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Introduction 
A CMOS-based thyristor device known as a Thin Capacitively 

Coupled Thyristor (TCCT) (Fig.1) has been introduced as a novel 
switching device for high-density high-performance memory 
applications on SOI [1].  Using the characteristic bi-stable I-V 
curve and a gate-assisted turn-on/turn-off switching mechanism, a 
SRAM cell one-fourth the cell size of conventional 6T-SRAM was 
demonstrated in a 130nm SOI CMOS logic technology [2] and a 
novel capacitor-less DRAM cell with high speed access time was 
reported [3].  Stable device operation over a temperature range 
from 0ºC to 125ºC may pose a challenge for the operation of the 
thyristor-based memory cell because bipolar device characteristics 
are more dependent on temperature than MOSFET characteristics. 
For example, the forward breakover voltage (Vfb) of an un-
optimized thyristor (Fig. 2) degrades with increasing temperature, 
which can result in loss of the data “0” state.  

In this paper, methods for achieving a manufacturable TCCT 
on SOI with excellent thermal stability and fast switching speed 
are reported for the first time.  A carrier lifetime adjustment 
process was implemented and indium was used as a p-type dopant.  
By using these methods, we demonstrate a TCCT device with 
stable forward breakover voltage (Vfb) at 125ºC and bipolar gain 
with significantly improved temperature response. Finally, we 
achieved a worst-case switching speed of less than 2.1 ns 
measured from a 9Mb T-RAM test chip. 

Device Fabrication 
Thyristor-based memory cells were fabricated in a 130nm SOI 

CMOS logic technology.  Three photo/implantation steps were 
added to define various regions of the TCCT, as shown in Fig. 3.  
No additional deposition or diffusion steps or modification of 
thermal processes are required for TCCT device fabrication. 

Modulating Temperature Dependence of NPN Gain 
The gain of bipolar transistors increases with temperature. In 

this work, indium is employed as the p-base dopant species in 
order to modulate the temperature coefficient of NPN gain and 
stabilize thyristor characteristics over a wide operating 
temperature range.  The base of an NPN bipolar transistor is 
typically doped with boron, which is nearly fully ionized over the 
operating temperature range of most semiconductor devices. 
Indium is known to have an acceptor level which is 156 meV 
above the top of the valence band of silicon.  As a result, the 
fraction of ionized indium atoms increases with temperature, 
resulting in increased Gummel number and reduced gain.  

Fig. 4 shows the measured data confirming that the 
temperature dependence of the NPN DC gain (β) has been 
modulated and even inverted by replacing boron with indium as 
the p-base dopant species.  

Carrier Lifetime Adjustment with Nanoscale Uniformity 
The forward-blocking capability of thyristors at high 

temperature can be improved by adding a shunt resistor to either 
or both base-emitter junctions. Although this technique has been 
effectively used in power applications, it is difficult to apply 
controllably to nanoscale thyristors for memory applications.  In 
this paper, we introduce a carrier lifetime adjustment (leakage) 
implant at the anode/n-base (J1) junction for improving thermal 
stability. The principle of the leakage implant is similar to that 
used for source junctions of SOI MOSFET devices to suppress the 
floating body effect. 

In SOI MOSFETs, the leakage implantation is typically 
applied at the S/D implantation step followed by the S/D RTA 
process.  Fig. 5(a) shows the measured diode I-V curve for a 
180nm-wide device from this process.  The forward current of 
some devices at low-bias exhibits increased leakage due to the 
leakage implantation, but large device-to-device non-uniformity of 
the low-bias leakage characteristics is observed.  The same 
leakage implantation was performed after the S/D RTA step and 
before the silicidation step (anneals less than 800ºC). In this case, 
forward current uniformity is dramatically improved, as seen in 
Fig. 5(b).  The uniformity of current for narrow devices is 
significantly improved by using low temperature annealing 
(implant after S/D RTA) as opposed to high temperature annealing 
(implant before S/D RTA). 

Fig. 6 shows a series of XTEM images of the damage profile 
in silicon as-implanted and followed by various anneal conditions.  
It was observed that the defect size was small after low 
temperature annealing, but the size gradually increased with 
increasing annealing temperature.  For nanoscale memory 
applications, low temperature annealing is desirable in order to 
achieve atomic-scale defects and therefore good uniformity in 
narrow-width devices. Such a low temperature annealing process 
is commonly used at the silicidation step in the conventional 
CMOS process.  Fig. 7 shows measured J1 leakage current for 
various leakage implant conditions.  By changing the implant 
conditions, modulation of leakage current (carrier lifetime) over 
two orders of magnitude is shown while maintaining good 
uniformity. Fig. 8 shows that good Vfb distribution at 125ºC has 
been successfully achieved by carrier lifetime adjustment implant 
with low temperature annealing. 

The switching speed of the TCCT device is determined by 
various device parameters such as npn and pnp bipolar gains, gate-
to-pbase capacitive coupling ratio, and carrier lifetime τ in J1. Due 
to the unique gate coupling mechanism, the excess carriers in the 
p-base are removed at the falling edge of the gate pulse without 
carrier recombination; however, carriers in the n-base need to be 
removed by recombination. Therefore, the carrier lifetime in the J1 
junction becomes a limiting factor for the turn-off switching 
speed.  When τ is reduced, carriers in the n-base are more quickly 
recombined, resulting in improved turn-off speed. Fig. 9 shows the 
distribution of time required to write data “0” measured from a 
9Mb T-RAM test chip at 125ºC. A T-RAM cell with write time of 
less than 2.1ns is achieved for the slowest bit out of 9Mb. This 
array result confirms the good thermal stability of the TCCT 
device and successful control of carrier lifetime adjustment for all 
TCCT devices in large arrays.   

Conclusion 
This paper demonstrates a thermally stable TCCT device on 

SOI using carrier lifetime adjustment implantation and low 
temperature annealing. In addition, temperature sensitivity of 
bipolar gain is optimized using indium as a p-type dopant. Finally, 
write time less than 2.1ns is obtained from a 9Mb T-RAM test 
chip at 125ºC.  These results demonstrate that the TCCT device is 
a good candidate for highly reliable, high-density high-speed 
memory applications.  
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Figure 1: Schematic cross-section of a TCCT, 
showing junctions J1, J2, J3 and the application of  
an implant to reduce minority carrier lifetime in J1. 

Figure 2: Thyristor I-V curves at low and 
high temperature before optimization. 
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Figure 3: Process flow high- 
lighting TCCT-specific steps. 
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Figure 5: Measured J1 diode (PNP base-emitter junction) 
characteristics with leakage implant after S/D RTA show 
reduced variation.  Active width is 180nm. 

Figure 6: TEM images of J1 region.  Higher 
temperature anneal results in fewer, larger defects. 

Figure 7: Measured distribution of narrow width (180nm) J1 
junction leakage formed with leakage implant after S/D RTA. 
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Figure 8: Measured forward breakover voltage distribution at 
125ºC shows improvement with leakage implant after S/D RTA. 

Figure 4: Measured peak NPN DC gain vs. 
temperature for various pbase implant species. 

Figure 9: Measured distribution of time required to write 
data “0” in 9Mb test vehicle with optimized TCCT at 125ºC.

implant 

1E-11 1E-10 1E-9

-2

-1

0

1

2

 

 

N
or

m
al

 P
ro

ba
bi

lit
y 

(s
ig

m
a)

J1 Leakage Current (A) at 0.5V

 Implant A
 Implant B
 Implant C
 Implant D

0.0 0.5 1.0 1.5 2.0 2.5
1

10

100

1k

10k

100k

1M

10M

 

 

Fa
il 

B
its

 in
 9

M
b 

ar
ra

y

Write Data0 Time (ns)

(a) (b)

0 50 100
-100

-80

-60

-40

-20

0

20

40

60

80

100 Pbase Implant:
 Boron Only
 Indium (1xDose)
 Indium (4xDose)

 

 

%
 C

ha
ng

e 
in

 P
ea

k 
D

C
 N

PN
 G

ai
n 

(β
)

Temperature (ºC)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for IEEE Xplore. Created 15 December 2003.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


