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Abstract

GOI (Ge-On-Insulator) n-channel TFETs with
source tunnel junctions formed by low energy BF, ion
implantation (I/I) are fabricated and the device charac-
teristics are presented. It is shown that BF, I/I can real-
ize much steeper B profiles than B I/1, leading to higher
on current and lower sub-threshold slope.
1. Introduction

GOI TFETs are expected as a steep slope device with
high on current and steep subthreshold slope [1, 2]. Here,
formation of the source junctions with the high impurity
concentration and the steep impurity profile is a critical is-
sue [3]. However, there are few experimental studies on the
relationship between the source impurity profile and the
TFET performance. In order to realize n-channel TFETs,
careful formation of p-type source regions is needed. A typ-
ical way of introducing p* impurities into Ge is I/ of B.
However, implantation of BF, is more favorable for forming
steep B profiles. In this study, the BF, ion implantation con-
ditions for formation of source junctions in Ge n-TFETs are
examined and the relationship between the properties of the
source junctions and the electrical characteristics of Ge
n-TFETs is experimentally investigated.
2. Experiments and discussions

First, the pn junction properties formed by B and BF, I/I
were evaluated. Fig. 1 shows the SIMS profiles of B con-
centrations for 4 keV B and 20 keV BF, I/l into Ge. The
almost same B profiles are obtained in spite of the differ-
ence in the implantation energy, indicating that much steep-
er B profile can be obtained for BF, under a lower limitation
of the implantation energy. Fig. 2 shows the I-V characteris-
tics of the p'-n Ge junctions after activation annealing at 400
°C for 4 keV B and 20 keV BF, I/I. The similar electrical
properties with low I and high I,,/I,¢ for both I/I condi-
tions suggest that BF, I/I does not create any additional de-
fects. We have also confirmed no thermal diffusion of B
after the activation annealing at 400-600 °C. Fig. 3 shows
the comparison of the B profiles among 3 keV BF, I/l with
an implanted dose of 4x10"* cm™, 6 keV BF, I/I with 6x10'
em™ and 4 keV B I/I with 3x10" cm™ after the activation
annealing for 3 min. at 400 °C. The 3 keV BF, I/I provides
the B profile with 5.7 nm/dec, which is much steeper than
those in 6 keV BF, (9.3 nm/dec) and 4 keV B (20 nm/dec)
I/I, demonstrating the effectiveness of lower energy BF, I/I.
Fig. 4 summarizes the sheet hole concentration of
BF,-implanted Ge regions, evaluated by the CTLM method
as a function of the implanted dose. The activation rate of
around 10 % is obtained, independent of the dose, which can

be explained by the lower activation rate of B near Ge sur-
faces [4]. Fig. 5 shows the benchmark of the relationship
between the abruptness of the B profiles and the averaged
active hole concentrations for reported data on B-implanted
Ge regions [5-9]. It is found the present results can achieve
the steepest abruptness under a hole concentration accepta-
ble as the source region in n-TFETs.

N-channel TFETs with the BF, or B-implanted sources
were fabricated by using a process flow shown in Fig. 6
under the same I/I conditions as in Fig. 3. Here, the n" drain
regions were formed by Sb diffusion from Sb-doped SOG.
W/AL,05/GeO,/Ge with plasma post oxidation [10] was em-
ployed as the gate stacks. The operation of n-channel GOI
TFETs is clearly confirmed in the I4-(Vy—Vmin) characteris-
tics with the sources formed by 3 keV BF, I/ with a dose of
4x10" cm™ at 300 (RT) and 10 K (Fig. 7). Here, Vi, was
defined as V, corresponding to the minimum I4. Ion/Iog 1S
significantly improved from 60 to 10° by reducing tempera-
ture from RT to 10 K, because of the suppression of the
junction leakage current due to any defects. The minimum
S.S. value of 130 mV/dec is obtained at 10 K. Fig. 8 shows
the I4-V,, characteristics of GOI n-TFETs with changing the
BF, I/l dose at 3 keV. It is found that the increase in the
dose particularly increases I,,.

Fig. 9 and 10 show the comparison in the I4-V, character-
istics at RT and 10 K, respectively, with the source regions
formed by 3 and 6 keV BF, and 4 keV B I/I, whose condi-
tions are corresponding to the SIMS profiles shown in Fig. 3.
It is found that I, increases by a factor of 10 and the S.S.
value at 1x10"" A/um decreases from 180 to 130 mV/dec
by changing the I/I condition from 4 keV B to 3 keV BF,.
These results indicate that the steep B source profile realized
by low energy BF, I/I can significantly improve n-channel
TFET performance.

3. Conclusions

The operation of GOI n-TFETs with source junctions
formed by 3 keV BF, I/I, which can realize steep B profiles
has been demonstrated. It has been shown that steeper B
profiles can enhance the GOI TFET performance.
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Fig. 7 14V, characteristics of fabricated GOI TFETs with V4 of 50 and 300 mV as a parameter of implanted dose of BF, I/I at 3 keV.
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