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Abstract

In this paper, we present a self-consistent, analytical model that includes carrier
quantization; short channel effects (SCE) and calculates the balistic currents in
DGFETs. We use this new tool to compare the effect of SCE and process induced
variations (PIV) on Silicon (S) and Germanium (Ge) NMOS DGFETs. Our results
show that in the case of DGFETS designed to meet the ITRS High Performance (HP)
requirements, even with PIV, Ge performs better than Si. Whereas, due to its poorer
SCE, in the case of DGFET designed to meet the ITRS Low Standby Power (LSTP)
requirements, Ge performs worse than Si.

1 Introduction

Dueto its higher mobility and better transport properties, Ge seemsto be an attractive
candidate as a channel materia in highly scaled MOSFETS [I]. However, its higher
didectric constant and lower band-gap make it very susceptible to Short Channel
Effects (SCE) and Process Induced Variations (PIV). We present a methodology
developed to compare scaled Si and Ge DGM OS devi ces.

2 Simulation Methodology

The anaytica ssimulation methodol ogy that was used to model the DGFET is shown
in Fig. 1. The effective masses that have been used in the calculations are as given in
[2]. The carrier quantization effects based on advanced variational techniques [3]
show excellent agreement, with those obtained by a numerical self-consistent 1-D
Poisson-Schrodinger solver, over a wide range of substrate orientations and body
thickness for both S and Ge (Fig. 2). Analyticadl models are used to capture short
channd effects [4,5]. Due to its higher dielectric constant , the short channd effects
(DIBL and V' roll-off) in Ge are much worse than in S (Fig. 3). The drive current for
the device is caculated using a bdlistic transport model [6,7]. The anaytical
simulator self-consistently solves for the ballistic currents, taking into account short-
channel effects and carrier quantization. The appropriate gate work-function is used to
meet the ITRS leakage current specification for a given node. Fig. 4 shows the Ips-
Vgs curves obtained by using this anaytical simulator for different substrate
orientations. Our results show that Ge<110> has the highest drive current. Thisisin



good agreement with previoudy reported data[8]. In the next section, we compare the
effect of PIV on the performance of Si<100> DGFETs with that of Ge<110>
DGFETSs.

3 ProcessInduced Variations

With increasing chip sizes and scding transistor dimensions, Process Induced
Variations (PIV) are becoming an important consideration in designing integrated
circuits. Since Ge has a lower transport effective mass, we expect the drive currentsto
be higher. However, due to its poorer electrostatics and worse short channel effects,
we expect it to be more susceptible to variations. It is important to evaluate these
tradeoffs carefully. Shown in Fig.5 is the 2-D process space of devices, having a
spread in their channel length (L) and body thickness (Ts). Compared to the nominal
device, the device with ashortest Lg and the thickest Ts will have worst short channel
effects and consequently the highest leakage current (Worst-case OFF device). On the
other hand, the device with the longest L and the thinnest Ts will have the highest V+
and the lowest current driving capability (Worst-case ON device). In this paper, we
have performed a worst-case anaysis by assuming a Gaussian distribution for a
nomina Lg=18nm and nominal Ts=Lg/3=6nm (for good channel contral) and 30
variation of 10% about the mean.

4 Results and Discussion

Fig.6 shows the spread in the leakage currents and the drive currents respectively, for
the HP Ge and Si DGFETSs. The spread in the leakage currents and the balistic drive
currentsfor the Ge DGFET are larger than the S DGFET. The Io for the Ge devices
ranges from 2.49 pA/pm to 5.29 nA/um while the Ior for the Si devices ranges from
0.8 pA/pm to 14.9 nA/pum (nominal value 100 nA/pm). The loy varies by 18% from
the nomind for the Ge devices and 12% from the nomind for the Si devices. As seen
in Fig.7, despite their larger variation, in the case of the HP device, the Worst-Case
ON Ge DGFETs still have a higher drive current than the Si DGFETS. The spread in
the currents is much larger for the LSTP devi ces compared to the HP devices and Ge
devices show a much wider distribution than the Si devices. The I for the LSTP Ge
devices ranges from 11.3 nA/um to 0.74 pA/um while the loe= for the S devices
ranges from 3.18 nA/um to 3.8 pA/pm (nominal value 80 pA/pum). The oy however,
varies by 50% from the nominal for the Ge devices as compared to 29% from the
nominal for the Si devices. The spread in the LSTP Ge DGFETS is so large that the
drive current for the Worst-Case ON device drops be ow the worst-case on Si DGFET
(Fig.8). The spread in the drive currents becomes even larger for both Si and Ge
DGFETSs as technology is scaled, due to worse immunity to PIV and short-channel
effects. In the case of the HP DGFETS, Ge performs better than Si even a Lg=14nm.
However, for the LSTP DGFETS, the spread in the Ge devices is very large and they
perform much worse than Si. As we scale the channel length to 18nm, this effect is
exacerbated and the Worst-Case ON Ge DGFET exhibits a much lower drive current
than the Si device.



5 Conclusions

We have developed a sdf-consistent, anadyticd simulator that captures al the
physica phenomenain DGFETSs accurately. The simulator includes modd s to capture
carrier quantization in thin bodies, short channel effects and ballistic currents. Usng
this new tool to compare the effect of variations on S and Ge NMOS DGFETSs, we
find that Ge devices are very strongly affected by Process Induced Variations. In the
case of DGFETs designed to meet the ITRS High Performance (HP) requirements, Ge
outperforms Si. However, due to its lower immunity to PIV, in the case of DGFETs
designed to meet the ITRS Low Standby Power (LSTP) requirements, Ge performs
worse than Si. This effect is further exacerbated as we scale the technology node to
smaller dimensions.
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Fig 1: Flowchart depicting Fig 2: Energy sub-band levels for various Ts. Tox=1nm.
the simul ation methodol ogy The symbols represent results from a 1-d Poisson-
used Schrédinger simulator. The solid lines represent results

of the variational model used in this work.
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Fig 8: Effect of worst-case PIV on scaling devices from 25nm to 14nm.



