparative MR device B(0)
became unstable, while the output of the MR head employ-

25 ;ing any of the MR deéices B(1l) to B(12) of the present

' invention was stable.

Example 4
Spin valve films C(i) of a composite type includ-
30 -ing a free layer and a ‘pinning layer were produced in
' substantially the same manner as in Example 2. A compos-
ite type layer of an NiO layer and an ABO, layer was
employed for the respective pinning layers, while a



10 on the hub which engages the rotatable shield when it is in the closed

or internedi ate position. Also; ribs can be provided on needl e

cover 37 to facilitate rotation of the cover which in turn rotates

the hub. Also, side walls 50 and 51 of the needle shield can be

designed to be flexible enough so that Bgnd appl i ed squeezing forces
applied to the needle shield WhiPPe™it is in its internedi ate
position will cause the shield side walls to collapse and 15 grab
needl e cover 37 so that torque may be transmtted through the needl e

shi el d, throughcompositiehetymedlayeovef tGoReécamd bNiFekeassempglluyetefibe
shiel d sidewal | a u e
shield is in thé:%fose% gggb?n Th%cggrgang pr?kgagaeggm?ﬁgn%ﬁﬁt?gﬁgégh
provi des neans fe@mpsiep|fiiilny itsorequantoioktdabbonofitmi | itate installation
and renoval of a needl e shleld assenbly froma hypoderm c syringe

simlar deV|ce Means for applying torque include alternative

accessi bl eShub struct ur@éh)ﬁcN&@i(ﬂ@)’t b(o@@%(?ﬁ)eﬁl@@;gaﬂ%ggﬂbné Cu(2.2)

such as enl argeq Ry tipg 2Q§)a9d5ﬂ_ @%plngy/p@g(qgtlng tabs, such as
radial |y projecting tab >* . \ .

As in Examplell, the sample films produced as

) described above were subjected to a heat treatment at
10 about 200 C for about 30 minutes. MR characteriStics of
the produced sample films were evaluated in substantlally
the same manner as in Example 2. The results are shown

in Table 3 below. - '

15 Table 3

‘Sample No.  ABO3 layer MR ratio Hp(kA/m)

| c(1) LaBO3 18 45

20 | C(2) PBOs 17 40
C(3) NdBO3 17 45

c4) SmBO3 18 50

C(5) 6dBO; 17 35

c(6) * TbBO3 16 35

25 C(7) DyBO3 16 35
C(8) Y BO3 18 50

C(9) HoBO3 16 40

C(10) BBOs - 16 40

c(11) .7 CcaBO3 . 17 40 -

30 C(12) SrBO3 17 40

or



236. Means for applying torque can also include structure for engaging the
needl e cover and the needl e shield, when the needle cover is in the
i ntermedi ate position and providing flexible side walls on the
needl e shield so that digital force will deflect the side walls causing 25
the needl e shield to grab the needle covgg for transmtting torque through
the cover to the hub. Means for’d% | yi ng torque can al so include
structure for engaging the needle shield and the hub, when the

needl e shield is in the closed position, by providing flexible sidewalls
As can be appreciated from comparison between the

results shown in Table 3 with those shown in Table 1,

substantially the same level of Hp values can be obtained

even when providing the free layer as a composite layer,

5 thereby increasing the MR ra"l:io, while providing- the

- pinning layer as a composite laYer, thereby reducing the
thickness of the pinning layer.

Example 5
10 As in Example 1, dual spin valve films D(i), E(i)
"'and F(i), as illustrated in Figure 3A, were produced.

D(i): ABO,(30) / Co(3) / cCu(2.5) / Co(1) /
Ni, gFeo(5) / Co(l) / Cu(2.5) / Co(3) / Ir-Mn(8)
15 E(1): ABO(30) / Co(3) / Cu(2.5) / Co(l) /
Nig sFeo ,(5) / Co(l) / Cu(2.5) / Co(3) / Fe-Co-0(30)
i F(i): ABO,(30) / Co(3) / Cu(2.5) /. Co(1l) /
Nig ¢Fe,,(5) / Co(1l) / Cu(2.5) / Co(3) / ABO4(30)

20 As in Example 1, the sample MR devices produced
as describéd above were subjected to a heat treatment.
Then, MR characteristics thereof were' evaiuated in
substantially the same manner as in Ei:ample 2. The
results are shown in Table 4 below.



on the needle shield so that digital force will deflect the sidewalls
causing the needle shield to grab the hub for transmtting torque

t hrough the hub. Al so, the structure for engagi ng t he needl e shield
and the hub may be sufficiently strong that, in certain configurations, a
flexible sidewall will not be necessary 40 _apply torque fromthe needle

shield to the n 5 hub. Structuré on the needl e shield for engaging
the hub may i ncefaél—uﬁgaieri es of inwardly proj ecting | edges,

preferably having serrgted or otherwse roughened distal ends, for
contacting the hub and§qu%I Nee su\i%BQﬁ dayer ri cMRomatiof or ceHpbkA fra)
rotational force applied D() thd B0l d is trapsferred effjciently to
t he hub. . HuB( 8 incl Ud8§ mi mal ra'ﬁ;ed portio 32 and.

di stal raised portion 233 this 10" odi ment< ' di stal rai“sed portion

233 has a chanfered surfalB3ko that tNdBO§I ar (not21 shoif) may be
easily installed over neeg(,p) cover 23§rﬁB@3i_ nt o recggs 234 by sﬁd di ng the
D(5) 6dBOs 21 20
D(6) B0z 20 20
Dé7) DyBO3 20 . 20
D(8 - Y BO3 22 20
_D(9 HoBO3 20 20

- D(10) BBO; 20 20
D(11) - - CaBO3 21 20
D(12) SrB03 21. 20

Sample No. ~ ABO3 layer MR ratio Hp(kA/m
E(1) ‘ LGBOg 28 . p(40/ ) .
E(2 PrBO3 27 35
E§3 NdBO3 27 40
E(4) - SmBO3; - 28 45
E(5) GdBO3 27 30
E(6) TbBO3 26 .30

| E£7) DyBO3 26 30 -
E(8) Y BO3 28 45
E(9) HoBO3 26 35
E(10) BiB03 26 35
E(11; ‘ - CaBO3 27 35
E(12) SB0s . 27 3B -

Sample No.  ABO3 layer MR ratio Hp(kA/m
F(1) LGBO:’Z, 29 p(45/ )
F(2 PrB03 28 - 40
F(3) NdBO3 - 28 45
F(4) SmBO3 29 | 50
F§5) GdBO3 28 35
F6) ToBO; . . 27 35
Fé7 DyBO3 27 35
F(8 Y BO3 .29 50
F(9 HoBO3 27 40
F(10 BiBO3 27 40
F(11 CaBO03 28 40

F(12) SrBO3 28 40



collar over the needle shield, forcibly past the chanfered distal raised
portion 233 into recess 234. Fig. 12 illustrates
anot her alternative needle shield assenbly of the present invention. 15
This alternative needle shield assenbly functions simlarly to the needle
shiel d assenbly of Figs. 1-8. Altgrnative needle shield assenbly
300, like the needle shield assenbly of gs. |- .8, includes a
needl e cannul a 321, a hub 328 which includes a base nenber 330, a needle
cover 337 and collar 341 rotationally connected to the hub so that the
collar can be rotated As caarben@nnneqmﬂtedmfnqmn@k@erﬁéehte shrwndings

s pivotably congpigdst Oaflkereddiy  1EAYSMR Hht1diciip b bothitricl Wihi N

the purvi ew of present énbodi nent t base menber can
separat e eIenentaatM&ﬂﬂﬁ?%@ﬁtﬁ@cﬁﬁéluglm?rﬁ%h%dgxé@EéﬁlﬂiiFk@ePFSEGP§ or

integrally in’fr@ﬁ%?gnaswﬂi‘éﬁ 1244 thist Been E@allelrzé&lw 3N asneeﬁ@hbﬁt

recei ving recess the the present nbodi ment has an annu
f1 ange 335.5 The PBtHBlGﬁ&ﬁ°@§nne@hiﬁquQQR¥§1YRHW%Id@ﬂltathe fact that

the magnetization direction of the pinned layer 3 is well

fixed by a large pinning effect of the pinning layer 2

shown in Figure 3B, thereby achieving satisfactory

magnetization antiparallelism between pinned layer 3 and
10 the free layer 5

The sample devices D(i) showed to have slightly
smaller MR ratios and small Hp values. This is due to
the use of IrMn for the upper pinning 1ayer. ﬁowever

15  the sample devices D(i) are advantageous in that it is
relatively easy to form the upper lead section (13 in
Figure 4) of the MR deirice section when producing an MR
head since the upper layer is a metal layer.

20 - Example 6 :
A yoke type head, as illustreted in Figure 8, was
produced while using the sample MR device F(8). An Al-O
super thin film about 2 nm thick produced by a plasma
oxidation method was used for the insulation film sec-
25 tion 82 in the structure illustrated in Figure 8.
A Co-Nb-Zr-type amorphous alloy layer having a
high transmissivity was used for the yoke section 8l. A
comparison was made between the output of the yoke-type
30 MR head of this example and that of a comparative MR head
B(0) of Example 3 shown in Table 2. The comparison
showed that the output of the yoke-type MR head of this
example was increased by'about +3db from that of the



hub 328 is affected by engagenent of annular flange 335 with annul ar recess
336 inside 25 col lar 341. One of the inportant features of
the present invention is that the needle shield and collar can be
assenbled to the hub after the needl e cover has been installed, thereby

16 - elimnating any potential for damaging the sharp needle tip
during installation of the collar - ahd needl e shield assenbly. One
way to manufacture the needl e shield assenbly of the

comparative MR head.

‘The exchange coupling film employing a pinning
layer made of an oxide of the present invention can
5 provide a large pinning magnetic field. Moreover, the MR
device employing the same can provide a large MR ratio
and a large pinning magnetic field as compared with those
provided by the conventional MR device, thereby realizing
an MR head having a high output and stable characteris-
10 tics. '

. Various other modifications will be apparent to
and can be _readily made by those skilled in the art
without departing from the scope “and 'spirit of fhis

15 invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the
description as set forth herein, but rather that the
claims be broadly construed. '



present invention is to attach base nenber 330 to hub 328 using one of the

many manuf acturi ng processes descri bed herei nabove. The needl e
cannula is then assenbled to 5 the hub using a variety of known
met hods for securing the proximal end of the needle cannula to the

distal end of the hub with epoxy adhesive being preferred. The needl e
assenbly conprising the hub which includ® the base némber, i ntegr al
formed or separately attached, and the needle cj t“ﬂumiimml Tll“l
assenbled to the renovabl e needl e : cover. At thi At .
process, there ewnatrsigs conemed mgedl e assenbly wherein the o needl| e
cannula is protected fromdanage and its cleanliness is maintained by the
needl e cover. The needl e assenbly nay be sterilized before further
aﬁsenblélinLObabiLnﬁﬁheﬁghangﬁ coﬁF?ﬂngtfimm,Ebegpﬁﬁb?ngnayfbrrbmhgn?tﬁﬁ

t he needl e hu advanci.ng the co over e.dista ; .end of the
needl e cover, pr%??ﬁﬁlP?qﬁ%iqlﬁﬂﬁﬂﬂ:#a¥?ﬁn8_1995%ﬁnﬁ&ﬁ¥%9%$aﬁ$eg88tact

surface 342 with the ferromagnetic layer for pinning a magnetization
direction of the ferromagnetic layer, the pinning layer

comprising an (AB){kflayer, wherein:

O denotes an oxygen atom;

'2.8<x<3.2; and '

a value t as defined by:

.t = (Ra+Ro)/(¥2+(Rb+Ro)) _
(where Ra, Rb and Ro denote the ion radii of-_

the atoms A, B and O, respectively)
satisfies 0.8<t<0.97.

2. An exchange coupling film according to claim 1,
wherein the (AB),0, comprises an antiferromagnetic layer.

3. An exchange coupling film according to claim 1,
wherein the atom B of the (AB)0, layer comprises a
transition metal atom.

4. An exchange coupling film according to claim 1,
wherein the atom B of the (AB),0, layer comprises an Fe

atom.

5. An exchange coupling £film according . to claim 1,
wherein the atom A of the (AB),0, layer comprises a rare
earth atom.

6. An exchangé coupling film' according to claim 1,
wherein the atom A of the (AB),0, layer comprises an alka- .
line-earth atom.



on the collar. The chanfered surface is provided to allow the annul ar
flange to spread the 15 collar slightly so that annular flange 335 can
shap into annutar Tecess 336 in the collar. The needl e shield may

now be pivoted ﬂ“[ﬁ““gte posi ti on described herei nabove, and
packaged and S m‘“‘“m&m hed to a hypoderm c syringe and packaged
and sterilized. St e¥il% zati on ehA be acconpl i shed by gas
sterilization such as ETO or radi ation sterilization. When usi ng
gas sterilization the package can be made of one hundred percent breathable

20 material or7atAheaskchaikgeoneoaplinge @filhreatbakbgngat ebi ablaumh 16;5 a

bl i st k th | abl.e, breat habl e to
surface o necostaryefn the, piBRinEndaysr Conbrideq K| tourrey provetyea §

radi ati on sterilofathen(AByLopleyeralEnd amnmMiesyenn be used but

are not necessary. Preferably, a quantity of packaged needl e shield
assenbl i es or packaged needl e shield assenblies attached to devices
such as a syring®. ahe pésmchange acouplingt efil®5 acebrrdpay atd seabdm 7,

before the Stef'&héééiﬁ”tﬂé°?£§§g) layer is provided in contact with the
ferromagnetlc layer.

9. An exchange coupling' film according to claim 1,
wherein the pihning layer comprises a layered structure
of the (AB),0, layer and an Fe-M-O- layer (where M = Al,
-Ti, Co, Mn, Cr, Ni or V).

10.'An exchange coupling film according to claim 9,
wherein the Fe-M-O layer comprises. an (Fe, ,M,),0; layer
(where M = Al, Ti, Co, Mn, Cr, Ni or V, and 0.01<x<0.4).

11. A magnetoresistance' effect device, comprising a
substrate and a multilayer film, wherein:
the multilayer film comprises at least two
ferromagnetic layers, a non-magnetic layer and a pinning
layer for pinning a magnetlzatlon direction of the
ferromagnetic layer, _
the ferromagnetic layers are deposited wvia the
: non—magnetic layer interposed therebetween;
at least one of the ferromagnetic layers is a
pinned layer whose magnetization direction is fixed by
the pinning layer which is provided in contact with the
one of the ferromagnetic layers on an opposite side of
another one of the ferromagnetic layers with respect to
the non-magnetic layer:; .
at least one of the ferromagnetic layers is a
- free layer whose magnetization direction is allowed to



It should be noted that throughout the specification the collar has been

descri bed as havi ng an aperture of 360[err] in duration. It is
wi thin the purview of the present invention to
17 have an aperture | ess than 360[err] and greater than—186fer+}—in

duration which will be sufficient for 5 the colla ' Iy
attached to a hub. Fig. 13 illustrat es”afalTternative Hmmﬁm ‘Lm‘vmﬂ

needl e shield assenbly 400 which functions substantially Tdentl s t he
enbodi ment of Figs. 1-8. However, in this enbodinent, collar 441 is

sem -circul ar shzpsateafreglym

a change in an angle between the magnetization
direction of the pinned layer and the magnetization
direction of the free layer causes an electric resistance
of the device to vary; and

| the pinning layer comprises an (AB),0, layer,
wherein:
O denotes. an oxygen atom;
2.8<x<3.2; and .
a value t as defined by:
t = (Ra+Ro)/(¥2+(Rb+Ro)) |
(where Ra, Rb and Ro denote the ion radii
of the atoms A, B and O, respectively)
' satisfies 0.8<t<0.97.

12. A magnetoresistance effect device according to
claim 11, wherein the pinning layer comprises a layered
structure of the (AB),0, layer and an NiO layer.

13. A magnetoresistance effect device according to

claim 11, whérein the'pinning layer comprises a layered

structure of the (AB),0, layer and an Fe-M-0 layer (where
M = Al, Ti, Co, Mn, Cr, Ni or V). |

14. A magnetoresistance effect device according to
claim 11, wherein the atom B of the (AB),0, layer compris-
es a transition metal atom. '

15. A magnetoresistance effect device according to
claim 11, wherein the atom A of the (AB),0, layer compris-

es a rare earth atom. -

16. A magnetoresistance effect device according to



5 aperture 442 of less than 360[err] and greater—thanm I80[err] in
duration. Collar 441 can be assenbl ed a edl e cover
and onto the needl e hub using nethods descri beﬂl“l“ﬂ"'ﬂ“ﬂ”u"mm Al so,

i t* may be assenbl ed by noving said collar horizontal |y téwafd Sald hub

and snappi ng the aperture over the appropriate structure on the needl e hub.
In either case the alternative™ |"e shield and col | ar 400

mai ntai ns the inportant advantage of the present 10 invention that collar

and needl e shield may be assenbled to the needle hub after the needle
cannul a and needd:bai:mvlal helverdixe nthe sitadm &l of the (AB),0, laykelr campibésseen

that the present §n5¥ﬁﬁa§ﬁﬁvé§§§h a%gbL cont ai ned needl e shield

assenbly and a &Y h rern e needl e shield can be positioned
in the needl e shi el di ng position using a one-handed procedure and

t he needl e shi el 7au£onmggﬁ§%#%e%gg%3nbg ¥$%e neegf§5u§?shégégfagngos%5|on

so that the needle i's una used.
assenbly of the gptesanll rherebn AB of bhev(dB3,Qt Layeyrcomprises da; iy

cleanliness of ti§ 4¢y<0.6).

18. A magnetoresistance effect device according to
claim 11, the atom A 6f the (AB),0, iayer comprising an A'
atom or an A" atom, and the atom B of the (AB),0, layer
comprising an B' atom or an B" atom, wherein:

the A' atom comprises a rare earth atom;

the A" atom comprises an alkaline-earth atom;

the B' atom comprises an Fe atom; and

the B" atom comprises an Ni or Mn atom.

19. A magnetoresistance effect device according to
claim 18, wherein:

the A' atom comprises an La atom;

the A" atom comprises an Sr atom;-'

the B' atom comprises an Fe atom; and

the B" atom comprises an Ni atom. '

20. A magnetoresistance effect device according to
claim 11, wherein the free layer comprises two or more
magnetic films deposited wvia the non-magnetic layer
interposed therebetween.

21. A magnetoresistance effect device éccording to
"claim 11, wherein the pinned lajer comprises two magnetic
layers having an antiferromagnetic exchange couplihg
therebetween via the non-magnetic layer interposed therebetween.



needl e until the needle is first used. The present invention also provides

a self-contained needl e shield assenbly which allows the needle to
be used tw ce,—once for wthdraw ng medi cation into a syringe and
then for injecti ' iBRpIIiMEOC a patient, while providing 20 means
for preventing tll“lllmummumanl ng of the needle shield until the final
use by prévefiti hg ¥ hes needl e shi e#d from bei ng pivoted into the
closed position while the needle cover is installed. The present

i nvention al so provides the advantage that the needle shield can be

rotated with respect At omblgfetendsddtidhce tdpfedtic deeilbe shtebiding beo
oriented with T pech to.a needl e cannula which has a sharpened
bevel ed tip haviﬁéaémbzi | ¥GeE ce. 25 The advantage being that the
needl e shield can be rotghedmud tillayeanecimel ssss tanefhest| pinning lageenbl y

wthout o Rk eRE T R FavBRce 4 Gheeite NesaraoBRrPa 1 I
t he present invefiervompgoeitdes firke layer, a second non-magnetic layer, a
second pihned layer and a second pinning layer which are
depdsited in this order on the substfate;
"the first pinning layer fixes a magnetization
direction of .the first pinned layer;
the second pinning layer fixes a magnetization
direction of the second pinned layer; and
‘the first pinning layer comprises the (AB),0,
layer.

. 23. A magnetoresistance effect device:  according to
claim 22, wherein the second pinning layer comprises a T-
Mn (where T = Ir, Pt, Pd, Rh, or Ni).

24. A magnetoresistance effect device according to
claim 22, wherein the second pinning layer comprises the
(AB),0, layer.

25. A magnetoresistance effect device according to
- claim 22,-whe:éin the first pinning layer or the first
-and second pinning layers comprise a layered structure of
the (AB),0, layer and an NiO layer.

26. A 'magnetoresistance effect device according to
claim 22, whereih the first pinning layer or the first
and second pinning layers comprise a layered structure of
the (AB),0, layer and an Fe-M-0 layer (where M = Al, Ti,
Co, Mn, Cr, Ni or V). |



18 advant age of not having |nterrred| ate el enments separating the
needl e hub from-the—ftuid— handl i ng devi ce, such as a syringe, which

can wast e nedi ning the fluid pat h, and maki ng t he
eritire assenblmi]w ﬁ ﬂﬁi tlF. bly nore difficult to use. 5 |
* c L M S *

- 48 -

27. A magnetoresistance effect device according to
claim 26, wherein the Fe-M-0 layer comprises an (Fe,_M,),0;
layer (where M = Al, Ti, Co, Mn, Cr, Ni or V, and
0.01<x<0.4). '

28. A magnetoresistance effect device according to
claim 22, wherein the atom B of the (AB),0, layer compris-
es an Fe atom.

29. A magnetoresisfance effect device according to
_ cla:.m 22, whereln the atom A of the (AB).,0, 1ayer compris—
es a rare earth atom.

30. A magnetbresistance effect device according to
claim 22, wherein the atom A of the ( AB),0, layer compris-
es an alkaline-earth atom. '

31. A magnetoresistance = effect device according to
claim 22, wherein AB of the (AB),0, layer compr:.ses Lal_,Fe,
(0. 4<y<0 6). '

32. A magnetores_istance effect device | according to -
claim 22, the atom A of the (AB),0, layer comprising an A'
atom or an A" atom, and the atom B of the (AB),0, iayer
comprisihg an B' atom or an B" atom, wherein:

the A' atom comprises a rare eari:h atom;

the A" atom comprises an alkaline-earth atom;

the B' atom comprises an Fe atom; and

the B" atom comprises an Ni or Mn atom.

33. A magnetoresistance effect -device according to
claim 32, wherein: '
the A' atom comprises an La atom:



VWHAT IS CLAI MED | S: 1. A needl e shield assenbly having a

si ngl e- use cannula,Lo@k.coanLsLng a needl e cannul a havi ng
a proxi mal end, and a | unen therethrough 5 defining a

| ongi t udi nal axi !1 g ll!ﬁiﬂ | a hub having a proximal end for
connecting to a f |ce and.a distal end connected to
said proxi mal end of said needle cannurl a; 9 a collar rotatably

connected to said hub so that said collar can be rotated around

the A" atom comprises an Sr atom;
the B' atom comprises an Fe atom; and
the B" atom comprises an Ni atom.

34. A nmagnetoresistance effect device according to
claim 22 whereln the free layer comprises two or more
magnetic films deposited via the non-magnetic layer
interposed therebetween.

35. A magnetoresistance effect ,device according to
claim 22, wherein the pinned Iayer comprises two magnetic
layers having an antiferromagnetic exchange coupling
therebetween via the non-magnetic layer interposed
therebetween. '

36. A'magnetoresistance effect head comprising:

a magnetoresistance effect device according to
claim 11; and '

a shield gap section for insulating'the magnetor-
esistance effect device and the shield section from each
other.

37. A magnetoresistance effect head, comprising:
a magnetofesistance effeet device according to
claim 22; and |
a shield gap section for insulating thefmagnetor-
~ esistance effect device and the shield section from each
other.

38. A magnetoresistance effect head, comprising:

a magnetoresistahce effect device according to
claim 1i; and

a yoke section for introducing into the magnetor-



said hub; 10 an elongate er renovabl y engagi ng
said hub and covering said n [ﬂ an el ongate
acprm

needl e shield having a distal end an hi ngedly connect ed

to said collar, said needle shield |nclud|ng tmo side walls defining a

| ongi t udi nal openi ng and a back || between said side walls
defining a recess having an interior surf%ice, said needle 15 shield
capabl e of pivoting froman open position wherein said needle cannula is
exposed, to a closed needle protecting position wherein said needle
cannul a i s wthieststantengffedtndévice a magnetihg fieidi Honbeddetebtelid,
means for preventing said needle shield frombeing pivoted into said cl osed
position whil e said needl e cover is engaging said hub; 20

means for | ocki n3dsahdnagretershistdnce efifect beed ,neediperisisgsct i ng

posi tion when a magnetoresistance effect device according to
claim 22; and-

a yoke section for introducing into the magnetor-

esistance effect device a magnetic field to be detected.

. 40. A.method for producing an exchange coupling film, the
method comprising the steps of:
heating a substrate to a temperature of about
300°C or higher; and _
~ depositing the exchange coupling £film by a
sputtering method using an Ar gas at a pressure of about
2 mTorr or less. |



said needle shield is pivoted into said closed position, said nmeans for

| ocki ng i ncl udi ng needl e cannul a | ocking neans for trapping said
needl e cannula in said |ongitudinal opening of said needl e shield.
25 2. The needl e shield assenbly of Claiml wherein said
needl e cannul a | ocki ng neansiruﬂg@e§ an arm projecting fromsaid
Interior surface of said needle shield,”said arm havi ng a transverse
portion at its free end including a | edge positioned so that when said

ABSTRACT OF THE DISCLOSURE

EXCHANGE COUPLING FILM, MAGNETORESISTANCE
EFFECT DEVICE, MAGNETORESISTANCE EFFECTIVE HEAD
AND METHOD FOR PRODUCING EXCHANGE COUPLING FILM

An exchange coupling film of the present
invention includes a ferromagnetic layer and a pinning
layer which is provided in contact with the ferromagnetic
layer for pinning a magnetization direction of the
ferromagnetic layer, the pinning layer including an (AB):Ox
layer (see FIGURE 1) wherein: O denotes an oxygen atom;

2.8<x<3.2; and a value t as defined by:

t = (RatRo) / (V¥ 2 * (Rb+Ro))

(where Ra, Rb and Ro denote the ion radii of the
atoms A, B and O, respectively)

satisfies 0.8<t<0.97



20 needl e shield is pivoted to said closed position, said needle

cannul a snaps past said transverse portion and is trapped in said
needl e shield by said | edge. 3. The needl e shield
assenbly of Claim2 wherein said arm projects outwardly 5 fromsaid
back wall into said recess. 4. The needl e shield
assenbly of Claim2 wherein said needl e cannul a | ocki ng nmeans

i ncl udes an inclined wall having a surface for urging said needl e cannul a
toward the. center of said |ongitudinal opening as said needle shield

is being rotated into said closed

FIG.1
/10

3 F erromdgnetic layer
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~—1 Substrate
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10 posi ti on. _ 5. The needl e shield assenbly of Claimi4
further including a second inclined wal | opposed fromsaid inclined
wal | positioned so that when said needle shield is in said cl osed
position said needle cannula is between said inclined wall and said second
inclined 15 wall. 6. 1 _-The needl e shield assenmbly of
Caiml wherein said neans for preventing i ncludes at |least a
portion of said side walls being fornmed so that said | ongitudi nal opening
is smaller. than said needl e cover so that said needl e cover nust be renoved
before said 30 needl e shield can be pivoted to said closed position.

FIG.1
/10

5 Ferromagnetic layer
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7. The needl e shield assenbly of Caim1 furt

rel easably

retaining said needle shield i

8. The needl e shield assenbly of Claim7 wher

rel easably

retai ning said needle,shield i

includes a projection on said collar ‘enfJages
said needle shield is pivoted to said open p05|t|on
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9. The needl e shield assenbly of Caim7 wherein the |ongitudinal

the needle shield is positioned between about 90[err] to
180 from said | ongitudinal axis of said needl e cannul a when sai d
needl e shield is in said open position.3 5

openi ng of

shield assenbly of Caim1l further

10. The needl e

i ncl udi ng means for rel easably

retaining said needle shield in an internediate position between said open

position and
shi el d assenb

gG 34 cl osed position.
10 wherein said neans f

retaining said needle shield in said |nterned|3f
protrusion on said needle shi el d whi ch &gages sai d needl e cover.
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12. The needl e shield assenbly of aim1l wherein said distal end of said

needle 15 cannul a i ncludes a sharp tip. 13. The
needl e shield assenbly of Claim 12 wherein said sharp tip is bevel -

shaped having a bevel surface. 20~ 4 - 14. The needl e shield
assenbly of Claim 13 wherein said bevel surface faces the sane side
of said collar as said needle-shield when said needle shield is in said
open position. 15. The needl e shield assenbly of Caiml
wherein said collar and said needle shield are connected by a living

hi nge and made of a unitary one-piece construction.
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25 16. The needl e shield assenbly of Claim1 further

i ncluding a syringe barrel having a distal end, a proximl end and a
circular side wall therebetween defining a chanber

22 for retaining fluid and a lengdgi tadinal axis, said distal end of
said syringe barrel being connected to said hub so that said |unen

in said needle cannula is in fluid communi cation with said chanber.

FIG.5




5 17. The needl e shield assembly of Claim | further including

means for applying torque to said hub to facilitate the installation
and renoval of said needle shield assenbly and a fluid transfer. .. -
devi ce. 18. The needl g shiel d assenbly of Claim 16 mhereln
sai d_hub and said syringe 10 barrel are made of a unitary one-piece
construction. 19. The needl e shield assenbly of daim 1
wherein said collar includes a circul arly-shaped aperture of greater
than 180[err] but less than 360[err] in duration surrounding sai d

hub. 15
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20. A needl e shield assenbly having a single-use cannul a | ock conpri sing:
a needl e cannul a having a proximal end, a distal end and a | unen

t her et hr ough defining a longitudinal axis, said distal end of said
needl e cannula including a sharp tip; - 7 - a hub having a proxi ma
end for connecting to a fluid transfer device and a distal end 20
connected to said proxinmal end of said needle cannul a; a
collar rotatably connected to said hub so that said collar can be rotated
around sai d hub; an elongate rigid needl e cover

rel easably engagi ng said hub and covering said needl e cannul a; 25
an el ongate needl e sk kng a distal end and a proxinmal end hingedly
connect ed to zg?kgkg?ﬁgr, sai d needle shield including two side
wal | s defining a | ongitudi nal opening and a back wall between said
side walls defining a recess havi ndntperior{gurface, said needle
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23 shi el d capabl e of pivoting froman open position wherein said

needl e cannula i s exposed, to a closed needle protecting position
wherein said needle cannula is within said | ongitudinal openi ng of
sai d needl e shield; at Tedst—a portion of said |ongitudina

openi ng being smaller than said needl e cover 5 so that said needle
cover nust be renoved before said needle shield can be pivoted to said
cl-osed position;
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said needle shield including an armprojecting fromsaid inside surface of
said needle - shield, said armhaving a transverse portion at its free
end including a | edge positioned so t hat when said needle shield is
pivoted to said closed needle protecting position, said needle 10

cannul a snaps past said transverse portion and is trapped in said needle
shield by said | edge to lock said needle shield in said closed

posi tion.
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