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1. Introduction 

Channel strain engineering improves the drive current of 
MOSFETs by fundamentally altering the band structure of the 
device channel and can therefore enhance the performance of 
aggressively scaled devices [1-3]. With the performance 
improvement being demonstrated, attentions should now be paid to 
the associated reliability issues for practical applications. Currently, 
device degradation caused by hot electrons represents one of the 
most critical reliability issues in deep sub-micron NMOSFETs [4,5]. 
Although the physical mechanisms and characteristics of hot 
electron degradation have been extensively examined [6,7], there 
seems to be very few works that investigate the impact of SiN 
capping layer and the associated deposition process on the hot 
carrier reliability of the strained devices. In this work, we 
investigate hot carrier degradation characteristics of NMOS devices 
having local channel strain induced by a SiN-capping layer.  
 
2. Experimental 

The NMOSFETs used in this study were with 3 nm thermal 
oxide and 150 nm poly-Si layer as the gate electrode. After the gate 
formation, most samples were capped with a SiN layer of 300 nm, 
deposited by a LPCVD system (denoted as the SiN-capped split), 
while some wafers were deliberately skipped of the SiN deposition 
to serve as the controls (denoted as the control split). The SiN 
deposition was performed at 780˚C with SiH2Cl2 and NH3 as the 
reaction precursors. The SiN layer was deliberately removed after 
deposition from some of the SiN-capped samples in order to 
evaluate the impact of SiN deposition process itself on the device 
performance (denoted as SiN-removal split).  

The lateral diffusion of interface state after hot carrier stress 
for all splits was also evaluated in this work based on the method 
developed in [8] and the measurement setup is shown in Fig. 1. The 
experimental procedures of this method are briefly described below: 
(1) Measure the Icp-Vh curve on a virgin MOSFET from the drain 

junction (with the source junction floating), and from it 
establish the Vh versus Vth(x) relationship [9] near the junction 
of interest. 

(2) Re-measure the Icp-Vh curve after hot-carrier injection. 
(3) Obtain the hot-carrier-induced interface state distribution, Nit(x), 

from the difference of the Icp-Vh curve before and after hot 
carrier stress. 

 
3. Results and Discussion 

Figure 2 shows the percentage increase of the drive current 
for the SiN-capped and SiN-removal samples compared with the 
controls, as a function of channel length. The drive current 
enhancement reaches about 20% at a channel length of 0.4 µm in 
the SiN-capped sample. On the other hand, the SiN-removal device 
shows negligible enhancement. These observations demonstrate 
that the current enhancement is truly due to the uniaxial tensile 

strain induced by the SiN capping which increases with decreasing 
channel length. 

The impact ionization rate (Isub/Id) of the fabricated devices is 
shown Fig. 3. It is clearly seen that Isub/Id is much larger in the 
SiN-capped device, as compared with the other two splits. This 
result indicates that the channel strain plays an important role in 
affecting the generation of channel hot electrons and the associated 
impact ionization process. This could be related to the bandgap 
narrowing effect induced by the channel strain as well as the 
increased mobility, both tend to enhance the impact ionization rate 
[10,11], and may potentially worsen the hot-electron degradation in 
the strained devices. In Fig. 3, it is also interesting to note that Isub/Id 
in the SiN-removal samples is also larger than the control. This 
could be explained by the additional thermal budget and hydrogen 
species by the SiN deposition process that tend to reduce the 
implant damage located close to the drain region. Figure 4 shows 
∆Vth and ∆Nit as a function of the stress time. As mentioned above, 
the device with channel strain depicts aggravated degradation in 
terms of larger shifts in these parameters. Figure 5 illustrates the 
10-year reliability projections for the three splits. Lifetime was 
defined as 30 mV of ∆Vth. Devices with SiN capping were observed 
to endure lower VDS as compared with the control and SiN-removal 
samples. Because of extra hydrogen species, the SiN-removal 
devices show worse lifetime than the control ones. 

The measurement presented in Fig. 1 was used to extract 
lateral diffusion of interface states after hot carrier stress. First, Fig. 
6 shows the local Vth versus distance x of all splits. Basically, the 
lateral doping profile is nearly the same, except for the difference in 
local Vth. The variation of Vth is due to bandgap narrowing induced 
by the strained-channel. Moreover, the local Vth decreases sharply 
as x is smaller than 0.07 µm. We can approximately speculate that 
the drain junction is near x = 0.07 µm. The derived profiles of the 
interface state lateral diffusion are shown in Fig. 7 after 100 sec hot 
carrier stress. One can see that the damage region is confined within 
0.1µm from the drain in all splits. In addition, the aggravated hot 
carrier stress of the SiN-removal devices is presumably due to the 
extra hydrogen species that may pile up at the source/drain edge 
during the SiN deposition. This explains why the SiN-removal 
devices show larger generation rate of interface state than control 
devices. 
 
4. Conclusion 

Both the presence of the SiN capping layer and the 
deposition process itself exert significant impacts on the device 
operation and the associated reliability characteristics. The 
accompanying bandgap narrowing and the increased carrier 
mobility tend to worsen the hot-electron reliability. This work 
shows that hot-electron degradation is adversely affected when the 
SiN layer is deposited over the gate, even if the SiN layer is 
removed later and the channel strain is relieved. Owing to the use of 
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hydrogen-containing precursors, abundant hydrogen species is 
incorporated in the oxide that may also contribute to the 
hot-electron degradation. The edge effect of hot carrier stress is also 
an important factor that causes degraded reliability in SiN-removal 
devices. 
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Fig. 1 Measurement setup of single junction charge 
pumping measurement. 

ID,sat at VG - Vth = 2V, VDS = 2V

Channel Length (µm)
1 10

∆
I D

,sa
t /

 I D
,sa

t (
%

)

0

5

10

15

20

25

SiN Capping
Removal

L/W=0.5µm/10µm
VDS = 4.5V , VG@Isub,max

Con
tro

l

SiN
 C

ap
ping

Rem
ov

al

I su
b/I

d

0.105

0.110

0.115

0.120

0.125

0.130

0.135

Stress Time (sec)
0 1000 2000 3000 4000 5000 6000

∆
V

th
 (m

V
)

0

50

100

150

200

250

300
Control
SiN Capping
Removal

Stress Time (sec)
0 1000 2000 3000 4000 5000 6000

∆
N

it (
10

10
 c

m
-2

)

0

10

20

30

40

50
Control
SiN Capping
Removal

L/W = 0.5µm/10µm

x (µm)
0.00 0.05 0.10 0.15 0.20 0.25 0.30

L
oc

al
 V

th
 (V

)

-0.6

-0.4

-0.2

0.0

0.2

0.4

Control
Removal
SiN Capping

Drain edge Center

L/W = 0.5µm/10µm

x (µm)
0.00 0.05 0.10 0.15 0.20 0.25 0.30

In
te

rf
ac

e 
T

ra
p 

(1
010

cm
-2

)

0

20

40

60

80

Control
Removal
SiN Capping

Drain edge Center

L/W = 0.5µm/10µm
∆Vth = 30 mV
VG@Isub,max

Drain Voltage (V)
0 1 2 3 4 5

T
im

e 
to

 B
re

ak
do

w
n 

(s
ec

)

101

102

103

104

105

106

107

108

109

Control
Removal
SiN Capping

10 years

Fig. 2 Saturation current increase versus 
channel length. The saturation current was 
defined at VG – Vth = -2 V and VDS = -2 V 

Fig. 3 The impact ionization rate (Isub/Id) in all 
splits. 

Fig. 4 Results of hot-electron stressing at 
VDS = 4.5 V and maximum substrate current 
performed on all three splits of with channel 
length/width = 0.5µm/10µm. (a) Threshold 
voltage shift. (b) Interface state generation.

Fig. 5 The 10-year lifetime projection for 
the control, SiN-removal, and SiN-capped 
samples. 

Fig. 6 The derived lateral profile of local 
threshold voltage near the graded drain 
junction. 

Fig. 7 Lateral profile of interface state 
generation after hot carrier stress of all 
splits. 
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