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摘 要 

在本篇論文中，我們利用一種新穎的測試結構，來分析 P型金屬誘發側向結

晶複晶矽薄膜電晶體(MILC-TFT)的通道結晶品質、以及可靠度問題。藉由量測

此獨特電晶體的基本電性，我們便可以了解通道中特定位置的結晶品質對電性的

直接關聯。藉由此結構，我們能夠很容易地分析元件的對稱(SSW)、非對稱引洞

(ASW)等組態、以及通道長度(L)對於基本電性的影響，這些不同的引洞位置、

以及不同的通道長度的組合將可能產生較差的薄膜品質，例如在長通道下(L > 5 

μm)將有固相結晶(SPC)晶粒的出現，而在某個通道長度的範圍裡(L = 2~5 μm)，

對稱引洞元件的通道中間會產生許多缺陷，這些較差的結晶品質將導致元件特性

變差。 

另一方面，有了此特殊結構的幫助，我們便能夠深入解析熱載子造成元件局

部地區的衰退。我們發現當元件操作於在較大的閘極與汲極間的壓降時，更多的

電子將會注入閘極氧化層，進而導致元件更快速的衰退。值得一提的是，這些電
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性的變化顯示出熱載子將會嚴重的損害 MILC-TFT 閘極氧化層，而導致大量的

電子被閘極氧化層捕捉。這傷害於固相結晶薄膜電晶體(SPC-TFT)比較輕微，然

而 SPC-TFT 的主要衰退則是由通道中額外形成的缺陷所引起，此缺陷是由於通

道裡的弱鍵被熱載子打斷而產生的。 
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ABSTRACT 

In this study, we have fabricated a novel test structure to analyze the effects of 

location-dependent film crystallinity and reliability issues in p-channel MILC TFTs. 

By using this unique structure, impacts of the film crystallinity on device 

characteristics can be directly analyzed by the measurement of transfer characteristics 

on the monitor transistors embedded in the test structure. Moreover, it is convenient to 

address the impacts of asymmetry seeding window (ASW) and symmetry seeding 

window (SSW) configurations as well as the channel length (L) on device 

performance. The generation of inferior film crystallinity in the poly-Si, such as the 

SPC granular structure or defect rich region, is closely related to the seeding window 

arrangement and the channel dimensions. The SPC granular structure mainly degrades 

devices characteristics of ASW devices with L > 5 μm, while the impacts of the 

existence of defect-rich region on SSW devices are peaked at L = 2~5 μm.  
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With the help of the novel test transistors, the location-dependent damage can be 

resolved by measuring the degradation of subthreshold characteristics of monitor 

transistors. We found that major degradation arises from the electron injection in the 

gate oxide as drain bias is large and the voltage difference between the gate and drain 

is significant. It is worth to mention that the MILC devices under hot carrier stress 

suffer more from the electron trapping in the gate insulator. However, the SPC devices 

are more vulnerable to the generation of additional trap sites in the channel due to the 

abundance of weak bonds which are easily struck and broken by energetic carriers. 
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Chapter 1                       

Introduction  

 

 
1.1 Overview of Polycrystalline Silicon Thin-Film 

Transistors 

 

In the past, the mainstream device technology used in active-matrix 

liquid-crystal displays (AMLCDs) was amorphous silicon thin-film transistors (α-Si 

TFTs) due to the advantages of low temperature fabrication process and the 

compatibility with low-cost glass substrates [1]. However, the low electron 

field-effect mobility (< 1 cm
2
V

-1
s

-1
) in α-Si TFT limits its further development in 

driver integrated circuits on the active matrix plate. In this regard, the superior 

field-effect mobility achievable with low temperature polycrystalline silicon (poly-Si) 

is seen to be essential to integrating the driving circuits on the same glass substrate for 

better performance of system and cost reduction.  

With the advantages of higher field-effect mobility [2], a variety of applications 

of poly-Si TFTs in addition to the AMLCD [3][4] have been widely investigated, such 

as high-density static random access memories (SRAMs) [5], electrically erasable 

programmable read-only memories (EEPROMs) [6], sensors [7] and 3-D ICs’ [8]. 

However, as compared with single-crystalline silicon, poly-Si suffers from structural 

defects mostly distributed in or near the grain boundaries that act as charge-trapping 

centers and greatly affect the transport of carriers in the poly-Si TFTs [9]. 

Accordingly, the electric characteristics in poly-Si thin film transistors will be inferior 
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to single crystalline counterparts. In order to improve the quality of the active layer, 

several methods such as excimer laser annealing (ELA) [10] and metal-induced lateral 

crystallization (MILC) [11] have been developed. 

 

1.2 Formation of Polycrystalline Silicon 

Among the various techniques for preparing poly-Si, solid-phase crystallization 

(SPC) and ELA have been the most frequently used. SPC is a most common method 

to transform α-Si to poly-Si at a temperature (typically 600 ℃) for several hours. 

However, there are some issues remained. First, the crystallization temperature is a 

little bit high and approaches the limit that the glass substrate can tolerate. Moreover, 

the grain size is not large thus the fabricated device characteristics are affected. To 

address these issues, ELA is proposed and have become an important manufacturing 

technique for low-temperature poly-Si (LTPS) applications.  

 

1.2.1 Laser Crystallization 

 The ELA is suitable for low-temperature fabrication process due to the use of 

excimer laser as a heating source for crystallization. This method uses short-duration 

pulsed lasers (10-30 ns) operating in the ultraviolet waveband to irradiate the α-Si. 

Due to the reason that the radiation is strongly absorbed by α-Si and the short pulse 

time results in small heat diffusion length, partially α-Si will melt [12]. With an 

appropriate adjustment in process conditions, good quality of active layers with 

enlarged grains can be obtained. As a result, the field-effect mobility is enhanced as 

well. 

 Although the comments for ELA seem to be positive, there still exist some 
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drawbacks that need to address. For example, the rather high manufacturing cost, the 

uniformity of the poly-Si grain size and its impact on the variation of device 

performance, and the bulges formed at the borders between two grains which degrade 

the surface roughness and gate dielectric reliability performance [13]. These issues 

can be relieved with newly developed scheme, i.e., the MILC, which is described 

below. 

 

1.2.2 Metal-Induced Lateral Crystallization (MILC) 

Conventionally, SPC is used to transform α-Si to poly-Si at around 600 ℃ with a 

considerable process time (up to tens of hours). When some metal species are added 

into α-Si as catalyst, the crystallization temperature or the process time can be 

significantly lowered. It is because the metal elements such as Al [14], Pd [15], or Ni 

[16] can lower the energy barrier of transformation between α-Si and poly-Si by 

forming a metal silicide, by eutectic alloy formation, or by migration of metal silicide 

[14]. Such phenomenon is known as metal-induced crystallization (MIC).  

In fact, not all metals can act as an appropriate catalyst to form high-quality 

active layer. For example, Al will form eutectic alloy with intrinsic silicon with 

serious metal contamination [16], and the crystalline quality with Pd doping is not 

satisfactory for device applications [15]. In other words, if a metal exhibits 

characteristics such as high diffusion speed in α-Si, not degrading the quality of active 

layer, and lowering the crystallization temperature, it will be suitable to being added 

into α-Si for LTPS preparation. In this study, we use nickel for the experiments since 

it meets these requirements. 

As a silicon layer with an ultra-thin nickel film deposited on its surface 

experiences a thermal anneal, the octahedral NiSi2 phase, acting as the sites for 
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crystallization, is formed in the α-Si matrix. With the presence of nickel silicide, a 

large number of small and spherical grains grow below the nickel layer by the so 

called “metal induced crystallization”. Then NiSi2 migrates through whole α-Si, and 

the needlelike poly-Si grains are subsequently resulted, as shown in Fig. 1 [17]. Such 

scheme is called “metal-induced lateral crystallization” (MILC). It develops along the 

lateral direction of MIC until impediments are generated as SPC grains start to 

nucleate and grow [13] [14]. In other words, the incubation time of SPC process limits 

the length of MILC grains. For this reason, it was proposed to use pulsed rapid 

thermal annealing (RTA) to carry out the MILC process at a higher temperature by 

taking advantage of the fact that the thermal time for each pulse is too short to trigger 

the SPC [17].  

In comparison with ELA, MILC film has the advantages of smoother surface, 

better grain uniformity, and lower cost. MILC films also have larger grain size and 

higher carrier mobility over SPC ones. However, MILC films are highly susceptible 

to metal contamination, which will lead to severe leakage current. To resolve this 

problem, some people proposed the use of phosphorous as gettering centers to trap 

nickel atom and reduce its concentration inside the film, while others used multi-gate 

structure to improve performance [18]. 

 

1.3 The Reliability Issues 

 The stability of device characteristics under long-term operation is important for 

circuit applications. In comparison with conventional MOSFETs, the reliability issue 

will be different in LTPS TFT because of the unique and the intrinsic material 

properties of crystallized poly-Si.  
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1.3.1 The Process-related Issues 

 Generally, some reliability issues are related to fabrication processes. First, the 

gate oxide used in LTPS TFTs is typically deposited at low temperature by CVD 

methods. The quality of gate oxide, which is deposited by CVD, in LTPS TFT has 

poorer physical and electrical quality than thermal gate oxide in single-crystal Si 

MOSFETs. Moreover, mobile ions, Si-OH and/or Si-H bonds, and fixed charges are 

more likely to show up in gate oxide for LTPS [19-21]. Second, Poly-Si contains 

many weak strained Si-Si bonds and dangling bonds inside or near the grain 

boundaries. The dangling bonds act as carrier trapping centers and degrade carrier 

transport dramatically. During device operation, the strained bonds can be easily 

broken and become newly created defect inside the channel and result in the change in 

device characteristics [22].  

 

1.3.2 Degradation under Operation 

Degradation in characteristics of solid-state devices under stress tests such as 

hot-carrier effect [23] and self-heating effect [24] was well-known and widely 

reported. The degradation caused by hot carriers generated from the high electric field 

near the drain junction has been widely investigated in MOSFETs. In this condition, 

carriers in the channel, which are converted to “hot carriers” by gaining energy from 

high electric field, will cause local damage at the interface between the channel and 

the gate oxide [25]. In poly-Si TFTs, hot carriers also damage the weak bonds in grain 

boundary, and create many new defect states to result in serious degradation of device 

characteristics [23]. Therefore, the degradation mechanisms of poly-Si TFTs strongly 

depend on the amount of grain boundary in the channel. 
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Another important degradation event induced during device operation is 

self-heating. Since the glass substrate is a poor thermal-conducting media, heat 

generated during device operation is difficult to dissipate. As the devices are operated 

under ON-state with high bias conditions, the device temperature can be raised to a 

degree that some weak bonds in poly-Si TFT will break. In general, wide-channel 

TFTs and/or small-size TFTs suffer more seriously from self-heating [24]. 

 

1.4 Motivation of this Study 

To realize the high-performance characteristics and low-temperature fabrication 

process for thin film transistors in AMLCD’s application, the MILC process appears 

to be a viable choice to reach the goals without adding too much production cost [12]. 

For the purpose of using MILC process, it is important to clarify the relationship 

between the orientations of needlelike grains and device characteristics, and 

understand the effects relevant to the metal added. Furthermore, due to the unique 

granular structure, the reliability issues in MILC devices may differ from SPC devices, 

so it is also imperative to clarify the degradation mechanisms in MILC. Moreover, the 

studies on p-channel MILC TFTs are few to this date. 

In the past, indeed some research efforts have been devoted to the degradation 

mechanisms of hot-carrier stress for MILC devices. The results indicated that the 

damage regions were quite localized in the channel by using simulation or special 

designs of measurements [23] [26]. However, all of these methods cannot directly 

resolve the location-dependent damage characteristics. For long-channel devices, the 

possibility of forming both MILC and SPC granular structures inside the same 

channel may further complicate the situation.  

 In light of this, we use a novel test structure proposed by our group previously 



7 
 

[27] [28] to study the hot-carrier effects of p-channel LTPS TFTs. The unique tester, 

introduced in Chapter 2, is designed for spatially resolving the non-uniform 

characteristics along the channel. With such capability, it is employed in this thesis to 

investigate the hot-carrier degradation caused by either DC (static) or AC (dynamic) 

stress tests for p-channel LTPS TFTs. 

 

1.5 Thesis Organization 

There are four chapters in the thesis. In Chapter 1, the application of LTPS TFTs, 

three kinds of LTPS preparation techniques, and the associated reliability issues are 

briefly introduced. In the next chapter, we describe the novel test structure, its 

fabrication process, and its capability in resolving the location-dependent device 

characteristics before and after the hot-carrier tests.  

In Chapter 3, results of the reliability characterization under DC (static) stress 

condition are presented and analyzed by using the novel test structure. Major focus is 

to pinpoint the location where major damage region is induced and identifies its 

degradation mechanism. A comparison and discussion of the degradation mechanisms 

between SPC and MILC devices are also given. Finally, we summarize the conclusion 

and suggest future work in Chapter 4. 
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Chapter 2                      

Fabrication and Electrical  

Characteristics of MILC Devices 

 

 
2.1  Device Fabrication and Operating Principle of 

HC-TFTs 

First, six-in. silicon wafers covered with 100nm-thick thermal oxide were used as 

the starting substrates, followed by deposition of a 100nm-thick α -Si film with 

low-pressure chemical vapor deposition (LPCVD) at 550 ℃. Then, a 100nm-thick 

low temperature oxide deposited by plasma enhanced chemical vapor deposition 

(PECVD) was used as a block layer. After formation of the seeding windows, a thin 

5nm Ni layer was deposited by E-gun, followed by 540 ℃ thermal annealing in 

furnace for the purpose of MILC crystallization, as shown in Fig. 2-1. In this thesis, 

two splits of seeding window arrangement were exploited, as shown in Fig. 2-2. In 

one split, the window was opened only at the drain region, denoted as Asymmetric 

Seeding Window (ASW), while the other one has the windows opened at both 

source and drain regions, denoted as Symmetric Seeding Window (SSW). 

After finishing MILC process, we removed the Ni layer and block oxide by wet 

etching steps. Then a 30nm-thick PECVD oxide for gate dielectric and a 

150nm-thick LPCVD poly-Si gate material were deposited. Next, after 

accomplishing gate patterning and exposure of the source and drain regions, the 

source, drain, and gate regions were doped by self-aligned BF2
+
 implantation at a 
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dose of 5×10
15

 /cm
2
 and energy of 50 keV. Dopant activation was performed at 600 

℃ for 12 hours by furnace, and then a PECVD oxide layer of 200 nm was deposited 

and used as the passivation layer to prevent the penetration of humidity and impurity. 

Finally, contact-hole patterning and metallization steps were performed, followed by 

a sintering treatment at 400 
o
C for 30 min. Figure 2-3 shows the final cross-section 

of TFT devices. The SPC device fabrication is similar to MILC device except the 

crystallization of the active layer: the SPC split skipped the Ni seed deposition and 

transformed the Si channel layer from α-Si to poly-Si by a thermal treatment done at 

600 ℃ for 24 hours in furnace. 

One test wafer was used to analyze the granular texture after MILC process. Prior 

to taking the SEM pictures, the specimens were soaked in Secco etch for 25 seconds. 

Some of the results are shown in Figs. 2-4 (a) ~ (b). In Fig.2-4(a), upper left corner 

shows MIC grains, right lower corner shows SPC grains, and in between is the 

MILC region which contains needle-like grains. Enlarged views of the regions close 

to the MIC/MILC and MILC/SPC interfaces are shown in Figs. 2-4(b) and 2-4(c), 

respectively.  

 In this thesis, two kinds of devices were characterized for better understanding of 

the impacts of MILC process on device performance. In addition to the conventional 

layout schemes shown in Fig. 2-2 which are used for measuring basic characteristics 

and investigating the effects of channel length, width, as well as the arrangement of 

the seeding windows, the other type is termed HC-TFT with the layout scheme shown 

in Fig. 2-5, which is configured with four pairs of p
+ 

electrodes at the edges of the 

channel. Major dimensional parameters are listed in Table 2-1. Roles of each 

components embedded in the test structure can be clearly understood with the help of 

Figs. 2-6(a) and 2-6(b). In the x- (i.e., horizontal) direction of Fig. 2-6(a), one pair of 
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p
+ 

regions located at the two edge sides of lateral channel in the HC-TFT is called the 

“test transistor” (TT), which imitates the channel of a conventional device. The other 

three pairs paralleled in the y-(i.e., vertical) direction construct three transistors called 

“monitor transistors” (MT), as shown in Fig. 2-6(b), which are capable of analyzing 

the asymmetrical and location-dependent degradation along the channel of test 

transistor (TT) caused by the MILC process and the HC stress testing. As can be seen 

in the figures, the TT and MTs share a common gate electrode lying over the entire 

channel. Therefore, the localized change along the test transistors, caused by 

structural issue of needle-like MILC grains in the channel or damage under bias stress, 

can be characterized by probing the current-voltage (I-V) characteristics of the 

corresponding MT. In Fig. 2-6(b), according to their position relative to the channel of 

the test structure, the three MTs are denoted as SMT (i.e., source-side MT), CMT (i.e., 

central MT), and DMT (i.e., drain-side MT). As aforementioned, the ASW and SSW 

splits for location of seeding windows are also established in HC-TFTs, as shown in 

Fig. 2-7(a) and Fig. 2-7(b), respectively. 

 

2.2  Measurement Setup 

The subthreshold and output characteristics were measured by a Keithley 4200 

semiconductor characterization system with Keithley Interactive Test Environment 

(KITE) software. During the process of measurement, temperature- regulated hot 

chuck was maintained at 30 ℃. 

 The major electrical parameters of devices can be extracted from the 

measurement of I-V curves. The threshold voltage, denoted as “Vth”, is defined as the 

value of VG when ID equals 10nA × 
 

 
 under VD of 0.1V, where W and L are channel 
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width and channel length, respectively. The subthreshold swing, denoted as “SS”, is 

calculated by the following equation:  

SS = 
         

   
 .                      (Eq. 2-1) 

Moreover, the change of threshold voltage (Δ Vth) and subthreshold swing (Δ SS) 

after bias stressing are calculated by the equations: 

Δ Vth = Vth,stress - Vth,fresh,  

Δ SS = SSstress - SSfresh,                  (Eq. 2-2) 

where the notation “fresh” and “stress” refer to the conditions before and after 

stressing, respectively. The on-current (Ion) is defined as the value ID at VG = -10V. 

After stressing, the deviation of on-current is formulated by (ΔIon / Ifresh) × 100%. 

Similarly, ΔIon = Ion,stress – Ion,fresh, where Ion,stress is defined as the value at VG= -10+Δ

Vth. Finally, the field-effect mobility (μFE) is estimated by gm,max, which is described 

by the following equations. 

gm = 
   

   
           , 

                          μFE = 
  

 
 

 
      

                        (Eq.2-3) 

where Cox is the capacitor of gate insulator. 

 

2.3  Basic Electrical Characteristics 

It is well known that the active layer prepared by MILC process takes advantage 

of needle-like grains directing across the channel from drain to the source, and the 

reduction in the quantity of trapped centers improves the carrier mobility as well as 

the device performance [29]. Fig. 2-8 shows the ID-VG curve for MILC and SPC 

devices; it is worthy to note that the MILC device shows greatly improved 
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characteristics in terms of higher carrier mobility, lower Vth and SS as compared with 

the SPC one. The extracted performance parameters are summarized in Table 2-2. 

According to the results, it is illustrated that a smaller grain size (in average) and 

absence of directional arrangement of grains along the channel degrade the 

performance of SPC devices [30]. 

It seems that MILC devices have better electrical characteristics than the SPC 

one. However, one disadvantage in application is the enhancement of leakage current 

arisen from metal contamination. This condition can be understood in Fig. 2-9(a) by 

comparing the difference in off-state ID between forward and reverse modes. Here the 

“forward mode” denotes the case when the drain bias is applied to the heavily doping 

region where seeding window is located while the other electrode without seeding 

window is grounded and serves as the source. For “reverse mode” of operation, the 

above arrangement is simply interchanged. The leakage current is obviously higher 

under forward mode in the ASW device, as shown in Fig. 2-9(a). However, such 

difference is unobserved for the SSW device, whose leakage current is consistent 

between the two modes, as shown in Fig. 2-9(b). Note the leakage levels in the 

present case are high and comparable to that of the forward mode exhibited in the 

ASW device (Fig. 2-9(a)). These high leakage levels can be attributed to the existence 

of nickel-rich phases near the junction region. The contamination tends to induce 

additional defect levels inside the channel layer which are responsible for the 

increased leakage current. These defects act as generation centers and enhance the 

leakage at low VD via trap-assisted thermal generation process, and the leakage at 

high VD via trap-assisted field emission [31] [32]. As a result, the issue of metal 

contamination in MILC device must be considered to prevent the undesirable increase 

of leakage current. In this thesis, the offset region between gate edge and seeding 
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window is set at 5 m. As compared with self-aligned seeding arrangement, such 

offset can help reduce the number of nickel at the junction of drain [31]. 

 

2.4  Effects of Channel Length and Seeding Window 

Configuration 

As mentioned above, the film crystallinity of a MILC film is location-dependent 

and related to distance from the seeding window as well as the seeding window 

arrangement. Certainly such property will draw impacts on device performance and 

worth investigation.  

Figures 2-10(a), (b), and (c) show typical transfer curves of SSW and ASW 

devices with channel length at 0.6, 2, and 10 μ m, respectively. Threshold voltage 

(Vth) and subthreshold swing (SS) of the two types of device as a function of channel 

length (L) are shown in Figs. 2-11(a) and (b), respectively. In Fig. 2-11(a), the ASW 

devices show Vth roll-off phenomenon, seeming to indicate the occurrence of 

short-channel effect. However, the SS shown in Fig. 2-11(b) improves with 

decreasing channel length, indicating that better film crystallinity in shorter-channel 

devices also accounts for the Vth reduction as compared with long-channel ones. On 

the other hand, the SSW devices generally exhibit worse performance in terms of 

higher Vth (absolute value) and SS than ASW ones at the same Length. Interestingly, 

the difference between the two types of devices is most significant at L of 2 and 5 m, 

and diminishes as L either decreases or increases.     

From the above, it is seen that devices with shorter channel have superior Vth and 

SS to long channel ones. Such outcome is believed to arise from the variation in film 

crystallinity across the channel. To confirm this we performed SEM analysis on a B1 

HC-TFTs (see Table 2-1) with ASW to check the film crystallinity in different regions 
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of the channel. Excellent crystalline quality can only be observed in the DMT region 

which is most close to the MIC area, as shown in Fig.2-12. In this picture the surface 

looks quite flat that the grain boundaries are hardly resolved. In the range of CMT, the 

appearance of needle-like grains can be observed in Fig. 2-13, where the grain size is 

obviously smaller than that in the DMT region. Finally, at the source side, as shown in 

Fig. 2-14, it is apparent that the grains already become smaller and discrete, a feature 

associated with the occurrence of the SPC process [32].  

 The differences in film crystallinity actually reflect on the electrical 

characteristics of the monitor transistors, as shown in the Fig. 2-15. It is clear that the 

best performance among three monitor transistors is DMT and the worst one is SMT, 

confirming the difference in film quality examined with the SEM technique. 

In Fig. 2-11, it is observed that the Vth and SS for the SSW devices are inferior to 

the ASW ones. This is believed to be related to the intersection of the two MILC 

fronts growing from the two seeding windows located at source and drain regions. 

One SEM evidence is given in Fig. 2-16. This picture was taken from an SSW device 

and a defect-rich region is clearly observed in the middle of the channel. The 

abundance of defects acting as trap centers will degrade device characteristics [33]. 

Such defect-rich region draws different impact on devices with various channel length, 

as shown in Fig. 2-11(b) where the SS for SSW improves with decreasing length. This 

is mainly attributed to the improved crystallinity as the channel region gets closer to 

the seeding windows as analyzed in the ASW case. On the other hand, as L is 

increased from 5 to 10 m, the SSW devices characterized in Figs. 2-11(a) and (b) 

show slightly decreased Vth and SS and reduce the difference with the ASW ones. As 

have been shown in Fig. 14, SPC granular structure is predominant at the central part 

of the channel for such long-channel devices. This would dilute the impact of the 
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aforementioned defect-rich region on the device performance and explain why the 

difference between the ASW and SSW devices diminishes.  

The above inference can be verified from the I-V curves of MTs embedded in an 

SSW HC-TFT shown in Fig. 2-17 and SEM pictures in Fig. 2-18. The measured 

results in Fig. 2-17, which has been normalized to the channel width, clarify the much 

superior performance in DMT and SMT to that of CMT. Figure 2-18(a) shows 

obvious jagged granular structure resulted in the middle of a CMT due to the 

confrontation of the two MILC fronts, and it signifies that many grain boundaries 

have been formed in the neighborhood of jagged structure. An enlarged view 

illustrated in Fig. 2-18(b) displays that there are many defects and sprawl grains near 

the jagged structure. Existence of such defect-rich region certainly impacts the device 

characteristics.  

It is also worthy to know the impacts of granular structure of the poly-Si films on 

device characteristics, such as the lying orientation of needle-like grains as well as the 

location-dependent film crystallinity, are probed by a special test device shown in Fig. 

2-19. In the device, in addition to the TT, an MT is also embedded with its 

source-to-drain direction vertical to the TT. Typical transfer characteristics are shown 

in Fig. 2-20, in which the drain current has been normalized to the channel width. It 

can be observed that the on-current of the TT is higher than that of the MT. The 

extracted parameters are summarized in Table 2-3. It can be seen that TT exhibits 

higher on-current and field-effect mobility than the MT.  This is primarily attributed 

to the reduced number of grain boundaries counted from source to drain in the TT 

than that in the MT, owing to the needle-like grains originating from the seeding 

window [34].  
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Table 2-1. Dimensions of two types of HC-TFT testers. 

 

 

 

Table 2-2. Performance parameters extracted from Fig. 2-8. 

 

 

 

Table 2-3. Major parameters extracted from Fig. 2-19. 
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Chapter 3                      

Hot Carrier Degradation 

under Static Stress 

 

 
In order to study the degradation induced in MILC devices due to hot-carrier 

effects, various static stress conditions were executed on the HC-TFTs. The change in 

the characteristics of test transistor and monitor transistors were recorded and 

analyzed. The difference between MILC and SPC devices were resolved by taking 

advantage of HC-TFTs.  

 

3.1  Hot Carrier Stress under Mild Stress Bias 

Mechanisms of hot-carrier degradation in p-channel MILC devices are similar to 

other types of poly-Si TFTs with the schematic shown in Fig. 3-1. This figure 

illustrates that holes obtain energy from the high electric field near the drain junction 

to form “hot carriers”. As the energy of the hot holes is sufficiently high, impact 

ionization process may trigger and generate electron-hole pairs. Some of the 

generated electrons may become energetic and surmount the barrier height at the 

oxide interface and then inject into gate insulator to form negative oxide trap charges 

which cause positive shift in threshold voltage. The hot carriers may also release their 

energy near oxide/channel interface and in the channel, and leave additional defects 

and interface states therein which will degrade the subthershold swing and mobility.  

 Figure 3-2 displays the electrical characteristics for a test transistor with SSW 



18 
 

before and after DC stress. The stress testing was done under VD = -15 V and VG = Vth 

- 3 V for 1000 s. It can be observed that the only obvious change before and after 

stress for the I-V curve in Fig. 3-2 (a) is the off current, which is suppressed under the 

forward mode and becomes independent of the gate bias. Under the reverse mode, the 

I-V curves before and after stress resembles each other with negligible change. In the 

figures the fresh device exhibits an off current which increases with increasing 

difference between the drain voltage and the gate voltage, a feature characteristic of 

band-to-band tunneling (BTBT) conduction process shown in Fig 3-3(a). In the figure 

direct BTBT is assumed, in the present case the defects presenting in the poly-Si layer 

would contribute to the trap-assisted paths and further enhance the conduction. As 

aforementioned, some electrons would be generated by impact ionization near the 

drain junction and then got trapped in the gate oxide near the drain junction. The 

negative charges would raise the local potential, relieve the electric field and suppress 

the BTBT current, as shown in Fig. 3-3(b). This explains the suppression of off-state 

current in Fig. 3-2(a) after the stress. For the reverse mode shown in Fig. 3-2(b), the 

nominal source now is where BTBT is taking place and the current is not affected 

since negligible electrons are trapped wherein.  

 In fact, it is hard to obtain sufficient information to resolve the degree of 

degradation under hot-carrier stress just by analyzing the forward and reverse modes 

of transfer curves, and also hard to conceive details about the location-dependent 

damage in the device. For example, Figs. 3-4(a) and (b) show the device 

characteristics before and after stress with stress condition the same as that of Fig. 3-2 

except with a different gate bias VG = Vth - 5 V. The information revealed in the 

figures is basically the same as that given in Figs. 3-2(a) and (b) and cannot 

distinguish the major impact resulting from the use of different gate bias during 
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stressing. However, the monitor transistors contained in the HCTFTs can be used to 

break such constraint. Fig. 3-5 and Fig. 3-6 show the characteristics of the monitor 

transistors of the devices characterized in Figs. 3-2 and 3-3, respectively. As can be 

seen in the figures, the major difference arising from different gate stress voltage is 

clearly reflected on the characteristics of DMT.  Specifically, the lower gate bias 

(absolute value) under hot carrier stress operation has resulted in a larger shift in the 

threshold voltage of the DMT shown in Fig. 3-5(a), as compared with that shown in 

Fig. 3-6(a). Obviously the different outcomes are related to the amount of electrons 

trapped in the oxide. During the stress with identical VD, (e.g., -15V), an increase in 

gate voltage reduces the voltage drop between drain and gate (ie. VD-VG) and 

therefore the electric field in the gate oxide therein reduces as well. As a result, the 

probability of electron injecting into the oxide is slashed and causes smaller shift in 

the threshold voltage, as shown in Fig. 3-6(a). Such effect associated with stress gate 

bias can be more clearly understood from the results illustrated in Fig. 3-7. In the 

figure we can find that the shift in threshold voltage is noticeable only in the DMT 

and increases with decreasing VG.  

 

3.2 Hot Carrier Stress under Severe Stress Bias 

Compared to the mild stress drain voltage investigated in last section, a raised 

drain voltage will increase not only the lateral electric field to enhance the impact 

ionization but also the vertical electric field. The latter would result in more electron 

trapping events as well as more generated interface states. To illustrate such impacts, 

we stressed the TT with a high VD of -20 V and VG = Vth - 3 V for 1000 s. In this case, 

the device characteristics of the TT shown in Fig. 3-8(a) exhibit similar trend revealed 

in Fig. 3-2(a) and Fig, 3-4(a). However, in Fig. 3-8(b), the I-V curves of the DMT 
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deviate significantly after the stress, while negligible changes are found in the results 

of CMT and SMT as shown in Fig. 3-8(c) and Fig. 3-8(d), respectively. When a 

comparison is made between Fig. 3-5(a) and Fig. 3-8(b), it is clear that a larger 

positive shift in Vth is resulted as the stress drain voltage is increased, arising from the 

increase of electron injection in the gate oxide. Figs. 3-9(a) and (b) show the shift in 

Vth and SS as a function of the stress drain voltage. It can be seen that increasing 

electron trapping in the DMT with increasing stress drain voltage stated above is 

clearly illustrated in Fig. 3-9(a). Another major impact is the increase in SS for the 

DMT devices, as shown in Fig. 3-9(b). This phenomenon can be better understood 

with the I-V curves shown in Figs. 3-10(a) and (b), in which the drain currents of the 

DMTs depicted in Fig. 3-8(b) and Fig. 3-5(a), respectively, are expressed as a function 

of gate overdrive (VG-Vth). The inferior characteristics arise mainly from the 

generation of additional defects in the channel and interface states at oxide/channel 

interface. With higher stress drain voltage, the resultant damage is stronger in term of 

worse SS, as evidences in Figs. 3-9(b), 3-10(a), and 3-10(b).  

As aforementioned, the raise in stress Vg would alleviate the vertical electric 

field in the oxide near the drain junction to reduce the amount of trapped electrons. 

However, such damage is minor as the stress drain voltage is mild and hard to detect 

with the TT only. It thus needs a high stress drain voltage to resolve the degradation 

mechanism. Figures 3-11(a), (b) and (c) show the on-current, SS degradation, and Vth 

shift, respectively, of TT and MTs contained in this tester as a function of stress VG 

with VD = -20 V for 1000 sec. It can be seen that the DMT shows the highest 

sensitivity to the applied stress conditions. In Fig. 3-11(c), it is interesting to see that 

the Vth shift of DMT monotonically increases with decreasing VG, which can be used 

to explain the same trend about the drain current degradation shown in Fig. 3-11(a). 
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This is owing to the increase in (VG - VD) as VG becomes smaller, so that the strength 

of electric field in the gate oxide of the DMT increases. For VG = 0, the high field 

strength would result in significant F-N tunneling process, resulting in significant 

degradation in SS and Vth shift. However, the SS degradation shown in Fig. 3-11(b) 

exhibits a dip at VG = -2.5V. Such trend is different from that shown in Figs. 3-11(a) 

and (c). To more clearly understand such disparity, we examine the subthreshod 

characteristics of the TT device under various VD. We can see that, at VG = 0, a 

significant GIDL current which is comparable or even higher than that at VG = -2.5V 

is observed. This means that additional carriers are present in the channel during 

stressing at VG = 0 which may become energetic and result in damage. However, the 

damage mechanism is presumably different from that of normal channel hot carrier 

effects when VG is larger than Vth (absolute value). This explains why the SS 

degradation trend shown in Fig. 3-11(b) is different from that of on current 

degradation and Vth shift.  

Band diagrams at VG = 0 along the vertical direction (located in the DMT) and 

along channel direction are illustrated in Figs. 3-13(a) and (b), respectively, in which 

the band-to-band tunneling process is described. That is, due to the strong drain bias, 

a portion of the electrons generated by BTB tunneling would not only cause impact 

ionization near the drain junction but also tunnel or surmount the barrier height at the 

oxide interface and then get trapped in the oxide. On the other hand, most of the 

electrons would drift along the channel and contribute to the GIDL shown in Fig. 3-12. 

The voltage drop occurs mainly in the DMT region, and it is believed that these 

electrons may degrade the channel as they drift through the DMT region. This would 

result in aggravated SS degradation observed in Fig. 3-11(b)  

 Figures 3-14(a), (b), (c) show the relation between shift of Vth, on-current 
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degradation, and SS degradation, respectively, with stress time under stress condition 

at VG = Vth - 3 V and VD = -20 V. For DMT, the change of Vth (Fig. 3-14(a)) mainly 

occurs in the beginning and tends to saturate as the stress time is sufficiently long. 

This can be more clearly understood with the transfer curves of the DMT shown in 

Fig. 3-15. Such saturation is reasonable owing to the trapping of the electrons which 

causes the shift of Vth and consequently a reduction in the vertical electric field in the 

oxide. Similar situation also happens to the cases of on-current and SS degradation 

described in Fig. 3-14(b) and Fig. 3-14(c).  

 

3.3  Hot Carrier Effects in MILC and SPC Devices 

 As aforementioned, due to the reduced number of grain boundaries presenting 

along the channel, the MILC devices have superior performance over SPC devices. 

The hot carrier effects in MILC devices have already been analyzed in Sections 3-1 

and 3-2. Finally, in this section, we address the difference in post-stress characteristics 

between MILC and SPC devices. To make a comparison between MILC and SPC 

devices with nominally identical structural parameters (e.g., channel length/width, 

gate oxide thickness), stress condition set at VG = Vth - 3 V, VD = -20 V was used. The 

results obtained from the SPC devices were mainly measured by Mr. Chen [35] and, 

in this thesis, are compared with those for MILC devices displayed at Section 3-2. 

 Figure 3-16 shows I-V curves under forward mode and reverse mode for a SPC 

device before and after stress. The only change that can be noticed in TT is the 

off-current under forward mode, similar to the results of MILC devices presented and 

discussed in Section 3-1. By using the monitor transistors for a detailed analysis with 

the results shown in Figs.17(a) ~ (c), it can be observed in Fig. 3-17(a) that the change 

is very slight in DMT, in strong contrast to the case of MILC device subjected to the 
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same stress condition, as shown in Fig. 3-8(b). On the other hand, Fig. 3-17(b) and 

Fig. 3-17(c) show negligible change before and after stress in CMT and SMT, 

respectively. The shift in Vth for the TT and MTs of the SPC devices are shown in Fig. 

3-18. Compared with Fig. 3-9(a), the Vth shift in the MILC device is larger than that 

in the SPC device, indicating that more electrons are trapped in the gate oxide of 

MILC devices during stressing.  

Since the two devices have the same structural parameters and are subjected to 

the same stress condition, the above difference is clearly related to the film 

crystallinity of the active layer. It is well known that a poly-Si film with larger grains 

will reduce the number of grain boundaries presenting inside the film and lower the 

probability of carrier scattering [11] [15]. Therefore, the mobility of conductive 

carriers is improved. Accordingly, the conductive carriers under hot carrier stress are 

more likely to accumulate their kinetic energy and become “hotter”. Since the SPC 

poly-Si films are relatively fine granular structure as compared with the MILC ones, 

the scattering of carriers with the grain boundaries is more significant. As a result, the 

population of carriers with sufficiently high energy to damage the device in the SPC 

sample should be much smaller than that in the MICL one. Therefore, the average 

carrier kinetic energy would be higher for MILC devices, as illustrated in Fig 3-19, 

and the number of electrons with energy higher than 3.1 eV in MILC devices would 

be larger than in SPC devices. This can be more clearly understood by comparing the 

shaded region in Fig 3-19. As a result, the probability of surmounting the energy 

barrier height (3.1 eV) is larger in the MILC samples, and more electrons will get 

trapped during stressing, rendering a larger the Vth shift. This explains the discrepancy 

observed in Fig. 3-9(a) and Fig. 3-18. 

On the other hand, owing to their granular structure, SPC devices contain many 
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weak bonds located near the grain boundaries [36] in the channel. Since these bonds 

are “weak” (with binding energy < 1 eV), they tend to be struck and broken by hot 

carriers during stressing. It is thus expected that the SPC devices may seriously suffer 

from trap generation in the channel and lead to SS and on-current degradation. 

Figures 3-20 and 3-21 display the degradation of on-current as a function of stress 

drain bias for SPC and MILC devices, respectively. It can be observed that, not only 

the DMT, the degradation of TT and CMT in the SPC devices is also obvious. This is 

in contrast to the results of the MILC device (Fig. 3-21) in which only DMT exhibits 

dramatic change after the stressing. This result is consistent with the argument that the 

SPC channel additionally suffers from the trap in the channel. While the small change 

in TT and CMT with large deviation in DMT for MILC devices is believed to be due 

to the small damage in channel, but substantial damage at the oxide/channel interface 

near the drain junction. In sum, the p-channel MILC devices under hot carrier stress 

mostly suffer from the interface state and trapped electron, which will seriously cause 

the shift of Vth. While the SPC devices mostly suffer from the trap formation in 

channel, which causes serious SS and Ion degradation. 
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Chapter 4                      

Conclusion and Suggested Future work 

 

 
4.1 Conclusion 

In this study, by taking advantage of HC-TFTs to analyze the subthreshohld 

characteristics of poly-Si TFTs fabricated with MILC scheme, the impacts of the 

location-dependent film crystallinity of the poly-Si films on device characteristics are 

carefully studied. Moreover, since this unique test structure is also suitable for 

spatially resolving the location-dependent damage induced by hot carrier stress, the 

HC-TFTs have also been successfully used in this study to investigate the local 

change in internal devices during operation.  

Our results show that the MILC devices depict superior device characteristics 

except for the increased leakage current arisen from metal contamination. We also 

found that the MILC device characteristics are closely related to the distance of its 

channel layer to the seeding window. We have proven that the ASW shows superior 

device characteristics if the channel length is short enough so that the SPC mechanism 

is not triggered. The inferior subthreshohld characteristics in short-channel SSW 

devices are due to the defect-rich region in the center of the channel. However, in 

long-channel devices, the occurrence of SPC granular structure in ASW devices will 

mitigate the merits of MILC process so the device characteristics become similar to 

the long-channel SSW devices. Finally, the impacts of defect-rich region and SPC 

granular structure on device characteristics with various channel length are also 

analyzed with the help of HC-TFTs, and the results are confirmed by SEM pictures. 
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 The hot carrier effects under various stress gate bias and stress drain bias have 

been studied in Chapter 3. In sum, a larger positive Vth shift and more serious 

degradation in SS are resulted as the voltage difference between drain and gate (i.e., 

VD-VG) is increased, arising from the increase of electron injection in the gate oxide 

as well as the generation of defects in the channel or at the oxide/channel interface. 

For the condition with VG = 0 V, VD = -20 V, a portion of the electrons generated by 

BTB tunneling would inject into gate oxide by FN tunneling and then get trapped in 

the oxide.  

The difference of hot carrier effects between SPC and MILC devices was also 

investigated by HCTFTs. Due to the improved mobility of conduction carriers in 

MILC devices, the conduction carriers under hot carrier stress are more likely to 

accumulate their kinetic energy. As a result, the probability of surmounting the energy 

barrier height (3.1 eV) at the oxide/channel interface is higher in the MILC samples 

under the same stress condition as compared with the SPC ones, and more electrons 

will get trapped during stressing, rendering a larger Vth shift. On the other hand, SPC 

poly-Si films are relatively fine granular structure in nature as compared with the 

MILC ones. The larger number of weak bonds in its channel could be easily struck 

and broken by energetic carriers during stressing and lead to the generation of 

additional defects. As a result, degradation of SS and on-current is worse in the SPC 

samples. 
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4.2  Suggested Future Work 

Although the effects of ASW and SSW on the MILC devices were already 

investigated in this study, however, the seeding window size and the channel 

thickness will also affect the film crystallinity but details about the effects remain 

unclear. To further improve device performance, these effects should be addressed in 

the future. 

The hot carrier stress under the operation of AC mode (i.e., dynamic) is more 

complex than DC mode, and it is also worthy to study and understand the difference 

in this regard between the MILC and SPC devices under AC stress. On the other hand, 

the negative bias temperature instability (NBTI) is another serious reliability issue for 

p-channel TFTs [37]. The mixed effect of NBTI and hot-carrier effect should be 

distinguished and evaluated. HC-TFTs should be a viable vehicle for addressing this 

issue.  
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Figure 1. The formation process for MILC [17]. 
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Figure 2-1. MILC process of -Si with Ni as the seed. 

 

 

 

(a)                            (b) 

Figure 2-2. (a) Symmetrical and (b) asymmetrical seeding window arrangements. 
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Figure 2-3. Cross-sectional view of poly-TFT device 

 

 

(a) 
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(b) 

 

 

(c) 

Figure 2-4. SEM top view of a MILC sample. Enlarged views of the sample 

showing (b) the interface of MIC/MILC and (c) intersection of 

SPC/MILC. 

 

 

 

MILC 
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Figure 2-5. Top view of HC-TFT device and the various dimension parameters are 

displayed in table 2-1. 

 

 

 

 

 

Figure 2-6. Test transistor (TT) and (b) monitor transistors (MTs) (the darker parts) 

embedded in a HC-TFT. 
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(a)                            (b) 

Figure 2-7. HC-TFT test structures with (a) asymmetric seeding window (ASW) 

and (b) symmetric seeding window (SSW). 
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Figure 2-8. Comparisons of transfer characteristics between SPC and MILC devices 

and the performance parameter are summarized in table 2-2. 
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(b) 

 

Figure 2-9. Forward and reverse transfer characteristics of (a) ASW and (b) SSW 

devices. 
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(c) 

 

Figure 2-10. Typical transfer characteristics of ASW and SSW devices with channel 

length of (a) 0.6, (b) 2, and (c) 10 μm. 

L/ W = 10 / 20 m
ASW : Vth = - 2.57 V
           SS = 373 mV/dec.
SSW: Vth = - 2.60 V
           SS= 389 mV/dec.
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(b) 

 

Figure 2-11. The effect of channel length on (a) threshold voltage (Vth) and (b) 

subthreshold swing (SS) of ASW and SSW devices. 
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Figure 2-12. SEM picture for the region of DMT in an HC-TFT with ASW. (B1 type 

with structural parameters listed in Table 2-1) 

 

 

Figure 2-13. SEM picture for the region of CMT in an HC-TFT with ASW (B1 type). 

Channel length of this device is 10m, and the region is about 10~11 

m away from the seeding window. 
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Figure 2-14. SEM picture for the region of SMT in an HC-TFT with ASW (B1 type). 

Channel length of this device is 10m, and the region is about 14~15 

m away from the seeding window. 
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Figure 2-15. Transfer characteristics of SMT, CMT and DMT in an HC-TFT with 

ASW (B1 type). 

 



45 
 

 

 

Figure 2-16. Defect-rich region formed in the SSW device (conventional device). 

Channel length of this device is 10m, and the region is at the central of 

channel. 
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Figure 2-17. Transfer characteristics of SMT, CMT and DMT in an HC-TFT device 

with SSW (B1 type). 

Defect rich region 
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(a) 

 

(b) 

Figure 2-18. SEM pictures of the poly-Si channel in the middle region of CMT in an 

HC-TFT with SSW (B1 type). The magnification ratio is (a) 50k X and 

(b) 60k X. 

Tip of MILC 
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Figure 2-19. Top view of a cross type TFT device containing a test transistor (TT, 

along the horizontal direction) and a monitor transistor (MT, along the 

vertical direction). 
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Figure 2-20. Typical transfer characteristics of TT and MT for AB3 device and the 

extracted parameters are displayed in table 2-3. 
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Figure 3-1. Schematic illustration for the creation of defects in the p-channel device 

under hot carriers stress.  
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Stress condition:

Gate bias = Vth- 3 V
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(b) 

 

Figure 3-2. The I-V curves before and after stress measured under (a) forward mode, 

and (b) reverse mode. The stress was applied with VG = Vth-3 V, VD= -15 

V. 
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(a) 

 

 

  

(b) 

Figure 3-3. Schematic illustration for (a) BTBT occurring at drain side and (b) 

suppression of the BTBT after stress by charges trapped in the oxide.  
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Stress condition :

VG = Vth - 5 V

VD = -15 V
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Figure 3-4. The I-V curves before and after stress measured under (a) forward mode 

and (b) reverse mode. The stress was applied with VG = Vth-5 V, VD= -15 

V. 
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(b)                              (c) 

Figure 3-5. The I-V curves before and after stress for (a) DMT, (b) CMT, and (c) 

SMT with stress condition of VG = Vth-3 V, VD= -15 V. 
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(b)                               (c) 

Figure 3-6. The I-V curves before and after stress for (a) DMT, (b) CMT, and (c) 

SMT with stress condition of VG = Vth-5 V, VD= -15 V. 
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B2, Stress drain bias : -15 V
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Figure 3-7. Threshold voltage shift under the stress condition of VD = -15 V and 

various gate bias for 1000 s. 
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Gate bias = Vth-3 V

Drain bias = -20 V 

Gate Voltage (V)

-12 -10 -8 -6 -4 -2 0 2 4 6

D
r
a
i
n

 C
u

r
r
e
n

t
 (

A
)

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

Fresh

After stress 

TT

 Forward mode
V= -0.1 V

V= -3 V

  

S t r e s s  c o n d i t i o n :

G a t e  b i a s  :  Vth-3 V

Drain bias : -20 V

Gate Voltage (V)

-12 -10 -8 -6 -4 -2 0 2 4 6
D

r
a

i
n

 C
u

r
r
e
n

t
 (

A
)

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

Fresh

After stress

DMT

V= -0.1 V

V= -3 V

   

(a)                                 (b) 

Stress condition:

Gate bias : Vth-3 V

Drain bias : -20 V

Gate Voltage (V)

-12 -10 -8 -6 -4 -2 0 2 4 6

D
r
a
i
n

 C
u

r
r
e
n

t
 (

A
)

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

Fresh 

After stress

CMT

V= -0.1 V

V= -3 V

Stress condition:

Gate bias = Vth-3 V

Drain bias = -20 V

Gate Voltage (V)

-12 -10 -8 -6 -4 -2 0 2 4 6

D
r
a

i
n

 C
u

r
r
e
n

t
 (

A
)

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

10-4

Fresh

After stress

SMT
V= -0.1 V

V= -3 V

 

                (c)                                  (d) 

 

Figure 3-8. Subthreshold characteristics of (a)TT, (b)DMT, (c)CMT and (d)SMT 

before and after DC stress at VG = Vth-3 V and VD= -20 V for 1000 sec. 
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Figure 3-9. (a) Shift of threshold voltage and (b) subthreshold swing as a function of 

stress drain bias under the stress condition of VG = Vth – 3 V for 1000s. 
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Figure 3-10. Subthreshold characteristics before and after DC stress at (a) VG = Vth - 

3V, VD= -20 V and (b) VG = Vth-3 V, VD= -15 V for 1000 sec. 
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B2, Stress drain bias : -20 V
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B2, Stress drain bias : -20 V
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B2, Stress drain bias : -20 V
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Figure 3-11. Degradation of (a) on-current and (b) subthreshold swing, and (c) shift of 

threshold voltage under the stress condition of VD = -20 V and various 

gate bias for 1000 sec. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-12. Transfer characteristics of the TT with various applied drain bias.  
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Figure 3-13. Schematic illustration for band diagrams at VG = 0 V and VD= -20 V 

along (a) vertical direction (located in the drain/gate overlap region of the 

TT) and along (b) channel direction, respectively, in which the BTB 

tunneling and FN tunneling processes are described. 
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B2, Stress condition :

VG = -5.5 V, VD = -20 V
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Figure 3-14. Shift of threshold voltage, and (b) degradation of on-current and (c) 

subthreshold swing as a function of stress time. The stress condition is VG 

= Vth – 3 V and VD = -20 V. 
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Figure 3-15. Subthreshold characteristics of DMT before and after DC stress at VG = 

Vth-3 V and VD= -20 V for various time. 
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Figure 3-16. Subthreshold characteristics for an SPC test transistor before and after 

stress measured under (a) forward mode and (b) reverse mode under 

stress condition of VG = Vth-3 V and VD= -20 V for 1000 sec. [35]. 
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Figure 3-17. Subthreshold characteristics of (a) DMT, (b) SMT, and (c) CMT 

embedded in an SPC test device before and after stress under stress 

condition of VG = Vth-3 V, VD= -20 V for 1000 sec. [35]. 
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(b) 

Figure 3-18. (a) Shift of threshold voltage, and (b) on-current degradation as a function 

of stress drain bias for SPC devices under the stress condition of VG = 

Vth – 3 V [35]. 
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Figure 3-19. Schematic illustration for energy distribution of channel carriers in MILC 

and SPC devices under the same hot carrier stress condition. 

 

  



67 
 

Stress gate bias : V
th

 - 3 V 

Stress drain voltage (V)

-26-24-22-20-18-16-14-12-10-8

D
el

ta
 o

n
-c

u
rr

en
t 

(%
)

-25

-20

-15

-10

-5

0

5

DMT

TT

SMT

CMT

SPC,  B2 

 

Figure 3-20. Degradation of on-current as a function of stress drain bias for SPC 

devices under the stress condition of VG = Vth – 3 V for 1000 sec. 
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Figure 3-21. Degradation of on-current as a function of stress drain bias for MILC 

devices under stress condition of VG = Vth – 3 V for 1000 sec. 
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