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1. Introduction 

Recently, new applications using Magnetic Tunnel 
Junction (MTJ)-based logic, where nonvolatile storage 
elements are distributed over a CMOS logic-circuit plane, 
has been studied [1-3]. However, the fabrication of 
high-performance MTJs on CMOS circuits has not been  
straightforward because of the roughness of the CMOS 
circuit plane. MTJs integrated in CMOS circuits must sat-
isfy the following three points: (1) MTJ must be write by a 
standard MOSFET with low power consumption, and (2) 
resistance of MTJ and the Tunnel Magneto-Resistance 
(TMR) ratio must be large enough for the sensing scheme 
of a standard CMOS logic. Here, TMR ratio is defined as 
(RAP-RP)/RP, where high resistance RAP and low resistance 
RP are the resistance at anti-parallel (AP) and parallel (P) 
configurations of the free and fixed layers, respectively. (3) 
The size of an MTJ must be small for scaling and 
low-power consumption. 

In this paper, the CMOS/MTJ integrated process tech-
nology with 0.14 m CMOS and 60x180nm2 MTJ is de-
scribed, and it is shown that the fabricated MTJ integrated 
on CMOS achieve excellent Write/Read performance for 
realizing MTJ-based logic. 
2. Fabrication of CMOS/MTJ integrated IC 

We fabricated MTJ on a CMOS logic-circuit plane with 
4-Metal / 1-poly gate 0.14 m CMOS process technology. 
Figure 1 shows the fabricated MTJ integrated in CMOS 
circuits. MTJs were stacked on via metal of the 3rd metal 
layer with surface roughness of less than 0.3nm planarized 
by CMP. The MTJ stack consists of Co20Fe60B20(2)/ 
Ru(0.8)/Co20Fe60B20(1.8) synthetic ferrimagnetic (SyF) 
free-layer, a 1-nm-thick MgO tunnel barrier, and a 
Co20Fe60B20 fixed-layer. The annealing temperature is 
325°C. After MTJ stack is deposited, junction of 
60x180nm2 and top metal line over MTJs are fabricated by 
using electron beam lithography and ion milling. 
3. Performance of MTJ integrated on CMOS 

In order to evaluate the performance of MTJ with Cur-
rent Induced Magnetization Switching (CIMS), the DC and 
AC characteristics were measured. All measurements were 
performed at room temperature and without a magnetic 
field. R-I characteristic of the MTJ integrated in CMOS 
circuits, as shown in Fig.2, shows the switching of mag-
netization by only current and hysteresis curve of the MTJ. 
TMR ratio of 138% is achieved with RAP of 3.63k and RP 
of 1.53k. I-V characteristic is measured as shown in Fig.3 
and the normalized TMR ratio and output voltage (V = V 
x (RAP-RP)/RP) are plotted in Fig.4 as a function of bias 

voltage of V. Output voltage of V of over 500mV is 
reached. In order to evaluate the critical current density of 
Jc, resistance versus pulsed current density (R-J) curves 
from p = 500s to 0.1s were measured. In R-J curve 
[shown in Fig.5 for p = 1ms], a switching is observed at a 
critical current density of Jc. By extrapolation of Jc meas-
ured at several different p to ln(p/0) of 0 as shown in 
Fig.6, where 0 = 1ns corresponds to the ferromagnetic 
resonance time constant of the free layer, we obtain Jc0

ave [= 
( |Jc0

P->AP| + |Jc0
AP->P| ) / 2] of 7.7x106A/cm2. 

The write current density of 7.7x106A/cm2 can be 
driven by a standard MOS transistor, as drive current per 
gate width is typically 1mA/1m and size of fabricated 
MTJ is 60x180nm2. RAP of 3.63k is large enough in 
comparison with channel resistance of a MOS transistor of 
200/1m channel length. Furthermore, since the TMR 
ratio of 138% is relatively high, good read margin would be 
obtained. The MTJ size of 60x180 nm2 is comparable to the 
employed CMOS technology. Above all, our MTJ inte-
grated in CMOS circuits has high enough performance to 
construct MTJ-based logic with CMOS circuit. 
4. MTJ operation with CMOS circuit 

We demonstrate the DC and AC operation of this MTJ 
with write transistors. Figure 7 shows the photograph of the 
fabricated MTJ with two write transistors. The pulse cur-
rent is generated by these MOSFETs. The write pulse volt-
age applying to both Gate1 and Gate2 and the bias voltage 
between WD and WS are set to 1.5V and 1.0V, respectively, 
where WD, WS, Gate1 and Gate2 are shown in the inset of 
Fig.7. Figure 8 shows the measured current flowing be-
tween WD and WS, and the write pulse voltage. As shown 
in Fig.8, after 230ns when the write pulse is applied to 
Gate1/Gate2, current through the MTJ changed from 
550A to 750A. At this timing, magnetization configura-
tion changed from anti-parallel(AP) to parallel(P) by CIMS. 
Which demonstrate that the fabricated MTJs integrated on 
CMOS logic have excellent Write/Read performance. 
5. Conclusions 

In this paper, we have described the CMOS/MTJ inte-
grated process technology; MTJs were fabricated on via 
metal with surface roughness of 0.3nm with 0.14m CMOS 
process and 60x180nm2 MTJ process, as summarized in 
Table 1. It is shown that the fabricated MTJ integrated on 
CMOS achieves enoughly Write/Read performance for 
realizing MTJ-based logic, as summarized in Table 2. 
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Fig.8  Transient current during the write op-
eration. Switching from AP to P is successfully
demonstrated. Write current is driven by the 
write transistors.
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Table 1  Device Process and Structure.  Table 2  MTJ Features.

500 mVV

32E/kBT

9.0 x106A/cm2|Jc0
P->AP|

6.5 x106A/cm2|Jc0
AP->P|

7.7 x106A/cm2Jc0
ave

1.53 kRP

3.63 kRAP

138%TMR ratio

ValueParameter
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Fig. 1  Fabricated MTJ: (a) SEM image of a MTJ resist pattern of 60x180nm2 (b) SEM image of a MTJ resist pattern array 
(c) Cross-sectional SEM image of the MOS transistors, metal wires which are fabricated with 0.14m CMOS process and MTJs which 
are stacked over the 3rd metal layer [2] (d) Cross-sectional TEM image of MgO barrier MTJ with CoFeB/Ru/CoFeB SyF free layer [1]

Fig.6  Critical current density Jc as
function of ln(p/0). R-J measure-
ments were performed five times.

Fig.7  Photograph of CMOS/MTJ
integrated IC constructed with MTJ
and write transistors.

Fig.5  Resistance versus pulsed current
density loop at p = 1ms.

Fig.3  I-V characteristic. The MTJ can be 
switched by bias voltage of +0.7V/-0.6V.

Fig.2  R-I characteristic of the MTJ 
integrated on CMOS. RP and TMR ratio 
are 1.53k, 138% respectively.

Fig.4  Bias voltage dependence of 
output voltage V.

-1395-

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


