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1. Introduction We also observed a decrease in the transconductance as the
Tunnel FET (TFET) with its sub 60mV/decade is being'y is increased. This is explained by the band diagrams shown

explored as an alternative for scaled CMOS, especiallydar | n F|g.. 4. Itis seen Fhat for Iargt_a g:_:\te voltgges, t_he tunnel
L wjdth in the source increases with increasimgleading to
power applications. Whereas a lot of work has been report
. _[ower ON state current.
on the performance enhancement of the nTFET, relatively
few reports have been published on pTFET. Bhuwalka et al.

[1] reported the ambipolar working of vertical nTFET with B. Gate Induced Source Tunneling (GIST)

negative gate bias, as a pTFET device. Mayer et al. [2] and g the Gate to source overlap is varied from 2 to 8nm,
Royer et al. [3] has reported SOI, SiGeOl and GeOl PTFEThe ON current tends to improve as seen from theMgg
In all the cases stated above, the ON state current repated Eharacteristics(Fig. 5). It is seen that the peak electsld fi

PTFET are about SuA/um or less. Toh et al. [4] reported a Gg-jg 6), seen at the Si-SiGe junction, decreases as théapver
based double gate pTFET with 3nm HfQate dielectric (very |onqih'is increased but the breath of the second peak ireseas

smaIIrEOT = 046”?:) with a? O'C\jl shtat$ I(I:urrgnt of :_Lm_A/umaith increasing gate-source overlap. The vertical tumgli
In this paper we have explored the following variations o4y seen in Fig. 7 is less than the lateral tunnel width seen

the simple p-i-n hetro junction pTFET (H-pTFET) architecy, Fig. 4, for identical bias conditions. The vertical tufing

tures shown _in Fig. 1 with th_e qim of improving the pTFEThappens in a broader region as the overlap length is inalease
performancg. (I) H-pTFET witfbi,_, Ge, in the source (Il) as indicated in Fig. 6, resulting in an increase j With
H-pTFET with Si,_,Ge, source and channel (Ill) H-pTFET increasing overlap length

with Si,_,Ge, in the channel (proposed for the first time). It
is also shown for the first time that a GIDL like Gate Induced ) ]
Source Tunneling (GIST) is present in pTFETs and that this: Impact of Device Architecture

effect can be used for further improvements in performance. The performance of the three hetero structure architesture
The 2-D simulations were performed using Synopsis TCARyre compared in Fig. 8. Structure | (SiGe source) has superio
tool, MEDICI [5]. Kane model for tunneling is used with gyp-threshold slope compared to the other two structures.
default parameters which has been reported to reproduggwever structure | has higher threshold voltage and lower
experimental data [6]. ON state current for a ¥p of 1V. The best ON state current
o and low threshold voltage are obtained for structure 1I3&i

2. Optimization of pTFET in the channel). OFF state current is seen to be independent
A. Effect of Germanium Mole Fraction of device architecture for the three variants investigated

Fig. 2 shows the -V s characteristics for structure I. As
the ~ is increased from 0 to 0.2, it is seen that theVss 3. Conclusions
for the later case follows the former upto a;¥y of about
-0.67V, and at -0.67V, there is an inflection in the curve and All the three hetero structures investigated are preditted
the subthreshold swing increases abruptly.-Ais increased 9ive better ON state currents than previously reportedatsvi
further the inflection point shifts to the right and for0.5, the ~@s indicated in Table | except Ge TFET reported by Toh et
inflection point is not identifiable. As seen from Fig. 3 at lowdl [4], (EOT=0.47nm). The newly proposed structure Illwit
Vs, before the inflection point, electron tunneling is fromSh.c6G& .34 channel is seen to give the best ON state current
the valance band (VB) in the channel to the conduction bar¥fhich is about 42 times better than the comparable devices
(CB) in the source in both the cases=0 and~=0.3) leading reported in the literature. Interband tunneling (bothdaltand
to similar Ip-V¢s trends. However, as ¥s is increased, in date induced vertical components) in the source region are
the case of the H-pTFET, electron tunneling can happen frofgund to contribute significantly to the current conduction
VB at the edge of the source SiGe to CB in the source itself,
resulting in an abrupt change in the-Vgs behavior. To References
optimize ON currents, the workfunction(WF) can be increse [1] K.k Bhuwalka et al. Jpn. J. Appl. Phyd5 (2006) 3106.
for low ~ values, so that thep-Vs is shifted to the right [2] F. Mayer et al. Tech. Dig. IEDM (2008) 163.
thereby increasing the ON current or the gate WF is held3] C. Royer et al. Tech. Dig. ULIS (2009) 53.

constant at 5.27eV and is optimized for a given supply Eﬂ g r|1-|o -202 ?_tcfi E)]pgé;i' ﬁ‘%’&-itghﬁg&/zoog‘)51?]‘(‘)524'51-Com
voltage. For example, for &pp = 1V, the optimum value of o KK Bhuwalka et al. IEEE Tran. Elec. DeﬁZ{ZO%S})/ 924
~ is 0.3 for the structure I.

-384-



TABLE |

COMPARISON OF DIFFERENT PCHANNEL TFETS REPORTED IN THIS WORK AND THE LITERATURE

Ref p-i-n Exp. (E)| Channel | Ge mole| EOT | [Vbs| | [Vas] Ion Loss SS
structure Sim. (S) | length (nm)| fraction | (nm) | (V) V) (uA/pm) | (FA/pm) | (mV/dec
This SiGe source S 20 0.3 1 1 1 5.6 0.62 16.73
Work | SiGe source & channe S 20 0.36 1 1 1 22.6 15 50.1
SiGe channel S 20 0.34 1 1 1 42.1 19.6 44.59
1] Vertical Si TFET E 25 — 4.5 0.7 4.5 1 10000 >100
[4] Double Gate Ge TFET S 50 0.2 0.47 1.2 1.2 1000 1 12.3
[2][3] Ge TFET E 300 — — 0.8 2 3 le7 >100
Gate Dielectric
2.0e-05
E 1.8e-05 Vos=—1V
3 16e-05
= 1.4e-05
- 1.2e-05 . )
T 1 0005 overlap increasing
g 8'08_06 from 1nm to 8nm
Fig. 1. The p-i-n pTFET structure with the bias conditions used is th © 6.0e-06
work. Gate dielectric is 1nm oxide, workfunction (WF) is 8.8V, SOI ‘T 4.0e-061
thickness is 50nm and the channel length is fixed to 20nm. 2 2.0e-06/-
El'Ge_OS Vos=-1V  § =0 —— iy 04E 0'0E+0012 11 -1 -09 -08 -07 ‘06 (
DS =—. _ -1 le-—l =1 —1. - 0. 0. =0. =0. =
o 1.4e-05 vz 8;%.'. 1 2 Gate Voltage: Ves ] (V)
< 12¢-05 =05-w- ] 1e-06
5 1.0e-05 TS, 4 1e-08 = Fig. 5. I p increases with increasing gate to source overlap for Stradt
JGEJ' 8.0e-06 b d a0 @ with Sig.7Gey.3 source. \bg = -1.5V, Vpg = -1V.
t 6.0e-06 1 3
3 Oe 06 7 1e—122 ~ A45erd | overlap=2nm
5 Azl.o:_oe J1e-14 5 § deref VeI overiap=gnm - -
o SPETERLL \ E| 2 = B
0.0e+00 . o L le-16 y VoS
-12 -1 -08 -06 -04 -02 pry 3.5e+6 LN
Gate Voltage: Ves ] (V) o \
L 3er6 \
Fig. 2 1 p-Vggs Characteristics of HTFET (structure I, withSi, Gey § 2 Bet6l \
source) with variation in Ge mole fraction. w |
15 2e+6 | | | | | T [
Tl reduction in tunneling width for Si TFET 62 64 66 6.8 70_ 72 T4 76 78
1l T  Vee=-0.38V Distance: [x] (nm)
o5k /TR e Ves=-0.53V
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Fig. 6. Total electric field in Structure | with §i7Gey.3 source along the
channel length for gate-source overlap lengths of 2, 5 amd. 8n

Fig. 3. Band diagram along the channel length for p-channel (aili
TFET (top) and (b) hetero junction TFET (bottom), at low gatdtages.

VDS =-1V.

Fig. 4. Band diagram along the channel length for increasinfpr large
gate voltage. The tunneling width is larger fgr0.5 as compared t9=0.2.
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Fig. 7. Band bending along a vertical cut line through the gate amnicgo
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Fig. 8 Transfer characteristic for p-channel HTFET with (I) SiGrie
(I) SiGe source and channel (lll) SiGe channgt0.3 and gate-source



