Chapter 3
Reliability characteristic of
Robust Ultrathin Oxynitride with High Nitrogen Diffusion
Barrier near its Surface Formed by NH3 Nitridation of

ChemicalOxide andReoxidation with O2

3.1 Introduction

Recently, reliability is an important issue in scaled MOSFET. During high
voltage stress, defects can be generated in the devices, which in turn cause threshold
voltage shifts and devices characteristics degradation. The device parameter variation
can lead to circuit failures, both for analog and digital application.

Moreover, it has been been reported that the temperature acceleration effect and
the stress induced leakage current(SILC) reliability were severe enough to raise
concern over the further scaling down of thermal oxide. This SILC phenomenon may
be due to enhanced FN tunneling by building of the generated holes similarly to the
intrinsic breakdown. As the dielectric film is thinner, it has been a seriously problem
with regard to not only retention characteristic but also read disturb for Flash
memories. Ultrathin oxynitride films have been reported with good performance in
SILC.

Besides, hot carrier effects in SIO2 gate dielectric has been one of a major
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concerns for device scaling, especially nMOSFETs while the pMOSFETSs has less
problematic due to smaller impact ionization formation and the higher valence band
barrier height. What hot carriers we mention is near the drain regions where charge
carriers are accelerated by the field and become hot, can overcome the oxide barrier
and inject into the gate. Hot carriers induce damage to the gate oxide and may be
trapped there, thereby degrading the device performances.

Reliability of ultrathin oxynitride will discuss in this chapter. We will find the
oxynitride which we proposed not only increase dielectric constant of the resulting
film to achieve thinner equivalent. oxide thickness(EOT) without degrading SiO./Si
interface properties, but also has excellent electrical and reliability characteristics.

3.2 M easur ement setup

SILC on nMOSFETs is measured under accumulation. A constant voltage stressis
applied to the gate of a device, while the source/drain and substrate are grounded.
After stress, measures such as 1G-VG ID-VG and charge pumping are concluded.
|G-V G can reveal the leakage current increasing after constant voltage stress, because
constant voltage stress produces defect in the dielectric. ID-VG measurements are
used to evaluate Gm variations and threshold voltage shift. And charge pumping
measurements are also used to obtain interface density generation.

Analogous method which we measure is applied to HCI (hot carrier injection). Their
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difference is that using extra high voltage is applied to drain electrode which causes
impact ionization in the depletion region near the drain side and electron-hole pairs
are generated. At the same time, holes will flow toward substrate to form substrate
current (Isub). For the purpose of application for degradation from HCI, nMOSFETs
devices are stressed at the max substrate current corresponding gate voltage which
regards as the most efficient generation of hot carriers. Eventually, we exploit the
most serious degradation method to evaluate HCI. And Fig 3-1 reveals basic
measurement method for SILC and HCI.
3-3-1 Sressinduce LeakageCurrent on nMOSFET

Fig 3-2(a) and Fig.3-2(b)- expresses 14-Vy characteristics for oxynitride and
conventional oxide before stress.and after stress 1000s. It can be seen conventional
oxide has serious degradation of Vth shift after stress. Relatively, oxynitride has
good performance in SILC. Then, Fig 3-3(a) and Fig.3-3(b) shows in detail the
threshold voltage shift and interface trap density shift which compares oxynitride with
oxide . Besides, we observe that threshold voltage shift becomes huge as constant
voltage stress increases. It may be attributed that more electron-hole pairs which
generate in channel region and tunnel to the gate dielectrics which turn to great
threshold voltage instability. Fig.3-4(a) shows the result after constant voltage stress

at -3V for sample with EOT=24 A. No significant SILC was observed after 1000 sec
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stressing. In Fig.3-4(B), it shows the sample after different constant voltages stressing
during 1000sec stressing. No significant SILC increase of leakage current was
observed for these samples also.

Fig.3-5(a) and Fig.3-5(b) ,respectively, show the threshold voltage shift and
interface trap density shift in oxynitride with different temperature. We find that
threshold voltage shift and interface trap density shift increase with temperature
increasing, so that, the device will accelerate to breakdown. Fig.3-6 shows that the
longer time-to-breakdown(Thd) for the oxynitride film is primarily attributed to its
lower leakage current, which causes less damage to the dielectric and thus contributes
to alonger dielectric lifetime.

3-3-2 Hot Carrier Injectionon nMOSFETSs

As the channel length aggressively scales down, device induces by hot carrier
injection represents one of the most reliability limit. Fig 3-7 reveas Isub current
versus gate voltage with different channel length. It is clear that the substrate current
increase as channel length reduces. Besides, it have been demonstrated that the worst
hot-carrier condition varies from Vg = Vd/2 to Vg=Vd. Thus we easily try two
conditions Vg= Isubjmax and Vg=Vd to obtain the most serious degradation. Fig
3-8(a) and Fig.3-8(b) shows the result with different HCI conditions. The larger

degradation which happens at Vg= 1/3Vd. Therefore, we attain larger threshold
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voltage shift and huge interface state variations at Vg =1/3 Vd condition. Fig.3-9
shows oxynitride suffers hot-carrier-injection in worse case Vg=1/3Vd, and obtains
long lifetime.
Besides, Fig 3-10(a) and Fig.3-10(b) shows the comparison HCI with CVS. We
observe that almost the same interface state density shift but more serious threshold
instability represent with CVS. It hints that extra voltage stress to drain electrode and
therefore some electrons have probability to run to drain electrode. Therefore, less
electrons surpass barrier height and generate less oxide traps. This is why less
threshold voltage shift obtains with HCI.
3-3-3 Summary

From SILC and HCI characteristics, it turns out that the film shows its robust
property. Currently, gate oxide failure is reported to be alimiting factor for the scaling
of oxide thickness. Owing to its significant reduction of lower leakage current,
oxynitride film can extend the scaling limit of SiO, in terms of dielectric reliability as
well as stand-by power consumption. Again, this implies that this new process can

provide a high-quality gate dielectric film.

48



AVin & ANj

CVSfor gate electrode

A G
| CVS&=-3.-35...... \Y
IIIIIIIIIIIIIII ID—VG:
n* n*
.............. . To evaluate AGm
P Charge pumping:
. - To evaluate ANi
DC stress DC stress DC stress
lsec Ssec 10sec
a a a A R
Stresstime
Ip-Ve Ip-Ve Ip-Ve Ip-Ve
& CP & CP & CP & CP
(@
AV & ANj
4 G Hot carrier injection
| Va=Vallsubmax . Vd=Va
h =
lllllllllllllll ID—VG:
n n*
............... : To evaluate AGm
P Charge pumping:
- To evaluate AN
HCI HCI HCI
1sec 5sec 10sec
a a a a _
Stresstime
Ip-Va Ip-Va Ip-Va Ip-Va
& CP & CP & CP & CP
(b)
Fig3-1 Basic measurement method for (a) CVS (b)HCI

49



NMOS Oxynitride
Eeff=13.7MV/cm

Id(A)

Time=1000sec

4

10° s Time=0sec

0.0 0.5 | 1.0
Vg(v)

Fig.3-2(a) 14-V4 characteristics for n*-gate nMOSFETSs before stress and after

stress 1000 s at 25 °C with oxynitride.
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Fig.3-2(b) 14-Vg4 characteristics for n*-gate NMOSFETSs before stress and after

stress 1000 s at 25 °C with conventional oxide.
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Fig.3-3 (a) Threshold voltage shift , and (b) Interface trap density shift as a
function of stress time which compares oxynitride with oxide.

51



0.01

NMOS Oxynitride

Stress at -3V

—=— Fresh

—+—100sec e

C1E-3
e
L
$1E A 1000sec
= 1E-
> —+— 3000sec
‘0
T 1E5
A
"E .
o 7
S 1E-6 v\::.:/\ 2 A7
O il
g
T
O

00 05 1.0 15 2.0 25 30
-Gate Voltage Vg(V)

(@)

1E- 3 L - :""’V"/

[N
m
i
T
™
L

nMOS Oxynitride
Stress1000sec
—+—Fresh
— e — _3\/

-3.5Vv

Gate Current Density Jg(A/cmz)

0.0 0.5 1.0 15 2.0 25 3.0
-Gate Voltage Vg(V)

(b)

Fig.3-4 SILC under constant voltage stress during different (a) voltage stress and

(b) time stressfor oxynitride film.
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Fig.3-5 (a) Threshold voltage shift , and (b) Interface trap density shift with
different temperaturein oxynitride.
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Fig.3-6 Comparison of intrinsic lifetime projection for oxynitridefilm in
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2.0x10°
ﬁ NMOS Oxynitride Vds=2.5v
X % T=25C
. = L —m— W/L=10/0.35
1.5x10° | . [ —e—W/L=10/5
. . W/L=10/10
| | | ]
. .
| [ ]
< ; =
S 1.0x10° - . .
O ] ..
> ./ []
2 | &
| | [ |
| [ |
0
5.0x107 | =
| |
u
| [ ]
.
OO M,,,,,vavv'w T AR ot oA AAA AR
0.0 0.5 1.0 15 2.0 25
Gate Voltage Vg(V)

Fig.3-7 Substrate current versus gate voltage with channel lengths of 10um , Sum

and 0.35um.
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Fig.3-8 (a) Threshold voltage shift, and (b) Interface trap density shift with
different HCI methods.
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Fig.3-10(a)Threshold voltage shift, and (b) Interface trap density shift as a

function of stresstime which compares HCI with CVS.
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