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Influence of Device Narrowing on HALO-pMOSFETs”
Degradation Under Vi= Va/2 Stress Mode
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Abstract: The degradation characteristics of both wide and narrow devices under Ve= Va/2 stress mode is investi—
gated. The width-enhanced device degradation can be seen with devices narrowing. The main degradation mecha—

nism is interface state generation for pMOSFETs with different channel width. The cause of the width-enhanced

device degradation is attributed to the combination of width-enhanced threshold voltage and series resistance.

Key words: width-enhanced degradation: pinch-off voltage: current—crowding effect

EEACC: 0170N: 2560R

CLC number: TN 386 Document code: A

1 Introduction

Hot carrier degradation has been recognized as
a major reliability and performance concern in
submicron complementary metal oxide
semiconductor ( CMOS) field effect
(FET) technology. As the CMOS technology was

introduced into the areas of submicron and deep-—

today’s

transistor

submicron, the degradation caused by the pMOS-
FETs has become comparable with that of the
nMOSFETSs. It is then very important to investi-
gate the behavior and underlying physics of pM OS-
FETs hot carrier degradation mechanism. Most of
the effects of hot-carrier-induced degradation have
concentrated on the channel length dependency on
hot-carrier degradation using devices with channel

widths greater than 10um'™". As MOSFETs di-
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mensions shrink, the channel width effect plays an
increasingly important role in hot-carrier degrada—
tion, particularly in multi-megabit devices where
the device width is less than lpm. Previous stud-
ies'*"® based on devices fabricated with the con-
ventional LOCOS have reported that narrow chan-
nel devices exhibited enhanced hot-carrier degrada-
tion compared to the wide channel devices. This is
attributed to the reported different degradation
mechanism in the two types of devices, as the wide
channel devices degrade via interface state genera-
tion, while the narrow devices degrade via charge
trapping in the gate oxide due to the high mechani-

"9 As the gate width is shrinking to—

cal stress
wards the 0. 25um generation and beyond, shallow -
trench-isolation ( STI) has evolved as the main-
stream in the present deep-submicron ULSI de-

vices. From the experimental measurements, it was

* Project supported by State Key Development Program for Basic Research of China( No. G2000036503)

Hu Jing

characterization, and hot-carrier effects.

male, was born in 1976, PhD candidate. His research interests include small-=scaled M OS devices and reliability, device modeling and

Zhao Yao male, was born in 1980, PhD} candidate. His research interests include small-scaled M OS devices and reliability, device modeling

and characterization, and hot-carrier effects.
Xu Mingzhen

semiconductor materials.

Received 18 April 2003

female, was born in 1939, professor. Her research interests include characterization of small-scaled devices and reliablity of

©2003 The Chinese Institute of Electronics



1256 g &

&

observed that the degradation in narrow p-MOS-
FETs is resulting from the mechanical stress,
which is responsible for the enhanced electron
trapping efficiency' .

In this paper, we compare the degradation be—
havior of both wide ( Wuak= 10um) and narrow
(W= 0.3 and 0. 19um) devices under V.= Va/2
stress mode, and investigate the cause for the dif-
ference in the degradation behavior. Finally, the
cause for the width-enhanced degradation is dis—

cussed.

2 Results and discussions

The results of the stress on pMOFETs with
different channel width show that narrow devices
exhibit larger degree of hot-carrier degradation
compared to wide devices having the same channel
length, at the same stress voltage and V.= V4/2
stress mode. HALO structure is introduced to im-
prove the short channel effect and threshold volt-
age. The devices used in this study were fabricated
using 0. 13um CMOS technology with shallow-
trench-isolation ( STI) structure. The gate oxide
has HALO

structure. Saturation drain currents (/aa) of fresh

thickness is 2.35nm and the device
and stressed devices are used to monitor the hot
carrier drain current degradation.

The stress time dependence plot of dluu (=
(Taar= Lo (0)) /Taw (0)) degradation is shown in
Fig. 1. By assuming 10% degradation of saturation
drain current as a device lifetime (T), the device
lifetime of the narrowest device is approximately 7
times shorter than that of wide width devices. T his
shows that the degradation rate was significantly
enhanced with scaling down of the device width. In
Fig. 1, it is observed that both wide and narrow
channel devices exhibit slopes, which are nearly
parallel to each other. This suggests the degrada-
tion mechanism is the same for both wide and nar—
row channel devices.

To find the relationship between device degra—

dation and interface state generation, d/sa=AN is
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Fig. 1  Relationship of laa degradation and stress

time for pM OSFET s with different ration of channel
width to length  Wide devices exhibited longer time
taken to reach 10% dlaw compared to narrow de-

vices.

plotted in Fig. 2 for pMOSFETs with different
channel width. AN« is measured by CP method. A
unified curve of d/ww vs interface state generation
(AN#) can be found. All data under different stress
voltages align themselves on a unified curve, re-
gardless of the channel width. The degradation of

other characteristic parameters, such as maximum
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Fig. 2 Unified curve of d/aw versus interface state

generation ( ANa) for pMOSFETs with different

channel widths

and

(T tine)

threshold voltage (V1) has the same unified curves

conductance ( Lm ], linear current

as faa. This shows that the main degradation

mechanism is interface state generation for pMOS-

FETs with different channel width under V.= Va/2



12 1 Hu Jing et al. :

Influence of Device Narrowing on HALO-pM OSFET s” -+ 1257

when the device gate oxide thickness decreases to a
certain value. This unified curve suggests a lifetime
prediction model can be made on the basis of inter—
face state density for pMOSFETs with different
channel widths.

To explain the above results, various measure—
ments have been carried out for pMOSFETs with
different gate widths. The relationship of T/4/W
versus I1v/14, for different channel gate widths are
plotted in Fig. 3, where /v and I4 are substrate and
drain current and W is channel width. The model
has been generally accepted in nMOSFET s lifetime
prediction under the condition that the main degra-
dation mechanism is interface state generation'’.

All data points aligned themselves on a straight

mml- pMOSFETs
T.=2.5nm, L=0.15pm,
v
- 203pm €0.19um
5.100;
« |
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107
L/,
Fig. 3 pMOSFETSs lifetime data and simulations using

the proposed model plotted on @a/W versus Iv/I4
A unified line can be found for pMOSFET s with differ—

ent channel width.

line in Ig-g scale; and the exponential value is iden-
tical. This indicates the main degradation mecha-
nism is the same for devices with different channel
width, which is consistent with the claimal before.
The same value of impact on the ionization rate re—
sults in the same degradation, which shows the
electric field in the channel is universally distribut-
ed and not focused on the certain region. Although
it was reported that the narrow channel width de-
vice had the smaller vertical field'" and resulted in
the lower degradation under the same impact ion-
ization rate, the device degradation does not show

. . Lo ] @
corresponding degradation characteristics’' . So the

conclusion can be made that the device degradation
is mainly caused by lateral electric field and basi-
cally independent on the distribution of vertical
field. The width-enhanced device degradation phe-
nomena can be explained by the width-enhanced
impacl ionization rate.

The relationship of the degradation of impact
ionization rate (/n/14) and stress time for different
channel gate widths is plotted in Fig. 4. Obviously,
the impact ionization rate decreases at initial stage

and then increases after stress due to the combina-
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Fig. 4 Impact ionization rate increases with reduc—

ing gate width for pMOSFETs under V.= Vu/2

stress mode

tion of oxide traps and interface states genera-
tion, which change the lateral field in devices. T he
inflection point is almost the same under the same
stress voltage, which suggests the same degrada-
tion mechanism during degradation process. More-
over, it can also be seen that the narrow-width de-
vice has larger impact on the ionization rate. For
example, the impact ionization rate for pMSOFETs
with 0. 19um channel width is about 1.4 times
larger than that with 10um channel width. The im-
pact ionization rate is generally used to characterize
the lateral electric field. T he increase of impact ion-
ization rate indicates the increase of lateral electric
field with device narrowing, which can be attribut-
ed to the current-crowding effect, width-enhanced
threshold voltage, the change of characteristic satu-
rated length or the influence of series resis—

811
tam'.e[ '.
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Figure 5 shows the substrate and drain current as':
versus gate bias for pMOSFETs with the gate v LeiE (V= Vi) (2)

width of 0.19,0. 30, and 10um. It can be seen that
Tvma/W (Iimax is the maximum substrate current) in—
creases with the decreasing channel width, while
14/W almost remain unchanged. T his suggests that
the impact on ionization increases sharply with the
decrease of channel width. The difference of sub—
strate current at peak substrate current condition
was significant for various device widths, but the
substrate current of narrow width was not signifi-
cantly higher for high gate bias conditions. So, the
current-crowing effect can be excluded from the
cause for width-enhanced impact ionization rate'”

The abnormal substrate current can only be ex-
plained by the larger lateral electric field in the

narrow channel device with the decreasing channel

width.
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Fig. 5 Iw/W and 14/W increase with reducing gate

width for pM OSFET s

The impact ionization rate /I generally can

. 191
be written as' ':

I N _ Bl
L(Va= Vau) = Aiexe(y 2oy )

where Ai and Bi are technology-dependent con-

(1

stants, Va is drain voltage, ls is the characteristic
length of the velocity saturation region, which is
dependent on the gate oxide thickness and junction
depth.

The experimental Vi are found to fit a physi-
cal expression if Kw= 2X 10°V /em was used, Vi

is the pinch-off voltage, which can be expressed

MT LaEw+ (Ve= V)
where E.u is the critical electric field for velocity
saturation, Vis the gate voltage, Ler is the effective
channel length. Plotting In/Ia/(Va= Vaw) vs 1/(Va
— Vaa),Ai and Bila can be derived. It can be seen
from Eq. (1) that the impact ionization rate is de-
pendent on Vi= Vi and la.

A plot of threshold voltage, Vi, against the ef-
fective channel width, is shown in Fig. 6. There is
an observed increase in threshold voltage as chan-
nel width decreases. This implies a larger lateral
—0.335
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Fig. 6

Plot of threshold voltage versus effective

channel width

electric field in the narrow channel device, as com-
pared to the wide channel device, from Eq. (1)
above. If the change of threshold voltage is the
cause for the abrupt increase of impact ionization
rate, the same Vai— Vaw should produce the same
impact ionization rate. The plots of I1/I./(Va-

Via) versus 1/(Va— Vaw) for Wear= 10, 0. 3, and
0. 19um are shown in Fig. 7 and the same Vi= Vi
leads to the different impact ionization rate In/Ia.

The slope of lg(I1/I4/(Vai= Vaw)) versus 1/(Vai-

Vaa) corresponds to Bila. In addition, L4 is thought
to be irrespective of channel width. Therefore, the
conclusion can be made that such a slight increase
in threshold voltage cannot explain the degradation
behavior of the narrow channel devices as com-
pared to the wide channel devices and the only rea-

son lies in the influence of increased series resis—
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Fig. 7 Plot of Iv/Ia/(Va= Vi) versus 1/(Va-

Vaa) for Wer= 10, 0.3, and 0. 19um The oxide

thickness is 2. 5nm and channel length is 0. 15pm.

tance by the introduction of HALO structure.

The introduction of HALO structure increases
the total series resistance of devices. For wide—
channel devices, S&R method is taken to extract
total series resistance to be 32Q, and the corre-
sponding total resistance (V.= - 1.5V) is about
300Q. The influence of series resistance cannot be
neglected and Vi and Vaw should be corrected as
follows:

Vii= Vo= L Va)Ra (3)
Vieaw = Vi = Tisar( Vi) Ra (4)
where Rais the drain parasitic resistance.

The plot of In/Ia/(V'i= V'ia) versus 1/(V'a
— V'sa) for Wer= 10,0. 3, and 0. 19um is shown in

Fig. 8 and the same V 'i= Vs leads to the different
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. R o 20.19um
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Fig. 8 Plot of In/Ta/(V'ia= Vi) versus 1/(V'a=

Vb)) for Wer= 10,0.3 and 0. 19um

The same V'

' e . . . .
= V4w leads to the different impact ionization rate

Iv/1.a.

impact ionization rate Iv/l4. So the conclusion can
be made that the width-enhanced device degrada-
tion is caused by the combination of width-en-

hanced threshold voltage and series resistance.

3 Conclusion

In this paper, the degradation characteristics
of both wide and narrow devices under Vi= Va/2
stress mode is investigated. The width-enhanced
device degradation can be seen with devices nar-
rowing. The main degradation mechanism is inter—
face state generation for pM OSFET s with different
channel widths. The width-enhanced device degra-
dation is caused by width-enhanced impact ioniza-
tion rate. Through the investigation of many possi-
ble causes such a current-crowding effect, slight in-
crease of threshold voltage with the decrease of
channel width, the change of characteristic length
of the velocity saturation region and the influence
of series resistance, the cause of the width-en-
hanced device degradation is attributed to the com-
bination of width-enhanced threshold voltage and

series resistance.
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