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摘要 

本論文中，我們主要探討製程引致單軸應力對互補式金氧半場效電晶體(CMOS)之

載子傳輸(carrier transport)與負偏壓溫度不穩定(NBTI)的影響。載子傳輸方面，我們先以

通道背向散射(channel backscattering)觀點來檢驗通道應力對高橫向電場下載子傳輸的

影響。藉由背向散射參數與溫度的指數關係，我們可得一簡單的數學表示式以萃取通道

背向散射係數(channel backscattering ratio)與相關參數，討論這些參數的變化對汲極電流

的作用，並且分析何種機制造成應力引致背向散射參數的變化。我們亦探討通道應力對

低橫向電場載子傳輸的作用。接著，我們提出一模型以關連低電場的載子傳輸與高電場

下通道背向散射行為。依據此模型，我們首先提出一萃取源汲極寄生電阻的方法，可適

用於奈米尺寸的製程應變矽 CMOS，而無需處理通道遷移率與通道長度無關等等備受爭

議的假設，以不同製程技術的 CMOS 來檢驗此模型並萃取其源汲極寄生電阻。最後，

我們探討通道應力對負偏壓溫度不穩定(NBTI)的作用。 

第二至第五章為載子傳輸的部分。第二章首先介紹通道背向散射理論及其電流電壓

模型，接著比較幾種萃取通道背向散射率的方式。於本論文裡，我們利用背向散射參數

與溫度的指數特性，推導出萃取背向散射率的數學式子，且考慮載子退化與寄生電阻對

背向散射率的影響。第三章，使用製程應變矽(PSS) CMOS，從通道背向散射觀點來評

估通道應力對高電場載子傳輸的影響。我們發現通道應力會改變 CMOS 其背向散射率，

且隨著通道應力增加，背向散射率變化的幅度愈大，其中背向散射率的增加與降低與應
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力極性相關：具伸張應力的 nMOSFETs 會降低背向散射率；然而具壓縮應力的

pMOSFETs 會惡化背向散射率。這些變化對電流的作用，與造成此現象的機制亦涵蓋於

第三章內。 

第四章裡，我們提出一模型，此模型以源汲極寄生電阻、通道電阻、彈道傳輸率與

寄生電阻的變化量等四個參數將製程引致的低電場通道遷移率增益、線性區與飽和區汲

極電流增益關聯起來。此模型揭露出線性區、飽和區的汲極電流增益可表示為遷移率增

益的線性函數，其截距大小與寄生電阻的變化量、源汲極電阻對通道電阻的比率有關。

其中源汲極電阻對通道電阻的比率、彈道傳輸率分別決定著製程引致的遷移率增益對線

性區、飽和區汲極電流增益的轉換效率。依據此模型，我們也發展出一適用於奈米尺寸

製程應變矽 CMOS 其計算源汲極寄生電阻的方法。第五章裡，以不同製程技術的奈米

通道尺寸應變矽 CMOS 來探討汲極電流增益、遷移率增益的關係，並且萃取其寄生電

阻，分析比較不同製程技術對其影響。我們觀察到對任一製程技術而言，源汲極寄生電

阻會逐漸地削減應變通道其提升電流的益處。我們也發現應變矽 nMOSFETs 與

pMOSFETs 其汲極電流增益與遷移率增益有一不同的比例關係。對 nMOSFETs，其線性

區與飽和區汲極電流增益大小相似，且電流的增益約只為通道遷移率增益的一半。然而

對 pMOSFETs，其線性區汲極電流增益比飽和區的來的大，與通道遷移率增益大小相

似。造成此現象的機制亦探討之。 

第六章則為通道應力對負偏壓溫度不穩定的作用探討。以三維應變工程來看，從通

道寬度方向降低通道的壓縮應力，不僅有益於電流提升且改善元件其 NBTI 可靠度。此

章節亦探討動態(dynamic)NBTI 中退化回復的機制，與通道應力引致較大的 NBTI 退化

之原因。最後於第七章裡，我們做一簡單摘要，並對此論文的延續工作與未來方向做一

建議。 

 

關鍵字: 載子傳輸、通道背向散射、互補式金氧半場效電晶體、負偏壓溫度不穩定性、

電阻萃取、單軸應變矽。 
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Abstract  

 

In this dissertation, we primarily investigate the impact of process-induced uniaxial 

strain of CMOSFETs on low-field carrier transport and high-field channel backscattering 

phenomenon. By utilizing the temperature power-dependence of drain current, we can deduce 

an analytic expression for extracting the channel backscattering ratio and related factors, and 

then analyze and discuss the mechanism responsible for strain-induced backscattering factor 

modulation. Here, we also propose a model for correlating the low-field carrier transport and 

high-field channel backscattering. According to this model, we develop a new methodology 

to extract the total source/drain (S/D) parasitic resistance for nanoscale strained MOSFETs. 

Then, we employ strained CMOSFETs by different technology nodes to examine our model 

and demonstrate the new extraction method. Finally, we study the effect of channel stress on 

negative bias temperature instability (NBTI) of pMOSFETs.  

The channel backscattering theory, the current-voltage modeling, and the deduction of 

the analytic expression for evaluating the channel backscattering ratio are shown in Chapter 2. 

Then, we used process-strained Si (PSS) CMOSFETs to estimate its effect on carrier 

transport in terms of the backscattering factor modulation in Chapter 3. It is found that the 

channel stress results in the modulation of channel backscattering ratio, which becomes more 

evident with increasing channel stress. Moreover, the backscattering ratio modulation is 

dependent on stress polarity, i.e., tensile PSS nMOSFETs have decreased backscattering ratio 
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whereas compressive PSS pMOSFETs exhibit increased backscattering ratio. The mechanism 

accounting for this observation is also discussed.  

In Chapter 4, we proposed a model for correlating the strain-induced low-field channel 

mobility gain, linear drain current gain, and saturation drain current gain in terms of the S/D 

resistance, the channel resistance, the ballistic efficiency, and the reduction of S/D resistance. 

It is demonstrated for the first time that the linear and saturation drain current gains can be 

modeled as linear functions of channel mobility gain with the intercept of S/D resistance 

reduction, where the S/D-to-channel resistance ratio and the ballistic efficiency determine the 

translating efficiency of channel mobility gain to the linear and saturation drain current gains, 

respectively. Based on this model, we also developed a new methodology for extracting the 

total S/D parasitic resistance of nanoscale strained MOSFETs.  

In Chapter 5, we employed state-of-the-art strained CMOSFETs by different technology 

nodes to examine the correlation between the channel mobility gain and drain current gain. 

We found that the S/D parasitic resistance gradually diminishes the benefit of strain-enhanced 

drain current gain regardless of adopting technology nodes. In addition, for PSS nMOSFETs, 

the linear and saturation drain current gains are comparable, where both current gains are 

around half of channel mobility gain. However, for PSS pMOSFETs, the linear drain current 

gain is comparable to the channel mobility gain and larger than the saturation one. The 

reasons accounting for this phenomenon are discussed as well.  

In Chapter 6, we studied the NBTI of PSS pMOSFETs with different channel stress 

levels. It is noted that decreasing the channel compressive stress along the channel width 

direction not only improves the drain current but also the device reliability of NBTI. 

Moreover, mechanisms for degradation recovery during dynamic NBTI stress and aggravated 

NBTI degradation for pMOSFETs with larger channel stress are also discussed.  

Finally, in Chapter 7, we summarize key findings and suggest the future works of this 

study.  
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FIGURE CAPTIONS 

Chapter 2 

Fig. 2.1. Schematic diagram of channel backscattering phenomenon in a MOSFET. When 

carriers are injected from source into channel, they may encounter scattering 

within a short distance l0 with a potential drop of kBT / q beginning from the top of 

source-to-channel barrier. Some carriers (rsat) may be scattered back to the source, 

and the remaining carriers (1 – rsat) reach the drain. 

Fig. 2.2.  Flow chart of temperature-dependent extraction technique for evaluating channel 

backscattering ratio (rsat0) and ballistic efficiency (BBsat0). The α and η represent the 

temperature sensitivities of saturation drain current (Idsat) and threshold voltage 

(VT,sat), respectively, where VT,sat is determined by maximum transconductance 

(Gm,max) method with drain-induced barrier lowering (DIBL, ΔVDIBL) 

consideration. By extracting α, η and VT,sat, we can calculate the ratio of channel 

backscattering mean-free-path (MFP, λ0) to kBT layer thickness (l0), so rsat0 and 

Bsat0B  can be calculated. 

 

Chapter 3 

Fig. 3.1.  Schematic view of process-strained silicon (PSS) MOSFETs.  

Fig. 3.2.  (a) Drain current versus gate voltage (Id–VG), and (b) drain current versus drain 

voltage (Id–VD) characteristics of the control and high-stress process-strained Si 

(PSS_HS) CMOSFETs, where VT,sat is the saturation threshold voltage. 

Fig. 3.3.  Capacitance versus gate voltage (C-V) characteristics in inversion region for the 

control and PSS_HS CMOSFETs. The capacitance is normalized with respect to 

the capacitance of the control at |VG|= 1 V. Nominally identical inversion C-V 

curves are observed. 
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Fig. 3.4.  Percentage change of Idsat measured at low-temperatures (T= 0, –15, –30, –45℃) 

relative to that measured at room-temperature (T= 23℃) as a function of physical 

gate length (Lphysical) for the control and PSS_HS (a) nMOSFETs (Lphysical= 55–195 

nm), and (b) pMOSFETs (Lphysical= 75–315 nm). The fitting slope of ΔIdsat / Idsat 

versus ΔT represents the temperature coefficient of Idsat (α), as shown in (c). 

Fig. 3.5.  Shift of low-temperature (T= 0, –15, –30, –45℃) saturation threshold voltage 

(VT,sat) relative to room temperature (T= 23℃) VT,sat as a function of physical gate 

length (Lphysical) for the control and PSS_HS (a) nMOSFETs (Lphysical= 55–195 nm), 

and (b) pMOSFETs (Lphysical= 75–315 nm). The fitting slope of ΔVT,sat versus ΔT 

represents the temperature coefficient of ΔVT,sat (η), as shown in (c). 

Fig. 3.6.  (a) Ratio of carrier mean-free-path (MFP) for channel backscattering (λ0) to kBT 

layer thickness (l0) extracted by the temperature-dependent analytic model. From 

λ0 / l0, channel backscattering ratio (rsat0= 1 / [1 + λ0 / l0] ) and ballistic efficiency 

(BBsat0= [1 – rsat0] / [1 + rsat0]) can be found for the control and PSS_HS 

CMOSFETs, as shown in (b) and (c), respectively. 

Fig. 3.7.  Comparisons of the extracted (a) inversion charge density (Qinv), and (b) carrier 

injection velocity (υinj0) between the control and PSS_HS CMOSFETs. 

Fig. 3.8.  Dependence of strain-induced injection velocity enhancement (Δυinj0= [υinj0,PSS – 

υinj0,Ctrl] / υinj0,Ctrl, y-axis in left), and ballistic efficiency modulation (ΔBBsat0= 

[Bsat0,PSSB  – BBsat0,Ctrl] / Bsat0,CtrlB , y-axis in right) on saturation drain current gain 

(ΔIdsat= [Idsat,PSS – Idsat,Ctrl] / Idsat,Ctrl) for tensile PSS_HS nMOSFETs (Lphysical= 

55–195 nm) and compressive PSS_HS pMOSFETs (Lphysical= 75–315 nm), where 

the subscripts “PSS” and “Ctrl” represent the PSS and control devices, 

respectively. The solid line is the linear proportional line. 

Fig. 3.9.  λ0,PSS-to-λ0,Ctrl ratio (λ0,PSS / λ0,Ctrl) versus l0,PSS-to-l0,Ctrl ratio (l0,PSS / l0,Ctrl) for 

tensile PSS_HS nMOSFETs (Lphysical= 55–85 nm) and compressive PSS_HS 
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pMOSFETs (Lphysical= 75–105 nm). 

Fig. 3.10.  Cross-sectional transmission electron microscopy (TEM) image of PSS_HS 

pMOSFETs and the energy dispersive spectroscopy (EDS) spectrum. It is noted 

that Ge signal drops abruptly in the adjacent region of SiGe S/D and Si channel. 

No Ge diffusion into the channel is observed. 

Fig. 3.11.  Comparisons of extracted (a) channel backscattering ratio (rsat0), (b) carrier 

injection velocity (υinj0), and (c) λ0,PSS-to-λ0,Ctrl ratio (λ0,PSS / λ0,Ctrl) versus 

l0,PSS-to-l0,Ctrl ratio (l0,PSS / l0,Ctrl) for the control and PSS pMOSFETs (Lphysical= 

75–105 nm) with different splits, where “LS” and “HS” represent low stress and 

high stress devices, respectively. 

Fig. 3.12.  Ballistic efficiency modulation (ΔBBsat0) versus carrier injection velocity 

enhancement (Δυinj0) for PSS_HS and PSS_LS CMOSFETs. PSS_HS nMOSFETs 

depict enhanced ΔBsat0B  and Δυinj0 relative to control devices. PSS_HS pMOSFETs 

show enhanced Δυinj0 but degraded ΔBBsat0, suggesting a trade-off in overall drain 

current enhancement. 

Fig. 3.13.  (a) Extracted ballistic efficiency, and (b) dependence of saturation drain current 

gain (ΔIdsat) on ballistic efficiency modulation for the control and PSS_HS 

CMOSFETs with nondegenerate and degenerate-limited carrier statistics. 

Fig. 3.14.  Comparisons of extracted ballistic efficiency of the control and PSS_HS 

CMOSFETs with and without the consideration of parasitic source/drain (S/D) 

resistance (RSD). 

 

Chapter 4 

Fig. 4.1.  Schematic view showing the extrinsic S/D parasitic resistance (RSD) and intrinsic 

channel resistance (RCH) of a MOSFET, where the RSD generally is composed of 

the four components, i.e., the accumulation layer resistance (Rac), the spreading 
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resistance (Rsp), the sheet resistance (Rsh), and the contact resistance (Rco), as 

defined in [4.12].  

Fig. 4.2.  Flow chart of the proposed methodology to extract the ratio of S/D parasitic 

resistance (RSD) to channel resistance (RCH) for nanoscale strained MOSFETs 

where the formula of each item is shown next to the corresponding pattern [4.24]. 

The flow of extracting ballistic efficiency (BBsat0), as mentioned in Chapter 2, is 

shown in the left part enclosed by the dash line, where α and η represent the 

temperature coefficients of saturation drain current (Idsat) and threshold voltage 

(VT,sat), respectively. VT,sat is determined by maximum-transconductance (Gm,max) 

method with drain-induced barrier lowering (DIBL, ΔVDIBL) consideration. 

Extracting α, η and VT,sat, we can calculate the ratio of channel backscattering 

mean-free-path (λ0) to kBT layer thickness (l0), channel backscattering ratio (rsat0) 

and Bsat0B , according to the definitions. Combining BBsat0 and fitting slope of ΔIdlin 

versus ΔIdsat, we can obtain the RSD-to-RCH ratio. Then, the RSD of nanoscale 

strained MOSFETs can be easily found by substituting the RSD-to-RCH ratio into 

(4.1). 

 

Chapter 5 

Fig. 5.1.  Drain current (Id) versus gate voltage (VG) characteristics of PSS and control 

CMOSFETs of Process (a) A, (b) B, and (c) C. 

Fig. 5.2.  Drain current (Id) versus drain voltage (VD) characteristics of PSS and control 

CMOSFETs of Process (a) A, (b) B, and (c) C. The enhancement of saturation 

drain current (ΔIdsat) was measured at |VG – VT,sat|= 1 V and |VD|= 1 V, where VT,sat 

represents the threshold voltage at saturation region. 

Fig. 5.3.  Comparisons of DIBLs between PSS and control CMOSFETs of Process (a) A, (b) 

B, and (c) C at various physical gate lengths (Lphysical). For all Lphysical, PSS 
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MOSFETs depict similar DIBL as control devices. 

Fig. 5.4.  Inversion capacitance (C) versus gate voltage (VG) characteristics for control and 

PSS CMOSFETs of Process (a) A, (b) B, and (c) C. The capacitance is normalized 

with respect to the capacitance of the control at |VG|= 1 V. 

Fig. 5.5.  Dependence of linear drain current gain (ΔIdlin) and saturation drain current gain 

(ΔIdsat) on Lphysical of PSS CMOSFETs of Process (a) A, (b) B, and (c) C, where 

ΔIdlin and ΔIdsat are defined as ΔIdlin= (Idlin,PSS – Idlin,Ctrl) / Idlin,Ctrl, and ΔIdsat= 

(Idsat,PSS – Idsat,Ctrl) / Idsat,Ctrl. It is noted that ΔIdlin is comparable to ΔIdsat for all PSS 

nMOSFETs but much higher than ΔIdsat for PSS pMOSFETs except Process B. 

Fig. 5.6.  Dependence of ballistic efficiency (BBsat0,PSS) on Lphysical for PSS CMOSFETs of 

Process A, B, and C. Irrespective of process technologies, the Bsat0,PSSB  of all PSS 

MOSFETs increases with Lphysical scaling, which indicates that carrier transport is 

closer to ballistic transport regime, i.e., BBsat0,PSS= 1, where carriers encounter no 

scattering events from source to drain. 

Fig. 5.7.  (a) ΔIdlin versus ΔIdsat for PSS CMOSFETs of Process A (Lphysical= 39–124 nm), B 

(Lphysical= 55–85 nm), and C (Lphysical= 75–125 nm). (b) The best fitting slope, and 

(c) corresponding intercept, obtained by linearly fitting a group of devices with 

nominally identical Lphysical. 

Fig. 5.8.  Ratio of S/D parasitic resistance (RSD,PSS) to channel resistance (RCH,PSS) of PSS 

CMOSFETs at various Lphysical. It is found that the RSD,PSS-to-RCH,PSS ratios of all 

PSS CMOSFETs increase with Lphysical scaling regardless of process technologies. 

In addition, the RSD,PSS-to-RCH,PSS ratios of PSS nMOSFETs at smaller Lphysical are 

higher than unity, while for PSS pMOSFETs the ratios still are smaller than unity. 

Fig. 5.9.  Δμ versus ΔIdlin (left part), and Δμ versus ΔIdsat (right part) for PSS CMOSFETs of 

Process (a) A, (b) B, and (c) C. The solid line represents the best fitting line. In the 

left side of parenthesis below the fitting slope is related factors, i.e., (1 + RSD,PSS / 
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RCH,PSS) and (1 / [1 – BBsat0,PSS]) in the left and right figures, respectively. The 

deviation relative to fitting slope is also shown in the right side of parenthesis. 

Fig. 5.10.  Ratios of S/D parasitic resistance (RSD,PSS) to total resistance (RTOTAL,PSS) (i.e., 

ΔIdlin-to-ΔRSD sensitivity) and k factor (i.e., ΔIdsat-to-ΔRSD sensitivity) for PSS 

pMOSFETs of Process A and C. Both factors increase with Lphysical scaling. It is 

also noted that the RSD,PSS-to-RTOTAL,PSS ratio is roughly two times of k factor, 

which suggests RSD reduction of SiGe S/D is more beneficial to Idlin improvement 

than Idsat gain. 

Fig. 5.11.  Dependence of ΔIdlin and ΔIdsat on Lphysical for PSS pMOSFETs of Process (a) A, 

and (b) C. The filled region of each column represents the drain current gain 

entirely attributed to the reduction of Lphysical. It is noted that the contribution of 

reduced RSD to both Idlin and Idsat increases with Lphysical scaling. 

 

Chapter 6 

Fig. 6.1.  Schematic view of process-strained Si (PSS) pMOSFETs, where channel stress is 

engineered from the combination of shallow trench isolation (STI), silicide and 

contact etch stop layer (CESL). 

Fig. 6.2.  Simulated stress profile for (a) PSS_HS, and (b) PSS_LS pMOSFETs by 

TSuprem4. PSS_HS and PSS_LS devices exhibit about –520 and –220 MPa in the 

center of channel region, respectively, where minus sign denotes compressive 

stress.  

Fig. 6.3.  (a) Drain current (Id) versus gate voltage (VG), and (b) off-current (Ioff) versus 

on-current (Ion) characteristics for PSS_HS and PSS_LS pMOSFETs. 

Fig. 6.4.  (a) Capacitance (C) versus gate voltage (VG), (b) gate current (|JG|), and (c) 

cumulative probability of normalized gate dielectric breakdown voltage (|VBD|) for 

PSS_HS and PSS_LS pMOSFETs. 
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Fig. 6.5.  Negative bias temperature instability (NBTI)-induced threshold voltage shift 

(ΔVT,BT) versus (a) channel width (W), and (b) lateral length of active region for 

both PSS_HS and PSS_LS pMOSFETs. 

Fig. 6.6.  (a) Dependence of NBTI-induced threshold voltage shift (ΔVT,BT) on stress time (t) 

with stress temperature (T= 75, 100, 125, 150℃) as parameter for PSS_HS and 

PSS_LS pMOSFETs. According to the power-law relation of ΔVT,BT= ctn, the 

exponent (n) of various stress temperatures in (b) can be extracted by linearly 

fitting the plot of ΔVT,BT (in log scale) versus t (in log scale). 

Fig. 6.7.  Dependence of (a) NBTI-induced VT shift (ΔVT,BT), and (b) device lifetime on the 

inverse of stress temperature (1000 / T) for PSS_HS and PSS_LS pMOSFETs, 

where stress temperatures are T= 75, 100, 125, and 150℃. In (b), the lifetime of 

all PSS devices are normalized with respect to that of PSS_HS stressed at T= 150

℃. 

Fig. 6.8.  Comparisons of NBTI-induced VT shift (ΔVT,BT) under static and dynamic stress in 

(a) linear-scale, and (b) log-scale plots. Static NBTI consists of only stress cycles 

(VG= –2.4V@T= 125℃), while dynamic NBTI includes stress and relax cycles 

(VG= 1V@T= 125℃) for simulating the real circuit operation. 

Fig. 6.9.  (a) NBTI-induced VT shift (ΔVT,BT) versus stress time, and the corresponding 

ΔVT,BT of each stress/relax cycle for (b) PSS_HS, and (c) PSS_LS pMOSFETs, 

where ΔVT,BT of each stress/relax cycle is normalized to pre-stressed VT. 

Fig. 6.10.  Dynamic NBTI-induced interface trap density change (ΔNit) and subthreshold 

swing shift (ΔS) for PSS_HS and PSS_LS pMOSFETs. 

Fig. 6.11.  Dependence of (a) dynamic NBTI-induced VT shift (ΔVT,BT), and (b) the projected 

device lifetime on stress frequency for PSS_HS and PSS_LS pMOSFETs. In (b), 

the lifetime of all devices are normalized to that of PSS_HS split under static 

NBTI stress. 
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LIST OF SYMBOLS 

BB0 Nondegenerate ballistic efficiency  

B Degenerate ballistic efficiency  

BBsat0 Nondegenerate saturation ballistic efficiency  

BBsat Degenerate saturation ballistic efficiency 

BBsat0,Ctrl Nondegenerate saturation ballistic efficiency of the control MOSFET 

BBsat0,PSS Nondegenerate saturation ballistic efficiency of process-strained Si (PSS) 

MOSFETs  

C Capacitance 

Ceff Effective gate capacitance 

E1 First subband energy level 

EF Fermi level 

f Stress frequency of dynamic negative bias temperature instability (DNBTI) 

GD Output conductance 

Gmi Intrinsic transconductance  

Gm Transconductance  

Gm,max Maximum transconductance  

ICP Charge pumping current  

Id Drain current 

Idlin Linear drain current 

Idsat Saturation drain current  

Idlin,Ctrl Linear drain current of the control MOSFET 

Idlin,PSS Linear drain current of process-strained Si (PSS) MOSFETs  

Idsat,Ctrl Saturation drain current of the control MOSFET 

Idsat,PSS Saturation drain current of process-strained Si (PSS) MOSFETs  
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Ioff Off-current 

Ion On-current 

JG Gate leakage-current density 

k A factor of determining the translating efficiency of ΔRSD to ΔIdlin

kB Boltzmann constant 

L Gate length 

LMask Mask gate length 

Lphysical Physical gate length 

l0 Nondegenerate kBT layer thickness  

l Degenerate kBT layer thickness  

l0,Ctrl Nondegenerate kBT layer thickness of the control MOSFET 

l0,PSS Nondegenerate kBT layer thickness of process-strained Si (PSS) MOSFETs  

m* Carrier effective mass 

Nit Interface trap density 

nS1 Carrier density in the first subband energy level  

nS Inversion carrier density  

Qinv Inversion charge density 

q Electronic charge 

RCH Channel resistance 

RCH,Ctrl Channel resistance of the control MOSFET 

RCH,PSS Channel resistance of process-strained Si (PSS) MOSFETs 

RD Total drain-side parasitic resistance 

RD,Ctrl Total drain-side parasitic resistance of the control MOSFET 

RD,PSS Total drain-side parasitic resistance of process-strained Si (PSS) MOSFETs 

RS Total source-side parasitic resistance 

RS,Ctrl Total source-side parasitic resistance of the control MOSFET 
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RS,PSS Total source-side parasitic resistance of process-strained Si (PSS) MOSFETs 

RSD Total source/drain (S/D) parasitic resistance 

RSD,Ctrl Total source/drain (S/D) parasitic resistance of the control MOSFET 

RSD,PSS Total source/drain (S/D) parasitic resistance of process-strained Si (PSS) 

MOSFETs  

RTOTAL Total resistance 

RTOTAL,Ctrl Total resistance of the control MOSFET 

RTOTAL,PSS Total resistance of process-strained Si (PSS) MOSFETs  

r0 Nondegenerate channel backscattering ratio  

r Degenerate channel backscattering ratio  

rsat0 Nondegenerate saturation channel backscattering ratio  

rsat Degenerate saturation channel backscattering ratio  

rsat0,PSS Nondegenerate saturation channel backscattering ratio of process-strained Si 

(PSS) MOSFETs  

S Subthreshold Swing 

T Temperature 

t Stress time 

UD Reduced drain voltage 

VBD Gate dielectric breakdown voltage  

VD Drain voltage 

VG Gate voltage 

VT Threshold voltage 

VT,pre Pre-stressed threshold voltage 

VT,lin Linear threshold voltage 

VT,sat Saturation threshold voltage 

W Gate width 
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α Temperature coefficient of Idsat  

β A numerical factor accounting carrier degeneracy effect for l0  

ε(0) Electric field at the top of source-to-channel barrier 

ηF Reduced Fermi energy 

η Temperature coefficient of VT,sat  

λ0 Nondegenerate mean-free-path (MFP) for channel backscattering 

λ Degenerate mean-free-path (MFP) for channel backscattering 

λ0,Ctrl Nondegenerate MFP for channel backscattering for the control MOSFET 

λ0,PSS Nondegenerate MFP for channel backscattering for process-strained Si (PSS) 

MOSFETs  

μ Low lateral-field channel mobility 

μCtrl Low lateral-field channel mobility of the control MOSFET 

μPSS Low lateral-field channel mobility of process-strained Si (PSS) MOSFETs  

τ Device lifetime  

υinj0 Nondegenerate carrier injection velocity 

υinj Degenerate carrier injection velocity 

υinj0,Ctrl Nondegenerate carrier injection velocity of the control MOSFET 

υinj0,PSS Nondegenerate carrier injection velocity of process-strained Si (PSS) 

MOSFETs  

υth Thermal velocity 

h  Reduced Planck constant 

ΔBBsat0 Change in nondegenerate saturation ballistic efficiency 

Δf Change in stress frequency of dynamic negative bias temperature instability 

(DNBTI) 

ΔICP Change in charge pumping current  

ΔIdlin Change in linear drain current  
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ΔIdsat Change in saturation drain current 

ΔNit Change in interface trap density 

ΔRD Change in total drain-side parasitic resistance 

ΔRS Change in total source-side parasitic resistance 

ΔRSD Change in total source/drain (S/D) parasitic resistance 

ΔS Change in subthreshold swing  

ΔT Change in temperature  

ΔVDIBL VG difference between linear and saturation region by constant current 

method 

ΔVT,sat Change in saturation threshold voltage 

ΔVT,BT Negative bias temperature instability (NBTI)-induced threshold voltage shift 

Δυinj0 Change in nondegenerate carrier injection velocity 

Δμ Change in low lateral-field channel mobility 

ℑn(ηF) Fermi-Dirac integral of order n as a function of ηF

ℑn(ηF – UD) Fermi-Dirac integral of order n as a function of ηF and UD
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