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在(111)晶面基板上利用區域性應力通道提高電子遷移率之

n型金氧半場效電晶體 

研究生:郭雅欣                          指導教授:趙天生 教授 

國立交通大學 電子物理系所 

 

摘要 

    在本篇論文中，我們研究了在(111)矽基板上利用區域性應力通道來提升電

子遷移率的技術。我們在元件上覆蓋一層 SiN 薄膜，或者改變閘極為非晶矽及複

晶矽的堆疊結構，兩種方式皆能造成通道內應力的改變，而提升電子遷移率。閘

極堆疊的結構對於元件的起始電壓及閘極內的片電阻都有影響。SiN 薄膜則會對

氧化層/矽基板的介面造成損害而產生一些介面狀態。此外我們也比較了在(100)

與(111)兩種矽基板上，應力對通道造成的應變大小。除了同時擁有 SiN 薄膜及

堆疊閘極結構的元件之外，兩種矽基板上的趨勢大致相同。雖然仍然有許多挑

戰，不過相信在(111)矽基板上形成應力通道的技術將可用在未來的 CMOS 的元件

技術中。 
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Mobility Enhancement in Local strained Channel nMOSFETs 

on (111) Substrate 

Student: Ya-Hsin Kuo                Advicors: Dr. Tien-Sheng 

Chao 

Department of Electrophysics & Instituteof Electrophysics 

National Chaio Tung University 

 

Abstract 

  In this thesis, we investigate the local strain channel technique using deposition of 

SiN layer and stack of a-Si gate structure used in the (111) substrate. The device 

performance is improved due to the mechanical stress produced by thicker SiN 

capping layer or a-Si layer. Stack of a-Si gate structure also influences the threshold 

voltage and sheet resistance of gate because of its poly depletion width. SiN capping 

layer causes more interface states in oxide / Si interface and serious short channel 

effect. We also compare the strain effect on (100) and (111) substrate in this thesis. 

The trends are almost the same except the structure with both a-Si layer and SiN 

capping layer. Although there are still some challenges, the local strain channel 

technique used in (111) substrate will be useful to CMOS technology in the future. 
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Chapter 1 
 
Introduction 

1-1 General Background 

  In order to realize high-speed scaled CMOS device, it is very important to increase 

the carrier mobility in the channel region [1]. One way of increasing electron mobility 

for nMOSFET is introducing tensile strain in the channel region locally. The strain 

causes the sixfold degenerate valleys of the silicon conduction band minimum to split 

into two groups: two lowered valleys with longitudinal effective mass axis 

perpendicular to the interface, and four raised valleys with the longitudinal mass axis 

parallel to the interface. This splitting is enough to suppress the intervalley transition 

of electrons from lower valleys to upper valleys, thus reducing the intervalley phonon 

scattering rate compared with that of unstrained silicon. On the other hand, in the 

lower valleys, which are more populated in the strained case, electrons show a smaller 

conduction effective mass (transverse mass) in transport parallel to the interface. The 

combination of the light effective mass and reduced intervalley scattering gives rise to  

higher electron mobility [2-4]. 

  Up to now, there have been many fabrications of strained Si devices. One way is to 

form a relaxed SiGe buffer layer, which cause the Si layer upon it tensile because of 
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the difference in the lattice constants of Si and Ge atoms. By this method, SiGe layer 

causes biaxial strain in the channel region of CMOS and improves both electron and 

hole mobilities [5-8].However, biaxial tensile strained silicon is difficult to implement 

because of some disadvantages of SiGe, such as misfit and threading dislocations, Ge 

up-diffusion, fast diffusion of S/D extensions, and cost [8-10]. There are also several 

ways to fabricate strain silicon in the cannel region uniaxially, such as to cap a 

nitride-capping layer with large tensile stress (for n-type MOSFET) [11-15], to give a 

uniaxial stress directly on the wafer [16, 17], and to cause strain by the other 

fabrication process, such as spacer [18], STI [19-21], and S/D region [10,11]. 

However, the effect of carrier mobility by strain is related to the direction of strain [22, 

23]. Tensile strain will improve electron mobility but degrade hole mobility when the 

channel is in <100> direction on (100) wafer. But the phenomenon is not the same in 

the other direction, increasing tensile strain in <110> direction benefits NMOS and  

PMOS simultaneously [23]. 

  It was confirmed that low field mobility of n-MOSFETs on (111) substrate is 

smaller than that on (100) substrate due to more interface states in (111) substrate, but 

that of p-MOSFETs on (111) substrate is improved, resulting in a better balance for N- 

and PMOS performance. It has also been found that the reliability of the oxides and 

MOSFETs on (111) substrate is slightly better than those on (100) substrate for the 
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ultrathin gate oxide [24, 25].It was found that in the thin gate oxide of less than 2nm, 

oxidation rate for (111) silicon substrate becomes smaller than that of (100) substrate 

and that oxide uniformity of (111) substrate was also improved [24]. In this study, we 

proposed a local strained channel technique on (111) Si substrate using deposition of 

SiN capping layer with high mechanical stress and the stack-gate of amorphous and 

poly silicon. By using this technique, we might find some improvement in the  

MOSFETs on (111) substrate. 

 

 

1-2 Thesis Organization 

  This thesis is divided into four chapters as follows: 

  In chapter 1, a brief general background of strained Si is introduced to describe the 

various characteristics. Besides, we discuss some studies describing different 

fabrications and structure in strained-Si device. All of them have their own advantages 

and challenges. The motivation of our study is also mentioned in this chapter. 

  In chapter 2, we report the process flow with the stack gate poly-Si and 

SiN-capping layer for fabricating n-type mental oxide semiconductor field effect  

transistors on (111) substrate. 

  In chapter 3, we demonstrate the characteristics of local strained channel devices 
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with the stack gate poly-Si and SiN capping layer on (111) substrate. As our 

prediction, the improvement of electron mobility is created by increasing strain in the 

channel region. There is a comparison between strained devices on (100) and (111)  

substrate in this chapter. 

  In chapter 4, we summary our experimental results and give a brief conclusion.  

Recommendations are also given for further study. 
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Chapter 2 
 

Device fabrication 

  The local strained structure with the stack of amorphous Si and SiN-capping layer 

has been fabricated. The schematic cross section is illustrated in Figure 2-1. After BF2 

implantation for p-well region, CVD SiO2 for oxidation enhanced diffusion (OED) in 

well drive-in process was executed. Pad oxide and Si3N4 were deposited and active 

region alignment was followed. After Si3N4 etching, BF2 was implanted for the sake 

of channel stop. Then, field oxidation was carried out in high temperature ambience 

for LOCOS isolation. Two times of sacrificial oxide growth followed Si3N4 removal 

process to eliminate Kooi effect. To adjust threshold voltage, BF2 was 

implanted(50KeV, 5E12). After RCA cleaning process, 2nm gate oxide was grown in 

a vertical furnace (800oC, O2 ambience).The stacked gate, a-Si (amorphous silicon) 

(550oC, 20-70nm) and in-situ doped n+ poly-Si (550oC) were deposited in the same 

ambience followed by gate oxidation. The total thickness of poly-gate for all sample 

was 200nm.Then, poly-Si and a-Si were etched followed gate alignment process. To 

prevent the leakage surrounding the gate edge, a poly reoxidation process was added 

here. After sidewall polymer removal, wafers underwent n+-source/drain implantation 

(As, 20keV, 5E15) followed alignment process. P+-substrate alignment and 



 6

implantation (BF2, 50keV, 2.5E15) was executed and then rapid thermal annealing 

was carried out in nitrogen ambience at 1050oC for 10 seconds. Thermal CVD SiN 

layer (at 780oC) with different thickness, 100-300nm, was directly deposited on the 

transistor and followed by TEOS deposition (700oC, 350-450nm). After contact 

alignment, contact etch was acted by etching TEOS and SiN. At first we used the dry 

etching process to remove the upper TEOS and dipped in BOE solution in order to 

confirm that the TEOS was completely removed. After removing TEOS, we used 

another recipe to etch the lower SiN layer. In order to protect the Si surface from 

plasma etching damage, SiN layer was etched by two steps. We calculated the SiN 

etching rate and left a thin SiN layer about 20nm after etching. Then, we used H3PO4 

solution to etch the residual SiN layer. It is necessary to have an over-etching step in 

this wet etching process to make sure that SiN layer was completely removed. (Ti/ 

TiN/ Al/ TiN) four-level metallization were then carried out in PVD system and final 

alignment was followed. After metal etching process, annealing in a H2/ N2 ambience 

at 400oC for 30 minutes was performed in order to mend dangling bonds and reduce  

interface state density in oxide/ Si interface. 
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Fig. 2-1 Schematic cross section of the local strained channel nMOSFET on (111)  
substrate 

 
 
 
 
 
 
 
 
 

(111) 
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Chapter 3 
 

Results and Discussion 

3-1 Single-poly-Si gate structure with different thickness of SiN-capping layer 

   At first, we discuss the characteristics of the structure with single-poly-Si gate and 

different thickness of SiN layer. The relation of Id-Vg characteristics with different 

SiN layer thickness is shown in Figure 3-1. The dependence of linear 

transconductance and the thickness of SiN layer is shown in Figure 3-2. The output 

characteristics Id-Vd of the devices with different SiN layer thickness is shown in 

Figure 3-3. The improvement of drain current and transconductance is proportional to 

the thickness of SiN layers. The mechanism which results in these results might be as 

follows: These SiN capping layers upon the poly-Si gates with highly tensile stress 

cause the poly-Si gates under them to be with compressive strain, and then the tensile 

strain is caused in the channel regions by these compressive poly-Si gates upon 

channel regions. The results might also be caused by another mechanism: The SiN 

capping layers with highly tensile stress are directly deposited on the source/drain 

regions in the two terminals of channels. These SiN layers cause the source/drain 

regions under them compressive and the channel regions are implicated to become 

tensile. The strain causes the sixfold degenerate valleys of the silicon conduction band 
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minimum to split into two groups: two lower valleys with longitudinal effective mass 

axis perpendicular to the interface, and four raised valleys with the longitudinal mass 

axis parallel to the interface. This splitting suppresses the intervalley transitions of 

electrons from lower valleys to upper valleys, thus reduces the intervalley scattering. 

In addition, in the lower valleys, electrons show the smaller effective mass in 

transport parallel to the interface. The combination of the reduced intervalley phonon 

scattering and the light effective mass gives rise to higher electron mobility. Figure 

3-4 shows the Vt-roll-off characteristics depending on different thickness of SiN layer. 

Figure 3-5 shows the threshold voltages for the devices with different thickness of 

SiN layers. The Vt-roll-off phenomenon is getting serious when the SiN layer is 

getting thicker. This implies that short channel effect is more serious while the SiN 

layer is getting thicker. The threshold voltages of the devices with SiN layer are larger 

than those without SiN layers, but degrade with the increasing thickness of SiN layers. 

This maybe is due to a long processing time for deposition of thicker SiN film. Figure 

3-6 shows the sheet resistance of gate for different thickness of SiN layer. There is not 

apparent trend in sheet resistance of gate for different thickness of SiN layer. In other 

word, sheet resistance of gate is not affected by the SiN capping layer. Figure 3-7 

shows the charge pumping current of the device with 1-µm gate length for different 

thickness of SiN layer, and Figure 3-8 shows that of the device with 0.5-µm gate 
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length. The charge pumping current illustrates the quality of oxide/Si interface after 

the strain is induced in the channel region. The device without SiN capping layer has 

the smallest charge pumping current. Capping SiN layer may cause more interface 

state at the oxide/Si interface, but the charge pumping current decreases as the SiN 

layer thickness increases. This means that although SiN capping layer may cause 

some damage at the oxide/Si interface, the SiN layer capping process may provide 

some hydrogen atoms separated from the NH3 gas to passivate the interface state with 

the process proceeding. The thicker the SiN layer capping, the longer time the process 

need and the more interface states was passivated. Figure 3-9 shows the 

transconductance characteristics of the devices with different thickness of SiN 

capping layers at 125oC. Figure 3-10 shows the Id-Vd characteristics of devices at 

125oC. Compare to the device with thinner SiN layer (1000Å), the device with 3000Å 

SiN layer has higher transconductance and the improvement is 11.1% at room 

temperature (Figure 3-2) and 11.5% at 125oC. Besides, in the Id-Vd characteristics, the 

device with 3000Å SiN layer shows 6.9% improvement compared with one with 

1000Å SiN layer at room temperature (Figure 3-3). This improvement of Id-Vd 

characteristics at 125oC is 6.0%. As Figure3-11 shows, as the temperature rises to 

125oC, the transconductance of the device with 1000Å SiN layer is degraded by 

27.5% and that of the device with 3000Å SiN layer is degraded by 26.3%. Besides, 
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Figure 3-12 shows that as the temperature rises to 125oC, the Idsat of the device with 

1000Å SiN layer is degraded by 17.2% and that of the device with 3000Å SiN layer is 

degraded by 18%. From those result we observed that the thickness of SiN layer does 

not apparently influences the temperature dependence of the devices. 
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Fig. 3-1 Id-Vg characteristics for different thickness of SiN-capping layer 
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Fig. 3-2 Gm-Vg characteristics for different thickness of SiN-capping layer 
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Fig. 3-3 Id-Vd characteristics for different thickness of SiN-capping layer 
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Fig. 3-4 Vt roll off characteristics for different thickness of SiN layer 
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Fig. 3-5 Threshold voltage for different thickness of SiN capping layer 
 

 
 
 
 
 
 
 

W/L=10/0.5µm 



 17

 
 
 
 
 
 
 

poly2000-SiNsplit

Condition
poly2000-SiN1000

poly2000-SiN2200

poly2000-SiN3000

Sh
ee

t R
es

is
ta

nc
e(

oh
m

/s
q)

400

500

600

700

 
 

Fig. 3-6 Sheet resistance of gate for different thickness of SiN layer 
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Fig. 3-7 Charge pumping current for different thickness of SiN layer (Lg=1um) 
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Fig. 3-8 Charge pumping current for different thickness of SiN layer (Lg=0.5um) 
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Fig. 3-9 Gm-Vg characteristics for different thickness of SiN-capping layer at 

125oC 
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Fig. 3-10 Id-Vd characteristics for different thickness of SiN-capping layer at 

125oC 
 

W/L=10/0.5µm 
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Fig. 3-11 Gm-Vg characteristics for different thickness of SiN layer at different  
temperature 
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Fig. 3-12 Id-Vd characteristics for different thickness of SiN layer at different  
temperature 
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3-2 Stack of a-Si and Poly-Si gate with fixed thickness of SiN-capping layer 

  In this section, we would talk about the strain effect of the stack of amorphous 

silicon and poly silicon in the gate structure. Each sample is capped by a 1500Å SiN 

layer. The relation of Id-Vg characteristics and the thickness of a-Si layer is shown in 

Figure 3-13. The dependence of linear transconductance and the thickness of a-Si 

layer is shown in Figure 3-14. The drain current and transconductance are improved 

as the thickness of a-Si layer increases. This result implies that there is strain 

dependence of mobility enhancement by stack of a-Si gate structure. We can observed 

that the difference of strain effect between the devices with 500Å and 700Å a-Si 

layers is not very apparent compared with which between the devices with 200Å and 

500Å a-Si layers. It might mean that the strain effect is getting saturate when the 

thickness of a-Si layer is up to 500Å. The mechanism of the stress elevation could be 

as follows: before the dopant activation process, the n+-poly gate is in amorphous 

phase due to due to the stack of a-Si and high dose implantation of arsenic. The 

re-crystallization of amorphous region during rapid thermal annealing leads to n+-poly 

gate expansion and residual compressive stress. Therefore, the compressive stress in 

the n+-poly gate provides tensile strain to the channel region. The output 

characteristics Id-Vd of the devices with different a-Si layer thickness is shown in 

Figure 3-15. The Gm improvement of the device with 700Å a-Si layer compared to 
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which with 200Å a-Si layer is 10.2%, and the on current improvement of that is 6.7%. 

Figure 3-16 shows the Vt-roll-off characteristics depending on different thickness of 

a-Si layer. Figure 3-17 shows the threshold voltages for the devices with different 

thickness of a-Si layers. The threshold voltage of the device with thick a-Si layer is 

apparently larger than that of the device with thin a-Si layer. This result might be due 

to the wider poly depletion region in the stack gate structure with thicker a-Si layer. 

As the total thicknesses of all the stack gate structures are the same, the in-situ doping 

dose is getting lower when the in situ-doped poly-Si layer is getting thinner. After 

annealing, the doping concentration of the stack gate with thinner poly-Si layer and 

thicker a-Si layer becomes lower than the others. Lower doping concentration in the 

gate causes wider poly depletion region, and decreased the gate capacitance. As a 

result, the threshold voltage is increased when the stack gate structure is with thicker 

a-Si layer. Figure 3-18 shows the sheet resistance of gate for different thickness of 

a-Si layer. The sheet resistance of gate is also apparently higher in a stack gate 

structure with thicker a-Si layer. It tells the lower doping concentration was found in 

the stack gate structure with thicker a-Si layer, and this result can be an evidence of 

the of Vth variation mentioned above. Figure 3-19 shows the charge pumping current 

of the device with 1-µm gate length for different thickness of a-Si layer, and Figure 

3-20 shows that of the device with 0.5-µm gate length. There is an interesting 
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phenomenon that the charge pumping current of the device with 500Å a-Si layer is 

highest in these samples. It tells that the device with 500Å a-Si layer has more oxide / 

Si interface state than that with 200Å and 700Å a-Si layer. Figure 3-21 shows the 

transconductance characteristics of the devices with different thickness of a-Si 

capping layers at 125oC. Figure 3-22 shows the Id-Vd characteristics of devices 

measured at 125oC. Compare to the device with 200 Å a-Si layer, the device with 

700Å a-Si layer has higher transconductance and the improvement is 10.2% at room 

temperature (Figure 3-14) and 16.3% at 125oC. Besides, in the Id-Vd characteristics, 

the device with 700Å a-Si layer shows 6.6% improvement compared with that with 

200Å a-Si layer at room temperature (Figure 3-15). This improvement of Id-Vd 

characteristics at 125oC is 33%. As Figure3-23 shows, as the temperature rises to 

125oC, the transconductance of the device with 200Å a-Si layer is degraded by 33.1% 

and that of the device with 700Å a-Si layer is degraded by 29.5%. Besides, Figure 

3-24 shows that as the temperature rises to 125oC, the Idsat of the device with 200Å 

a-Si layer is degraded by 36.6% and that of the device with 700Å a-Si layer is 

degraded by 21%. It is observed that the stack structure is influenced by temperature 

more easily compared by SiN capping layer structure. Although the improvement 

between different thicknesses of a-Si layer is increased at elevated temperature, the 

degradation of the performance of these devices with stack structure is serious, 
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especially the stack structure with 200Å a-Si layer.  
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Fig. 3-13 Id-Vg characteristics for different thickness of amorphous Si layer 
 

 
 
 
 
 
 
 
 
 

W/L=10/0.5µm 



 29

 
 
 
 
 
 
 
 

a-Si split-SiN1500

Vg-Vt(V)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

G
m

(A
/V

) *
 T

ox
(1

0-1
0 m

)

0.000

0.002

0.004

0.006

0.008

0.010

a-200
a-500
a-700

 

 
Fig.3-14 Gm-Vg characteristics for different thickness of amorphous Si layer 
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Fig. 3-15 Id-Vd characteristics for different thickness of amorphous Si layer 

 
 
 
 
 
 

Vg-Vt=1.8V 

Vg-Vt=1.2V 

Vg-Vt=0.6V 

W/L=10/0.5µm 



 31

 
 
 
 
 
 

 
 

a-Si split-SiN1500 

Lg(um)
0.3 0.4 0.5 0.6 0.8 1

D
el

ta
 V

t(V
)

-300

-250

-200

-150

-100

-50

0

50

100

a-200
a-500
a-700

 
 

Fig. 3-16 Vt roll off characteristics for different thickness of amorphous Si layer 
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Fig. 3-17 Threshold voltage for different thickness of amorphous Si layer 
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Fig. 3-18 Sheet resistance of gate for different thickness of amorphous Si layer 
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Fig. 3-19 Charge pumping current for different thickness of amorphous Si layer  

(Lg=1um) 
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Frequency=1MHZ 
Waveform: square 
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Fig. 3-20 Charge pumping current for different thickness of amorphous Si layer 

(Lg=0.5um) 
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Waveform: square 
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Fig. 3-21 Gm-Vg characteristics for different thickness of amorphous Si layer at 

125oC 
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Fig. 3-22 Id-Vd characteristics for different thickness of amorphous Si layer at 

125oC 
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Fig. 3-23 Gm-Vg characteristics for different thickness of a-Si layer at different  
temperature 
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Fig. 3-24 Id-Vd characteristics for different thickness of a-Si layer at different  

temperature 
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3-3 Stack of 500Å a-Si gate structure with different thickness of SiN layer 

  In this section, we integrate SiN capping layer and stack of a-Si gate structures. 

Each of the samples is with stack of 500Å a-Si layer and different SiN layer thickness 

in this stage. The relation of Id-Vg characteristics with different SiN layer thickness is 

shown in Figure 3-25. The dependence of linear transconductance on the thickness of 

SiN layer is shown in Figure 3-26. The output characteristics Id-Vd of the devices with 

different SiN layer thickness is shown in Figure 3-27. The improvement of drain 

current and transconductance is proportional to the thickness of SiN layers, but the 

trend is not very apparent compared with the result of devices with only SiN capping 

layers discussed in section 3-1. The a-Si layer as a cover might release the strain 

effect from the SiN capping layer upon it. Figure 3-28 shows the Vt-roll-off 

characteristics depending on different thickness of SiN layer. Figure 3-29 shows the 

threshold voltages for the devices with different thickness of SiN layers. The 

Vt-roll-off phenomenon is getting serious when the SiN layer is getting thicker. This 

implies that short channel effect is more serious while the SiN layer is getting thicker. 

The threshold voltages of the devices degrade with the increasing thickness of SiN 

layers. This maybe is due to a long processing time for deposition of thicker SiN film. 

This result is similar to devices with only SiN capping layers discussed in section 3-1. 

Figure 3-30 shows the sheet resistance of gate for different thickness of SiN layer. 
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There is not apparent trend in sheet resistance of gate for different thickness of SiN 

layer. In other word, sheet resistance of gate is not affected by the SiN capping layer. 

Figure 3-31 shows the charge pumping current of the device with 1-µm gate length 

for different thickness of SiN layer, and Figure 3-32 shows that of the device with 

0.5-µm gate length. As we explained in section 3-1, the charge pumping current 

illustrates the quality of oxide/Si interface with the strain induced in the channel 

region. The device without SiN capping layer has the smallest charge pumping current. 

Capping SiN layer may cause more interface states at the oxide/Si interface, but the 

charge pumping current decreases as the SiN layer thickness increases. This means 

that although SiN capping layer may cause some damage at the oxide/Si interface, the 

SiN layer capping process may provide some hydrogen atoms separated from the NH3 

gas to passivate the interface state with the process proceeding. The thicker the SiN 

layer capping, the longer time the process need and the more interface states was 

passivated. Figure 3-33 shows the transconductance characteristics of the devices 

with different thickness of SiN capping layers at 125oC. Figure 3-34 shows the Id-Vd 

characteristics of devices at 125oC. Compared to the device with thinner SiN layer 

(1000Å), the device with 3000Å SiN layer has higher transconductance and the 

improvement is 6.1% at room temperature (Figure 3-26) and 8.6% at 125oC. Besides, 

in the Id-Vd characteristics, the device with 3000Å SiN layer shows 4.8% 
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improvement compared with one with 1000Å SiN layer at room temperature (Figure 

3-27). This improvement of Id-Vd characteristics at 125oC is 5.7%. As Figure3-35 

shows, as the temperature rises to 125oC, the transconductance of the device with 

1000Å SiN layer is degraded by 26.2% and that of the device with 3000Å SiN layer is 

degraded by 25.6%. Besides, Figure 3-36 shows that as the temperature rises to 125oC, 

the Idsat of the device with 1000Å SiN layer is degraded by 16% and that of the device 

with 3000Å SiN layer is degraded by 15.2%. As we observed in section 3-1, the 

thickness of SiN layer does not apparently influences the temperature dependence of 

the devices. From all the results shown in this section, we can conclude that except for 

the apparent degradation of performance improvement shown in Figure 3-25 ~Figure 

3-27, almost the trends of those devices with 500Å a-Si stack gate and different SiN 

layer thicknesses are similar to those with only different SiN layer thicknesses.  

 

 

 

 

 

 

 



 43

 
 
 
 
 

a500-SiN split

Vg-Vt(V)
0.0 0.5 1.0 1.5 2.0 2.5

Id
(A

)

0

50x10-6

100x10-6

150x10-6

200x10-6

250x10-6

300x10-6

SiN1000 
SiN1500 
SiN2200 
SiN3000 

 
 

Fig. 3-25 Id-Vg characteristics for different thickness of SiN capping layer 
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Fig. 3-26 Gm-Vg characteristics for different thickness of SiN-capping layer 
 
 
 
 
 
 
 
 
 
 
 
 

W/L=10/0.5µm 



 45

 
 
 
 
 

a500 with SiN

Vd(V)
0 1 2 3 4

Id
(A

)

0.000

0.001

0.002

0.003

0.004

SiN1000
SiN2200 
SiN3000 

 

 
Fig. 3-27 Id-Vd characteristics for different thickness of SiN-capping layer 
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Fig. 3-28 Vt roll off characteristics for different thickness of SiN layer 
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Fig. 3-29 Threshold voltage for different thickness of SiN capping layer 
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Fig. 3-30 Sheet resistance of gate for different thickness of SiN layer 
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Fig. 3-31 Charge pumping current for different thickness of SiN layer (Lg=1um) 
 
 
 
 
 
 
 
 
 
 
 
 

W/L=10/1µm 
Frequency=1MHZ 
Waveform: square 
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Fig. 3-32 Charge pumping current for different thickness of SiN layer  
(Lg=0.5um) 
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Waveform: square 
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Fig. 3-33 Gm-Vg characteristics for different thickness of SiN-capping layer at 

125oC 
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Fig. 3-34 Id-Vd characteristics for different thickness of SiN-capping layer at 
125oC 
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Fig. 3-35 Gm-Vg characteristics for different thickness of SiN layer at different  
temperature 
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Fig. 3-36 Id-Vd characteristics for different thickness of SiN layer at different  

temperature 
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3-4 Comparison of strain effect on different substrate 

  Finally, we would compare the strain effect on (100) and (111) substrate. Table 3-1 

shows the comparison of some characteristics improvement of strained devices on 

(100) and (111) substrates. The strain effect by SiN capping layer or a-Si layer on (111) 

substrate is both slightly smaller than that on (100) substrate. The most different trend 

is observed in the structure with both a-Si layer and SiN capping layer. The strain 

effect is added by the structure with both a-Si layer and SiN capping layer on (100) 

substrate showing the largest improvement. However, the structure with both a-Si 

layer and SiN capping layer on (111) substrate shows smallest improvement. 
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Poly2000-SiN split 

 
(100) 

 
(111) 

Gm improvement (%) 12.7% 10.6% 

Ion improvement (%) 17.4% 9.4% 

 
a-Si split-SiN fixed 

 
(100) 

 
(111) 

Gm improvement (%) 3.6% 8.3% 

Ion improvement (%) 9.4% 6.8% 

 
a-500-SiN split 

 
(100) 

 
(111) 

Gm improvement (%) 13.3% 6.8% 

Ion improvement (%) 19.3% 2.6% 

 
Table 3-1 Comparison of strain effect on different substrate 
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Chapter 4 
Summary and Conclusion 

  In summary, we investigate that the local strain channel technique using deposition 

of SiN layer and stack of a-Si gate structure used in the (111) substrate. The device 

performance is improved as the SiN capping layer or a-Si layer is getting thicker. 

However, the device with both a-Si layer of gate structure and SiN capping layer 

shows only slightly strain effect by different thickness of SiN capping layer. The a-Si 

layer as a cover might release the strain effect from the SiN capping layer upon it. 

Stack of a-Si gate structure also influences the threshold voltage and sheet resistance 

of gate because of its poly depletion width. SiN capping layer causes more interface 

states in oxide / Si interface and serious short channel effect. Finally we compare the 

strain effect on (100) and (111) substrate. The trends are almost the same except the 

structure with both a-Si layer and SiN capping layer. Although there are still some 

challenges, the local strain channel technique used in (111) substrate will be useful to  

CMOS technology in the future. 
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