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ABSTRACT

The source doping engineering, the low bandgap mahtand the vertical tunneling
structure have recently been considered as mostte## techniques to resolve the on-current
issue in tunnel field-effect transistors (TFET®)this paper, the effects of source doping profile,
including the concentration and gradient, on thé@adecharacteristics are adequately elucidated
in lateral and vertical TFETs using low bandgapngerium to allow a comprehensive
comparison between the two major TFET architectfoethe first time. Similar dependences of
the on-current on the source concentration arerebdeén lateral and vertical TFETS, except that
the on-current of vertical TFETSs is always gredtan that of lateral TFETs approximately one
order of magnitude. With different contributionstbé lateral and vertical tunneling components
in the subthreshold region, the subthreshold swihgertical TFETs first decreases at small
concentrations, then increases at medium valued, farally decreases again at high
concentrations, whereas that of lateral countesways decreases exponentially with increase
in the source concentration. The on-current ofrédt&@ FETSs is significantly decreased, while
that of vertical TFETs is almost invariable withcieasing the source doping gradient. With
competitive advantages of the vertical TFET arcitee in on-current, subthreshold swing and
device fabrication, vertical TFETs using low barmglge@miconductors are promising for use in
low power applications.

Keywords:source engineering, source doping effect, laterahé¢ling, vertical tunneling, tunnel
field-effect transistor.

1. INTRODUCTION

Owing to the breakthrough of 60 mV/decade subttulelsswing at room temperature,
tunnel field-effect transistors (TFETS) have beensidered as an attractive candidate for low
power and high performance applications comparembiwentional metal-oxide-semiconductor
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field-effect transistors (MOSFETS) which are sutgddo the Boltzmann limit of 60 mV/decade
[1, 2]. Differently from standard MOSFETS, typicAFETs are always operated in highly
reverse-biased conditions to result in significahtlw static power dissipations [3, 4]. Based on
the band-to-band tunneling (BTBT) of carriers ttglahe forbidden-band gap, in the other hand,
the tunnel probability in TFETSs is highly contralléy the applied voltages to produce a steep
subthreshold swing [4, 5]. A subthreshold swingleds than 60 mV/decade is the key
requirement to scale the power supply voltage dov tlynamic power consumptions since a
transistor with a steep subthreshold swing onlyuireg a less gate voltage for a given on-off
current ratio.

Since the tunnel probability depends strongly enttmnel barrier width and height, the on-
current of TFETs is highly relied on the energy digap of semiconductors. Numerous
researches have been performed to properly cotiteokunnel barrier for improving the on-
current and subthreshold swing [5 - 7]. Unfortuhatthe on-current of silicon-based TFETSs is
still relatively low because of the high bandgasitton [8]. Enhancing the on-current becomes
the most imperative challenge in TFET devices. Adea techniques proposed to enhance the
on-current of TFETs usually involve in the engiriegrof the tunnel barrier width and/or the
tunnel barrier height [9 - 11]. One of the mosketive techniques is the use of low-bandgap
materials in TFETs. With using low-bandgap matsristhe tunnel barrier is not only lowered
but also narrowed to extremely boost the on-statmeling current [6, 11, 12]. To further
ameliorate the on-current and the subthreshold gswén new TFET architecture has been
proposed to produce the vertical tunneling in thieation perpendicular to the gate oxide layer
[13, 14]. Because the vertical tunneling occursinithe heavily-doped source, the subthreshold
swing is significantly decreased. It is noted tha tunneling area, which is located at the
source-channel junction, is uncontrollable in treditional p-i-n TFET structure. Differently,
the tunneling region in vertical TFETs can flexilidg extended by adjusting the gate-source
overlap length to enhance the on-current. Usingbawdgap semiconductors in vertical tunnel
green transistors has obviously demonstrated amllert combination to simultaneously
maximize the on-current and minimize the subthriesbwaing [15].

Because the source doping determines the potgmbéile and hence the tunnel width of
tunnel junctions, the device characteristics depstndngly on the source doping profile in
lateral and vertical TFET devices. It is shown thext general, the on-current and the
subthreshold swing are improved with increasingsthigrce concentration. In lateral TFETS, the
source doping gradient is also the key elemenomdrol the device characteristics [16], whereas
its role in vertical TFETSs still remains uncertginEFurthermore, a comprehensive investigation
for effects of source doping profile on the lateaatl vertical TFET characteristics has not been
presented in parallel for adequate comparisonsteftne, the roles of source doping profile in
lateral and vertical TFETs has not been propenicidhted and compared to provide useful
information for designing these potential semicardutransistors.

In this paper, the effects of source doping profite the characteristics of lateral and
vertical TFETs are explored in detail by two-dimiensl simulations [17] to provide the overall
understanding on the roles of source doping prafil@esigning lateral and vertical TFETS.
Associated physical explanations are accordinghemiin term of the energy-band diagram to
explicitly clarify the physics of devices. The page divided into five sections, including the
Introduction (Section 1) and the Conclusions (®&ctb). Section 2 describes the device
structures and physical models used in the investigs. The effects of source concentration are
detailed in Section 3, whereas the effects of sodaping gradient are presented in Section 4.
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2. DEVICE ARCHITECHTURES AND PHYSICAL MODELS

Figure 1 shows typical lateral and vertical homeojion TFET structures with using low-
bandgap germanium for boosting the on-current [8,29. Lateral and vertical TFETs are also
widely known as point and line TFETS, respectivélgcause the tunneling occurs at a narrow
source corner in lateral TFETs while it appearsi@lthe source surface beneath the gate oxide
as shown in the figure. Although germanium (Gearsindirect bandgap semiconductor, the
direct tunneling component is still a decisive ciimition in Ge TFETs because its direct
bandgap (0.8 eV) is only slightly higher than thdiiect bandgap (0.66 eV) [18]. For all TFET
devices, a single-gate structure with 3 nm physicadle thickness of Hf@and a metal gate
work function of 4.2 eV were used. A dopeddnain of 5x1¢° cmi® and a 100 nm n-channel of
10"cm® were fixed to minimize the ambipolar current [8}hereas the source doping
concentration and gradient are appropriately vafegdstudy purposes. In the vertical TFETS,
the gate fully overlaps the channel with a gatess®wverlap length of 50 nm to maximize the
on-current [19].

(a) Lateral TFET

Source Drain
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Solid: Vertical TFET
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Figure 1 Schematic structures of (a) lateral and (b, Figure 2 Current-voltage curves of lateral and

vertical Ge tunnel field-effect transistors. Arrows vertical TFETs with a mild source doping and a

show the directions of possible tunneling processes reasonable gradient of 0cm® and 2 nm/decade,
respectively.

The electrical characteristics of the TFETs arelyaeal by using commercial two-
dimensional device simulator [17] in which the dirBTBT generation rate is calculated by the
Kane’s model [20]. The model integrated in the datar has been experimentally validated in
SiGe-based tunnel devices [9, 12, 18, 21] for aewahge of operating temperature [3]. In the
Kane’s model, the direct BTBT rate is expressed2dj:

é—z E3/2
Garer = A->_exp -B—2- |,
BTBT ex{ g J (1)

where E andg are the semiconductor bandgap and tunnel junetexctric field, respectively. In

a non-uniform electric field, the electric fieldtein eq. (1) is determined non-locally along the
tunnel path to properly estimate the tunneling [28. Material parameters A and B depending
on the carrier effective masses have been propeattulated for germanium [18, 23]. Eqg. (1)
shows that the BTBT generation depends explicitiyttee energy bandgap and the electric field
which is determined by the tunnel width. In all glations, the bandgap narrowing, the Fermi-
Dirac distribution and the Shockley-Read-Hall geatien-recombination are considered.
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Additionally, to focus on the physical considerasoof the source doping profile effects in the
TFETSs, the trap-assisted tunneling is not takeo @mtcount because the trap-assisted tunneling
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Figure 3 Energy-band diagrams of (a) lateral and (b) gelfiFETs at on- and off-states.

is process sensitive and it is less importantiwibandgap Ge TFETs [12, 24].

To examine the operations and provide a prelimineoynparison, Fig. 2 shows the
simulated current-voltage characteristics of thterld and vertical TFETs. A mild source
concentration of 18 cmi® and a reasonable doping gradient of 2 nm/decasléefined in the
simulations. Generally, both kinds of TFETs achieveery low off-current and subthreshold
swing, which is basically attributed to the BTBT ahanism in the reverse-biased p-i-n
junctions. Notably, the on-current of the verti@ddET is significantly higher than that of the
lateral counterpart. However, the current-voltalgaracteristics of the lateral and vertical TFETs
are almost identical in the subthreshold regiorecaBise the onset of the lateral tunneling is
more premature than that of the vertical tunnelibg], the lateral tunneling dominates the
subthreshold region, whereas the vertical tunnetagnly contributes to the on-state current in
the vertical TFET. Figure 3 plots the energy-baraichms at off- and on-states to explain the
working principles of the lateral and vertical TFETh the lateral TFET (Fig. 3(a)), a wide
tunnel barrier is formed by the channel potential zone at off-state to prevent the tunneling
leakage current. At the on-state with high applgede voltages, the source-channel tunnel
junction is narrowed to allow the lateral tunneliofgelectrons from the source valence band to
the channel conduction band. In the vertical TFEif.(3(b)), the vertical band bending at off-
state is insufficient to enable the band-to-banthéling. At high gate voltages, however, the
significant vertical band bending opens up the &ling band to turn the device on. Electrons
tunnel vertically from the source center to therseusurface before swept toward the drain.
Because the tunneling in the vertical TFET occuithinv the heavily-doped source, the tunnel
width is smaller and the tunnel area is larger tihese in the lateral TFET [13, 19]. Therefore,
the on-current is significantly enhanced in thetieat TFET device.
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Figure 4 Current-voltage curves of (a) lateral and (b) Figure 5 Energy-band diagrams of (a) lateral and (b)
vertical TFETs with various source doping vertical TFETs with different source concentrations
concentrations.

3. EFFECTS OF SOURCE CONCENTRATION

Because the on-off switching of either lateral ertical TFETS is basically controlled by
the band-to-band tunneling at source side, thecsoepncentration plays a key factor in
determining the device characteristics of TFETsd@dally, a higher source concentration results
in a stronger band bending at the depletion regibtunnel junction. Therefore, the tunnel
barrier width is narrower and the on-off transitmfrthe tunnel barrier is more abrupt to produce
the higher on-current and smaller subthreshold gviinheavier source TFETs regardless of
their lateral or vertical structure [6, 16, 19]. Wiever, a comprehensive comparison of source
concentration effects on the device characteristickteral and vertical TFETs has not been
reported adequately in the scientific literaturetHis section, the effects of source concentration
are investigated and compared properly in thedhtsrd vertical TFETS to provide meaningful
guidelines for the design of TFET devices. For propmvestigations of source concentration
effects, the source doping gradient is still fixatthe reasonable value of 2nm/decade to
minimize effects of doping gradient.

Figure 4 shows the current-voltage characterisiicthe lateral and vertical TFETs with
various source concentrations. In both the laterad vertical TFETs, the on-current and
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subthreshold swing are significantly improved bgreasing the source concentration. For the
same source concentration, the on-current of thecabTFETSs is always greater than that of the
lateral counterparts. However, the subthresholchgwé almost similar because the lateral
tunneling dominates the subthreshold regions inldteral and vertical TFETs. To physically
explain the increase of on-current and the decrefsebthreshold swing when increasing the
source concentration, Fig. 5 plots the on-stataggreand diagrams in lateral and vertical
directions of the lateral and vertical TFETs, respely, with two different source
concentrations. In both the lateral and verticaET§, the higher doping concentration applied at
the source produces the narrower tunnel width. Pesalt, the on-state current is higher and the
subthreshold swing is lower in the heavier soureET. For better comparisons, Fig. 6 plots the
on-current and minimum subthreshold swing agaimstsoburce concentration in the lateral and
vertical TFETs. As shown in Fig. 6(a), the depengemf the on-current on the source
concentration in the vertical TFETs exhibits thenearend as that in the lateral TFETs. For any
source concentration, the on-current of the vdr{idéETs is greater than that of the lateral
TFETs approximately one order of magnitude. Whendburce concentration is small, the on-
current extremely depends on the source concemiralihe on-current becomes saturated at
high source concentrations, which is due to tharatibn of the tunnel width [6]. In view point
of the on-current boosting, one should consideemtiechniques rather than increasing the
source concentration once it reaches to relatibigy values. However, the dependences of
subthreshold swing on the source concentrationqaite different between the lateral and
vertical TFETs as shown in Fig. 6(b).
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Figure 6 On-state energy-band diagrams of (a) lateral(pdertical TFETs with different source conceritras.

In the lateral TFETs, the subthreshold swing eeptially decreases as the source
concentration increases. The decrease of subthdesiving is much more pronounced at small
source concentrations and it reaches to the si@tunaggime at high concentrations. Differently
in the vertical TFETS, the subthreshold swing istfidecreased, then increased and finally
decreased again when increasing the source coatientfrom 16° to 5x103° cm®. In order to
understand this extraordinary dependence of thehseghold swing, it is noted that the
contribution of the lateral tunneling to the draimrent in the subthreshold region of the vertical
TFETs increases with increase in the source coratent [19]. At extremely small source
concentrations, the vertical tunneling dominates dhain current in both the subthreshold and
on-state regions. Therefore, the subthreshold swingpidly decreased with increasing the
source concentration up to 2Xi@m?®. For high source concentrations, the vertical &ling
only dominates at on-state, whereas the lateraldling mainly contributes to the drain current
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in the subthreshold region. For this reason, theegaof subthreshold swing in the vertical and
lateral TFETs are almost comparable at source atrat®ns higher than 5x¥0cm®. For
lateral TFETs with source concentrations from 2%10 5x10% cmi®, both the lateral tunneling
and the vertical tunneling govern the drain curierihe subthreshold condition. However, while
the role of the lateral tunneling increases, thate vertical tunneling decreases as the source
concentration increases. Because the saturatisuhlihreshold swing of the vertical tunneling
component is more premature than that of the latarmeling component, the subthreshold
swing increases as the source concentration iresdasm 2x18 to 5x10°% cm®.

4. EFFECTS OF SOURCE DOPING GRADIENT

Section 3 has presented the effects of source ntatien on the device characteristics of
the lateral and vertical TFETs with a fixed soudoping gradient. Previous researches sttbw
that the source doping gradient also exhibits streffects on the device performance of
conventional p-i-n TFETs [16, 25]. This is becatise tunneling, which helps in turning on
TFETSs, occurs at the source-channel junction. Tigleen abruptness of source-channel junction
results in the stronger junction electric field @aohieve the steeper on-off switching and the
higher on-current. In the vertical TFETS, howetke lateral and vertical tunneling components
all contribute to the drain current. Because theicad tunneling does not occur at the source-
channel junction, the roles of source-channel joncabruptness may be very different between
the lateral and vertical TFETs. Unfortunately, tbée of source doping gradient on the device
characteristics of the vertical TFETs has not begorted so far. In this section, the effects of
source doping gradient are adequately elucidatéldeateral and vertical TFETs. As shown in
previous section, a high source doping concentrasigequired to maximize the on-current and
minimize the subthreshold swing in the lateral amdtical TFETs. The simulations in this
section thus employ a high source concentratidxab' crmi® in these two TFET structures.
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Figure 7. Current-voltage characteristics of (a) lateral &) vertical TFETs with various source dopingdients.

To investigate the effects of source doping gradi€ig. 7 shows the current-voltage
curves of the lateral and vertical TFETs with vascsource doping gradients. For the lateral
TFETs shown in Fig. 7(a), the on-current is demdawith increasing the source doping
gradient. In previous investigations on the sowwging gradient effects in lateral TFETs using
20 nm SiQ as the gate dielectric material [15], the on-aurie decreased approximately three
orders of magnitude when increasing the sourcengogiadient from 0 to 16 nm/decade. The
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degradation of on-current and subthreshold swinghey decrease of junction abruptness is
considerably mitigated in this lateral TFET struetuvhich is mainly attributed to the stronger
capacitive coupling of the gate and tunnel junctigrusing the high-k gate dielectric. As shown
in Fig. 7(b), the role of source doping gradientlétermining the current-voltage characteristics
of the vertical TFETSs is quite different from ttwdtthe lateral counterparts. The on-state regions,
which are mainly contributed by the vertical turing] are almost identical for every source
doping gradient. Similarly as observed in the Et&FETS, however, the subthreshold region is
altered under varying the source doping gradienaibge the lateral tunneling dominates in this
region. The almost invariability of the on-currémthe vertical TFETSs irrespective of the source
doping gradient is the direct result of the faattthe vertical tunneling of carriers does not
occur laterally at the source-channel junction,\mrtically from the center to the surface within
the gate-overlapped source.
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Figure 8 (a) On-state energy-band diagrams and (b) laseraice doping profiles of lateral TFETs with diéfat
source doping gradients.

The performance degradation in the lateral TFETs$hieydecrease of the source-channel
junction abruptness can be properly explained kyath-state energy-band diagrams plotted in
Fig. 8(a). For further illustrating the energy-basidgrams, Fig. 8(b) shows the corresponding
source doping profiles extracted laterally arouhd source-channel junction. For the small
junction abruptness with the doping gradient ofnb&decade, the energy bands at the tunnel
junction are relatively smooth to form the wide iehwidth which results in the low on-state
tunneling current. For the abrupt source-channettjan, the band bending is more abrupt to
produce the narrow tunnel path for the high tumgelcurrent. Although the on-current
degradation by the decrease of the tunnel jun@mptness is highly diminished by the use of
high-k gate dielectric, this on-current loweringstdl significant to be carefully considered in
the TFET design. In practical fabrications, it sty and time-consuming to fabricate abrupt
junctions with small doping gradients. Furthermothe doping and associated gradient
fluctuations can cause considerable degradationewite and circuit reliabilities, especially at
high doping density and abruptness which are imgisably required in the lateral TFETs. For
achieving high performance, avoiding degradatidrdewice performance and reliability as well
as reducing fabrication processes, the verticalTT§ticture is the feasible choice in future low
power and high performance applications.
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5. CONCLUSIONS

Two-dimensional simulations have been properly destrated to investigate the effects of
source doping profile, including the source coneditn and gradient, on the device
characteristics of the lateral and vertical Ge T&EIlhe roles of source concentration in the on-
current and subthreshold swing have been compraeleinsompared between the lateral and
vertical TFET architectures for the first time. feifent effects of source doping gradient
associated with different device physics have bagaquately elucidated in the lateral and
vertical TFETs. With distinguished advantages ivide performance and fabrication, the
vertical TFET architecture with low bandgap semiahactors exhibits a potential technique for
use in low power and high performance digital indégd circuits.

Acknowledgements. The authors would like to thank the Nano Devices lategrated Circuits Laboratory
at National Chi Nan University for computer timeddacilities

REFERENCES

1. Choi W. Y., Park B. G., Lee J. D., and Liu T. J. Hunneling field-effect transistors
(TFETSs) with subthreshold swing (SS) less than &0dac, IEEE Electron Device Lett.
28(2007) 743-745.

2. Esseni D., Guglielmini M., Kapidani B., Rollo T.n@ Alioto M. - Tunnel FETs for
ultralow voltage digital VLSI circuits: Part | —diee-circuit interaction and evaluation at
device level, IEEE Trans. Very Large Scale Intégt.Sl) Syst., in press.

3. Reddick W. M. and Amaratunga G. A. J. - Siliconfaoe tunnel transistor, Appl. Phys.
Lett. 67 (1995) 494-496.

4. Wang P. F., Hilsenbeck K., Nirschl Th., Oswald Mtepper Ch., Weis M., Schmitt-
Landsiedel D., and Hansch W. - Complementary tungelransistor for low power
application, Solid-State Electra® (2004) 2281-2286.

5. Chien N. D. and Vinh L. T. - Design optimization ektremely short channel graded
Si/SiGe heterojunction tunnel field-effect transistfor low power applications, Journal
of Science and Technolo@y (6) (2013) 757-768.

6. Toh E.-H., G. H. Wang, G. , and Y.-C. Yeo - Devgysics and design of germanium
tunneling field-effect transistor with source andid engineering for low power and high
performance applications, J. Appl. Ph¥83(2008) 104504-104504-5.

7. Chien N. D., C.-H. Shih and L. T. Vinh - Drive cent enhancement in tunnel field-effect
transistors by graded heterojunction approachppl.APhys.114 (2013) 094507-094507-
6 [Erratunil4(2013) 189901-189901-1].

8. Manti S., Knoll L., Schmidt M., Richter S., Nichak, Trellenkamp S., Schafer A.,
Wirths S., Blaeser S., Buca D., and Zhao Q.-T. b&ed tunnel field effect transistors -
Recent achievements, International Conference @iméltie Integration on Silicon (2013)
15-20.

9. Krishnamohan T., Donghyun K., Raghunathan S., aadasSvat K. - Double-gate
strained-Ge heterostructure tunneling FET (TFEThwecord high drive currents and
60mV/dec subthreshold slope, International ElecBerices Meeting (2008) 1-3.

10. Choi W. Y. and Lee W. - Hetero-gate-dielectric telnmg field-effect transistors, IEEE

93



Effects of source doping profile on device characteristics of lateral and vertical tunnel ...

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24.

25.

94

Trans. Electron Devices? (2010) 2317-2319.

Shih C.-H. and Chien N. D.- Sub-10-nm tunnel fieftect transistor with graded Si/Ge
heterojunction, IEEE Electron Device L3R (2011) 1498-1500.

Nayfeh O. M., Hoyt J. L., Antoniadis D. A. - StraihSi ,Ge/Si band-to-band tunneling
transistors: impact of tunnel junction germaniunmposition and doping concentration
on switching behavior, IEEE Trans. Electron Devigé$2009) 2264-2269.

Vandenberghe W. G., Verhulst A. S., GroesenekenSBree B., and Magnus W. -
Analytical model for a tunnel field-effect trangist IEEE Mediterranean Electrotechnical
Conference (2008) 923-928.

Wang W., Wang P.-F., Zhang C.-M., Lin X., Liu X.;YSun Q.-Q., Zhou P., and Zhang
D. W. - Design of U-shape channel tunnel FETs WitBe source regions, IEEE Trans.
Electron Device$1 (2014) 193-197.

Hu C. - Green transistor as a solution to the I@gocrisis, International Conference on
Solid-State and Integrated Circuit Technology (2Q0820.

Wang P.-F., Nirschl T., Schmitt-Landsiedel D., &tehsch W. - Simulation of the Esaki-
tunneling FET, Solid-State Electrofiz (2003) 1187-1192.

Synopsys MEDICI User’s Manual, Synopsys Inc., Maim¥iew, CA, 2010.

Kao K.-H., Verhulst A. S., Vandenberghe W. G., $oB:, Groeseneken G., and Meyer
K. D.- Direct and indirect band-to-band tunneling germanium-based TFETs, IEEE
Trans. Electron Devices9 (2012) 292-301.

Shih C.-H. and Chien N. D. - Design and modeling liae-tunneling field-effect
transistors using low-bandgap semiconductors, |IHES. Electron Device§l (2014)
1907-1913.

Kane E. O. - Theory of tunneling, J. Appl. Ph$2,(1961) 83-91.

Shih C.-H. and Chien N. D. - Physical operation dadice design of short-channel tunnel
field-effect transistors with graded silicon-germam heterojunctions, J. Appl. Phykl3
(2013) 134507-134507-7.

Peng J. Z., Haddad S., Hsu J., Chen J., Longcan8.Chang C. - Accurate simulation on
band-to-band tunneling induced leakage current gusan global non-local model,

International Conference on Solid-State and IntegraCircuit Technology (1995) 141-

143.

Chien N. D., Vinh L. T., Kien N. V., Hsia J.-K., Kg T.-S., and Shih C.-H. - Proper
determination of tunnel model parameters for indiréand-to-band tunneling in
compressively strained SiGe, TFETs, IEEE International Symposium on Next-
Generation Electronics (2013) 67-70.

Vandooren A., Leonelli D., Rooyackers R., Hikavyy, Bevriendt K., Demand M., Loo
R., Groeseneken G., and Huyghebaert C. - Analyfsieap-assisted tunneling in vertical
Si homo-junction and SiGe hetero-junction tunnelFEESolid-State Electror@3 (2013)
50-55.

Jeon K. - Band-to-band tunnel transistor designrandeling for low power applications,
Ph.D. Dissertation, University of California, Belég (2012) 16-17.



Luu The Vinh, Nguyen Dang Chien

TOM TAT
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CUA CAC TRANZITO XUYEN HAM NGANG VA DOC
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Ki thuat pha ap arc ngubn, vat liéu viing ém nhd va diu trdc xuyén Am doc dangduoc
xem la niiing phrong phap Hiu qua nhit dé khic phic vin @& dong né (on-current) thp trong
céc tranzito wong xuyén Bm. Nghién ¢u nay lam sangstnhirng anh hrong aia rong do vado
bién thién ap chit cuc ngwbn i dic tinh hat dong aia tranzito teong xuyén Am ngang va
doc sr dung gecmani c6 vingim nhd, quadé cho phép so sanhaincach toan én cac khia
canh \at li va dac tinh @a hai @u trac chinh aa tranzito teong xuyén Am. Nghién @u chi ra
rang, sr phy thusc cia dong ng vao rong d¢ tap chit cyc ngwbn la nhr nhau trong & hai laai
tranzito trong xuyén Bm ngang va ec, ngai trir dong ni caa tranzito teong xuyén Am doc
ludn I6n hon dong nd cia tranzito tedng xuyén Am ngang khang muoi 1an. Do mic d6 déng
gop khac nhauta cac thanh @im xuyén Am ngang va gc trong vungdién ap ar6i ngudng, do
doc dudi ngudng aia tranzito teong xuyén Am oc bandau giam & ndng do cuc nguwn thap,
saudé ting & nong do trung binh, i lai giam & ndng do cao. Trong khild, do dbc dudi ngudng
clia tranzito trong xuyén Bm ngang luon gim theo ham ria khi ting rbng do cuc ngubn. Véi
viéc giam d¢ bién thién ap chit cuc ngwn, dong nd cia tranzito teong xuyén Am ngang b
giam manh, trong khi dong i cia tranzito teong xuyén Am doc hau nhr khéngddi. Véi
nhitng thuin loi co ban vé dong nd, d6 doc dudi ngudng va K thuat ché tao, cac tranzito trong
xuyén lm doc s dung VAt ligu viing ém nho rat thich typ diing cho cac ach tich fyp cong
suat thap.

Tir khéa higu ing tap chit cyc ngwn, K thuat cuc ngbn, xuyén Am ngang, xuyénim doc,
tranzito xuyén am.
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