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100031 Afler packaging, the IC may then be placed on a circuit board with other
components, including passive components such as capacitors, resistors, and inductors,
which can be used for fltering and other Rmetionality, For example, in the case of a
magnetic feld sensor integrated clreult containing & ragoetic field sensing element,
components such as capacitors are often required to reduce noise and enhance EMC

{electromagnetic compatibility).

TO0041 Magnetic field sengors inchuding & magnetic fleld sensing element, or transducer,
such as a Hall Effect clement or 8 magnetoresistive clement, are used in a varlety of
apphcations to detect aspects of movement of a ferromagnetic article, or target, such as
proximity, speed, and divection. [Hustrative applications include, but ave not limited to, a
magnetic switch or “proximity detector”™ that senses the proximity of a ferromagnetic
article, a proximity detector that senses passing ferromagnetic articles (for example,
magnetic domains of a ring magnet or gear toethy, & magnetic Held sensor that senses a
magnetic Seld density of a magnetic field, and a corrent sensor thal senses & maguetic
field generated by a current flowing in a current conductor. Magnetic fleld sensors are
widely used in automobile control systoms, for example, to detect ignition timing from a
position of an engine cravksha®l andfor camshafl, and to detect 3 position andfor rotation

of an muomobile wheel for anti-lock braking systems.
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which is also assigned to the Assignes of the subject application and in which a
concentrator or magnet may be formed by & Honid encapsudant or 8 combination of a
Hguid encapsulant and permanent magnet in a cavity on the side of the sensor opposite

the target.

TO008T While the use of 2 back bias magnet is advantageous in certain applications, the
hard magnetic material used to form the magunet s relatively expensive and represents a

significant part of the oversll cost of the sensor.

[O009] There are many package types and fabrication technigues in use for providing
integrated circuit magnetic fiold sensors. For example, the semiconductor die in which
the magnetic Seld sensing element is formed may be attached to a lead frame by various
techivigques, such as with an adhesive tape or epoxy, and may be clectrically coupled fo
the lead frame by various technigues, such as with solder bumps or wire bonding, Also,
the lead frame may take varipus forms and the semiconductor die may be attached to the
fead frave in an orientation with the active semiconductor surface (Le, the surface in
which the magnetic field sonsing slement is formed) being adiacent {o the lead frame ina
so catled “fHip-chip” arrangement, with the active serniconductor surface opposite the
lead frame swrface in a so called “die up” arrangement, or with the semiconductor die

posttioned below the lead fame in 8 so cslled “Lead on Chip” arrangement.

[00107 Molding ie often used in fabricating integrated cirauit magnetic field sensors to
provide the protective and olectrically insulative overmold o the semiconductor die,
Transfer molding has also been used to form two different molded portions for various
reasons. For example, in a ULS, Patent No, 7,816,772 entitled “Methods and Apparatus
for Mudti-Stage Molding of Integrated Cirenit Package™ which is assigned to the
Assignee of the subject application, a first molded structure is formed over the
sentconductor die to protect wive bomds and the device is overmolded with @ second
molded structure formed over the first molded strocture. In 2 ULS. Palent Application
Publication No., 2008/0140725 entitled “Integrated Circuit Including Sensor having
Injection Molded Magnetic Materisl)” an injection molded magnetic material enclosss at

least a portion of a magnetic field sensor,
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SUMMARY OF THE INVENTION

(00121 A magnetic field sensor inchudes a lead frame having a plurality of leads, af loast

two of which have a connection porfion and a die attach portion and 2 semiconductor de
attached to the die alfach portion of the at lesst two leads. A non-conductive mold

material may snclose the semiconductor die and the die portion of the at least two leads.

TO0131 A wire bond or other electrical connection mechanism may be used to sloctrically
connect the semiconductor die to the die attach portion of at least one of the leads. In
some emnbodiments, & wire bond is coupled between the semiconductor dicand 8
focation of a lead dle attach portion distal from the respective connsction portion of the
fead. Alternatively or additionally, & wire bond may be coupled between the
semiconductor die and 2 location of the lead die atiach portion proximal o the respective

connection portion of the lead

100141 A passive component may be coupled 1o at least two of the plurality of leads, In
some embodiments, the passive component is coupled to the die attach portion of at least
two leads. One or move passive components may additionally or alternatively be coupled
to the connection portion of at least two leads. In one ilhusirstive example, the passive
component is a capacitor, but other types of passive components, such as resistors,

inductors, and dlodes as examples, ave possible,

TH015] According to a fether sgpect, at least one lead has a first portion that is separated
from a second portion of the lead and the magoetie Held sexwor fwrther inchudes a passive
component coupled between the first portion and second portion of the lead. With this
arrangement, the passive component is electrically coupled in series or “in-line”™ with the
respective lead, In one illustrative example, the passive component Is a resistor, but other
tvpes of passive components, such as capacttors, tnductors, and diodes as examples, are

possible,



4o
o

-y

W

WO 2013/142112 PCT/US2013/030112

{0016} Additional described features include one or more slots in the die attach portion
of at least one of the plurslity of leads, one or more widened portions of the connection
portion of at least one of the phurslity of leads, and a forromaguetic mold materisl

secured o a connecton portion of at least one of the leads.

{00171 A magnstic ficld sensor includes a lead frame having 3 plurality of leads, at least
fwo of which have a connection portion snd a die attach portion, a semiconductor die
attached to the die attach portion of the at least two eads, and at least one wire bond
coupled between the die and a fivst surface of the lead frame, wherein the die is attached
o a second, opposing surface of the lead frame. A non-conductive mold material may

enclose the semiconductor die and the dle attach portion of the at least two leads.

JG018] The die attach portion of the at least two leads may be configired to oxpose s
portion of the die to which the al least one wire bond is coupled. For example, the die
may ncluds at least two bond pads disposed between and exposed by the configuration

of the die attach portion of the at least two leads,

{00191 A passive component may be coupled o at feast two of the plurslity of leads, In
some embodiments, the passive component is conpled to the die attach portion of at least
two leads. One or more passive components may additionstly or alternatively be coupled
{0 the connection portion of at least two leads. In one Mustrative exarople, the passive

component is a capacitor, but other types of passive components, such as resistors,

inductors, and diodes, and passive networks, as examples, are possible,

00217 The foregoing features of the invention, ss well as the invention itself may be more fidly

understood from the Hllowing detailed deseription of the drawings, in which:
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[0036] The connection portion 34, 36 of the leads extends from a first end 34a, 36z
proximate to the respective die portion 24, 26 1o 8 second, distal end 34b, 36b distal from
the die portion. CGenerally, the connsction portion 34, 36 of the leads is clongated and i3
suttable for making electrical conmection to slectronde systams and components {not
shown) outside of the integrated cireuit package, such a3 a power sowree or
migrocontrolier. For example, in the case of 8 through hole connection to a printed
civouit board, the distal end 345, 36b of the connection portons is provided in form of a
pin suitable for a solder connection $o a cirouit board through hele. Altemnatively, in the
case of g surface mount connection, the dstal end 34b, 36b of the connection portions
will inchude a surface mount pad. Ancther embodiment may include & wive soldered or

otherwise connected to the connection portions 34, 38,

(30377 The lead frame 10 has tie bars 46, 47, 48 that ave provided o hold the leads 14,
16 together during manufacture. A frst tie bar 46 is positioned near the die portion 24,
26 of the leads and the frst end 344, 36a of the connection portions and & second He bar
48 is positioned near the distal end 34b, 36b of the connection portions 34, 36, as shown
Another tie bar portion is shown at 47 at the opposife side of the die portion 24, 26 fom
the lead ends 34a, 34b. In addition to facilitating manufacture, the tie bar(s) can also
serve o protect the leads during handling, for exsmple, by maintsining coplanarity of the

slongated connection portions 34, 36,

FOO38] An additional feature of the lead frame 10 includes extended vegions 5O that
gxtend beyond the distal ends 34b, 36b of the lead conmection portions, as shown. These
regions 5O may be molded with plastic to help maintain lead co-planarity with electrical

isolation.

[00397 The connection portion 34, 36 of the leads 14, 16 may have widened regions 38
in order fo further facilitate handling of the integrated cfrcudt during assembly and
improve the strength of the leads. The illnstrative widened regions 38 extend slightly
outward along a portion of the length of the connection portions in a divection away fom
the adiacent lead as shows, in order to maintain & desived spacing between the leads, It
will be appreciated that the widened reglons may have varioos shapes and dimensions to
facilitate I inteprity during handling and assembly, or be eliminated in other

7
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embodiments, and may extend in 8 direction toward the adjscent fead{s) as long as the

desired spacing between leads is achieved.

[0040] The lead frame 10 may be formed from varions conventional materials and by
various conventional technigues, such as stamping or eiching. As one example, the lead
frane 19 is a NiPdAw pre-plated lead frame. Other sudtable materials for the lead frame
melode but are not Hmited o alumimun, copper, copper alloys, Htaniom, fungsten,
chromdum, Kovar™, nickel, or alloys of the metals. Furthermore, the lead and lead fame
dimensions can be veadily varied o suit parficular application requirements. In one
iHustrative example, the leads 14, 16 have  thickness on the order of 0.28mm and the
connection portions 34, 36 are on the order of 10mm long. Typically, the lead frame 10
which will be used to form a single infograted olroudt, 8 Brmed {o.g., stavaped) with a
phurality of other identical or similar lead frames in a single stamping process for
example, and the lead frames 10 separated during masmfacture for formation of

individual integrated circuits.

{00417 Referring also to FIGL 2, at a later stage of manufacture, a semiconductor die 40
can be attached to the lead frame 10, Thus, the lead frame 10 does not have a
conventional contignous die attach pad or area to which the die is attached, but rather the
dig is attached to die portions 24, 26 of at least two leads 14, 16 and thus {o a non-
contiguous swrface, Accordingly, the lead frame 10 can be referred to as a “split lead
frame” since there is not 8 contiguons die attach surface. The semiconductor die 40 has a
first surface 408 in which a magnetic feld sensing element 44 iz disposed and a second,
oppostug surface 40h, The die 40 may be attached to the die attach portion 24, 26 of the
eads such that the opposing die surface 40b is adiacent to the die aftach portions 24, 26,
in a die op vangement. Alternatively, the serniconductor die 40 may be atlached to the
die attach portion 24, 26 of the leads such that the first, active die surface 40a is adjacent

i the die altach portions 24, 28, in 8 fip-chip arvangement.

[OG421 Various technigues and materials can be ueed to attach the die 44 {o the die attach
portions 24, 26, Since the die 44 s aitached across multiple leads 14, 16, the mechanism
42 for attaching the die fo the lead frame 10 must be a non-conductive adhesive 42, such
as a non-conductive epoxy or tape, such as a K.aig;’mn@ fape, or die sitach lm.

8
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{00437 In addition to the magnetic feld sonsing eloment 44, the die 40 supports other
slectronic components and circuitry, and the sensing slement 44 and other electronic
components supported by the die can be coupled to the leads 14, 16 by various
technigues, such as by solder balls, solder bomps, pilar bomps, or the lustrated wire
bonds 52, If solder balls, solder umps, or pillar bumps are used, the die 40 may be
attached o the die attach portions 34, 26 with the active die surface 40 adjacent to the
ead frame surface 18, a5 in a fip-chip arrangement. In the tllustrative smbodiment of
FIG. 2, the wire bonds are coupled between the die 40 and a location of the die attach
portions 24, 2¢ distal from the respective connection portion 34, 36, While the lead
frame 10 is shown to include twe loads 14, 16, it will be appreciated by those of ardinary

skill in the art that various numbers of leads, such as befween two and eight, are possible.

00447 While the tlusirated die 40 is used to form 8 magnetic feld sensor and thus,
supports at least one magnetic feld sensing clement 44, @ will be appreciated by those of
ordinary skill in the at that the integrated circuif packaging described herein can be used
in connection with other types of integrated circuits. As used herein, the term "magnetic
fleld sensing eloment® is used to deseribe a8 vaniety of slectronic elements that can sense a
magnetic ficld. The magnetic Seld sensing cloment can be, but is not limited to, 8 Hall
affect element, a magnetoresisiance element, or a magnetotransistor. As is known, thers
are different types of Hall effect cloments, for example, a planar Hall olement, a vertical
Hall clement, and a Ciradar Vertical Hadl (CVH) element. As is also known, there are
different types of magnetoresistance elomeonds, for example, 8 semdconductor
magneioresistance slement such as Indivm Antimonide (In8h), & glant magnetoresisiance
{GMR) clement, an anisotropic magnetoresistance element {AMR), a tunmeling
magnetoresisiance {TMR) slement, and a magnetic tonnel junction {(MTF} The magnetic
field sensing element may be a single eloment or, slternatively, may include two or more
magnetic fleld sensing elements arranged in various configurations, e.g., & half bridge or
full {Wheatstone) bridge. Depending on the device type and other spplication
roqpuivements, the magonetic fold sonsing olement may be a device made of a type IV
serniconductor material such as Silicon {(88) or Germanium {(Ge), or a type IV
semiconductor material like Gallium-Arsenide (GaAs) or an Indiom compound, e.g.,

ndinm-Antimonide (InSh}
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{30481 Various techndgues and material are suitable for sttaching the passive component
50 to the leads 14, 18, As one example, the capactior is 2 surface monnt capacitor and
the die attach portions 24, 26 include respective surface moumnt pads, plated areas, or
soider paste regions 28 to which the capacitor 15 attached, as shown. In genersl, the
passive component $0 can be attached to the die attach portions 24, 26 by soldering or

with a conduetive adhesive, such as 3 conductive epoxy.

[00M9] In some embodiments, the leads may have a cufout, depressed, or recessed region
in which a passive component, such as capacttor 68, can be positioned below the suwrface
102 of the lead frame on which the die 40 is positioned, With such an amvangement, the
“active area depth” of the sensor and the entire package thickness iz advantsgeously
reduced as compared to 8 package having a capaciior mounied on the lead frame surface
108, In another embodiment the passive component 60 may be attached to the other side
of the lead frame on surface 10h, Such an arrangement may allow fether reduction of
the active area depth by reducing the thickness of the moeld material above the die. In
other emnbodiments, a passive component may be attached to the opposing surface 10h of
the lead frame 10, Additional aspects of integrated passive components ave desoribed in
g U8, Patent Application Poblication No, US-2008-0013298-A1, entitled “Methods and
Apparatus for Pagsive Attachment of Components for Integrated Clreuits,” which is

assigned to the Assignee of the subject application.

FO050] Referring also to FIG. 3, a packaged integrated civcuit magnetic field sensor 70
containing the lead Hame 10 with leads 14, 16 and the subassembly of FIG. 2 is shown
after overmolding.  During overmolding, a non-conductive mold material 74 is provided
to enclose the semiconductor die 40 and g portion of the leads 14, 16 including the die

attach portions 34, 26,

{00517 The molded enclosure comprising 8 non~conductive mold material 74 may be
formed by various technigues, incloding but pot Hmitted to injection molding,
compression molding, transfer molding, andior potting, from variows non-conductive
mold materisls, such as Sumitomo FOTTO0. In general, the non-conductive mold

material 74 is comprised of 8 non-conductive material so as to electrically isolate and

il
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100521 A nov-conductive mold material 78 is provided to enclose g distal end of the lead

frame 10, beyond the extended regions 50 and the connection povtion ends 34b, 38h, in
order to provide a carrier that can be used o hold the integrated civeuit 70 during
handiing and assembly and also to help maintain coplanarity of the leads. I will be
appreciated by those of ordinary skill in the art that the second enclosure 78 may be
removed prior o connecting the integrated cirenit 78 to a printed civcwit board for
gxample. The tie bars 46, 48 are removed during manufacture in a process sometimes
referred to as “singudation” in order to prevent shorting of the leads and to thereby

provide the packaged magnetic fiold sonsor integrated civeudt 70 shown in FIG. 3.

{0053} Retoming alzso to FIG, 4, the lsads 14, 16 may be bent as shown, depending on
the grientation of the system {e.g., cirenit board) to which the I 70 iy being connected
and the desired orientation of the magnetic field sensing sleroent 44 relative to external
targets being sensed. Notably, the diameter “d” (as defined by 8 cirele enclosing the non-
conductive mold material 74) s small, such as on the ovder of 6.0num to 6.5mm in one
illustrative embodiment and more generally between spproximately 5.0 and 7.0mm,
Thiz small velune/diameter package 18 atiributable at least in part {o the split lead frame
design. In other words, because the die 49 is attached across die attach portions 24, 26 of
muitiple leads, a contiguous, generally larger aves dedicated for attachwment of the die is
not required. The described package svstem includes one or mors passive components,
such as capacitor 80, which may form a passive network {o reduce the overall size of a
sensor system when comnpared {o a package that requires an extornal attachment of the

passive network that fypleally wounld ceaur on 8 PC board,

[3054] Referring also to FIG. §, an altermative lead fame 100 for use in an inlegrated
giventt fncludes a plurality of loads 114, 116, and 11§, at least two of which {and here, gl
thres of which) inchuds a respective die attach portion 124, 126, 128 and a connection

iz

£4
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porfion 134, 136, 138, The lead frame 100 has g first surface 1000 and a second,
opposing surface 100b (FIG. 8). As will be explained, the die atlach portion 124, 126,

128 of the leads can have a semiconductor die (FIG. 8) attached thereto,

5§ (00831 The connection portion 134, 134, 138 of the leads can be the same as or similar to
the connection portion 34, 36 of the leads 14, 16 of FIG. | and extends from a first end
134a, 136a, 138a proximate to the respoctive die portion 124, 126, 128 10 g second, distal
end 134b, 136h, 138b distal from the die portion. Here again, the connection portion
134, 136, 138 of the leads is generally elongated and 15 suitable for electrical connection

10 o electronic components or systems (not shown) outeide of the integrated oireudt
package, such as by soldering to a printed circuit board, The connection portions may
have wider regions as shown by 38 in Fig. 1 in the connection portions 134, 136, and
138,

15 [O056] The lead frame 100 hag He bars 146, 147, 14¥ that may be the same ag or simdlar
t0 He barg 46, 48 of FIG. | and that are provided {o hold the leads 114, 118, 118 together
during manufacturs. Here again, a fivst tie bar 146 is positioned near the die attach
portion 124, 126, 128 of the leads and the first end 1348, 1362, 138a of the connection
portions and a second tie bar 148 is positioned near the distal end 134b, 1368, 138b of

20 the connection portions 134, 136, 138 as shown, A tie bar portion is shown at 147 at the
oppogite side of the die portion 124, 126, and 128 from the lead ends 134a, 136, and
138h. Bxtended regions 150 that are the sane ax or stimilar to extended regions S0 of

FIG. 1 may be provided,

)
411

{00577 The lead frame materials and fonmation technigues may be the same a8 or similar

to the lead fame 10 of FIG. 1. Thus, as one exampls, the lead frame 180 mavy bea

starnped NiFdAu pre-plated lsad frame,

it
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die is attached, buot rather the die iz attached to de portions 124, 126, 128 of at least two
feads 114, 116, 118, and in the ilustrative embodiment of FIG. 6, s attached to the die
portions of three leads, The die 144 may be attached to the die portions 134, 126, 128
with a non-conductive adhesive 142, such as an epoxy, taps, or 8 combination of epoxy

and fape as sxamples.

G059 Wire bonds, such as wire bonds 132 as shown, or other suitable electrical
gonnection mechanisms, such as solder balls, solder bumps, or pillar bumps ss examples,
can be used o slectrically connect the magnetic field sensing clement 144 and other
slectronic components supported by the die 140 {o the lead frame 100, I solder balls,
solder bumps, or pillar bumps are used, the die 140 may be placed with the die surface
1408 adjacent to the swrfsce 110a of the lead fame 110, as in a Sip-chip srrangement. In
the iHustrative erbodiment of FIG. 6, the wire bonds 132 are coupled between the die
144 and a location of the die attach portions 124, 128, 128 proximsal from the respective
connection portion 134, 136, 138, Here again, while the illustrated die 140 supporis g
magnetic feld sensing clement 144, it will be appreciated by those of ordinary skill in
the art that the integrated circodt packaging described herein can be used in connection
with other types of integrated oircuits or gensors. Furthermore, while the lead frame 100
iy shown o inclode thres leads 114, 116, 11§, it will be apprecisted by those of ordinary

skill i the art that vartous mumbers of leads, such s botween two and eight, ave possible.

{0060] The integrated circuit shown during mamfactore o FIG. 6 includes at least one
integrated passive component, such as a resistor, inductor, capacitor, or dinde, and here
wnclader two capacitors 160, 164 attached {o the lead Hame 100, More particndarly, the
capacitor 160 is coupled across leads 114 and 116 and capacitor 184 is coupled across
feads 116 and 118, Capacitors 160, 164 may be the same as or similar fo capacitor 60 of
FICE 2. In one iHustrative example, capacitors 160, 164 are surface mount capacitor that

arg attached to surface mount pads, solder paste regions, or plated aveas 130

{00611 Referring also to FIG. 7, a packaged integrated civeuit magnetic Seld sensor 170
containing the lead frame 100 with loads 114, 116, 118 and the subsssembly of FIG. 6 &5
shown after overmeolding, During overmolding, a non-conductive mold material 174 that
may be the sawe as or stmdlar to the non-conductive mold material 74 of FIG. 3 1
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provided {o encloss the semiconductor die 140 and a portion of the leads 114, 11§, 118
inchuding the die attach portions 124, 126, 128, Here again, the non-conductive mold
material 174 may be formed by various technigues such as injection molding,
cotnpression molding, travster wolding, anddor potting and from various non-conductive

mold materialy, such as Sumtiomo FGTTO0.

TO062] A non-conductive mold material 178 {s provided to enclose a distal end of the
load frame 100, beyond the extended regions 158 and the connection portion ends 134b,
1365, 138 in order to provide a cavder that can be used to hold the integrated oirouit
during handling and assembly and also to help maintain coplanarity of the leads. It will
be appreciated by those of ordinary skill in the art that the second enclosure 178 may be
removed prior o connecting the integrated civonit 170 to a printed clrouit board for
example. The He bars 144, 148 are removed during manufacture in 8 process sometimes
veferved 1o as “singuiation” in order to prevent shorting of the leads and to thereby

provide the packaged magnetic fisld sensor integrated civenit 170 shown in FIGL 7,

{00631 While not shown in the view of FIG, 7, it will be appreciated that the leads 114,
116, 118 may be bent for assembly, for example in the manner shown in FIG. 3. The
diameter of the molded snclosure 174 is advantageously small as compared to a
conventional integrated circuit in which the die is altached to & dedicated, contiguouns die
attach ares, as explained above in connection with FIG. 4. The described package sysiem
inchudes one or more passive components, such as capacifors 160 and 184, which may
form 8 passive network to reduce the overall size of 2 sensor system when compared to a
package that requires an external attachment of the passive network that typdeally would
gecur on 8 PC board which wounld generally result in a larger diameter of the sensor

assembly.

(00641 Referning also to FIG. 8, an alternative lead frame 200 is shown in which ke
glements of FIGL § are labeled with like reference characters. The lead frame 200 differs
from the lead frame 100 of FIG. § only in the addition of extended regions 204 extending
Iaterslly from the leads at a position along the length of the respective fead connection
portion 134, 136, 138, as shown. The extended regions 304 facilitate additional features
of the integrated cirenif sensor; namely, permitting one or more passive components 1o

i
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emtbodiment i may be desirable to frm an isotropic soff forromagnetic suppression

body without using a magnetic field applied during molding,

[O068] In other embodiments, the suppression device 230 may be formed by a molding
process and is shown to enclose an extended portion 204 (FIG. 81, While lead 114 &
shown in FIG. 8 1o have an extended region 204, it will be appreciated that such
extended region may not be necessary in the case of molded suppression device 230,
Because of the placement of the soppression device on the leads, the mold material
comprising the deviee must be of sufficient resistivity o prevent unwanted slecirical

signals from being passed between the leads,

(0068} The suppression device 230 comprises a ferromagnetic mold material and may be
comprised of a hard or permanent magnetic material, In some embodiments, it may be
desirable for the forromagnetic wold material to have g cosrcivity lavger than s
remanence. [ustrative hard magnetic materials for the suppression device 230 include,
but are not Hivdted to hard magnetic ferrites, SmCo alloys, NdVPelB alioy materials, or
Plastiform® materials of Amold Magnetic Technologies Corp., ot other plastic
compotnds with hard magnetic particles, for example 3 thermoset polyvmer such as
polyvphenyiens sulfide material (FPS} or nyvlon material containing SmCo, NdFeR, or
hard farvomagonetie forrtle magnetic particles; or a thermoset polymer such as
SUMIKONPEME of Sumitomo Bakelite Co., Ltd or similar type of thormoset mold
material containing hard magnetic particles. In some smbodiments # may be desirable to
align the hard ferromagnetic particles during molding to form a more anisotropic or
directional pormanent magnetic material by molding in the presence of 2 magnetic feld;
whereas, in other embodiments, & sufficient magnet may result without ap sligranent step
during molding for {sotropic materials, It will be appreciated that a NdFeB or 2 SmCe
atloy may confain other eloments {o improve temperature performance, magnetic

coercivity, or other magnetic properties usefid to 8 magnetic design.

100701 The suppression device 230 extends from the conmection portion of the lead 114
to surround the lead and thus, extends above and below the connsction portion. While
the device 234 is shown to extend shove and below the lead by the spproximately the
same distance, it will be appreciated by those of ordinary skill in the art that this seed not

17
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00751 The wold enclosure 244 is sized and shaped {0 enclose the passive component
240 and mest other packaging size requiremnents. I will be appreciated by those of
ordinary skill in the art that other variations are possible for providing a passive
component across leads and/or for providing a suppression device. For example, a
farromagnetic bead may be enclosed by a molded suppression device 230 comprising a

nor-ferromagnetic mold material,

13070] In some ernbodiments in which the lead frame inchudes more than two leads, it
may be desirable to bave one or more leads be no connect loads provided for purposes of
passive componont attachment. For example, in the smbodiment of FIG. §, it may be
desirable o have the middle lead 118" be a no connect lead in which case the lead 118
could be iriruned near the enclosure 244 (as shown by the dotied Hues of lead 1168 @
FIG. 9 that illustrates the lead portion that would be removed in such an embodiment).
Such & rimmed embodiment would result in two nsable leads 114" and 11§ for two-wire
sensor applications, although it will be approciated that other number of leads using
similar no connect lead technigues are possible. In one such an embodiment, the passtve
component 164 {(FIG. 6} could be g resistor, the passive component 160 could be s
capacitor, and the passive component 240 could be a capacitor, thershy providing a
different passive network without inoreasing the package diameter. In other
emnbodiments different combinations of resistors, inductors, capaciiors, or diodes

{including zener diodes) may be utilized.

[O077] Referring also to FIG, 10, an alternative packaged magnetic Beld sensor
integrated civeuit 250 inchudes a semiconductor die 252, 2 magnetic feld sensing element
262, and a split lead frame 254, The split lead frame 254 includes leads 266, 388, and
270, at least two of which {and here gl three of which) inchude a respective die attach
portion 273, 274, 276 and comnnection portion 292, 294, 296 (only partially showsn in the
view of FIG. 10).

TOOTE] Here, the die 352 is attached to the top of the lead frame 254 and more
particudarly is attached to die attach portions 268, 268, 270, with a non-conductive
adhesive, such as an epoxy or tape, The leads 268, 268, 270 are electrically coupled to
the die 232 by wire bonds 280, as shown. However, other elecirical connecting

19
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mechandsms, such ag solder balls, solder bumps, and pillar buenps, may be suitable in
embodiments in which the die 252 18 mounted with #s active surface {in which the
magnetic feld sensing elomeont 362 is disposed) adiscent to the lead fame as described

above in a fip-chip type of arrangement.

[GOT9Y The connection portion 282, 294, 296 of the leads extends from a first end
proximate fo the respective die portion 266, 268, 270 1o a second, distal end {not shown}
digtal from the die portion. Generally, the connection portion 292, 284, 296 of the leads
is elongated and is suifable for elscivical connection to slectronic components or sysioms
{not shown} outside of the integrated olrondt package, such as by soldering to a printed

cirenit board,

[OOBOT The sensor 230 further includes at least one integrated passive component, and
here two such components in the form of capacttors 264a, 264h, attached across
respective pairs of die attach portions 272, 274 and 274, 278, The capacitors 264a, 264b

may be the same as or simdlar to capacitor 60 of FIG. 2.

TO081T The mdegrated ctroudt 250 further nclodes 8 passive cotaponent coupled in series,
or “in-ling” with at least one lsad. To this end, a lead die adtach portion 272 includes at
teast two separate portions 272a and 272b and the portions ave coupled together through
one or more passive components 260, More perticuiarly, each of the lead die attach
portions 2728 and 273 has an end that is spaced from and proximate to the end of the
other lead portion, Passive component 260 is coupled 1o both the lead portion 272a and
o lead portion 273b, thereby being electrically connected in series with the lead, Thig
arrangement can advantageously permif series coupling of passive components with one

or move leads,

{00821 The passive component 260 may take various forms, such a3 a resistor, capacitor,
inductor, or dinde as examples, which component(s) is provided for various purposes,
such as to improve EMC performance. In one embodiment, the passive component 260
is a resistor. B owill be appreciated that in smbodiments in which the passive component
264 is a capacitor, AC voHlages can be applied. Also, it will be appreciated that while
orly one lead is shown to have an tn-lins passive component 268, the sawe or a different

20
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type of passive comnponent can be stmtlarly coupled in-line with more than one lead.
Also, a single lead die atiach portion, such as that formed by lead portions 2722 and

273, can have more thao one reak and more than one passive component coupled

across the respective breaks so ae to form an arrangement in which more than one

passive component is coupled in series with a respective sad.

{D0K3T The lead frame 254 containg one or more slots, and here two slots 2548 and 254b.
As is woll known in the at, i the presence of & changing, AC or transiont magnetic 8eld
{e.g., a magnetic feld surrounding a current carrving conductor), eddy currents can be
ndueed in the conductive lead frame 254, The prosence of the slots can move the
position of the eddy currents and also influence the eddy cuerents to resudt in a smaller
magnetic Held error so that ¢ Hall effect slement experiences a smaller magnetic field
from the eddy corrents than # would otherwise experience, resulting in less ervor in the
measured field. Furthermore, i the magnetic field associated with the eddy current is
pot uniform or syrenetnicad about the Hall effect cloment, the Hall effect element might

generate an undesirable offset voltage.

FO084] Lead frame slots 254a, 254b tend to roduce a size (e.g., & diameter or path length)
of the closed loops and the position of the loops with respect to the sensing element{s) in
which the eddy currents travel in the lead frame 254, 1t will be understoad that the
reduced size of the closed loops in which the eddy currents travel resolts in smaller eddy
currents for a smaler local affect on the changing magnetic Seld that induced the eddy
current. Therefore, the measured magnetic feld of 8 sensor having a Hall effect 262

cloment 18 loss affected by eddy currents due to the slots 254, 254%,

[O0ES] lnstead of an eddy current rotating sbowt the Hall effect cloment 262, the slot{s)
254, 254b resull in eddy currents to each side of the Hall element. While the magnetic
fields resulting from the eddy currents are additive, the overall magnttude field strongth,
compared {0 a single eddy current with no slot, is lowsr due to the increased distance of

the eddy currents to the sensing clement{s),

TORGT It is understood that any nuwber of slote can be formed in a wide variety of

confignrations to meet the needs of a particular application. In the llostrative
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TOO8TT I is understood that the term slot should be broadly construed to cover generally

interrupiony in the conductivity of the lead frame. For example, slols can include a few
vedatively large holes as well as smaller holes o a velatively high donstty, In addition,
the term slot is not intended to refor 1o any particudar geometry, For exarople, slot
includes a wide variety of rogudar and irregular shapes, such as tapers, ovalg, te.
Frether, i s understood that the divection of the slot(s) can vary, Algo, it will be

apparent that it may be desirable to position the slot{s} based upon the typs of sensor,

[DORET Additional details of the slotted lead frame may be found in ULS. Patent
Apphication Publication No. US-2012-0086080-A1 for example, which application ig
assigned to the assignes of the subject invention and incorporated hersin by reference in

its entivety.

[0089] The infegrated civaudt 250 further inclodes a non-conductive mold material 356,
The non-conductive mold material 256 encloses the die 252, at least & portion of the lead
frame 254, and the capacitors 364, 264b. Optionally, the indegrated cirendt 230 may
further include s forromagpetic mold material 258, And the sensor may include a third,

overmold material, not shown here.

FO080T In use, the magnetic Held sensor 230 may be positionad in proximity to a
moveable magnetically pormeable ferromagnetic articls, or target {not shown}, such that
the magnetic Held transducer 282 18 adiacent fo the article and is thereby exposed to a
magnetic Held altored by movement of the article. The magnetic Seld transducer 262
generates a magnetic Held signal proportional to the magnetic field. The ferromagnetic
article may be comprised of & hard ferromagnetic, or simply hard magnetic material (e,
a permanent magne! such as a segmented ring magnet), 8 sofl ferromagnetic material, or
even an electromagnet and embodiments desoribad hereln may be nsed in conjunction

with any such article arrangement.
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[O0R1] In emnbodiments in which the article is comprised of a soft forromagnetic
materisl, the ferromagnetic mold material 258 is comprised of g hard ferromagnetic
material to form g biss magnet; whereas in embodiments in which the article is
comprised of 8 hard ferromagnetic material, the ferromagnetic mold material 258 may be
soft forromagnetic material to form a concentrator, or 8 hard magnetic material where a
bias fleld is desived (Tor example, o the case of a magnstoresistance element that is
biased with & hard magnetic material or permanent magnet). In embodimenis in which
the ferromagnetic mold material 258 comprises & hard ferromagnetic material to form a
bias magnet and in which the sensor 250 is ovlented relative to the target such that
transducer 262 is closer to the target than the ferromagnetic mold material 258 ag shown,

the bias magnet may be reforred 1o ag 2 back hias magnet,

[G0921 The non-conductive mold material 236 is comprizsed of 8 non-conductive material
30 as to elecirically isolate and mechanically protect the die 252 and the enclossd portion
of the lead frame 254, Soitable materials for the non-conductive mold material 258
include thermoset and thermoplastic meld compounds and other comunercially available
IC mold compounds. It will be appreciated that the non-conductive mold material 256
can contain a forromagnetic material, such as in the form of ferromagnetic particles, as

long as such material is sufficiently non-conductive.

(00931 The nor-conductive mold material 256 is applied {o the lead Hame/die
subassernbly, such as v a fivst molding step, 10 enclose the die 252 and a portion of the
lead frame 254, The shape and dimensions of the non-conductive mold material are

selected to suit particalar 10 package reguirements,

100947 In some embodiments as noted sbove, the ferromagnetic mold material 258 is
comprised of a hard or permanent magnetic material to form & bias magnet. As will be
apparent to those of ordinary skill in the art, various materials are suitable for providing
the ferromagoetic mold material 258 depending on the operating temperature range and
final package stze. In some embodiments, ¥ may be desivable for the forvomagnetic mold

material to have a coercivity larger than i3 remanence,

oo
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enhance adhesion of the non-conductive mold material 256 to the ferromagretic mold
material 258 and the lead frame. Because the overhanging portions 286 of the lead frame
extend into the ferromagnetic mold matexial, it will be approciated that the forromagnetic
mold material chould be non-conductive or have & sufficiently low conductivity to
prevent the leads from electrically shorfing resulting in the devies not operating as
intended. Slots 284 in the lead frame 254 also serve {o enhance adhesion of the nons

conductive mold material 256 1o the lead fame 254,

(0099 It will be appreciated by those of ordinary skill in the art, that various types of
processes may be used to form the mold materigls including but not Himdted to wmolding,
such as compression molding, injection molding, and transfer molding, and potting.
Furthermore, combinations of the various technigues for forming the mold materials are

possible.

FO0I00T A mold cavity used to define the ferromagnetico mold material 258 may include
a mandrel so that the forromagnetic mold matenial forrus a ring-shaped structure having a
central aperture. The mold material 258 may form a conventional O-shaped ring
structure or a Deshaped structore.  Allemnatively, the forromagnetic mold material 258
may form only & partial ving-like structure, as may be described ag 2 “C7 or “U7 shaped
structire. More generally, the ferromagnetic mold material 258 may comprise a non-
contiguons central region such that the central reglon is not formed integrafly with ds
outer region. Such central region may be an open ares, may contain 8 ferromagnetic

material, or a separately formed element such as a steel rod for example.

{001017 Additional features of the mold materials 256, 288 are possible. For example,
the non-conductive mold material 256 may include a protrusion extending tnio 8 portion
of the ferromagnetic mold material 258 and certain tapers may be provided to the

ferromagnetic mold materal.

fO0102] Referring to FIG. 11, & further altemative lead ame 310 frwse in an
integrated cirouit includes & plurality of leads 314, 316, at least two of which {and here,
the two lusirated leads comprising the plurslity of leads) include a respective die attach

portion 324, 326 and connection portion 334, 336, The lead frame 310 has a fivst surtace
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[GOG103] The die attach portions 334 and 326 may have reduced area (as indicated

generally by arrows 374} when compared to the die attach portions 24, 26 of FIG. 1
which can facilifate coupling the die to the leads as will be described. Other foatures of
the lead frame 310 are similar to or the same as like features of previcusly described lead

Frames.

[000104] The conmection portion 334, 336 of the Ioads extends from a first end 334a,
3362 proximatle to the respective die portion 324, 326 to 8 second, distal end 334b, 336b
distal from the die portion. Generally, the connection portion 334, 336 of the leads s
slongated and is suitable for making electrical connection to slecironic systems and
components (not shown} cutside of the integrated civouit package, such as a power
soures or microcontroller. For example, in the case of a through hole connection to a
printed civeult board, the distal end 334b, 336b of the connection portions is provided in
form of a pin suitable for a solder connection to 8 cirendt board through hole,
Altermatively, in the caze of g surface mount conmection, the distal end 334b, 336h of the
connection portions will include a surface mount pad. Another embodiment may ncluds

awire soldered or otherwise connected to the connection portions 334, 336,

[0105] The load frame 310 has He bars 3486, 347, 348 that ave provided to hold the leads
314, 316 togsther during manufacture. A first te bar 346 is positioned near the die
portion 324, 326 of the leads and the fivst end 334a, 336a of the connection portions and
a second tie bar 348 is positioned near the distal end 334b, 336b of the connsction
portions 334, 338, as shown., Another He bar portion 347 18 shown at the opposite end of
the die portion 324, 326 from the lead ends 334a, 334b. In addition to fcilitating
manufacture, the tie bar(s) can slso serve to protect the leads during handling, for

example, by maintaining coplanarity of the elongated connection portions 334, 3348,
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(01087 An additional featore of the lead frame 310 inclades extended reglons 350 that
extend bBevond the distal ends 334b, 3365 of the lead connection portions, as shown.
These regions 350 may be molded with plastic to help maintain lead co-planarity with

electrical tsolation.

FO107] The comnection portion 334, 336 of the leads 314, 316 may have widened regions
338 in ovder to further facilitate handling of the integrated cirout! during assembly and
fmprove the strength of the leads, The flustrative widened regions 338 extend shightly
outward slong a portion of the length of the connection portions in a divection away from
the adiacent lead as shown, in order to maintain & desired spacing between the leads. It
will be appreciated that the widened regions may have various shapes and dimnensions {o
facilitate IC integrity during handling and sssembly, or be eliminated in other
embodiments, and may extend in a direction toward the adjacent lead{s} as long as the

desived spacing between leads is achieved.

FOT08] The lead frame 310 may be formed from various conventional materials and by
various conveniional techniques, such as stemping or etching. As one example, the lead
frame 310 is a NiPdAu pre-plated lead frame. Other suitable materials for the lead frame
include but are not limdted to aluminmm, copper, copper alloys, Hlaninm, ttngsten,
chromium, Kovar™, nickel, or allovs of the metals, Furthermore, the lead and lead frame
dimensions can be readily vared {o suit particular application requirements. In one
Hustrative example, the leads 314, 3186 have a thickness on the order of 0.23mum and the
connection portions 334, 336 are on the order of 10mm long. Typically, the lead frame
3190 which will be used to form a dngle integrated ciroudt, is formed (e g., stamped) with
a plurality of other identical or similar lead frames in a single stamaping process for
example, and the lead frames 310 separated during manufacture for formation of

individual integrated cirenits.

[0109] Referring also to the lead frame 310 during a later stage of manufacture as shown
in FIG. 11A and the cross-sections view of FIG, 118 taken along Hine A-A of FIG. 11A,
the semiconductor die 340 has a frst surface 340a In which & magnetic Held sensing
element 344 s disposed and a second, opposing surface 340b, The die 340 can be
attached o the lead frame 310, here in g lead on chip arvangement, with the dis surface

27
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[01147 An optional passive component 380 may be coupled fo the lead frame 310, The
capacitor 360 i3 coupled across loads 314, 316 and may be the same as or similar {o
capacitor 60 of FIG. 2. In one embodiment, passive component 360 is a capacitor, while
iz other embodiments the passive component 360 may be an inductor, a resistor, a diode,
& zener dicde, die with g passive network {for example an RLC setwork on g dig), or
other component. Other combinations of passive components may also be used in
conjunction with the lead on chip lead frame 310, The capacitor 360 may be a surface
mount capacitor aitached to surface mouat pads, solder paste regions, or plated areas
328, such as by soldering or with a conductive adhesive, such as 2 conductive epoxy. In
other embodiments the passive component may be in die form and wive bonds may be
used to attach the passive component o the leads 314, 316 in die attach portions 324,

326,

[0115] In the case where a passive component 360 is provided, the use of a lead on chip
configuration allows the die 344 to extend under the passive component when the
passtve component is attached to the fivst sorface 310a of the lead frame 310, This
arrangement results in 8 larger allowable die for the same size overmold package, as
contrasted to erubodiments in which the die and passive components are atfached to the

same surface of the lead fame.

{3118] The lead frame subassombly shown in FIG, 11A may be ovormolded {o enclose
the semiconductor die 340 and portions of the leads 314, 318 mchuding the die sttach
portions 324, 326 as described ahove in relation o previcus exnbodiments. In one
smbodiment, the overmold will be with & non-conductive material, In other
gmbodiments a second overmold material which may be a sof ferrommagnetic, or hard
ferromagnetic mold material may be provided. Onee overmolded, the lead Same
subassembly of FIGs, 11, 114, and 115 will resomble the packaged integrated ciroudt
magnetic Held sensor 70 of FIG. 3 and may be formed by the same or similar technigues

with the same or similar materials.

101171 Although FRG. 11 only shows two leads 314, 318, other mumbers of leads are also

possible, for example including but not limited to between bwo and eight leads. Passive

L
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the mold materials, can be readily varied to suit 2 pacticnlar application both in terms of
appended claims., All publications and references cited hersin are expressly incorporated

{31191 For example, i will be appreciated by those of ordinary skill in the art that the
package types, shapes, and dimensions, including but not Hmdted to the thicknesses of

also be apprecisted thet the various features shown and desoribed herein in connection
{31 28] Accordingly, it s submitted that that the invention should not be limited to the
desoribed embodiments but rather shoudd be Himited only by the spirit and scope of the

the slectrical and magnetic requiremnents as well as any packag
with the various embodiments can be selectively combined,

herein by reference in thelr entivety.

F0121] What i olaimed i

bwwwel

14
15
a8



PCT/US2013/030112

© compponent coupled to

ARV

coOmprising a p

o,

& capact

e passive component I8

erein i

;
jt

1 is coupled to the die

O PESKIVE Companen

e TG Dasive eoraponents,

1
A

F COmprising at

A8,

H

ad to the

5
4
&

18 ooun

£ component

B8

heredn the pa

at least one of the

of

3]

X

10m po

the conmect

LY

WO 2013/142112

. i
] 42
gl oad
o .
P w& “&.
bt =
Z, &=
= G
b o] it
Srrd i
b= %
“ @
i )
W\\\. wnnnd
19 i
] @
o] 7
e iy
45 M\\
“ gelead
]
oty
‘.\.\“ 0\\.\.
-t o
% o
A e
2% o
b
2] B
B .m\\\
"l
5 ]
ot A\
-~
fou Py
=]
L Eac]
‘etid P
P
P ch
p Pt
Sy “rh
il W
. b
o w2
]
ots .
] 7
i /]
. (v
4z @
- -4 e
e 1\5 4
orst Pt
Ee A B A T 6 SR Y s wh 0%

wiing away from another one of the at least two

1 further
3 wherein th

w8 furth

m 3w

gnetic feld sensor of olad

&

EFER

L4

R 3 W

&

A1

v of die attach portio

¢l

WeRn 8 respective pat

each coupled bet

5‘.“
ion exten

ofcla

o
east two leads,

1ed port

i
¥
A

g sensor of ¢

s
!

Feokd sennor o

field sens

agnsiic

the plurality of leads,
magnetic

o

wWo O

N

> magnetic feld sensor of ¢la

The maguoetic 8s

The ma

14

The magnetic Seld sensor of claim 1 wh

The m
The

H

attack portion of the at least two Ieads,

connection portion of the at
at least two loads has a wide

af least
lsads.

4.
8.

2
"3
&
2
=
Loy
-

%



B2

53]

ot TS B S I

oy ]

8]

fud

28]

WO 2013/142112 PCT/US2013/030112

3. The magnetic field sensor of claim 1 further comprising 8 wire bond coupled
between the semiconductor die and a location of the die attach portion of at least one of

the at least two leads distal from the connection portion of the at least one lead.

10 The magnetic field sensor of ¢laim 1 further comprising 2 wirs bond coupled
betwoen the somiconductor die and a location of the die attach portion of af least one of

the at least two leads proximate to the connection portion of the at least one lead,

11, The magnetic Seld sensor of claim 1 wherein at least one of the plorslity of leads
has a frst portion that is separated from a second portion of the lead and wherein the
magnetic flield sensor frther comprises a passive component coupled between the first

portion and second portion of the at least one lead.

12, The magnetic field sensor of claim 11 wherein the passive component is a
resistor,
13, The magnetic feld sensor of ¢laim | whevein the die attach portion of at least one of the

at feast two leads comprises at least one slot.

14, The magnetic feld sensor of claim 1 further comprising a non-conductive
adhesive between the somiconductor die and the die attach portion of the at least two

leads.

18, The magnetic figld sepsor of claim 2 further comprising a ferromagnetic mold

material secured fo a portion of the nov-conductive mold waterial,

16, The magunetic field sensor of claim 1 further comprising a ferromagnetic mold

material secured to the connection portion of at least one of the plurality of leads.

17, The magnetic field sensor of claim 1 further comprising & ferromagnetic bead

secured 1o the connection portion of at least one of the plurality of leads,
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18, The magnetic feld sonsor of cladm 1 wherein the semiconductor die has a first
surface in which the magnetic Seld sensing element {s disposed and a second, opposing
surface and whersin the second, opposing surface is attached to the die attach portion of

the at least two leads,

18, The maguetic field sensor of clatm 1 wherein the semiconductor die has g frst
surface in which the magnetic field sensing element is disposed and a second, opposing
surface and whereln the fivst surface is attached to the dic attach portion of the at least

two leads,

20, A magnetic feld sensor comprising:

a lead frame having a first surface, 2 second opposing surface, and comprising &
phurality of leads, wherein at least two of the plorality of leads have a conmection portion
and a die attach portion;

& semiconductor die supporting & magnetic feld sensing element and attached to
the die attach portion of the at least two leads;

8 passive component coupled to at least two of the phuality of leads; and

a non-conductive mold material enclosing the semiconductor die and the die
attach portion of the at least two leads, wheretn the son-conductive mold matorial has g

diammeter of less than approximately 7.0mm.

21 The magnetic fleld sensor of claim 20 wherein the passive component is 8 capacitor,

22, The magnetic Held sensor of claim 21 whersin the capaeitor is coupled to the die attach

portion of the at least two leads.,

[
tod

.o Amagnetic fisld sensor comprising:

a ivad frame having & fivst surface, & second opposing surface, and comprising a
phurality of leads, wherein at least two of the phurality of leads have a connection portion
and g dio attach portion;

a sesniconductor die supporting 2 magnetic Held sensing element and attached to

the die attach portion of the gt least two leads; and
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34, The magnetic Beld sensor of claim 23 further comprising 2 ferromagnetic mold

material secured to the connection portion of at least one of the phurality of leads,

35, A magnetic field sensor comprising:

a load frame having a first surface, a second opposing surfacs, and comprising a
plurality of leads, whereln at least two of the plurality of leads have a connection portion
and a die attach portion;

a senuneonductor de supporting a magnetic Held sensing clement and attached to
the die atiach portion of the at least two leads;

at least one wire bond coupled between the die and the first surface of the lead
frame, wherein the die is attached to the second suriace of the lead frame;

& passive component coupled to at least two of the plurality of leads; and

a non~conductive mold meterdal enclosing the semiconductor die and the die
attach portion of the at least two leads, wherein the non-conductive mold material has a

diameter of less than approximately 7.0mm.

36 The magnetic feld sensor of claim 35 wherein the passive component is a

capacitor,

37, Themagnetic Seld sensor of clatm 36 wherein the capacitor is coupled to the die

attach portion of the af least two leads.
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 15, 20-22, 26, 28-30, 33, 35-37

the sensor comprising a non-conductive mold material
enclosing the semiconductor die and the die attach portion
of the at least two leads, providing electrical isolation
and protection of sensor

2. claims: 3-7, 11, 12, 20-22, 27, 31, 35-37

the magnetic field sensor further comprising a passive
component coupled to at least two of the plurality of leads
or further comprising a passive component coupled between
the first portion and the second portion allowing
modification of sensors input/output signals

3. claim: 8

a sensor wherein the connection portion of the at least one
of the at least two leads has a widened portion extending
away from another one of the at least two Teads resulting in
a larger area of at least some of the leads and thus
facilitating handling of the IC during assembly

4, claims: 9, 10

a sensaor further comprising a wire bond coupled ... distal
or ... coupled ... proximate, thus defining electrical
connection between die and Teads

5. claim: 13

slot in die attach portion, thus reducing size of closed
loops

6. claims: 15-17

ferromagnetic (mold) material

7. claims: 14, 18, 19

attachment between die and lead frame

8. claims: 23-37

lead on chip arrangement
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