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GIDL current degradation in LDD nMOSFET under hot hole stress*

Chen Haifeng(/%i314)"> T, Ma Xiaohua(#e4)2, Guo Lixin(Gd37.%7)", and Du Huimin(kt 2f)!

1School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an 710121, China
2School of Technical Physics, Xidian University, Xi’an 710071, China

Abstract: The degradation of gate-induced drain leakage (GIDL) current in LDD nMOSFET under hot holes
stress is studied in depth based on its parameter Ippr. Ipper is the difference of GIDL currents measured under
two conditions of drain voltage Vp = 1.4 V and gate voltage Vg = —1.4 V while Vpg is fixed. After the stress
GIDL currents decay due to holes trapping in the oxide around the gate-to-drain overlap region. These trapped holes
diminish A Ex which is the deference of the lateral electrical field of these two symmetrical measurement conditions
in the overlap region so as to make Ipjpp lessening. Ippr extracted from GIDL currents decreases with increasing
stress time . The degradation shifts of Ipirr, max (A Ipirr, Max) follows a power law against #: A Ipipp, Max X ¢,
m = 0.3. Hot electron stress is performed to validate the related mechanism.
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1. Introduction

Gate-induced drain leakage (GIDL) current originates
from the gate-drain overlap region and is easily affected by the
trapped charge and interface states in this region!!). Reference
[2] found that GIDL current increases after hot electron injec-
tion. Lo et al. show that the oxide trapped charge has different
effect on GIDL current from the interface statel]: the oxide
trapped charges shift the flat-band voltage and interface states
introduce the trap-assisted GIDL tunneling current.

As the effective channel length of MOSFET decreases
sharply, the ratio of gate-to-drain overlap to whole device’s size
becomes larger. Meanwhile, the maximal lateral electric field
moves from channel on the gate-to-drain region because the
light drain doping (LDD) structure is adopted. These two fac-
tors lead to the gate-to-drain overlap of LDD MOSFET suffer-
ing more severe hot carrier damage than before!* 51, Because
the GIDL current is sensitive to the damage in this region, using
GIDL current to evaluate the damage should be very effective.
A lot of interest has been focused on this field. Cheng studied
the anneal of LDD nMOSFET’s damage in hydrogen or deu-
terium based on the GIDL current!®]. Recently, Hul”! discussed
HCI effects on ultra-thin LDD nMOSFET through GIDL cur-
rent degradation and Reference [8] also used this method to in-
vestigate the oxide degradation under alter stresses in the LDD
nMOSFET’s. However, all of them only focused on the vari-
eties of current value of certain point at GIDL current curve pre
and post the stress and cannot have a further research on this
GIDL current degradation itself.

In our previous paper!®), we proposed a parameter Iper of
GIDL current and used it to study the influence of gate voltage
Vi and drain voltage Vp on GIDL current. Ipppr is the differ-
ence of GIDL currents measured under two conditions at the

constant Vpg: in one condition Vp is fixed and in another’s Vg
is fixed while VD = |VG|

Based on the parameter Ippr of GIDL current, this paper
studies the degradation of GIDL current deep in LDD nMOS-
FET damaged by the hot holes stress (HHS). The mechanism
and the characteristics of degradation are discussed. Hot elec-
tron stress (HES) is also used to validate the related mecha-
nism.

2. Devices and experiments

The devices used in this study were LDD nMOSFETs
with n™ poly-Si fabricated by 90 nm CMOS technology.
The gate oxide thickness T,x was 4 nm with decoupled-
plasma-nitridation (DPN) processing and the gate length L
was 0.16 um. HHS was performed at condition: Vg = Vry
= 045V, Vp = 2.5 V. Stress was interrupted at regular in-
tervals (200, 400, 600, 800 and 1000 s) while GIDL current
was measured. The whole stress time was 1000 s. GIDL cur-
rents Igip. were the drain currents measured at Vp = 1.4 V
with sweeping Vg from 0 to —1.4 V and also measured at Vg
= —1.4 V with sweeping Vp from 0 to 1.4 V, respectively. All
the electrical tests were performed by using a Keithley 4200
precision semiconductor parameter analyzer. In addition, Sil-
vaco software was applied to simulate the electrical field under
the stress condition in the device for analyzing degradation.

3. Results and discussion

Figure 1(a) shows the IgpL—Vp curves at Vg = —1.4 V
and IgipL—Vg curves at Vp = 1.4 V pre and post HHS. After
hot holes are injected in the oxide, it can be seen that IgpL
curves shift downwards and shifts much more as the stress
time increases. This shift arises from the reason as follows:

* Project supported by the Specialized Research Fund of the Education Department of Shaanxi Province, China (No. 11JK0902) and the
Innovational Fund for Applied Materials of Xi’an, China (No. XA-AM-201012).

1 Corresponding author. Email: heellor@163.com

Received 26 April 2011, revised manuscript received 17 July 2011

© 2011 Chinese Institute of Electronics

114001-1



J. Semicond. 2011, 32(11)

Chen Haifeng et al.

Yy (V)
350 02 04 06 08 1.0 12 14
. : . . . . "
30[| @ LDDnMOSFET, 7, =4 nm, / ]
L=0.16 um, W=3 pm 4
—_ 25¢ \r"' ;“,/ 1
2 L eeLey V=14V N
S & A : /;
= s i
g Increasing stress time from 0 to % /
~ ok 1000 s by 200 s interval (i. €. 0, 7 /)i |
00's, 400 s, 600 s, 800's, 1000 s)/ )/ ¢
5 - -
O -
-14 -12 -10 -08 -06 -04 -02 O
Vo (V)
3.0r (b) Stress times increasing
HHS time:
25 —m—0s 1
—e—200s
= 20f ——400s .
= —— 6005 -
S 15k —+—800s s, i
= ——1000s i
~ 1.0F 4 | 4
0.5 % E
0 oot W . : :
1.6 1.8 20 22 24 26 2.8 3.0

VDG %)

Fig. 1. (a) IgipL—VG curves at Vp = 1.4 V and IgpL—Vp curves at
VG = —1.4 V pre and post HHS. The HHS condition is: Vg = V1
=045V, Vp = 2.5 V. (b) Ipirr—Vpg curves extracted from GIDL
current pre and post HHS.

the trapped holes make silicon surface field in the overlap re-
gion decrease so as to make the electron tunneling length in-
crease. Then the band-to-band tunneling (BBT) monishes and
the GIDL current relying on BBT decay. The decay of IgipL
increases with the trapped holes increasing as stress time con-
tinues. From Fig. 1(a), it is also found that the GIDL currents
after stress do not enhance in the low Vg region and low Vj, re-
gion, respectively. Namely, there are few or no interface states
generated in this HHS and so trap assistant BBT cannot take
place to enhance the GIDL current.

For studying the degradation of GIDL current deeply, we
adopt the conception of the parameter /pjpr of GIDL current
mentioned in Ref. [9]. In the case of this letter, Ipirr equals the
value of the GIDL current in /gip.—Vg curve at Vp = 1.4 V mi-
nus that in /gpL—Vp curve at Vg = —1.4 V under constant Vpg.
GIDL current composes of electron tunneling and hole tunnel-
ing current. GIDL electron tunneling current part related with
whole electrical field keeps invariable under the constant Vpg.
However the different 1 in the two measurement conditions
above under the constant Vpg results in the different lateral
electrical field and the GIDL hole tunneling current part relying
on the lateral electrical field is different. Thus the whole GIDL
currents in these two symmetrical conditions are not same and
Ipipr reflects the difference. Further, this difference of lateral
electrical field of the two measurement conditions under con-
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Fig. 2. (a) Schematic structure of the LDD nMOSFET (L = 0.16 um,
Tox = 4 nm) simulated with Silvaco software. (b) Simulated distribu-
tion A Ex of Ipirr, Max along the channel direction while the positive
charges are trapped in oxide of the overlap region.

stant Vpg, defined as A Ex, induces the diverse hole-tunneling
and leads to the appearance of Ipgr. It is well known that the
damage of device during stress often occur in the maximum
electrical field(']. So hole trapping occurs in the oxide at the
interface of the LDD region during HHS because the maxi-
mum electrical field of LDD nMOSFET locates in this region.
These trapped holes affect the lateral electrical field. Accord-
ingly, they change A Ex and make Ippp vary. Ippr increases
with increasing A Ex and vice versa. Figure 1(b) is the Ippp—
Vbg curves extracted from GIDL current pre and post stress.
It shows that the Ippr curve’s peak Ipirr, max around Vpg =
2.6 V decreases and the whole curve shift downwards as the
stress time increases from 0 to 1000 s. On the basis of discus-
sion above, the trapped holes should induce A Ex decrease and
then Ipirr decreases.

In order to assure whether A Ex decrease due to holes trap-
ping, we simulate A Ex of two dimension (2D) in the overlap
region pre and post HHS. The simulated LDD nMOSFET has
the same 2D structure of Tox = 4 nm and L = 0.16 um as the
experimental device, as shown in Fig. 2(a). Because Ipirr, Max
is around at Vpg = 2.6 V, so here A Ex is expressed as the dif-
ference of the lateral electrical fields at the condition of Vp =
14V/Vg=—-12Vandatthatof Vp =12 V/Vg=-14V
under Vpg = 2.6 V. Since the reportorial maximum density of
trapped positive charges generated during the HHS stress in the
oxide approaches the magnitude of 101> cm™2[11-12] the den-
sity of trapped positive charges located in the oxide of gate-to-
drain overlap region is set to increase from 3 x 10!° to 1 x
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Fig. 3. Ipirr, Max degradation varies with stress time at the double
logarithmic coordinate.

10'2 cm™2 during the simulation. Figure 2(b) shows the distri-
bution of AEx of Ipirr, max along the channel direction after
hot holes(positive charges) are trapped in oxide of the overlap
region. From Fig. 2(b), it can be seen that A Ex curve shifts
downwards and its peak lowers while increasing the density of
trapped positive charges. It can be deduced that more and more
positive charges are trapped as stress time is prolonged, lessen
and lessen A Ex of every certain point of Ipjpp curve becomes.
Thus the curve of Ippr shifts downwards according to the re-
lationship of A Ex and Ippr. The simulated result in Fig. 2(b)
accounts for the degradation of Ippr in Fig. 1(b).

Iprr, max are extracted from Fig. 1(b) to describe the ef-
fect of HHS on the degradation of Ipipr quantificationally. Fig-
ure 3 shows the relationship of Iprr, Max degradation with
stress time ¢ under double-logarithm coordinate. Notes that
Iprrr, Max degradation varies linearly with stress time under
double-logarithm coordinate. Namely, Iprrr,max degradation
follows a power law against 7. This relationship is: A Ipirr, Max
o t"™, m denotes the slope of line and m = 0.3. This degrada-
tion equation has the similar form with the threshold voltage
Vrr under hot carrier stress. Accordingly, Iprr, max can re-
flect the degradation of device after HHS like Vry.

The discussion on relationship of Ippr degradation with
stress time under HHS above is based on the theory of A Ex
affecting Ipjpr mentioned above. On the assumption that our
theory is reasonable, Ippr should increase while AEx in-
creases. We simulate the situation of hot electron trapping
in the oxide of gate to drain overlap region. Since the re-
portorial maximum density of HES induced trapped nega-
tive charges in the oxide also approaches the magnitude of
102 ¢cm~2[1 the density of trapped negative charges is also
set from 3 x 10'° to 1 x 10'2 cm™2 during the simula-
tion. Figure 4(a) shows A Ex become larger and larger as the
density of trapped negative charges varies from 3 x 100 to
1 x 102 cm™2. Also according to the theory of A Ex affecting
Ipipr, Ipipr should increase. We apply the HES on the LDD
nMOSFET with Tox =4nm, L =0.16 umand W = 6 um to
testify this deduction. The HES condition is set up!'3 14l: V5
= Vp = 2.5 V. The experiment shows that Ippr curve shifts
upwards while HES time increases from 0 to 200 s to 600 s, as
can be seen in Fig. 4(b). As we known, longer and longer the
stress time, more and more electrons are trapped. So the exper-

0.7 — T T T T T T T
06k a4 Density of negative charges: (a) |
' Al —m—3x 10" cm?
05t ) T\A ~e-6x 10" cm? :
- TRy —4—1x 10" cm™
5 o4t B A/ " ]
z Fl el
g o3t L [t J
~ " /A R %\
o | l n qA
> Y RN :
I/ Y,
o1t 4 {} %N‘M ]
* H
O chdinel LDD e

0 002 004 006 008 010 012 0.14
X (pm)
LDD nMOSFET, 7, =4 nm, ®
[ L=0.16 pm, =6 um

(o))

5 [ HES condition: V= 1,=25V <y |
< —m— Fresh A"p.: P
= 4 —e— After HES time 200 s A’f .
= —a— After HES time 600 s /A;ﬁ
L3 Y 1

a §
= 5| 4 Stress time |
A increasing

Vs (V)

DG

Fig. 4. (a) Distribution AEx of Ipirr,max along the channel direc-
tion simulated with Silvaco software while the negative charges are
trapped in oxide of the overlap region. (b) Ipirr—Vpg curves extracted
from GIDL current pre and post HES.

iment indicates that Ippp increases with increasing trapped hot
electrons (negative charges).

This HES experimental result matches the simulation re-
sult well, which sufficiently approves the theory of A Ex af-
fecting Ippr and also indicates that the discussion above on
relationship of Ippr degradation with stress time under HHS
is reasonable.

4. Conclusion

This paper studies the degradation of GIDL current deeply
in LDD nMOSFET damaged by the HHS through discussing
characteristics of the parameter Ippr. Ipipr is extracted from
GIDL current pre and post stress. It decreases with increasing
stress time. This ascribes that the holes trapping in the oxide of
gate to drain overlap region induce A Ex. Consequently Ipgp
decreases. The degradation shifts of IDIFF,MAX; AID]F]:, MAX,
follows a power law against stress time ¢. This relationship
is: Alprr,max o t™, m = 0.3. Based on the simulation and
hot electron experiment result, the mechanism of Ippr degra-
dation under HHS is approved. Ipigr provides another way to
analyze GIDL current degradation further. Although this way
deals with the case without interface states, it still should be
helpful to study this current degradation in the gate-to-drain
overlap region of LDD nMOSFET.
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