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Abstract— UTBB-FDSOI device performance can be enhanced 
by stress engineering, especially thanks SiGe channel in pMOS [1]. 
SiGe channels induce strong local layout effects [2, 3] which are 
mainly due to stress relaxation during STI process [2]. In this 
study, we propose a TCAD simulation methodology to evaluate 
stress relaxation in standard active regions but also in Con-
tinuous-RX design structures. Finally, analytical model is 
provided to assess Continuous-RX design structure performance. 
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I.  INTRODUCTION 

To continue the downscaling of CMOS technologies with an 
improvement of performance, stress engineering is used since 
the 90nm node [4]. For FDSOI technology, thanks to the gate 
electrostatic control, only pMOS channel need to be stressed to 
reach 20nm node required performance. It is achieved by the 
integration of SiGe channel and SiGe raised source and drain 
[1,5]. However, as already shown in [3], this integration 
produces strong local layout effects. To limit this loss of 
performance, Continuous-RX design structure has been 
introduced [2], but its impact on performance still need to be 
assessed and modeled. In this study,we developed a  TCAD 
simulation methodology to evaluate stress relaxation in standard 
active regions but also in Continuous-RX design structures. 
Finally, analytical model is provided to assess Continuous-RX 
design structure performance. 

II. TCAD SIMULATION METHODOLOGY FOR STRAIN 

RELAXATION DUE TO STI PROCESS 

In CMOS technology with initially strained channel (as 
14FDSOI SiGe pMOS [1]), strain relaxation in active region 
over 300nm from STI edge was evidenced by Nano Beam 
Diffraction performed just after STI process step [2]. It was 
mainly attributed to free boundary condition introduced during 
STI patterning [2, 6]. It was also demonstrated in [2] that 
subsequent process steps only induce a constant shift in strain 
meaning that strain distribution trends are preserved from STI 
process until the end of the front-end process [2, 6]. To 
reproduce such a behavior, we built a TCAD [7] deck using 
device layout as input, including complete process simulation 
[6], electrical calibration and advanced transport model for 
strain SiGe [7]. This study is based on 14FDSOI technology 
(Lg=20nm gate length, CPP=90nm and 25%SiGe channel) [1,2] 
but trends would be identical for comparable technologies such 

as 22FDX [5] or other strained MOSFET technologies such as 
those lying on sSOI substrates [10]. Fig.1 shows that stress 
distribution measured in [2] after STI process step (blue) and 
after raised S/D (red) are well reproduced by TCAD (dots). 
 

Figure 1: Strain in active region as a function of the distance with STI edge 
obtained by NBD measurement from [2] and simulation; blue: after STI 
patterning & red: after raised S/D

 
 In real design with STI isolation (Fig.2-a), the device is not 
necessarily centered on the active region, then both symmetric 
active region (SA=SB=nxCPP, Fig.3-a) and dissymmetric active 
regions (SA=n×CPP, SB=m×CPP with n≠m, Fig.3-b) are 
considered.  
 

a)  

b)  

c)  
Figure 2: a) Half TCAD structure used to evaluate active length impact on 
performance b) classical active region c) ContinuousRX 
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a) b) 
Figure 3: test structures schematic to evaluate impact of active length in a) 
Symmetric case b) dissymmetric case. 

 
In both cases, TCAD is in a good agreement with experimental 
data of [2] (Fig.4). Fig.5 shows the evolution of the mean 
longitudinal stress under the gate obtained by TCAD after STI 
process simulation. It demonstrates by comparison with Fig.4 
that trends of current and of mean longitudinal stress with active 
length are the same.  
 

Figure 4: Variation of Iodlin (Id at Vd=50mV & Vg-Vt=500mV) 
normalized by infinite active length case as a function of source length in 
symmetric & dissymmetric cases. 

 

 
Figure 5: TCAD variation of mean longitudinal stress under the gate 
normalized by infinite active length case as a function of source length in 
symmetric & dissymmetric cases. 

 
We plot on Fig.6 the longitudinal stress profile along a 1D cut 
(Fig.2-a) for several total active length Lact=SA+SB+Lg just after 
STI process. This evidenced that, if the device is the closest to 
active edge, increasing Lact has quickly a weak impact on 
longitudinal stress in channel (marked by transparent red 
rectangle), so on performance.  
 

Figure 6: Longitudinal stress loss variation as a function of active length 
evidencing that, in dissymmetric case, the shorter side of active region is 
driving the performance (TCAD until full STI process). 

 

III. CONTINUOUS-RX TCAD SIMULATIONS 

To avoid the performance degradation due to stress relaxation 
during STI process, Continuous-RX design structure has been 
introduced [2]. Instead of isolating neighbor device by STI, an 
electrostatic isolation is performed with grounded gate enabling 
to each device in Continuous-RX to present large active length 
(Fig.2-c). However, in real design, each device doesn’t present 
same width. So, we can expect that Continuous-RX enables to 
limit the loss of performance. From previous part, we know that 
continuous-RX structures performance can be assessed by a 
process simulation only until STI step. Obviously, 3D 
simulations are mandatory to perform such an evaluation: a 3D 
process simulation is built until STI and test structure layouts 
are defined (Fig. 7, dashed rectangle locates the DUT).  
 
 

Figure 7: test structure to monitor ContinuousRX structure performance 
with the definition of variable parameter. 

 
Fig. 8-a shows the mapping of longitudinal stress (stressZZ) of 
the full simulated structure, which have to be long enough 
(~2µm) to ensure “infinite” active length. Fig. 8-b shows a 
zoom on the DUT, Fig.8-c presents a 2D X-plane cut in the 
middle of silicon film and finally Fig. 8-d evidences through 1D 
cut on Fig.8-c 3 regions presenting identical behavior as 
classical active region: cut-3 is the region where active region 
length is “infinite” on both sides as expected, compressive 
longitudinal stress is not degraded by STI process. Cut-2Active 
length is infinite only on one side in the second region, (similar 
case as Fig. 6). Cut-1 represents a short active region on both 
sides (similar case as Fig. 4).  
 

W1=0.3µm 
Wfactor=W2/W1 

Sa1=Sb1= 1xCPP & 2CPP 
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Note: STI removed to improve visibility 
 
Figure 8: illustration of longitudinal stress distribution in ContinuousRX 
structure obtained by 3D TCAD simulation until full STI process a) full 3D 
structure b) zoom on DUT in 3D structure c) X-plane 2D cut in the middle of 
silicon film d) 1D longitdinal stress profile 
 
To assess the impact on device performance, we evaluate the 
mean value of longitudinal stress in the channel (under the gate, 
from gate oxide to BOX) and plot on Fig.9 the loss of stress 
compare to infinite active region (W2=W3 for simplicity) for 
two different active length. As expected, we can see that there 
is still a stress relaxation with Continuous-RX design structures, 
but limited compare to classical active region (dashed lines). 
Obviously, the stress relaxation (so the loss of device 
performance) is higher with low Wfactor and disssymetric 
structures. 
  

Figure 9: longitudinal stress variation vs infinite active length case (Sainf) 
for variation of Wfactor=W2/W1 obtained by TCAD & analytical model. 

 
We also observe an increase of compressive longitudinal stress 
(so of device performance) if W2&W3>W1 thanks a corner 
effect (Fig.10, with symmetric structure in device width 
direction to enhance this effect). Finally, Fig.11 shows the 
stress grain brought by this structure as a function of W. 
Because stress improvement is due to a corner effect, stress gain 
is higher for shorter W. 
 

 
 
Figure 10: longitudinal stress profile obtained by 3D TCAD on Continuous-
RX structure with Wfactor =2 
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Figure 11: Longitudinal stress improvement compare to infinite active 
length case brought by Continuous-RX structure with Wfactor>1 

 

IV. CONTINUOUS-RX IMPACT ON PERFORMANCE MODEL 

Continuous-RX specific Local Layout Effect (LLE) need to be 
accounted in device model in order to be able to assess 
accurately the performance of every active designs. Similarly to 
standard active region [11, 12], stress relaxation in Continuous-
RX need to be analytically evaluated, in order to be included in 
SPICE simulation. Previous part evidenced 3 regions in such 
structure which are 2D case where compressive longitudinal 
stress can be analytically evaluated thanks [10, 11]. Then, 
complete longitudinal stress in a given Continuous-RX 
structure, defined in Fig.8, can be evaluated as a combination 
of the evidenced 2D cases as: 
 stressୈଡ଼ ൌ ሺభିయሻభ stressሺSaଵ, Sbଵሻ  ሺయିమሻభ stressሺSaଵ, Saଷሻ మభ stressሺSaଵ, Saଶሻ   (Eq.1) 

 
With W1,W2,W3, Sa1, Sa2, Sa3, Sb1, Sb2 and Sa3 defined on Fig.7 
and stress(Sa,Sb) the evaluation of longitudinal compressive 
stress in the case of standard and rectangular active region given 
by [11,12]. Fig.9 shows the good agreement of our model of 
stress degradation for Continuous-RX design structures with 
TCAD simulation in the cases W2&W3<W1 

V. CONCLUSION 

In this paper, we propose a simulation methodology to evaluate 
stress relaxation in SiGe channel due to STI process in classical 
active region and Continuous-RX structures. Note that this 
study was performed for longitudinal compressive stress 
(pMOS), but it can be also used for longitudinal tensile stress 
(nMOS built on sSOI substrate [10]). Longitudinal stress loss 
has been estimated as a function of width, length and shape of 
active regions. Moreover, particular Continuous-RX design 
structures enabling stress improvement thanks a corner effect 
have been evidenced. Finally, to quickly evaluate Continuous-
RX design structure performance, an analytical model has been 
proposed. 
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