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FIG. 1 
(PRIOR ART) 
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FIG. 2 

\l l I _$_L-—L oooooo doom, un-L co N L l 00 co 

129W ' I127 
123% *~ 1125 
VSS / w'"\/ 

11/‘ “1;? 
115av'» R13 »~~115b 



US 2002/0084500 A1 

MAGNETIC RANDOM ACCESS MEMORY AND 
METHOD FOR MANUFACTURING THE SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a magnetic random 
access memory (RAM); and, more particularly, to a mag 
netic RAM having the characteristics of a non-volatile 
memory such as a ?ash memory, a faster speed than a static 
RAM and integration identical to that of a dynamic RAM, 
and a method for manufacturing the magnetic RAM. 

BACKGROUND OF THE INVENTION 

[0002] Most semiconductor memory manufacturing com 
panies are developing a magnetic RAM using ferromagnetic 
materials as one of the next generation of memory devices. 

[0003] The magnetic RAM is a memory device that is 
manufactured by forming a multi-layer of ferromagnetic thin 
?lms and reads and Writes information by detecting a current 
variation according to the magnetiZation direction of each 
thin ?lm. Therefore, the magnetic RAM can achieve high 
speed, loW poWer and high integration by using unique 
characteristics of a magnetic ?lm, and can perform the 
operation of a non-volatile memory, e.g., a ?ash memory. 

[0004] The magnetic RAM employs a method for imple 
menting a memory device by utiliZing the spin polariZation 
magnetic permeation phenomenon or the colossal magne 
toresistance (CMR) effect caused by the spin having a 
substantial in?uence on the propagation phenomenon of an 
electron. 

[0005] The magnetic RAM implements a CMR magnetic 
memory device by using a phenomenon in Which there is a 
big difference betWeen the resistance When the spin direc 
tions of tWo magnetic layers are identical to each other, the 
tWo magnetic layers including a non-magnetic layer ther 
ebetWeen, and the resistance When the spin directions of the 
tWo magnetic layers are different from each other. 

[0006] The magnetic RAM using the spin polariZation 
magnetic permeation phenomenon embodies a magnetic 
permeation junction memory by utiliZing a phenomenon in 
Which the current permeation Well occurs in the case in 
Which the spin directions of tWo magnetic layers are iden 
tical to each other, the tWo magnetic layers including a 
dielectric layer therebetWeen, compared to the case in Which 
the spin directions of the tWo magnetic layers are different 
from each other. 

[0007] HoWever, research on the magnetic RAM is in the 
early stage and mainly concentrated on the formation of a 
multi-layer of magnetic thin ?lms. Therefore, research on a 
unit cell structure and peripheral detecting circuits is de? 
cient. 

[0008] Referring to FIG. 1, there is shoWn a cross-sec 
tional vieW of a conventional magnetic RAM. 

[0009] A gate electrode 33, i.e., a ?rst Word line, is formed 
on the top of a semiconductor substrate 31. 

[0010] Next, source/drain junction regions 35a and 35b 
are formed inside the semiconductor substrate 31 on both 
sides of the ?rst Word line 33 and there are formed a ground 
line 37a and a ?rst conductive layer 37b connected to the 
source/drain junction regions 35a and 35b, respectively. At 
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this time, the ground line 37a is generated in the process of 
making the ?rst conductive layer 37b. 

[0011] Subsequently, there are formed a ?rst layer insu 
lating ?lm 39 for planariZation of the top surface of an 
intermediate product and a ?rst contact plug 41 exposing the 
?rst conductive layer 37b. 

[0012] There is patterniZed a loWer lead layer 43 Which is 
a second conductive layer and connected to the ?rst contact 
plug 41. 

[0013] A second layer insulating ?lm 45 is formed to 
planariZe the top surface of the intermediate product and, 
then, there is formed a second Word line being used as a 
Write line 47 on the top of the second layer insulating ?lm 
45. 

[0014] To planariZe the top surface of the intermediate 
product including the Write line 47, a third layer insulating 
?lm 48 is constructed thereafter. 

[0015] A second contact plug 49 is formed exposing the 
second conductive layer 43. 

[0016] Next, there is formed a seed layer 51 attached to the 
second contact plug 49. At this time, the seed layer 51 is 
made covering an upper portion of the second contact plug 
49 and that of the Write line 47. 

[0017] Subsequently, a magnetic tunnel junction (MTJ) 
cell 100 is formed by sequentially stacking an antiferromag 
netic layer (not shoWn), a pinned ferromagnetic layer 55, a 
tunnel junction layer 57 and a free ferromagnetic layer 59. 
The MT] cell 100 has a pattern siZe identical to that of the 
Write line 47 and is aligned With the Write line 47. 

[0018] Herein, the antiferromagnetic layer plays a role of 
keeping the magnetiZation direction of the pinned ferromag 
netic layer unchanged, so that the magnetiZation direction of 
the pinned ferromagnetic layer 55 is ?xed in one direction. 
MeanWhile, the free ferromagnetic layer 59 can store “0” or 
“1” information according to its magnetiZation direction 
When its magnetiZation direction is changed by an external 
magnetic ?eld. 

[0019] Finally, after forming a fourth layer insulating ?lm 
60 to planariZe the top surface of the intermediate product 
and expose the free ferromagnetic layer 59, a bit line 61 is 
formed thereon. 

[0020] Hereinafter, there Will be described the structure 
and operation of the magnetic RAM With reference to FIG. 
1. 

[0021] Aunit cell of the magnetic RAM comprises a ?eld 
effect transistor including the ?rst Word line 33 being used 
as a read line used in reading information, the MT] cell 100, 
the second Word line 47 being used as a Write line deter 
mining the magnetiZation direction of the MT] cell 100 by 
forming an external magnetic ?eld through the use of the 
current provided thereto and the bit line 61 being an upper 
lead layer for detecting the magnetiZation direction of the 
free ferromagnetic layer 59 by supplying the current in a 
direction perpendicular to the MT] cell 100. 

[0022] In the operation of reading information stored in 
the MT] cell 100, the magnetiZation direction of the free 
ferromagnetic layer 59 is checked by providing a voltage to 
the ?rst Word line 33 to actuate the ?eld effect transistor and 
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detecting an amplitude of the current ?owing through the 
MT] cell 100 When supplying the current to the bit line 61. 

[0023] In the operation of Writing information in the MT] 
cell 100, the magnetization direction of the free ferromag 
netic layer 59 is controlled by using a magnetic ?eld caused 
by providing the current to the bit line 61 and the second 
Word line 47 in a condition of maintaining the ?eld effect 
transistor turned off. 

[0024] Herein, the reason that the current is supplied to 
both the bit line 61 and the Write line 47 at the same time is 
that a large magnetic ?eld is induced at a point Where tWo 
metal lines are perpendicularly crossed, so that it is possible 
to select one cell from several cell arrays. 

[0025] There Will be explained the operation of the MT] 
cell 100 Within the magnetic RAM herein beloW. 

[0026] First of all, a tunneling current ?oWs through a 
dielectric layer 57 When the current ?oWs in a direction 
perpendicular to the MT] cell 100. 

[0027] The tunneling current becomes larger if the mag 
netiZation direction of the free ferromagnetic layer 59 is 
identical to that of the pinned ferromagnetic layer 55. On the 
other hand, if the magnetiZation direction of the free ferro 
magnetic layer 59 is different from that of the pinned 
ferromagnetic layer 59, the tunneling current becomes 
smaller. This is called a tunneling magnetoresistance (TMR) 
effect. 

[0028] The information stored in the MT] cell 100 can be 
detected by detecting the magnetiZation direction of the free 
ferromagnetic layer 59 by sensing the amplitude of the 
tunneling current due to the TMR effect. 

[0029] As described above, the conventional magnetic 
RAM has problems With the complexity of a manufacturing 
process caused by a lot of processes and a laminated 
structure, and the deterioration of the productivity of devices 
due to an increased cell siZe, so that it is dif?cult to achieve 
the large scaled integration of semiconductor devices. 

SUMMARY OF THE INVENTION 

[0030] It is, therefore, a primary object of the present 
invention to provide a magnetic RAM capable of achieving 
large scaled integration by simplifying the structure through 
the use of one Word line as a read line and a Write line and 
a method of manufacturing the magnetic RAM. 

[0031] In accordance With one aspect of the present inven 
tion, there is provided a magnetic random access memory 
(RAM) comprising: a gate electrode formed on an active 
region in a semiconductor substrate and being a Word line 
used as a Write line; a ground line formed in one side of the 
Word line; a loWer lead layer formed in the other side of the 
Word line; a seed layer connected to the loWer lead layer and 
overlapped With the Word line; a magnetic tunnel junction 
(MTJ) cell formed on the seed layer and located in an upper 
portion of the Word line; and an upper lead layer being a bit 
line formed connected to the MT] cell. 

[0032] In accordance With another aspect of the present 
invention, there is provided a method for manufacturing the 
magnetic RAM in accordance With the present invention, 
Which comprises the steps of: forming a gate electrode on an 
active region in a semiconductor substrate, Wherein the gate 
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electrode is a Word line used as a Write line; forming a 
ground line in one side of the Word line; forming a loWer 
lead layer in the other side of the Word line; forming a seed 
layer connected to the loWer lead layer and overlapped With 
the Word line; forming a magnetic tunnel junction (MTJ) cell 
on the seed layer and in an upper portion of the Word line; 
and forming an upper lead layer being a bit line connected 
to the MT] cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The above and other objects and features of the 
instant invention Will become apparent from the folloWing 
description of preferred embodiments taken in conjunction 
With the accompanying draWings, in Which: 

[0034] FIG. 1 shoWs a cross-sectional vieW of a conven 
tional magnetic RAM; and 

[0035] FIG. 2 illustrates a cross-sectional vieW of a mag 
netic RAM in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] Hereinafter, an embodiment of the present inven 
tion Will be described in detail With reference to the accom 
panying draWings. 
[0037] Referring to FIG. 2, there is illustrated a cross 
sectional vieW of a magnetic RAM in accordance With an 
embodiment of the present invention. 

[0038] First of all, there is formed on a semiconductor 
substrate 111 a device separating ?lm (not shoWn) de?ning 
an active region. 

[0039] Next, a transistor is made by forming a gate elec 
trode 113 including a gate dielectric ?lm on the active region 
of the semiconductor substrate 111, making dielectric ?lm 
spacers (not shoWn) on sideWalls of the gate electrode 113 
and forming source/drain junction regions 115a and 115b by 
implanting impurities into the active region of the semicon 
ductor substrate 111. 

[0040] Herein, since the effect of a magnetic ?eld 
increases as the distance betWeen an MTJ cell and the gate 
electrode 113 used as a Write line becomes smaller, an 
insulating ?lm betWeen tWo layers is formed having a small 
thickness in the folloWing manufacturing process. 

[0041] The gate electrode 113 has a laminated structure of 
polysilicon/tungsten ?lms, poly-silicon/tungsten/poly-sili 
con ?lms or copper/poly-silicon/copper ?lms, so that the 
formation of a dielectric material can be smoothly per 
formed on the top of the gate electrode 113. 

[0042] Subsequently, a ?rst layer insulating ?lm 121 is 
formed planariZing the top surface of an intermediate prod 
uct. At this time, the ?rst layer insulating ?lm 121 covers a 
ground line 117 connected to the source junction region 
115a and a loWer lead layer 119 connected to the drain 
junction region 115b, Which are formed prior to the ?rst 
layer insulating ?lm 121. 

[0043] In other Words, the ?rst layer insulating ?lm 121 is 
made by planariZing dielectric materials deposited on the top 
surface of the intermediate product as Well as exposing the 
surfaces of the loWer lead layer 119 and the gate electrode 
113 being a Word line. 
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[0044] Next, a second layer insulating ?lm 123 is formed 
on the top of the ?rst layer insulating ?lm 121 and there is 
made a contact plug 125 that is connected to the loWer lead 
layer 119 through the second layer insulating ?lm 123. 

[0045] Aseed layer 127 is formed connected to the contact 
plug 125. An area of the seed layer 127 is made suf?ciently 
overlapped With the Word line 113. 

[0046] After that, a third layer insulating ?lm 129 is 
formed exposing the surface of the seed layer 127. 

[0047] An MTJ cell 137 is formed on the seed layer 127 
and located at an upper portion of the Word line 113. 

[0048] The MT] cell 137 has a laminated structure, Which 
is made by stacking an antiferromagnetic layer (not shoWn), 
a pinned ferromagnetic layer 131, a tunnel junction layer 
133 and a free ferromagnetic layer 135 and patterning the 
stacked layers through the use of a mask for forming an MTJ 
cell. 

[0049] Then, a fourth layer insulating ?lm 139 is formed 
exposing the MT] cell 137 and an upper lead layer 141, i.e., 
a bit line, is made connected to the free ferromagnetic layer 
135 of the MT] cell 137, thereby producing the magnetic 
RAM in accordance With the present invention. 

[0050] Hereinafter, there is described a data storing opera 
tion of the magnetic RAM in accordance With the present 
invention. 

[0051] Initially, the free spin structure of the MT] cell 137 
is changed by a magnetic ?eld induced by the current 
?oWing through the gate electrode, i.e., the Word line 113 
and the current is transferred to the semiconductor substrate 
111 from the MT] cell 137. The current ?oWing through the 
MT] cell 137 drains out to the ground line 117 through the 
transistor When the Word line 113 is at a high state. To 
prevent the current from ?oWing off, by raising the ground 
potential of the ground line 117 by providing a voltage or 
current to the ground line 117, the current ?oWing through 
the MT] cell 137 does not How off to the ground line 117 via 
the transistor. 

[0052] At this time, it is possible to supply a substrate 
voltage Vbs to the semiconductor substrate 111 at the same 
time a ground voltage Vss is provided to the ground line 117. 

[0053] Further, the substrate voltage Vbs can be supplied 
to the ground line 117 instead of the ground voltage Vss. 

[0054] As described above, the magnetic RAM in accor 
dance With the present invention can omit the process of 
forming a second Word line by alloWing one Word line to 
play the role of both the Write line and a read line, so that it 
is possible to achieve large scaled integration and enhance 
the processing stability by decreasing processing steps. 

[0055] While the present invention has been described 
With respect to the particular embodiments, it Will be appar 
ent to those skilled in the art that various changes and 
modi?cations may be made Without departing from the spirit 
and scope of the invention as de?ned in the folloWing 
claims. 

What is claimed is: 

1. A magnetic random access memory (RAM) compris 
ing: 
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a gate electrode formed on an active region in a semi 
conductor substrate and being a Word line used as a 
Write line; 

a ground line formed in one side of the Word line; 

a loWer lead layer formed in the other side of the Word 
line; 

a seed layer connected to the loWer lead layer and 
overlapped With the Word line; 

a magnetic tunnel junction (MTJ) cell formed on the seed 
layer and located in an upper portion of the Word line; 
and 

an upper lead layer being a bit line formed connected to 
the MT] cell. 

2. The magnetic RAM as recited in claim 1, Wherein the 
gate electrode has a laminated structure selected from the 
group consisting of stacked poly-silicon and tungsten ?lms, 
stacked poly-silicon, tungsten and poly-silicon ?lms and 
stacked copper, poly-silicon and copper ?lms. 

3. The magnetic RAM as recited in claim 1, Wherein the 
gate electrode is separated from neighboring conductive 
layers by a dielectric ?lm planariZed to expose the surface of 
the gate electrode. 

4. The magnetic RAM as recited in claim 1, Wherein the 
MT] cell has a laminated structure of a pinned ferromagnetic 
layer, a tunnel junction layer and a free ferromagnetic layer. 

5. The magnetic RAM as recited in claim 1, Wherein the 
potential of the ground line is raised in a data storing 
operation. 

6. The magnetic RAM as recited in claim 5, Wherein the 
ground line is provided With a substrate voltage Vbs. 

7. The magnetic RAM as recited in claim 5, Wherein the 
ground line is provided With a ground voltage Vss and the 
semiconductor substrate is supplied With a substrate voltage 
Vbs. 

8. A method for manufacturing a magnetic RAM a gate 
electrode formed on an active region in a semiconductor 
substrate and being a Word line used as a Write line, a ground 
line formed in one side of the Word line, a loWer lead layer 
formed in the other side of the Word line, a seed layer 
connected to the loWer lead layer and overlapped With the 
Word line, a magnetic tunnel junction (MTJ) cell formed on 
the seed layer and located in an upper portion of the Word 
line, and an upper lead layer being a bit line formed 
connected to the MT] cell, Wherein the method comprises 
the steps of: 

forming a gate electrode on an active region in a semi 
conductor substrate, Wherein the gate electrode is a 
Word line used as a Write line; 

forming a ground line in one side of the Word line; 

forming a loWer lead layer in the other side of the Word 
line; 

forming a seed layer connected to the loWer lead layer and 
overlapped With the Word line; 

forming a magnetic tunnel junction (MTJ) cell on the seed 
layer and in an upper portion of the Word line; and 

forming an upper lead layer being a bit line connected to 
the MT] cell. 


