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(57) ABSTRACT 
Disclosed are a method and apparatus Which provide a 
magnetic shield for integrated circuits containing electro 
magnetic circuit elements. The shield is formed of a mag 
netically permeable material, Which may be a non-conduc 
tive magnetic oxide, and either partially contacts or 
completely surrounds the integrated circuit. 
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METHOD AND APPARATUS FOR MAGNETIC 
SHIELDING OF AN INTEGRATED CIRCUIT 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for shielding electromagnetic integrated circuits 
from external magnetic ?elds. 

BACKGROUND OF THE INVENTION 

[0002] A conventional integrated circuit (IC) package 
typically comprises (1) an IC chip or die including a 
plurality of input/output terminals; (2) a support for the chip, 
such as a pad, substrate or leadframe, including electrically 
conductive leads; (3) electrical connections such as Wire 
bonds or conductive bumps for electrically connecting the 
input/output terminals of the chip With the electrically 
conductive leads; and (4) a material for encasing or encap 
sulating the chip, the support and the electrical connections 
While leaving portions of the leads accessible outside the 
casing or encapsulation. Fabrication of such a conventional 
IC package requires attaching the IC chip to the support, 
connecting the input/output terminals of the chip to the 
electrically conductive leads, and encapsulating the IC chip, 
the support and the electrical connections in, for example, a 
plastic package. 
[0003] Recently, very high-density magnetic memories, 
such as magnetic random access memories (MRAMs), have 
been proposed to be integrated together With CMOS circuits. 
Magnetic random access memories employ one or more 
ferromagnetic ?lms as storage elements. A typical multi 
layer-?lm MRAM includes a plurality of bit or digit lines 
intersected by a plurality of Word lines. At each intersection, 
a ferromagnetic ?lm is interposed betWeen the correspond 
ing bit line and Word line to form a memory cell. 

[0004] When in use, an MRAM cell stores information as 
digital bits, the logic value of Which depends on the states of 
magnetiZation of the thin magnetic multilayer ?lms forming 
each memory cell. As such, the MRAM cell has tWo stable 
magnetic con?gurations, high resistance representing, for 
example, a logic state 0 and loW resistance representing, for 
example, a logic state 1. The magnetiZation con?gurations 
of the MRAMs depend in turn on the magnetiZation vectors 
Which are oriented as a result of electromagnetic ?elds 
applied to the memory cells. The electromagnetic ?elds used 
to read and Write data are generated by associated CMOS 
circuitry. HoWever, stray magnetic ?elds, Which are gener 
ated external to the MRAM, may cause errors in memory 
cell operation When they have suf?cient magnitude. 

[0005] Very high-density MRAMs are particularly sensi 
tive to stray magnetic ?elds mainly because the minuscule 
MRAM cells require relatively loW magnetic ?elds for 
read/Write operations Which, in turn, depend upon the 
sWitching or sensing of the magnetic vectors. These mag 
netic vectors are, in turn, easily affected and have the 
magnetic orientation changed by such external stray mag 
netic ?elds. 

[0006] To diminish the negative effects of the stray mag 
netic ?elds and to avoid sensitivity of MRAM devices to 
stray magnetic ?elds, the semiconductor industry could 
introduce memory cells requiring higher sWitching electro 
magnetic ?elds than a stray ?eld Which the memory cells 
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Would typically encounter. HoWever, the current require 
ments for operating such memory cells is greatly increased 
because higher internal ?elds necessitate more current. 
Thus, both the reliability and scalability of such high current 
devices decrease accordingly, and the use of MRAMs Which 
may be affected by stray magnetic ?elds becomes undesir 
able. 

[0007] Accordingly, there is a need for an improved mag 
netic memory structure and a method of forming it, Which 
shields against external magnetic ?elds. There is also a need 
of a packaging device for encasing a magnetic random 
access memory IC chip Which reduces the effects of external 
magnetic ?elds on internal memory cell structures and 
operations. There is further a need for minimiZing the cost 
of a packaging Which shields a magnetic random access 
memory IC chip from external magnetic ?elds. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a method and appa 
ratus Which provide a packaging device for magnetic 
memory structures, such as MRAMs, Which shields such 
memory structures from external magnetic ?elds. The inven 
tion employs a magnetic shield, preferably formed of non 
conductive magnetic oxides, Which either partially contacts 
or completely surrounds an integrated circuit chip Which 
includes such magnetic memory structures. 

[0009] These and other features and advantages of the 
invention Will be more clearly apparent from the folloWing 
detailed description Which is provided in connection With 
accompanying draWings and Which illustrates exemplary 
embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional vieW of an integrated 
circuit package assembly at an intermediate stage of pro 
cessing and in accordance With a ?rst exemplary embodi 
ment of the present invention. 

[0011] FIG. 2 is a cross-sectional vieW of the integrated 
circuit package assembly of FIG. 1 at a subsequent stage of 
processing to that shoWn in FIG. 1. 

[0012] FIG. 3 is a cross-sectional vieW of the integrated 
circuit package assembly of FIG. 1 at a subsequent stage of 
processing to that shoWn in FIG. 2. 

[0013] FIG. 4 is a cross-sectional vieW of the integrated 
circuit package assembly of FIG. 1 at a subsequent stage of 
processing and in accordance With a second embodiment of 
the present invention. 

[0014] FIG. 5 is a cross-sectional vieW of the integrated 
circuit package assembly of FIG. 1 at a subsequent stage of 
processing and in accordance With a third embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0015] In the folloWing detailed description, reference is 
made to various speci?c embodiments in Which the inven 
tion may be practiced. These embodiments are described 
With suf?cient detail to enable those skilled in the art to 
practice the invention, and it is to be understood that other 
embodiments may be employed, and that structural and 
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electrical changes may be made Without departing from the 
spirit or scope of the present invention. 

[0016] The present invention provides a method for fab 
ricating packaging devices for electromagnetic integrated 
circuit structures, such as MRAM structures, to provide 
electromagnetic shields and to a shielded packaged electro 
magnetic integrated circuit structure. The present invention 
employs a magnetic shield, preferably formed of electrically 
non-conductive magnetic oxides, Which either partially con 
tacts or completely surrounds an integrated circuit chip 
Which contains electromagnetic structures. In one exemplary 
embodiment of the invention, the magnetic shield is formed 
as a glob or layer of magnetic ?eld shielding material Which 
is affixed to one or more surfaces of an integrated circuit 

chip. In another exemplary embodiment, an encapsulating 
material of the chip packaging includes magnetic ?eld 
shielding material therein. 

[0017] Referring noW to the draWings, Where like ele 
ments are designated by like reference numerals, FIGS. 1-4 
illustrate exemplary embodiments of the present invention. 
FIG. 1 depicts an integrated circuit (IC) package assembly 
10 at an intermediate stage of processing. A semiconductor 
chip or die 12 includes an array of input/output terminals 14 
and internal electromagnetic structures, such as MRAM 
cells and access circuitry. 

[0018] The chip 12 is supported by a die pad 16 (FIG. 1) 
Which can be formed, for example, of a leadframe or a 
dielectric substrate. Each of the input/output terminals 14 is 
further electrically connected With respective conductive 
leads 22 by Wire bonds 20, or other suitable electrical 
connectors. 

[0019] Referring noW to FIG. 2, a magnetic shield is 
provided for shielding the chip 12 from external magnetic 
?eld disturbances. According to a ?rst exemplary embodi 
ment of the present invention, a glob top 33 is formed over 
the semiconductor die 12, including the input/output termi 
nals 14, and portions of the Wire bonds 20. The glob top 33 
comprises an electrically non-conductive magnetic shielding 
material 30, Which can be injected, for example, from a 
noZZle. If desired, a mold can be used to shape the magnetic 
shielding material 30. If a mold is used, the magnetic 
shielding material 30 is injected into a cavity of the mold, 
and ?oWs along the top of the chip 12, the input/output 
terminals 14 and adjacent portions of the Wire bonds 20 
Which are Within the mold cavity. Subsequent to the injec 
tion of the magnetic shielding material 30 into the mold 
cavity, the magnetic shielding material 30 hardens to form 
the glob top 33, as illustrated in FIG. 2. If a mold is not used, 
a noZZle can simply deposit a glob top 33 of material on the 
upper surface of chip 12. 

[0020] The magnetic shielding material 30 may be 
formed, for example, of an electrically non-conductive 
material With permeability higher than that of air or silicon. 
As such, the preferred choice for the magnetic shielding 
material 30 is a non-conductive magnetic oxide, for 
example, a ferrite such as MFe2O4, Wherein M=Mn, Fe, Co, 
Ni, Cu, or Mg, among others. Manganites, chromites and 
cobaltites may be used also, depending on the device char 
acteristics and speci?c processing requirements. 

[0021] Further, the magnetic shielding material 30 may be 
also composed of magnetic particles, for example nickel or 
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iron particles, Which are incorporated into a non-conducting 
molding material, for example a glass sealing alloy or a 
polyimide. Since nickel is conductive, the concentration of 
nickel particles in the glass alloy should be loW enough so 
that shielding material 30 does not form a continuous 
conductor if the shield extends to the input/output terminals 
14 or the Wire bonds 20. 

[0022] Next, as illustrated in FIG. 3, the structure of FIG. 
2 is further encapsulated into a packaging material 35, for 
example a plastic compound, Which, as knoWn in the art, 
may be injected into a mold cavity through a passage (not 
shoWn). As the packaging material 35 is injected, it ?oWs 
around the glob top 33, portions of the Wire bonds 20 and 
conductive leads 22, as Well as around the die pad 16. This 
Way, the input/output terminals 14 of integrated circuitry 
including magnetic memory structures, such as MRAMs, are 
shielded by the glob top 33 and encapsulated in the pack 
aging material 35 for enhanced protection from external 
stray magnetic ?elds. 

[0023] Further, for even maximum protection, the pack 
aging material 35 may also comprise a mold compound, 
such as a plastic compound, With conductive magnetic 
particles therein. For example, conductive magnetic par 
ticles of, for example, nickel, iron, and/or cobalt, may be 
suspended in a matrix material, such as a plastic compound, 
at a concentration that does not alloW the particles to touch 
and form a continuous shorting conductor betWeen the leads. 
Alternatively, the packaging material 35 may comprise a 
mold compound, such as a plastic compound, including 
non-conductive particles of, for example, non-conductive 
magnetic oxides and/or Mumetal alloys, Which may com 
prise approximately 77% nickel (Ni), 4.8% copper (Cu), 
1.5% chromium (Cr) and 14.9% iron (Fe). 

[0024] Although FIGS. 2 and 3 shoW the magnetic shield 
ing material 30 in the form of a rounded glob top 33 on only 
the top of chip 12, it is also possible to apply a glob of 
shielding material 30 to the bottom surface instead, or to the 
top and bottom of chip 12. Moreover, if the material of 
choice for the die pad 16 is a dielectric substrate, it is also 
possible to apply a ?at layer 60 of shielding material 30 to 
the bottom of the chip 12, as illustrated in FIG. 5. In this 
case, the bottom ?at layer 60 of shielding material 30 may 
be conductive or non-conductive as needed, depending on 
the characteristics of the IC device. A non-conductive mag 
netic shielding material may employ a non-conductive 
oxide, for example a ferrite such as MFe2O4, Wherein 
M=Mn, Fe, Co, Ni, Cu, or Mg, among others, manganites, 
chromites and/or cobaltites. Similarly, a conductive mag 
netic shielding material may be composed of Mumetal 
alloys comprising approximately 77% nickel (Ni), 4.8% 
copper (Cu), 1.5% chromium (Cr) and 14.9% iron (Fe), or 
magnetic particles, such as nickel or iron particles, Which are 
incorporated into a non-conducting molding material, for 
example a glass sealing alloy or polyimide. If, hoWever, the 
material of choice for the die pad 16 is a lead frame 
comprising a magnetic material, such as the commonly used 
alloy 42 Which already provides magnetic shielding, then the 
bottom ?at layer 60 is optional. 

[0025] FIG. 4 illustrates yet another exemplary embodi 
ment of the present invention, in Which a magnetic shielding 
material 50 is formed as the chip 12 encapsulating material 
Which is used to form an IC packaging assembly 11. The 
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preferred material for the magnetic shielding material 50 is 
a non-conductive magnetic oxide, for example a ferrite such 
as MFe2O4, Wherein M=Mn, Fe, Co, Ni, Cu, or Mg, among 
others. HoWever, manganites, chromites and cobaltites may 
be used also, depending on the device characteristics and 
processing requirements. Further, conductive Mumetal 
alloys comprising approximately 77% nickel (Ni), 4.8% 
copper (Cu), 1.5% chromium (Cr) and 14.9% iron (Fe) may 
be used also, as Well as conductive magnetic particles, such 
as nickel, iron or cobalt particles, incorporated into a mold 
ing material, for example a glass sealing alloy or a com 
mercially available IC mold compound. 

[0026] The magnetic shielding material 50 completely 
surrounds the semiconductor chip 12. A protective plastic 
packaging 56 (FIG. 4), such as a commercially available IC 
mold compound, is next optionally provided to completely 
surround the magnetic shielding material 50 and to complete 
the fabrication of the IC package assembly 11. 

[0027] Although the exemplary embodiments described 
above refer to speci?c magnetic shielding materials it must 
be understood that the invention is not limited to the 
materials described above, and other magnetic shielding 
materials, such as ferromagnetics like nickel-iron (Permal 
loy), nickel or iron may be used also, as long as they are 
capable of shielding electromagnetic structures Within chip 
12 from external magnetic ?elds. 

[0028] Further, although the exemplary embodiments 
described above refer to speci?c locations Where the shield 
ing material is applied to a die, it is also possible to apply the 
shielding material in other locations. For example, as 
described above, tWo globs 33 or layers of material could be 
employed for shielding the magnetic memories structures, 
one on each side of chip 12, or multiple globs or layers of 
the same or different shielding material Which overlap each 
other may be used on one or both sides of chip 12. In 
addition, the speci?c shape of the shielding material is not 
limited to that shoWn in FIGS. 2-4 and other shapes, 
con?gurations, or geometries may be employed. 

[0029] The present invention is thus not limited to the 
details of the illustrated embodiments and the above descrip 
tion and draWings are only to be considered illustrative of 
exemplary embodiments Which achieve the features and 
advantages of the present invention. Modi?cations and 
substitutions to speci?c process conditions and structures 
can be made Without departing from the spirit and scope of 
the present invention. Accordingly, the invention is not to be 
considered as being limited by the foregoing description and 
draWings, but is only limited by the scope of the appended 
claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. An integrated circuit package comprising: 

at least one integrated circuit device Which may be 
affected by external magnetic ?elds; and 

a magnetic ?eld shielding material in contact With at least 
a portion of said device. 

2. The package of claim 1, Wherein said shielding material 
contacts said device on at least a surface of said device. 

3. The package of claim 2, Wherein said shielding material 
is in the form of a material glob on said device. 
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4. The package of claim 1, Wherein said shielding material 
completely surrounds said device and forms an exterior 
packaging for said device. 

5. The package of claim 1, Wherein said shielding material 
comprises a magnetic material selected from the group 
consisting of ferrites, manganites, chromites and cobaltites. 

6. The package of claim 1, Wherein said magnetic material 
comprises MFe2O4, Wherein M is at least one atom selected 
from the group consisting of Mn, Fe, Co, Ni, Cu, and Mg. 

7. The package of claim 1, Wherein said shielding material 
comprises a material Which includes conductive magnetic 
particles. 

8. The package of claim 7, Wherein said shielding material 
comprises a material Which includes nickel particles. 

9. The package of claim 7, Wherein said shielding material 
comprises a material Which includes iron particles. 

10. The package of claim 7, Wherein said shielding 
material comprises a material Which includes cobalt par 
ticles. 

11. The package of claim 1, Wherein said device is a 
magnetic memory device. 

12. The package of claim 11, Wherein said device is a 
magnetic random access memory device. 

13. An integrated circuit structure comprising: 

a plurality of external leads; and 

a die electrically connected to said external leads, said die 
being enclosed by a packaging material and being in 
contact With a shielding material, said die further 
comprising a magnetic random access memory device. 

14. The integrated circuit structure of claim 13, Wherein 
said shielding material is part of said packaging material. 

15. The integrated circuit structure of claim 14, Wherein 
said shielding material is in the form of a glob on said die. 

16. The integrated circuit structure of claim 13, Wherein 
said shielding material is in the form of said packaging 
material. 

17. The integrated circuit structure of claim 13, Wherein 
said shielding material comprises a magnetic material 
selected from the group consisting of ferrites, manganites, 
chromites and cobaltites. 

18. The integrated circuit structure of claim 13, Wherein 
said magnetic material comprises MFe2O4, Wherein M is at 
least one atom selected from the group consisting of Mn, Fe, 
Co, Ni, Cu, and Mg. 

19. The integrated circuit structure of claim 13, Wherein 
said shielding material comprises a material Which includes 
conductive magnetic particles. 

20. The integrated circuit structure of claim 19, Wherein 
said shielding material comprises a material Which includes 
nickel particles. 

21. The integrated circuit structure of claim 19, Wherein 
said shielding material comprises a material Which includes 
iron particles. 

22. The integrated circuit structure of claim 19, Wherein 
said shielding material comprises a material Which includes 
cobalt particles. 

23. A method of packaging a semiconductor device com 
prising: 

electrically coupling a plurality of external leads to a die; 

contacting said die With a shielding material Which shields 
said die from external magnetic ?elds; and 

enclosing said die in a package. 
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24. The method of claim 23, wherein said act of contact 
ing said die With said shielding material further includes 
forming a glob of said shielding material on a surface of said 
die. 

25. The method of claim 23, Wherein said act of contact 
ing said die With said shielding material further includes 
encapsulating said die in said shielding material, so that said 
shielding material forms an exterior package of said die. 

26. The method of claim 23, Wherein said device is a 
memory device. 

27. The method of claim 23, Wherein said device is a 
magnetic random access memory device. 

28. The method of claim 23, Wherein said shielding 
material comprises a magnetic material selected from the 
group consisting of ferrites, manganites, chromites and 
cobaltites. 
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29. The method of claim 23, Wherein said magnetic 
material comprises MFe2O4, Wherein M is at least one atom 
selected from the group consisting of Mn, Fe, Co, Ni, Cu, 
and Mg. 

30. The method of claim 23, Wherein said shielding 
material comprises a material Which includes conductive 
magnetic particles. 

31. The method of claim 30, Wherein said shielding 
material comprises a material Which includes nickel par 
ticles. 

32. The method of claim 30, Wherein said shielding 
material comprises a material Which includes iron particles. 

33. The method of claim 30, Wherein said shielding 
material comprises a material Which includes cobalt par 
ticles. 


