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MILC-TFT With High-+ Dielectrics for
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Abstract—In this letter, for the first time, one-time-
programmable (OTP) memory fabricated on the low-temperature
poly-Si p-channel thin-film transistor (TFT) with metal-induced
lateral-crystallization channel layer and high-x dielectrics is
demonstrated. The state of this OTP memory can be identified by
the scheme of gate-induced drain leakage current measurement.
The OTP-TFT memory has good electrical characteristics in terms
of low threshold voltage Vi), ~ —0.78 V, excellent subthreshold
swing ~105 mV/dec, low operation voltage, faster programming
speeds, and excellent reliability characteristics.

Index Terms—Gate-induced drain leakage (GIDL), metal-
induced lateral crystallization (MILC), one-time programmable
(OTP), thin-film transistor (TFT).

I. INTRODUCTION

ECENTLY, nonvolatile memories have become very pop-

ular for the applications of portable electronics, in which
high density of nonvolatile memory is inevitable. The scaling
down of traditional memories has met physical limits due to the
aggressive scaling down of the photolithography and tunneling
oxide thickness [1], [2]. However, low-temperature poly-Si
thin-film transistors (LTPS-TFT) have been widely used for
the application of system on panel (SOP) [3] and 3-D circuit-
integration elements such as SRAMs, DRAMs, and nonvolatile
memories [4]-[6]. Ultrahigh density memories have also been
completed using 3-D multilayer stack LTPS-TFT memories.
Unfortunately, it is difficult to fabricate nonvolatile memories
without any extra mask and processing. Furthermore, many
defects occur among the polysilicon channel films because of
the large number of grain boundaries, resulting in much poor
subthreshold swing (SS) and high threshold voltage (Vi) [7],
[8]. In this letter, for the first time, the LTPS p-channel TFT with
metal-induced lateral-crystallization (MILC) channel layer for
the dual application of high-performance device and excellent
reliable one-time-programmable (OTP) memory is successfully
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Fig. 1. Cross-sectional scheme of the OTP-TFT memory with MILC poly-
crystalline silicon channel film and illustration of electron trapping for program
state.

proposed. The performance of the LTPS-TFT device, which is
demonstrated using the MILC method and HfO, gate dielec-
tric, is improved. Moreover, the OTP-TFT memory has been
fabricated without any extra mask and processing. This process
is simple and fully compatible with standard LTPS-TFT. The
MILC-TFT with HfO, gate dielectric can be used as OTP
memories by measuring the change of gate-induced drain leak-
age (GIDL) current [9], [10]. The OTP-TFT memory with
lower Vi, excellent SS, lower operation voltage, longer reten-
tion time, and good read disturbance can be obtained, highly
promising for the realization of SOP and 3-D circuit integration.

II. EXPERIMENTAL PROCEDURE

The device cross section of the OTP-TFT memory with
HfO, dielectric and MILC polycrystalline silicon channel film
is shown in Fig. 1. First, 500-nm thermal oxide was grown on
the Si wafer by furnace system. Undoped amorphous Si («-Si)
layer with a thickness of 50-nm was deposited by low-pressure
chemical vapor deposition at 550 °C. A 5-nm Ni layer was
deposited by an electron-beam evaporation system at room tem-
perature and patterned by liftoff process as a seed layer to crys-
tallize the «-Si. Then, the 50-nm «-Si layer was crystallized by
the MILC process at 550 °C for 24 h in a Ny ambient. To reduce
Ni contamination, the residual Ni was removed by HySO4 +
H505. The source and drain (S/D) regions in the device active
region were implanted with boron (10 keV at 5 x 10'° cm~2)
and activated at 600 °C for 24 h annealing in a Ny ambient.
A 500-nm plasma-enhanced chemical-vapor-deposition oxide
was deposited at 300 °C for device isolation. The device
active region was formed by patterning and etching isolation
oxide. Next, a 50-nm HfO5 with effective oxide thickness EOT
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Fig. 2. Room temperature transfer characteristics (/ p—V(; and transconduc-
tance Gm) of the OTP-TFT memory with MILC polycrystalline silicon channel
film (Vp = [Vps|)-
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Fig. 3. Program speed characteristics of the OTP-TFT memory with MILC
polycrystalline silicon channel film at different operating voltages.

~12.3 nm was deposited by electron-beam evaporation system
at room temperature. Then, after the patterning of S/D contact
holes, a 500-nm Al was deposited by electron-beam system
evaporation at room temperature and patterned as Al gate
and S/D contact pads. There was no other treatment during
fabrication. The standard MILC LTPS-TFT and OTP memory
can be fabricated simultaneously. This process is simple and
fully compatible with standard LTPS-TFT.

III. RESULTS AND DISCUSSION

Fig. 2 shows the transfer characteristics (/p—Vs and Gm)
of the OTP-TFT memory with MILC polycrystalline silicon
channel film. The device with gate length (L) and width (W)
of 10 and 10 pm, respectively, was measured. The thresh-
old voltage (Vi) of the device was defined as the Vi at
which the normalized drain-current reaches W/L x 10 nA
for Vp = —0.1 V. The OTP device has superior performance,
with smaller V4, (~—0.78 V), excellent subthreshold swing
(~105 mV/dec) and higher drain current. A high gate-
capacitance density, which corresponds to low EOT ~12.3-nm,
is obtained from the capacitance—voltage curve of Al/HfO5 on
a P-type substrate to extract the gate-capacitance density of
OTP-TFT memory (not shown).

In addition, this high-performance MILC-TFT device can
also be used as an OTP memory device at sufficient gate voltage
and drain voltage operation. The program speed character-
istics of OTP-TFT devices with different operating voltages
are shown in Fig. 3. The OTP-TFT device is programmed
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Fig. 4. Data retention characteristics of OTP-TFT memory for the different
bake temperatures. After 10k s at 25 °C, no significant GIDL current shift
occurred.
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Fig. 5. Read disturbance characteristics obtained for the OTP-TFT memory
(stress voltage on Vig =2 Vand Vp = —1 V).

using electron gate injection mechanism for OTP memory
application. The program conditions are follows: Vg = —1 V
and Vp =9, 10, 11, and 12 V. The change of GIDL current
(Igipr) may be read from Fig. 3. The Igip1, was measured
from the OTP-TFT device with Vg =2 V and Vp = —1 V.
The higher current (1 ©A) and lower current (500 pA) of Igipr
were defined as the erased state (“0” state) and programmed
state (“1” state), respectively. The memory states of MILC-TFT
memory can be determined from the GIDL current under
forward read operation [9], [10]. In the trapping location, the
electrons have been trapped in the HfO, layer at the gate and
drain overlap region (in Fig. 1). Furthermore, the GIDL current
is reduced owing to the electron trapping at the gate and drain
overlap region. The lower GIDL current can be attributed to
the decrease of vertical electric field. A higher voltage for Vp
trends to result in larger /gpr, change and faster programming
speed owing to the higher local electric field near the drain side.
Comparing OTP-TFT memory with other LTPS-TFT memory
devices, the programming voltage and read voltage are rela-
tively smaller [12].

Fig. 4 shows the data retention performance which is mea-
sured at room temperature and 85 °C. At room tempera-
ture, charge loss can be barely observed up to 10* s. The
OTP-TFT device with HfO5 gate dielectric exhibits good reten-
tion characteristics at room temperature and high temperature
due to the deep-trapping level in the HfO, layer. The results
indicate that the Igpr, change is still retained about three
orders after 10" s at 85 °C. Hence, the trapped electrons in
the OTP-TFT memory with the HfO5 dielectric are not easily
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detrapped. In addition, the measured read-disturb characteris-
tic is shown in Fig. 5. The stress voltage was set at Vg =
2 Vand Vp = —1 V. The Igipr, is slightly increased after
10% s, due to the electron detrapping by the stress voltage.
Consequently, the Igpr, change is maintained about three or-
ders after 10° s read disturb. Compare with other TFT-memory
devices [12]-[14], OTP-TFT devices can be operated at lower
voltages and higher program/erasing speeds with better charge
retention over the same period of time.

IV. CONCLUSION

For the first time, a high-performance LTPS p-channel TFT
with MILC channel layer with HfOy gate dielectric used for
OTP memory is successfully fabricated. This novel structure
has excellent characteristics: low threshold voltage, excellent
subthreshold swing, low operation voltage, faster program-
ming speeds, and excellent reliability characteristics. OTP-TFT
memory offers a very promising solution for the application of
SOP and 3-D circuit integration.

ACKNOWLEDGMENT

The authors would like to thank the processes support from
the National Nano Device Laboratories and the Nano Facility
Center of the National Chiao Tung University.

REFERENCES

[1] K. Prall, “Scaling non-volatile memory below 30 nm,” in Proc. NVSMW
Tech. Dig., 2007, pp. 5-10.

[2] T.Y.Chiang, T. S. Chao, Y. H. Wu, and W. L. Yang, “High-program/erase-
speed SONOS with in situ silicon nanocrystals,” IEEE Electron Device
Lett., vol. 29, no. 10, pp. 1148-1151, Oct. 2008.

[3] K. Yoneda, R. Yokoyama, and T. Yamada, “Development trends of LTPS
TFT LCDs for mobile applications,” in VLSI Symp. Tech. Dig., 2001,
pp- 85-90.

IEEE ELECTRON DEVICE LETTERS, VOL. 30, NO. 9, SEPTEMBER 2009

[4] F. Hayashi, H. Ohkubo, T. Takahashi, S. Horiba, K. Node, T. Uchida,
T. Shimizu, N. Sugawara, and S. Kumashiro, “A highly stable SRAM
memory cell with top-gate P-N drain poly-Si TFT of 1.5 V operation,”
in IEDM Tech. Dig., 1996, pp. 283-286.

[5] H. J. Cho, F. Nemati, P. B. Griffin, and J. D. Plummer, “A novel pillar
DRAM cell for 4 Gbit and beyond,” in VLSI Symp. Tech. Dig., 1998,
pp. 38-39.

[6] Y. H. Lin, C. H. Chien, T. H. Chou, T. S. Chao, and T. F. Lei,
“Impact of channel dangling bonds on reliability characteristics of
Flash memory on poly-Si thin films,” IEEE Electron Device Lett., vol. 28,
no. 4, pp. 267-269, Apr. 2007.

[71 M. W. Ma, C. Y. Chen, C. J. Su, W. C. Wu, Y. H. Wu, T. Y. Yang,
K. H. Kao, T. S. Chao, and T. F. Lei, “Impacts of fluorine ion im-
plantation with low-temperature solid-phase crystallized activation on
high-x LTPS-TFT,” IEEE Electron Device Lett., vol. 29, no. 2, pp. 168—
170, Feb. 2008.

[8] R. E. Proano, R. S. Misage, and D. G. Ast, “Development and elec-

trical properties of undoped polycrystalline silicon thin-film transistor,”

IEEE Trans. Electron Devices, vol. 36, no. 9, pp. 1915-1922,

Sep. 1989.

A. Padilla, K. Shin, T. J. King Liu, J. W. Hyun, I. Yoo, and Y. Park,

“Dual-bit gate-sidewall storage FInFET NVM and new method of charge

detection,” IEEE Electron Device Lett., vol. 28, no. 6, pp. 502-505,

Jun. 2007.

[10] A.Padilla, S. Lee, D. Carlton, and T. J. King Liu, “Enhanced endurance of
dual-bit SONOS NVM cells using the GIDL read method,” in VLSI Symp.
Tech. Dig., 2008, pp. 142-143.

[11] C. C. Yeh, T. Wang, Y. Y. Liao, W. J. Tsai, T. C. Lu, M. S. Chen,
Y. R. Chen, K. F. Chen, Z. T. Han, M. S. Wong, S. M. Hsu, N. K. Zous,
T. F. Ou, W. C. Ting, J. Ku, and C. Y. Lu, “A novel NAND-type PJINES
nitride trapping storage Flash memory cell with physically 2-bits-per-cell
storage, and high programming throughput for mass storage applications,”
in VLSI Symp. Tech. Dig., 2005, pp. 116-117.

[12] Y. H. Lin, C. H. Chien, T. H. Chou, T. S. Chao, and T. F. Lei, “Low-

temperature polycrystalline silicon thin-film Flash memory with hafnium

silicate,” IEEE Trans. Electron Devices, vol. 54, no. 3, pp. 531-536,

Mar. 2007.

Z. Pei, A. Chung, and L. Hwang, “Nonvolatile polycrystalline silicon thin

film transistor memory using silicon-rich silicon nitride as charge storage

layer,” Appl. Phys. Lett., vol. 90, no. 22, p. 223 515, Jun. 2007.

[14] S. C. Chen, T. C. Chang, P. T. Liu, Y. C. Wu, P. S. Liu, B. H. Tseng,
J. H. Shy, S. M. Sze, C. Y. Chang, and C. H. Lien, “A novel nanowire
channel poly-Si TFT functioning as transistor and nonvolatile SONOS
memory,” IEEE Electron Device Lett., vol. 28, no. 9, pp. 809-811,
Sep. 2007.

[9

—

[13

[t




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


