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Analysis and Evaluation of a BJT-Based 1'T-DRAM

Sung-Jin Choi, Jin-Woo Han, Dong-I1 Moon, and Yang-Kyu Choi

Abstract—A BJT-based 1T-DRAM that utilizes a latch process is
analyzed in an experimental assessment. The experimental study
reveals that undesired activation of a parasitic BJT by a high leak-
age current inhibits aggressive scaling of a BJT-based 1T-DRAM.
Given the importance of choosing proper operation biases, the
drain voltage that triggers the latch process in the BJT-based
1T-DRAM should be reduced to avoid unwanted parasitic BJT
activation. Hence, a heterogeneous source and drain is proposed
to ensure the energy bandgap offset to silicon channel. A numer-
ical evaluation confirms that a heterogeneous source and drain
embedded structure is a promising candidate for high-density and
low-power DRAM technologies.

Index Terms—BJT, BVcgo, capacitorless DRAM, heteroge-
neous, heterojunction bipolar transistor (HBT), latch, parasitic,
silicon carbide (SiC), valence band offset, 1 T-DRAM.

I. INTRODUCTION

CAPACITORLESS IT-DRAM architecture utilizing a
floating body for storing data has attracted considerable
interest in recent years as an alternative to conventional 1T-1C
DRAM architecture [1], [2]. A recently proposed 1T-DRAM
cell uses a bistable state enabled by a parasitic BJT operation
in an SOI MOSFET structure for a programming operation and
a reading operation [3], [4]. Another approach was exploited
for IT-DRAM by the use of a gate capacitive coupled thyris-
tor structure, which also provided a bistable state [5]. Both
concepts for the IT-DRAM operation have attracted attention
because of their full compatibility with standard SOI processing
and their potentially superior performance with benefits such as
a high signal margin.

Essentially, the two concepts are physically based on a latch
process in terms of hysteric bistable operation; thus, the state
can be maintained unless it is hindered [6], [7]. The latch
process helps the operation of a capacitorless 1T-DRAM be-
cause one of the states (either states 1 or 0) can be sustained
without any charge loss during the read operation.

In this letter, we use experimental evaluations and numerical
simulations to comprehensively analyze the operation of a
latch-based 1T-DRAM, particularly a BJT-based 1T-DRAM.
The process flow and specific features of the device character-
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ized in this letter can be found in our previous work [8], which
was aimed for the unified random access memory to combine
IT-DRAM and flash memory. Finally, we suggest a novel
concept for the 1'T-DRAM structure and confirm its feasibility
for a highly scaled 1 T-DRAM with low power consumption.

II. RESULTS AND DISCUSSION

First, we measure the transfer characteristics of the SOI
MOSFET, as shown in Fig. 1(a), under normal operation with
a drain voltage (Vis) of 0.05 and 1 V. When a Vj, value
higher than 2.0 V is applied, the abnormal operation is clearly
evident, i.e., the steep subthreshold swing approaches a value
of 0 mV/dec. This behavior is due to the forward bias of the
source-body junctions (V},), which is defined by the separation
of quasi-Fermi potentials that trigger the significant action of
the parasitic BJT. Electrons are therefore injected into the body
(base) from the source (emitter) due to the forwarded V4,
and are subsequently collected by the drain (collector). The
added drain current augments the impact ionization, which,
in turn, drives the body to be more positive and enables a
regenerative action to occur on an iterative basis. As a result,
a premature breakdown (such as BVcgp) or latch process is
created when 3(M — 1) is close to one, where M is the impact-
ionization multiplication factor and /3 is the current gain of the
parasitic BJT. The abruptly enhanced current gives rise to a
steep subthreshold swing, which acts in a similar manner to
an I-MOS [9]. As also shown in Fig. 1(a), the latch voltage
(Viaten) decreases as the channel length (L) shortens. This
dependence is due to a larger M — 1 and a higher (3 in a device
with a short Lg. The M — 1 value increases because of the
carrier-velocity saturation in the channel, which yields a Vg
value with a lower level of saturation. Furthermore, the higher
3 value is due to the narrower base width (L,). Hence, under
a latch condition, the value of Vg is expected to be gradually
lowered as L, decreases. For a Vs value of 2.1 V, as shown
in Fig. 1(b), a bistable operation occurs during the forward
and reverse scan of the gate voltage (V). Note that, when the
MOSFET is supposed to be in the OFF-state [i.e., when the Vi
is lower than the threshold voltage (Vy)], the device cannot be
turned off during the reverse scan due to the activated parasitic
BIJT. This behavior occurs because, when the device is turned
on, the parasitic BJT is activated by channel current-induced
impact ionization, and the device remains in the ON-state even
when Vg drops below Viy,. The device consequently operates
in a bistable mode (i.e., where the two states of drain current
(I4s) have the same Vs value). This distinct property can be
applied to the BJT-based 1T-DRAM. Note also that, for higher
Vas value of 2.3 'V, a latch can occur even if a forward Vg
scan (where the first scan starts at Vs = —2 V) is initiated prior
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Fig. 1.

(a) Transfer characteristics for various drain voltages. At a drain voltage (V) of 2.1V, the parasitic BIT begins to be activated. The gate voltage (Vgs)

when the parasitic BIT becomes activated is called the latch-up voltage Via¢ch. The value of Vi,¢cn decreases as Lg shortens. (b) Forward and reverse scan of the
transfer characteristic. At V33 = 2.1 V, the bistable operation occurs during the forward and reverse scans. However, at V33 = 2.3 V, the latch operation always
occurs regardless of Vs due to the activated parasitic BJT triggered by the leakage current.
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Fig. 2. Measured results of the BJT-based 1T-DRAM at various biases. The
operational biases for each curve are summarized in the inset of the figure. For
simplicity, the same Vg is used for both the program and read operations. The
bias for the erase operation is Vgs = —1.5 V and V3s = —2.5 V. The duration
of the operation of both the program and erase functions is 5 ns each.

to the formation of a conduction channel. For a low Vs value
(< Vin), even though there is no channel current, the parasitic
BIT is activated, and its current induces sufficient impact
ionization to cause the regeneration action. This effect means
that the impact ionization, which is caused by a channel leakage
current induced by a high Vg, initially drives the parasitic BJT,
which, in turn, triggers sufficient impact ionization to latch the
device. Thus, the word-line voltage in the I T-DRAM is not able
to define the binary state. Even though Viatcp is reduced as L,
decreases, as shown in Fig. 1(a), the high leakage current in
a short L, device is likely to prevent a BIT-based 1T-DRAM
from working properly. Therefore, a novel method of lowering
the Viatcn value further is needed in a highly scaled BJT-based
1T-DRAM.

Fig. 2 shows the operation of a BJT-based 1T-DRAM. This
operation can be readily expected from a bistable operation, as
shown in Fig. 1. For curve (1), Vg5 is pulsed to a value near
the BVcgo value of the parasitic BJT, and Vg is pulsed to a

higher level so that it raises the value of V},., enough to increase
[ and drive the latch condition. For a read operation, a high
Vas value and a low Vg value are used. The condition of a
read operation should not drive the BJT latch process itself for
proper working. When the body is charged, the read operation
of state 1 is possible via V},o > 0. In turn, when the body is
not charged (i.e., when V4, is lowered), no significant current is
induced. Thus, the read operation of state 0 is feasible. In curve
(2), the sufficient current sensing margin cannot be achieved
because, during the program and read operations, the value of
Vs 1s not high enough to enable the latch process. However,
as shown in curve (3), when Vs is 2.3 V for the program and
read operations, the latch process always occurs regardless of
Vis. This behavior occurs because, as shown in Fig. 1, the in-
creased leakage current caused by the short-channel effects of a
high Vs, which is a significant drain-induced-barrier-lowering
effect, can activate the latch process. In curve (4), even though
a more negative Vg value is used in the program state, the latch
operation clearly produces well-distinguishable states between
1 and 0. Thus, we can infer that the generated holes from
the gate-induced drain leakage (GIDL) current can also charge
the body. It is important, therefore, to carefully choose the
proper Vs and Vys in the operation of a BJT-based 1T-DRAM.
Alternatively, a large underlap structure between the gate and
the source/drain (S/D) is attractive in terms of the reduced
GIDL current and decreased junction electric field [4].

Finally, we introduce a BJT-based 1T-DRAM that can
reduce the Vs value of the program and read operations. The
latch condition equation, 3(M — 1) ~ 1, shows that Vs can
be reduced when (3 is increased. A method of enhancing 3 can
be found in previous research, particularly in a heterojunction
bipolar transistor (HBT) [10]. In the structure of the HBT, the
hole current that is diffused from the body (base) to the source
(emitter) is effectively reduced by the high potential barrier
stemming from the valence band offset. As a result, a high §
can be achieved. Recently, the strained silicon technique, which
is aided by a stressor such as a silicon carbide (SiC) S/D, has
been favorably used to enhance the carrier mobility [11], and
the valence band offset between SiC and silicon has been
reported [12]. Thus, the heterogeneous S/D material against the
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(a) Simulated energy band diagram of a BJT-based 1T-DRAM in the structure of a heterogeneous S/D. The valence band offset resulting from the wide

bandgap in the heterojunction of the S/D is denoted by AE. (b) Current gain (3) of the BJT-based 1T-DRAM with the heterogeneous structure. The enhanced
ratio of 3 can be extracted by exp(AE,/kT'). The program and read Vs can be reduced by the improved /3 in the structure of the heterojunction S/D.

silicon channel can be readily implemented with an appropriate
selective-epitaxial technique. Some other III-V materials can
also serve this purpose. Fig. 3(a) and (b) shows a simulated
energy band diagram for the valence band offset of 0.06 eV and
the exponential dependence of (3 in relation to the valence band
offset, respectively. These results confirm that 3 is almost dou-
bled even with a valence band offset of 0.02 eV at room tem-
perature. As a result, a lower V; is sufficient to trigger the latch
process. The numerical simulation for a BJT-based I T-DRAM
was carried out for a device with the same dimensions. For the
sake of simplicity, we consider only the valence band offset
and not the strained effect of a lattice mismatch. Fig. 3(b)
confirms that the value of the program and read Vs becomes
lower as the valence band offset increases. The lower value
triggers the latch process and sustains the same current sensing
window. This property is particularly advantageous for a highly
scaled BJT-based 1T-DRAM when a high leakage current is
problematic.

III. SUMMARY

The operation of a latch-based 1T-DRAM, particularly a
BJT-based 1T-DRAM, was comprehensively analyzed and
characterized in an experimental evaluation. We found that
both the values of Vg and Vs for the operation of a BJT-
based 1'T-DRAM should be precisely controlled because both
the GIDL current and OFF-state leakage current can adversely
affect the activation of the parasitic BJT. Thus, we propose the
heterojunction of S/D as a means of overcoming the technical
challenges. It can further lower the value of V4 by the enhance-
ment of (3.

REFERENCES

[1] C.Kuo, T.-J. King, and C. Hu, “A capacitorless double-gate DRAM cell,”
IEEE Electron Device Lett., vol. 23, no. 6, pp. 345-347, Jun. 2002.

[2] I. Ban, U. E. Avci, U. Shah, C. E. Barns, D. L. Kencke, and P. Chang,
“Floating body cell with independently-controlled double gates for high
density memory,” in [EDM Tech. Dig., 2006, pp. 1-4.

[3] S. Okhonin, M. Nagoga, E. Carman, R. Beffa, and E. Faraoni, “New
generation of Z-RAM,” in [EDM Tech. Dig., 2007, pp. 929-932.

[4] K.-W. Song, H. Jeong, J.-W. Lee, S. I. Hong, N.-K. Tak, Y.-T. Kim,
Y. L. Choi, H. S. Joo, S. H. Kim, H. J. Song, Y. C. Oh, W.-S. Kim,
Y.-T. Lee, K. Oh, and C. Kim, “55 nm capacitor-less 1T DRAM
cell transistor with non-overlap structure,” in IEDM Tech. Dig., 2008,
pp. 727-780.

[5] H.-J. Cho, F. Nemati, R. Roy, R. Gupta, K. Yang, M. Ershov, S. Banna,
M. Tarabbia, C. Salling, D. Hayes, A. Mittal, and S. Robins, “A
novel capacitor-less DRAM cell using thin capacitively-coupled thyristor
(TCCT),” in IEDM Tech. Dig., 2005, pp. 320-324.

[6] C.-E.D. Chen, M. Matloubian, R. Sundaresan, B.-Y. Mao, C. C. Wei, and

G. Pollack, “Single-transistor latch in SOI MOSFETSs,” IEEE Electron

Device Lett., vol. 9, no. 12, pp. 636-638, Dec. 1988.

K. Young and J. Burns, “Avalanche-induced drain-source breakdown in

silicon-on-insulator n-MOSFETS,” IEEE Trans. Electron Devices, vol. 35,

no. 4, pp. 426-431, Apr. 1988.

J.-W. Han, C.-J. Kim, S.-J. Choi, D.-H. Kim, D.-I. Moon, and Y.-K. Choi,

“Gate-to-source/drain nonoverlap device for soft-program immune uni-

fied RAM (URAM),” IEEE Electron Device Lett., vol. 30, no. 5, pp. 544—

546, May 2009.

K. Gopalakrishnan, P. B. Griffin, and J. D. Plummer, “I-MOS: A novel

semiconductor device with a subthreshold slope lower than k7/g,” in

IEDM Tech. Dig., 2002, pp. 289-292.

[10] H. Kroemer, “Heterostructure bipolar transistors and integrated circuits,”
Proc. IEEE, vol. 70, no. 1, pp. 13-25, Jan. 1982.

[11] K.-W. Ang, K.-J. Chui, V. Bliznetsov, A. Du, N. Balasubramanian,
G. Samudra, M. F. Li, and Y.-C. Yeo, “Enhancement performance in
50 nm N-MOSFETs with silicon-carbon source/drain regions,” in /JEDM
Tech. Dig., 2004, pp. 1069—-1071.

[12] M. Kim and H. J. Osten, “X-ray photoelectron spectroscopic evalu-
ation of valence band offsets for strained Si;_.Ges, Sii—yCy, and
Si1—o—yGexCy,” Appl. Phys. Lett., vol. 70, no. 20, pp. 2702-2704,
Mar. 1997.

[7

—

(8]

[9

—




<<
  /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


