The Dual-Technology FET: nMOS/pTFET in the same device
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Abstract - This work presents for the first time the experimental
results of a Dual-Technology FET (DT-FET). DT-FET is a SOI
transistor capable of operating either as an n-type MOSFET
(nMOS) or a p-type Tunnel-FET (pTFET), depending on the back
gate bias and the source/drain bias conditions. It is an extension of
the BESOI MOSFET, with the addition of N+ at the drain or source
region, which results in different physics of operation depending
on back the gate bias. For a positive back gate bias the device
behaves as an nMOS, while for a negative back gate bias it behaves
as a pTFET. The results were compared with 2D simulations,
showing that the overall trends are similar.
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I. INTRODUCTION

In recent years, the study of reconfigurable transistors has
yielded many different structures and technologies [1,2]. Of
particular interest to this work is the BESOI MOSFET,
patented in 2015 [3], which has a very simple fabrication
process and depends only on the back gate bias to switch
between an n-type or p-type device. Here, we propose a new
type of reconfigurability: not only changing the type of the
device, but also its main conduction mechanism. Therefore,
instead of changing between nMOS or pMQOS, we propose a
device that switches between nMOS and pTFET. One possible
application of this kind of device is to use it as an nMOS for
digital circuits and as a pTFET in analog circuits where it is
well-known the superior behavior due the lower output
conductance presented by silicon-tunnel FETSs [4].

Il.  DEVICE CHARACTERISTICS

Figure 1 shows the device structure profile and the top view
of the fabricated device. Different from the conventional
MOSFET structure, one side of the device is left intentionally
undoped during the fabrication, so that the back bias may
perform the electrostatic doping on it [5]. The fabricated
devices have a gate stack of Aluminum, gate oxide of 10 nm,
silicon film of 20 nm and buried oxide of 200 nm. On the drain
side a phosphorus doping of around 10%cm was performed.
The channel and the source side are kept with the natural wafer
doping of Boron at 10*° cm3. The fabricated devices were also
simulated with these same characteristics using a 2D-
numerical device simulator (Sentaurus TCAD) in order to see
the tendencies observed experimentally in both technology
operation. To simulate the tunneling, both Trap-Assisted
Tunneling (TAT) and Band to Band Tunneling (BTBT) were
considered, using Hurx’s model for the TAT and a non-local
path for the BTBT.

Ill.  ELECTRICAL CHARACTERIZATION AND RESULTS

One important remark is that, since the DT-FET is
asymmetrical, the definition of drain and source is back gate
bias dependent. In Figure 1, two different situations are shown
in the schematic representation: if biased as an nMOS
(positive back gate bias), a positive drain should be applied to
the doped side; if biased as a pTFET (negative back gate bias),
a negative drain voltage should be applied to the undoped side.

Figures 2 and 3 present the experimental results of the DT-
FET operating as an nMOS, in linear and saturation region
respectively, while Figure 4 and 5 show the simulation results,
demonstrating that the overall trends are kept, although the
numerical values are different, mainly due to the simulated
contacts, which were considered to be ohmic, but might not
be the case [6]. Besides that, the usual dependency between
back gate bias and threshold voltage may be observed in these
figures, as should be expected from SOI devices [7], and an
average subthreshold slope of approximately 100 mV/dec was
extracted.

Figures 6 and 7 show respectively the experimental
normalized drain current as a function of the front gate voltage
of the DT-FET operating as a pTFET in linear and saturation
like region. Figures 8 and 9 present the same results for the
simulated devices. Here it must be considered that the series
resistance does not have direct impact on the drain current,
since the overall current is dominated by the tunneling
resistance. Besides that, no ambipolar current is observed both
in simulation and experiments, and little variation with respect
to the back gate bias is obtained.

The presented results demonstrate that this device, which
has a simple fabrication process, is able to operate as
NMOSFET or pTFET only changing the applied bias.
Considering that this device is manufactured in silicon, with a
fully compatible CMOS processing, and knowing the
excellent analog potential of Si-TFETS, as a future application
it can be proposed that it operates as a MOSFET for digital
blocks and as a TFET for analog blocks.

IV.  CONCLUSIONS

The Dual-Technology FET has been presented for the first
time, with experimental results showing that it can operate as
an nMOS or as a pTFET depending on the biases applied to
the back gate. The experimental observations follow trends
similar to those of the simulations, showing that the fabricated
devices followed the expected behavior.

ACKNOWLEDGMENT

The authors acknowledge CNPqg, CAPES and S&o Paulo Research
Foundation - FAPESP under grant 2017/26489-7 for the financial
support.

REFERENCES

[1] G. Galderisi, T. Mikolajick and J. Trommer, "The RGATE: An 8-in-1
Polymorphic Logic Gate Built From Reconfigurable Field Effect
Transistors," in IEEE Electron Device Letters, vol. 45, no. 3, pp. 496-499,
March 2024

[2] L. Wind etal., "Reconfigurable Si Field-Effect Transistors With Symmetric
On-States Enabling Adaptive Complementary and Combinational Logic," in
IEEE Transactions on Electron Devices, vol. 71, no. 2, pp. 1302-1307, Feb.
2024

[3] J. A. Martino, R. C. Rangel, “Transitor Fabrication Method of BESOI
MOSFET” Patent n. BR 10 2015 020974 6 B1, Aug. 28, 2015.

[4] P. G. D. Agopian et al., "Opposite trends between digital and analog
performance for different TFET technologies," 2018 China Semiconductor
Technology International Conference (CSTIC), Shanghai, China, 2018, pp.
1-4.



J. P. Colinge, Silicon-On-Insulator Technology: Materials to VLSI,

[5] G. Gupta, B. Rajasekharan and R. J. E. Hueting, "Electrostatic Doping [7]
KLUWER ACADEMIC PUBLISHRES, pp. 224-231, 2004.

in Semiconductor Devices," in IEEE Transactions on Electron Devices,
vol. 64, no. 8, pp. 3044-3055, Aug. 2017..

[6] H. L. Carvalho, et al, "Al Source-Drain Schottky contact enabling N-
type (Back Enhanced) BESOI MOSFET," 2022 36th Symposium on

Microelectronics Technology, Porto Alegre, Brazil, 2022, pp. 1-4
15 sz rmemEmE=== 10-5
: v v R 250t Vps =10V ]
| Source T Drain 1 s 1 ’_—:;::—'-‘ 5
| < ol ) —| = 200}t~ 107 _
o B ! ERL BN v =oav] % LT 9,
\ ! oy 1/ DS | Z 150t )/ Iy
] : « (B) % /) —Vgg =15V = % L Vgg=t5v| =2
- = 103 = ! - 10775
fr%} : - Ves2 0V :D 5 : ', _VGB 20V 110 2 o 100 d, ‘: —Vgg=20V >
B 2 i '[I o Souce e Vgg =25V 501 Vgg=25V
0| O | _ _ . -
E ; | i 1/ Vgg=30V o Vg =30V e
» o ! PIFET SR o 5 2 0 2
: - « (C
W | Ver V) | Ve
Fig.1- (A) Photo of the fabricated DT-FET (B) Fig. 2 — Experimental drain current versus front Fig. 3 — Experimental drain current versus front
DT-FET device structure operatingasannMOS | gate voltage for the devices operating as n-type gate v&lgggéc%r th‘:hdg\”f:eippe:ja“?g gs\?-type
MOSFET with drain biased at 0.1 V. with drain biased at 1.
8 rssEE==—===—==— -5
@'—' 10 250 . 50 - 10710
= 6 -5 40
< , Vpg=01v| o | g 00— 10 | E o
g c| 2 L ) =
2 4 —Ves =15V 1107102 150 g <
S 2 3 s 3
r‘o —Vgg=20V > S 100 1010 g 20 Z
- Vgg=25V = = T 3
—Vgg =30V 50 10
0 -15
2 -1 0 1 2 30 0 10715 0 1071°
Ve (V) 2
Fig. 4 — Simulated drain current versus front VGF V) . . | drai f
gate voltage for the devices operating as n-type |  Fig. 5 - Simulated drain current versus front gate | 9 © o Expefrlmerzlntz rain current versus front
MOSFET with drain biased at 0.1 V voltage for the devices operating as n-type gate vo tigt;.ETor U tﬁ dev_lc%s_ ope(zjrattlrlgvas p-type
MOSFET with drain biased at 1.0 V with Orain biased a
300
-10 300 s
'\ Vg =3V —Vgg=15V{10710 15 10 v =3v  —Vv_=-15v{1071°
' Vg =20V . Ds GB
A BN —VeB o - % —Vgg=-20V _
; 200 \\\ Vg =25V = € g 200 % Vg =-25V os
=1 % —Vea =90V > :? < N —Vg=-30V =
2 100 OPEETEED 5| S = e S
=~ ¢ 7oA SRR \ 3 S =
) (%A r‘:\ - 2 E ED 100 A S B 10_153
‘:“\'u.h o — \\\\ Se oo :
0 L JP
N * 2 ° 2 0 6 4 2 0 2
Ver V) -6 -4 2 0 2 V__(V)
Fig. 7 — Experimental drain current versus V__ (V) ] ) GF
front gate voltage for the devices operating as . . GF Fig. 9 — Simulated drain current versus front gate
p-type TFET with drain biased at -3 VV Fig. 8 — Simulated Qraln curre_nt versus front gate voltage for the devices operating as p-type TFET
voltage for th(_etg%vu:_esbqpergtlr:g zis \[;—type TFET with drain biased at -3 V
with drain biased at -




