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Effects of source and drain (S/D) asymmetry on hot carrier degradation in vertical nanowire MOSFETs have been
investigated with different nanowire radiuses. The S/D asymmetry causes different degree of hot carrier degra-
dations between forward and reverse stresses. The actual stress voltage applied to the channel as a result of par-
asitic resistance and gate to junction overlap length is attributed to the cause of the asymmetric degradation. The

narrower nanowire also suffers from worse hot carrier effects due to current crowding and geometric effects.
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1. Introduction

Due to the excellent short channel effect immunity and the
improved device performances, silicon nanowire MOSFET is gener-
ally considered as one of the most promising candidates for next
generation CMOS technology [1-3]. There are two nanowire
devices based on nanowire orientation: namely, lateral type and
vertical or pillar type. As well known, a vertical MOSFET isolates
the pillar body from the substrate and has much smaller footprint
than the lateral one [4,5]. Since the vertical MOSFETs have advan-
tages of occupying lowest silicon area and high device density,
recently they have received with considerable attention for appli-
cation of nonvolatile memory and stacked surrounding gate mem-
ory [6,7]. However, due to two different ion implantation to form a
bottom source and a top drain region, a vertical MOSFET has differ-
ent source and drain resistances (Rs and Rp), which results in the
asymmetric characteristics. The device performances and reliabili-
ty including, drive current, transconductance, cut-off frequency,
and hot carrier degradation, depend on the source and drain resis-
tance [8,9]. Therefore, it is of interest to investigate the effect of ex-
trinsic asymmetry on hot carrier degradation in vertical MOSFETSs.
In previous work [10], the effects of graded channel doping profiles
in vertical MOSFET and gate-drain/source overlap effects in asym-
metric MOSFET on the hot carrier degradation have been reported.
There has so far no experimental study to understand the effects
of extrinsic asymmetry on hot carrier degradation in vertical
MOSFETs.
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In this work, we investigated the hot carrier degradation in the
vertical nanowire MOSFET under forward and reverse stress conditions
and with different nanowire radius (Rw).

2. Transistor details

Vertical nanowire MOSFETSs fabricated on p-type bulk wafer were
studied. Phosphorus (1 MeV/5E14 cm™2) was implanted vertically at
7 tilt to form the source. Boron (120 KeV/8E13 cm™2) was implanted
for p-channel and arsenide (80 KeV/3E15 cm™2) and phosphorus (50
KeV/5E14 cm™2) were co-implanted vertically at 7 tilt to form the
drain. Arsenide was introduced to form an abrupt junction near
drain for increasing hot carrier injection in the flash memory. Since
a high energy arsenide implant to the source causes damage into
the crystal, phosphorus was implanted to form the source and a
low energy arsenide implant was selectively conducted to form the
drain. After activation of the dopants, Si etching was carried to
form vertical pillars. The exposed Si pillars with a height of 450 nm
were obtained after deposition and planarization of high density
plasma SiO,. Tunneling oxide of 5 nm, Si3sN4 of 6 nm and blocking
oxide of 8 nm were grown and deposited, sequentially. The metal
of Ti/TiN/W (20/10/150 nm) was deposited for the gate electrode
and patterned to form vertical MOSFET. Fig. 1(a) and (b) show a
schematic view and doping concentration profile along the channel
length of tested vertical MOSFET. A SEM image in Fig. 1(c) shows a
conical shape of pillar in vertical MOSFET. The tested device shows
asymmetric doping concentration profile in the source and drain
and result, lead to the different Rs and Rp. Since there is no high
energy/high current implant equipment, the maximum dose of the
high energy equipment is limited by the tool itself. If the multiple
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Fig. 1. Schematic view (a) and doping profile along the channel length (b) of tested
vertical MOSFET.

implants are repeated to increase doping concentration of the
source, the significant crystal damage is introduced. Therefore,
asymmetrical doping concentration of source and drain for the verti-
cal transistor is usual. The test devices also have the lightly doped
drain extension and the Gaussian doping concentration profile in
the channel region. The gate length was 250 nm and Ry ranged
from 85 nm to 565 nm. In order to characterize hot carrier degrada-
tion, we used stress Vps and stress Vgs -Vry were 4.0 Vand 4.0 V,
respectively.

3. Results and discussion

The asymmetric characteristics of vertical MOSFET were ob-
served from the measured transfer curve at Vps = 0.1 V as shown
in Fig. 2 by S/D swapping. The ON current in the forward measure-
ment is larger than that in the reverse measurement at the same
Vgs. In case of vertical MOSFET where Rs tends to be larger than
Rp, ON-current in the reverse measurement is expected to be larger
than that in the forward measurement due to the source side series
resistance. However, the contradictory result is observed. The first
reason is the high injection of electrons from the source to the
channel in the forward measurement. Since the doping concentra-
tion of the source is lower than that of the drain, the potential bar-
rier in forward is lower than that in reverse. As result, the electrons
can easily be injected from the source into the channel region. The
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Fig. 2. A plot of the transfer curves of Ry = 125 nm in the forward and the reverse
measurements.
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Fig. 3. GIDL current characteristics of Ry = 565 nm in the forward and the reverse
measurement.

larger OFF leakage current in the forward measurement than that
in the reverse measurement supports the higher thermionic injec-
tion due to the low potential barrier. The second reason is less-
overlap region formed between the gate and the drain due to the
gate recess below the drain junction. The less-overlap at the drain
region is verified from that the larger GIDL (Gate Induced Drain
Leakage) current in the reverse measurement than that in the
forward measurement as shown in Fig. 3. The less-overlap at the
drain region was not intentionally made, but it may be formed by
the process. As the vertical gate length is not readily controlled,
we did not pay much effort to align the junction and the edge of
the gate. A conical shape of a pillar inherited from the process
may be the third reason for the increased ON current in the forward
measurement.

In order to investigate the asymmetry of the source and the drain on
hot carrier degradation, the measured output characteristics under
forward and reverse stress conditions were shown in Fig. 4. The devices
were stressed at Vps = 4.0 V and Vgs -Viy = 4.0 V for 60 min. The
device degradation is more severe in forward stress than in reverse
stress. The reasons will be discussed in the last section.

Fig. 5 shows a plot of hot carrier induced drain current degradation
in saturation region (Alps/Ips) as a function of Ry, under forward and re-
verse stress. The devices were stressed at Vps = 4.0 V and Vs -V =
4.0 V for 60 min. It is worth to noting that the device degradation
under both forward and reverse stress conditions is increased as Ry de-
creases. According to the previous report [11,12], hot carrier degrada-
tion in multiple gate MOSFETs has been shown either decrease or
increase with decreasing fin width. It has also been reported that hot
carrier degradation has been increased for narrow diameter devices in
gate all around twin silicon nanowire field effect transistor due to the
increased vertical electric field at nanowire surface [13].
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Fig. 4. Output characteristics before and after forward and the reverse stress.

Please cite this article as: J.H. Lee, et al,, Effect of source and drain asymmetry on hot carrier degradation in vertical nanowire MOSFETs, Micro-
electronics Reliability (2015), http://dx.doi.org/10.1016/j.microrel.2015.06.062



http://dx.doi.org/10.1016/j.microrel.2015.06.062

Download English Version:

https://daneshyari.com/en/article/6946587

Download Persian Version:

https://daneshyari.com/article/6946587

Daneshyari.com


https://daneshyari.com/en/article/6946587
https://daneshyari.com/article/6946587
https://daneshyari.com/

