
Chapter 1 

Introduction 

               

1-1. Overview of polysilicon thin-film transistor technology 

In recent years, polycrystalline silicon thin-film transistors (poly-Si TFTs) have 

drawn much attention because of their wide applications in active matrix liquid crystal 

displays (AMLCDs)[1] and organic light-emitting displays (OLEDs)[2]. Poly-Si TFTs 

have also been applied in many memory devices such as the dynamic random access 

memories (DRAMs)[3], static random access memories (SRAMs)[4], electrically 

programmable read only memory (EPROM)[5], electrically erasable programmable 

read only memory (EEPROM)[6], linear image sensor[7], thermal printer head[8], 

photo-detector amplifier[9], scanner[10], and neutral network[10]. Recently, superior 

performances of poly-Si TFTs have been reported by scaling down device dimensions 

or utilizing novel crystallization technologies to enhance poly-Si film quality [11.12]. 

This provides the chance for applying poly-Si TFTs into three-dimensional (3-D) 

integrated circuit fabrication. Of course, the most important application is in 

AMLCDs, which leads to rapid development of poly-Si TFT technology. 

The major attraction of applying poly-Si TFTs AMLCDs lies in the greatly 

improved carrier mobility in poly-Si film and the capability of integrating the pixel 
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switching elements, panel array and peripheral driving circuit on the same substrates 

[13-15]. In poly-Si film, carrier mobility larger than 10 cm2/Vs can be easily achieved, 

that is enough to be used as peripheral driving circuit including n- and p-channel 

devices. This enables the fabrication of peripheral circuit and TFT array on the same 

glass substrate. It brings the era of system-on-glass (SOG) technology. The cost of the 

TFT LCD can be decreased and the reliability can be increased. In addition, the 

mobility of poly-Si TFTs is much better than that of amorphous ones, the dimension 

of the poly-Si TFTs can be made smaller compared to that of amorphous Si TFTs for 

high density, high resolution AMLCDs, and the aperture ratio in TFT array can be 

significantly improved by using poly-Si TFTs as pixel switching elements. This is 

because that the device channel width can be scaled down while achieving the same 

pixel driving requirements as in amorphous silicon (α-Si) TFT AMLCDs. 

However, some problems still exist in applying poly-Si TFTs on large-area 

displays. In comparison with single-crystalline silicon, poly-Si is rich in grain 

boundary defects as well as intra-grain defects, and the electrical activity of the 

charge-trapping centers profoundly affects the electrical characteristics of poly-Si 

TFTs. Large amount of defects serving as trap states locate in the disordered grain 

boundary regions to degrade the ON current seriously[16]. Moreover, the relatively 

large leakage current is one of the most important issues of conventional poly-Si TFTs 
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under OFF-state operation[17-18]. The dominant mechanism of the leakage current in 

poly TFTs is field emission via grain boundary traps due to the high electric field near 

the drain junction. A lightly-doped drain (LDD) structure is used to effectively lower 

leakage current by decreasing drain electric field[19]. Up to date, some studies of 

poly-Si TFTs also focus on developing new technologies to lower the maximum 

fabrication temperature, which enables the use of low-quality glass and therefore 

reduce production cost[20]. Some reported papers focus on the fabrication and 

characterization of small-dimensional poly-Si TFTs[21], which has high driving ability 

and high resolution and can be applied on AMLCD peripheral circuitry or the 

high-resolution projectors. In summary, it is expected that the poly-Si TFTs will 

becomes more and more important in future technologies, especially when the 3-D 

circuit integration era is coming. More researches studying the related new 

technologies and the underlying mechanisms in poly-Si devices with shrinking 

dimensions are therefore worthy to be indulged in.  

 

1-2. Defects in poly-Si film 

Due to the granular structure of the poly-Si film, a lot of grain boundaries and 

intragranular defects exist in the film. The dangling bonds in grain boundaries will 

affect device characteristics seriously because they act as trapping centers to trap 
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carriers. Carriers trapped by these low energy traps can no longer contribute to 

conduction, which results in the formation of local depletion region and potential 

barriers in these grain boundaries. Thus, the typical characteristics such as threshold 

voltage, subthreshold swing, ON current, mobility and transconductance of TFTs are 

inferior to those of devices fabricated on single crystal silicon film. As for the leakage 

current, it is well known that the leakage current increase with the drain voltage and 

gate voltage. The dominant mechanism of the leakage current is field emission via 

grain boundary traps due to the high electric field near the drain junction. 

To overcome this inherent disadvantage of poly-Si film, many researches have 

been focused on modifying or eliminating these grain boundary traps. Traps are 

associated with dangling bonds arising from lattice discontinuities between different 

oriented grains or at the Si/SiO2 interface. The most useful method so far to remove 

traps is to passivate these dangling bonds with NH3 plasma[22-23]. As the number of 

trapped carrier decreases, the potential barriers in grain boundaries decrease. And the 

leakage current decreases because of the fewer trap density near the drain region 

For devices with smaller dimension, the number of grain boundaries decreases 

since there are fewer grains within the channel region. Because the drain voltage 

drops mainly on the depletion regions located at grain boundaries, fewer grain 

boundaries represent larger voltage drop on each depletion region under the same 
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drain voltage. Therefore, a large electric field will exist in small dimension TFTs. If 

the electric field exceeds 105 V/cm, the impact ionization effect will occur and the 

drain current will increase dramatically. 

 

1-3. Motivation 

Although poly-Si TFT has high mobility leads to high aperture ratio in TFT array 

and also the high driving current in peripheral circuits to realization system on glass 

(SOG). However, there still are some non-ideal effects such as leakage current, DIBL 

effect, kink effect are found to influence device characteristics seriously to limit its 

applications. In order to overcome the previous non-ideal effects, firstly we apply the 

lightly-doped drain (LDD) structure to reduce the lateral electrical field in channel, 

which is responsible to achieve low leakage current. Secondly, according CMOS 

technology, several high performance surrounding gate structures in silicon on 

insulator (SOI) MOSEFT, such that double-gate[24], tri-gate[25], FinFET[26], and 

gate-all-around[27], have been reported that they have superior gate control over 

channel than conventional single-gate MOSFET to reduce the non-ideal effects. Thus, 

applying the surrounding gate structure, we can reduce the non-ideal effects and 

achieve high performance poly-Si TFTs.  Thus, in this thesis, firstly, we employed 

both multiple channels and LDD structure to investigate the surrounding gate 
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controllability relative to different multiple channel width and number in poly-Si thin 

film transistor. Secondly, the proposed TFTs’ reliability were also studied by stress 

duration relative to different multiple channel width and number in poly-Si thin film 

transistors.                                                                            
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Chapter 2  

Poly-Si conduction mechanism 

 

2-1. Transport properties of poly-Si 

As mentioned in section 1-1 and 1-2, the device characteristics of poly-Si TFTs 

are strongly influenced by the grain structure in poly-Si film. Even though the 

inversion channel region is also induced by the gate voltage as in MOSFETs, the 

existence of grain structure in channel layer bring large differences in carrier transport 

phenomenon. Many researches studying the electrical properties and the carrier 

transport in poly-Si TFTs have been reported. Many authors have explained this 

simple grain boundary-trapping model in detail [1-3]. In this model, it is assumed that 

the poly-Si material is composed of a linear chain of identical crystallite having a 

grain size Lg and the grain boundary trap density Nt. The charge trapped at grain 

boundaries is compensated by oppositely charged depletion regions surrounding the 

grain boundaries. It is shown in Fig 2-1. From Poisson’s equation, the charge in the 

depletion regions causes curvature in the energy bands, leading to potential barriers 

that impede the movement of any remaining free carriers from one grain to another. 

When the dopant/carrier density n is small, the poly-Si grains will be fully depleted. 

The width of the grain boundary depletion region xd extends to be Lg/2 on each side of 
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the boundary, and the barrier height VB can be expressed as 
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As the dopant/carrier concentration is increased, more carriers are trapped at the grain 

boundary. The curvature of the energy band and the height of potential barrier 

increase, making carrier transport form one grain to another more difficult. When the 

dopant/carrier density increases to exceed a critical value N* = Nt / Lg, the poly-Si 

grains turn to be partially depleted and excess free carriers start to spear inside the 

grain region. The depletion width and the barrier height can be expressed as   
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The depletion width and the barrier hight turn to decrease with increasing 

dopant/carrier density, leading to improved conductivity in carrier transport.  

The carrier transport in fully depleted poly-Si film can be described by the thermionic 

emission over the barrier. Its’ current density can be written as[4].  

)](exp[ VV
kT
qqnvJ Bc −−=           (2-4) 

where n is the free-carrier density, vc is the collection velocity ( ∗= mkTvc π2/ ), VB 

is the barrier height without applied bias, and Vg is the applied bias across the grain 

boundary region. For small applied biases, the applied voltage divided approximately 
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uniformly between the two sides of a grain boundary. Therefore, the barrier in the 

forward-bias direction decreases by an amount of Vg/2. In the reserve-bias direction, 

the barrier increases by the same amount. The current density in these two directions 

then can be expressed as 
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the net current density is then given by 
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at low applied voltages, the voltage drop across a grain boundary is small compared to 

the thermal voltage kT/q, Eq. (1.7) then can be simplified as 
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the average conductivity σ = J / Ε = JLg / Vg and the effective mobility µeff = σ / qn 

then can be obtained 

2
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where µ0 represents the carrier mobility inside grain regions. It is found that the 

conduction in poly-Si is an activated process with activation energy of approximately 

qVB, which depends on the dopant/carrier concentration and the grain boundary trap 

density. 
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 Applying gradual channel approximation to poly-Si TFTs, which assumes that 

the variation of the electric field in the y-direction (along the channel) is much less 

than the corresponding variation in the z-direction (perpendicular to the channel), as 

shown Fig 2-2. The carrier density n per unit area (cm-2) induced by the gate voltage 

can be expressed as 
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where tch is the thickness of the inversion layer. Therefore, the drain current ID of 

poly-Si TFT then can be given by 
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Obviously, this I-V characteristic is very similar to that in MOSFETs, except that 

the mobility is modified. 

 

2-2. Non-ideal effect 

There are three major non-ideal effects will limit the TFTs application, including 

leakage current, kink-effect and drain induced barrier lowering (DIBL). The 

mechanism of these three non-ideal effects is described briefly as bellow.  
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2-2-1. Leakage current 

In AMLCD, TFTs play a switching device to turn ON/OFF the current path for 

charging/discharging the liquid crystal capacitor. Thus, the leakage current should be 

low enough to remain a pixel gray level before it must be refreshed. The leakage 

current mechanism in poly-Si has been studied by Olasupe[5]. The leakage current 

resulted from carrier generation from the poly-Si grain boundary defects. There are 

three major leakage mechanisms, as shown in Fig. 2-3. The dominant mechanism is a 

function of the prevailing drain bias. They pointed out carrier generation from grain 

boundary defects via thermionic emission and thermionic field emission to be 

prevalent at a low and medium drain biases, and carrier pure tunneling from poly-Si 

grain boundary defects to be the dominant mechanism at higher drain bias. 

 

2-2-2. Kink effect[6] 

During devices operation, a high field near the drain could induce impact 

ionization there. Majority carriers, holes in the p-substrate for an n-channel poly-Si 

TFTs, generated by impact ionization will be stored in the substrate, since there is no 

substrate contact to drain away these charges. Therefore the substrate potential will be 

changed and will result in a reduction of the threshold voltage. This, in turn, may 

cause an increase or a kink in the current-voltage characteristics. The kink 
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phenomenon is shown in Fig 2-4. This float-body or kink effect is especially dramatic 

for n-channel devices, because of the higher impact-ionization rate of electrons. The 

kink effect can be eliminated by forming a substrate contact to the source of the 

transistor. 

 

2-2-3. Drain induced barrier lowering (DIBL)[6] 

In a short channel MOSEFT, when the drain voltage increase from the linear 

region toward the saturation region, its threshold voltage becomes smaller (see figure 

2-5). This effect is called drain-induced barrier lowering (DIBL). The effect is also 

observed in short channel poly-Si TFTs. The surface potentials between source and 

drain for several n-channel devices with different channel lengths are shown in Fig 

2-6. The dotted lines are for Vds = 0 and the solid lines for Vds > 0. When the gate 

voltage is below Vth, the p-Si substrate forms a potential battier between n+ source 

and drain and limits the current flow from source to drain. For a device operated in 

the saturation region, the depletion-layer width of the drain junction is significantly 

wider than that of the source junction.  
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Fig. 2-1 Sketch of the band diagram of the polycrystalline 
silicon films 
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Fig. 2-3 Three possible mechanisms of leakage current in poly-Si TFTs, including 
thermionic emission, thermionic field emission and pure tunneling 
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Fig. 2-4 The kink effect in the output characteristics of an 
n-channel SOI MOSFET[6] 

Fig. 2-5.   
Threshold voltage roll-off characteristics in a 0.15 μm 

complementary metal-oxide-semiconductor (CMOS) 
field-effect transistor technology[6]. 
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 Fig. 2-6 Calculated surface potential along the channel for n-channel MOSFETs with 
different channel lengths. The source-channel boundary is at y = 0. A low (0.05 V, dotted 
lines) and a high (1.5 V, sold lines) VDS are applied. Oxide thickness d and substrate 
doping NA are 10 nm and 1016 cm-3, respectively. The substrate bias is 0 V[6] 
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Chapter 3 

Experiment 

 

3-1. Fabrication process of Poly-Si TFT 

    In this thesis, we fabricate the poly-Si TFTs with LDD and multi-channel 

structure. The top view of the devices is shown in Fig. 3-1 and the schematic cross 

section view of devices is shown in Fig. 3-2 and in Fig 3-3. The fabrication procedure 

is described as following. All submicron lithography patterning was performed by 

using electron-beam (EBeam) direct -writing lithography. 

Step1. Substrate. 

6-inch p-type single-crystal silicon wafers with (100) orientation were used as 

the starting substrate. After a standard cleaning procedure, silicon wafers were coated 

with 400-nm-thick thermally grown SiO2 in steam oxygen ambient at 1000ºC 

 

Step2. Poly-Si thin film formation . 

Undoped 50-nm-thick amorphous-Si layers were deposited by low pressure 

chemical vapor deposition (LPCVD) at 550ºC. The amorphous-Si films were 

recrystallized by solid phase crystallization (SPC) method at 600ºC for 24hrs in N2 

ambient. After Ebeam direct writing and transformer couple plasma (TCP) etching, 
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the device active region source, drain and multiple channels were formed. 

 

Step3. Gate oxide formation. 

After defining the active region, the wafers were cleaned in H2SO4/H2O2 and 

NH4OH/H2O2 solution to remove residue of polymer before gate oxide deposition. A 

buffered HF dip was performed to remove the native oxide on the silicon surface. 

Then, a 26-nm-thick layer of tetra-ethyl-ortho-silicate (TEOS) gate oxide was 

deposited by LPCVD at 7000C. The thickness of gate oxide was determined by  

N&K optical analyzer.  

 

Step4. Gate electrode formation. 

After deposition of gate insulators, 150-nm-thick poly-silicon films were formed 

immediately on the gate insulators by LPCVD at 620°C. The second poly-Si layers 

were patterned by EBeam lithography and transformer couple plasma (TCP) etching 

to define the gate electrode and to be the mask for self-aligned implantation.  

 

Step5. LDD and source/drain formation. 

After the gate definition, the implantation for lightly-doping source and drain 

was performed by phosphorous ions at a dosage of 5×1013 cm-2. A 200nm-thick TEOS 
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was then deposited by LPCVD, and anisotropically etched by reactive ion etching 

(RIE) to form a sidewall spacer abutting the poly-Si gate. Next, the self-aligned 

source and drain regions were formed by phosphorous ions implantation at a dosage 

of 5×1015 cm-2. After the source and drain formation, doping activation was performed 

by rapid thermal anneal (RTA). 

 

Step6. Passivation layer and contact hole formation. 

After doping activation, a 300-nm-thick TEOS oxide layer was deposited by 

LPCVD as the passivation layer. The 5×5 um2 contact holes were patterned by 

reactive ion etching (RIE) subsequently. 

 

Step7. Metallization. 

The 300-nm-thick aluminum layers were deposited by physical vapor deposition 

(PVD) and then patterned to form the gate, source and drain contact metal pads. 

Finally, the devices were sintered at 400°C in hydrogen ambient for 30 min. 

 

Step8. Passivation. 

It is well known that grain boundary passivation is very effective in improving 

the performance of poly-Si TFTs. Therefore, to reduce trap density and improve 
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interface quality, wafers were immured in an NH3 plasma generated by plasma 

enhanced CVD (PECVD) for 1 hr. 

 

Device table 

This investigation proposes TFTs with a gate length of 0.5um consist of ten strips 

multiple 67 nm wire channels (M10), five strips multiple 0.18um channels (M5), two 

strips 0.5um channels (M2) and a single-channel structure (S1) with W = 1 um were 

fabricated and all listed in table I. 

 

3-2. Device parameter extraction 

In this section, we will introduce the methods of typical parameters extraction 

such as threshold voltage (Vth), subthreshold slope (SS), drain current ON/OFF ratio, 

field-effect mobility (µFE), drain induced barrier lowering (DIBL) and the trap density 

(Nt) inside the channel.  

 

3-2-1. Determination of the threshold voltage 

Many ways are used to determinate the Vth which is the most important 

parameter of semiconductor devices. In poly-Si TFTs, the method to determinate the 

threshold voltage is constant drain current method. The gate voltage at a specific 
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drain current IN value is taken as the threshold voltage. This technique is adopted in 

most studies of TFTs. Typically, the threshold current IN = ID / (Weff / Leff ) is specified 

at 10 nA for VD = 0.05V (linear region) and 100 nA for VD = 2V (saturation region) in 

this thesis. 

 

3-2-2. Determination of the subthreshold slope 

Subthreshold slope SS (V/dec.) is a typical parameter to describe the gate control 

toward channel. The SS should be independent of drain voltage and gate voltage. 

However, in reality, SS might increase with drain voltage due to short-channel effects 

such as charge sharing, avalanche multiplication, and punchthrough-like effect. The 

SS is also related to gate voltage due to undesirable factors such as serial resistance 

and interface state. In this experiment, the SS is defined as one-half of the gate 

voltage required to decrease the threshold current by two orders of magnitude (from 

10-8A to 10-10A). 

 

3-2-3. Determination of On/Off Current Ratio 

    Drain On/Off current ratio is another important factor of TFTs. High On/Off ratio 

represents not only large turn-on current but also small off current (leakage current). It 

affects gray levels (the bright to dark state number) of TFT AMLCD directly.  
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There are many methods to specify the on and off current. The practical one is to 

define the maximum current as on current and the minimum leakage current as off 

current while drain voltage is applied at 2V. 

 

3-2-4. Determination of the field-effect mobility 

The field-effect mobility (µFE) is determined from the transconductance (gm) at 

low drain voltage (Vd = 0.05V). The transfer I-V characteristics of poly-Si TFT can 

be expressed as 

21[( ) ]
2D FE ox G th D D

WI C V V V V
L
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where  

Cox is the gate oxide capacitance per unit area,  

W is channel width, 

L is channel length,  

Vth is the threshold voltage.  

If VD is much smaller than VG-Vth ( i.e. VD << VG-Vth ) and VG > Vth, the drain current 

can be approximated as: 
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Therefore, the field-effect mobility can be obtained by 

 g m
Dox

FE WVC
L

=µ                         (3-4) 

 

3-2-5. Determination of the drain induced barrier lowering 

Drain induced barrier lowering (DIBL) is another important parameter to 

describe the gate electrode controllability toward channel. It is defined that the gate 

voltage difference between Vd = 0.05 V and Vd = 2 V divide the drain voltage 

difference, when the drain current is equal to 10-10 A. 

 

3-2-6. Determination of the poly-Si grain boundary trap density 

 As described in Eq. (2-3), the grain boundary potential barrier height VB is 

related to the carrier concentrations inside the grain and the trapping states located at 

grain boundaries. Based on this consideration, the amount of trap state density Nt can 

be extracted from the current-voltage characteristics of poly-Si TFTs. As proposed by 

Levinson et al[1], the I-V characteristics including the trap density can be obtained 

by : 

)
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The effective trap state density then can be obtained from the slope of the curve 

ln[ID/(VG)] versus (VG)-1. 
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Fig. 3-1 The top view of the multiple nano-wire channel 
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Fig. 3-2 Cross-section view of Fig. 3-1 AA’ direction. 
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Table I.  

 
Table I Devices dimension of M10, M5, M2 and S1. All devices have the same 
active channel thickness 50nm and gate oxide thickness 26nm. 
 

Device name Gate length 
L 

Channel number Each channel width
W 

M10 0.5um  10 67nm 
M5 0.5um 5 0.18um 
M2 0.5um 2 0.5um 
S1 0.5um 1 1um 
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Chapter 4 

Experiment results and discussion 

              

4-1. Gate controllability with different multiple channel number and 

width of poly-Si Thin-Film Transistor  

Fig. 4-2a presents a after etching investigation (AEI) scanning electron 

microscopy (SEM) photograph of the poly-Si active region in the TFTs, including the 

source, the drain and ten multiple nano-wire channels. Fig. 4-2b presents a magnified 

area of multiple nano-wire channels in the TFTs, each of which is 67 nm wide. Fig. 

4-2c presents a plane view of transmission electron micrograph (TEM) photograph of 

the active region in the proposed TFTs. The average grain size in the poly-Si channel 

formed by solid phase crystallization is approximately 30 nm. Fig. 4-3 to 4-6 present 

the electrical characteristics of different channel number and width poly-Si TFTs. 

Each figure (a) of Fig. 4-3 to 4-6 plots a typical transfer curves, and figure (b) plots 

output curves of poly-Si TFTs. The M10 transfer characteristic indicates that the ten 

strips nano-wire channel TFTs has the best performance, including lowest OFF-state 

leakage current, highest drain current ON/OFF ratio, smallest subthreshold slope (SS) 

and lowest drain induced barrier lowering (DIBL). On the other hand, in Fig. 4-3(b) to 

4-6(b), the kink-effect is reduced form S1 to M10 TFT. The M10 TFT even shows 
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kink-free characteristics. It implies that the thin 50 nm-thick, and 67nm-wide 

MNWCHs of M10 are fully depleted by tri-gate structure. Thus, at high drain bias 

(Vds), the impact ionization is reduced than others TFTs. For investigation of devices 

process variation, five TFTs in different area on the 6-inch wafer were taken into 

account. Table II lists all poly-Si TFT parameters, including average and standard 

deviation values of field effect mobility (µFE), ON/OFF ratio, threshold (Vth), 

subthreshold slope (SS), and drain induced barrier lowering (DIBL). µFE is extracted 

from linear region (Vd = 0.05V) transcendence gm. Vth is defined as the gate voltage 

required to achieve a normalized drain current of Id / (W/L) = 10-7 A at Vd = 2 V. ION is 

defined of maximum drain turn on current at Vd = 2V. IOFF is defined drain turn off 

current at Vg = -3V and Vd = 2V. Thus, ON/OFF ratio is defined as ION / IOFF. DIBL is 

defined as ∆Vg / ∆Vd at Id = 10-10 A at Vd = 2 V. Fig. 4-7 shows the TFTs µFE versus 

different channel and width relation. This fact shows that the M10, M5, M2 and S1 

poly-Si TFTs can yield almost the same carrier mobility, indicating that the carrier 

mobility and turn on current are not degraded in different channel number structure 

TFTs. Fig. 4-8 shows the TFTs ON/OFF ratio (left), and leakage current IOFF (right) 

versus different channel and width relation, respectively. The leakage current is 

reduced significantly at OFF-state from S1 to M10 TFTs sequentially. It can be 

explained that the M10 TFT has better gate control over channel than others. As the 
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result, M10 TFT has lowest lateral and drain electrical field in channel[1], thus the 

energy band bending is smooth in drain depletion region. So that the IOFF which 

generated from field emission and tunneling current is reduced most significantly. 

Therefore, M10 TFT has a highest ON/OFF ratio (>109) than others TFTs. Fig. 4-9 

shows the TFTs Vth versus different channel and width relation. The average value of 

each Vth is within 0 to 0.2. It should be noted that M10 TFT shows lowest standard 

deviation value. It implies that M10 TFT forms a relatively stable structure to reduce 

fabrication variation, which is a key factor for uniform lager-glass AMLCD 

application. Fig. 4-10 shows the TFTs SS versus different channel and width relation. 

SS mean values and standard deviations are both increasing with channel numbers. 

One may notice that M10 TFT shows smallest SS both in average (110mV/dec.) and 

standard deviation than others. The steep SS of M10 is desirable for the ease of 

switching the transistor off. The mathematical education of SS could describe as 

following[2]: 
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Nb,Si is the trap density in the poly-Si layer (cm-3eV-1), Dit is the interface trap density 
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at the poly-Si/gate oxide dielectirc film (cm-3). Steep SS of M10 can be explained that 

M10 has strongest gate control and passivation to reduce Nb,Si and Dit, and achieve 

lowest Ct.  Fig. 4-11 shows the TFTs DIBL versus different channel and width 

relation. M10 TFT shows zero of DIBL both in average and standard deviation than 

others. It can be explained that ten nano-wires of M10 TFT are strongly controlled by 

its surrounding gate electrode (Fig. 4-1c), and resist the electrical field penetration 

from the drain electrode[3]. 

According to Fig. 4-9, 4-10 and 4-11, M10 TFT has best performance in switching 

application, such that most stable Vth, smallest SS, and DIBL–free effect than others. 

These results can be summarized that M10 TFT its active channels have a best gate 

controllability due to its tri- gate structure. Energy-band diagram of S1 single–channel 

TFT and M10 multiple nano-wire channels TFT are shown in Fig. 12 and 13, 

respectively. Obviously, M10 TFT has additional two-side gates control, hence a 

better gate controllability than S1 TFT. Furthermore, experiments results also show 

the gate controllability is increasing with channel number from S1, M2, M5 to M10 

resulting its structure from single gate to tri-gate sequentially. Moreover, the effect of 

NH3-plasma passivation more efficiently affects M10 than it does other TFTs, because 

the former has split nano-wire structures that are mostly exposed to NH3 plasma. 
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4-2. Stress results of MCH and SCH LDD TFTs 

Fig. 4-14 (a)-(d) depict a serious of typical S1 TFT Id-Vg curves after DC stress 

at 0, 40, 100, 160, 190 min, respectively. Fig. 4-15 (a)-(d) depict a serious of typical 

M10 TFT Id-Vg at the same stress condition. The stress condition was chosen from 

the output characteristics when kink effect occurs, i.e. Vd = 6V and Vg = 3V. The 

stress time is 0, 40, 100, 160, 190 min. According to Fig. 4-1 4(a)-(d), SCH TFT 

shows serious degradation of DIBL, SS, and leakage current with stress time 

increasing. On the other hand, Fig. 4-15 (a)-(d) show that M10 TFT has not much 

degradation such as DIBL, SS, and leakage current. The ON current has light 

degradation after stress for both M10 and SCH TFTs devices. The aggravated 

degradation of the Ion/Ioff ratio for SCH TFTs is due to its higher increased leakage 

current than M10 devices. It is because that the more traps on the ploy-Si grain 

boundaries are generated by hot carrier impact ionization during the DC stress for S1 

TFT. And these extra trap states near the drain will generate extra leakage current. 

Additionally, M10 has more NH3 passivation due to its split nano-wire structure, and 

has better gate controllability. Therefore, M10 exhibits a better stress endurance than 

S1 TFT. 

For further understanding the TFT’s performance degradation with channel 

width effect related to stress duration. The mobility, ON/OFF, Vth and SS, after DC 
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stress duration for S1, M2, M5 and M10 are displayed in Fig. 4-16 to Fig. 4-19, 

respectively. Experimental electronic parameters and corresponding possible 

degradation mechanics are listed in table III[4]. Fig. 4-16 shows field effect mobility 

variation of M10 M5, M2 and S1 TFTs with stress duration. It implies that field effect 

mobility of all TFT has the identical degradation behavior. It can be explained that all 

TFT’s generate equal tailed states. Fig. 4-17 shows ON/OFF ratio variation of M10 

M5, M2 and S1 TFTs with stress duration. From the result, ON/OFF ratio of all TFT 

has the identical degradation behavior. It also can be explained that all TFT’s generate 

equal tailed states. In addition, M10 has higher ON/OFF ratio due to its initial status. 

Fig. 4-17 and 4-18 show Vth and SS with stress duration, respectively. From the 

results, Vth and SS of M10 TFT are keeping in constant after stress duration. In table 

III, the Vth and SS variation mainly depend on the number of deep states. It was 

believed that the deep states were generated from the poly-Si grain boundary breaking 

bonds. Therefore, M10 TFT’s surrounding gate structure can effectively decreases the 

lateral electric field, which is responsible for Vth and SS invariant under stress 

duration. 
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Fig. 4-1 (a) Schematic diagram of M10 poly-Si TFT.  

 (b) Cross-section view of Fig. 1a AA’ direction.  

 (c) One of channel cross-section view of Fig. 1a BB’ direction. 
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Fig. 4-2 (a) Scanning electron microscopy photography of active pattern with the source, 
the drain and multiple nano-wire channels of M10 TFT. (b) Magnified area of multiple 
nano-wire channels. The each nano-wire width is 67 nm. (c) Transmission electron 
microscopy photography of poly-Si grains by solid phase crystallization. The average 
poly-Si grain size is about 30 nm. 

 34



 

L/W=0.5um/67nm*10

Gate voltage (V)
-5 -4 -3 -2 -1 0 1 2 3 4 5

D
ra

in
 c

ur
re

nt
 (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

10-3

Vd=2V

Vd=0.05V

G

DS

G

DS

M10 

Fig. 4-3a Id-Vg characteristics of M10 (L/W = 0.5um/67nm×10) poly-Si TFT. 
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Fig. 4-3b Id-Vd. characteristics of M10 (L/W = 0.5um/67nm×10) poly-Si TFT. 
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Fig. 4-4a Id-Vg characteristics of M5 (L/W = 0.5um/0.18um×5) poly-Si TFT. 
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Fig. 4-4b Id-Vd. characteristics of M5 (L/W = 0.5um/0.18um×5) poly-Si TFT. 
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Fig. 4-5a Id-Vg characteristics of M2 (L/W = 0.5um/0.5um×2) poly-Si TFT.  
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Fig. 4-5b Id-Vd. characteristics of M2 (L/W = 0.5um/0.5um×2) poly-Si TFT. 
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Fig. 4-6a Id-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT. 

Fig. 4-6b Id-Vd characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT. 
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Table II Device average and standard deviation parameters of M10, M5, M2 and S1. 
Number inside the bracket is parameter’s standard deviation. All parameters were 
extracted at Vd = 2V, except for the field-effect mobilities which were extracted at Vd 
= 0.05V. 
 

 Mobility  
(cm2/VS)  

Vth

(V) 
SS  

(mV/dec.) 
Ion / Ioff DIBL 

(V/V) 
M10 37.95 (3.97) 0.15 (0.11) 137 (23) 7.36 × 109 0 
M5 41.77 (3.91) 0.06 (0.15) 172 (56) 1.60 × 109 0.06(0.02) 
M2 37.21 (2.88) 0.11(0.39) 324 (75) 6.69 × 107 0.25(0.09) 
S1 38.44 (3.39) 0.03 (0.23) 334 (140) 2.23 × 107 0.32(0.09) 
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Fig. 4-7 Field effect mobility (µFE) versus different channel number poly-Si TFTs. The 
dots value present average value and error bars present standard deviation. 
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Fig. 4-9 Threshold voltage (Vth) versus different channel number poly-Si TFTs. 
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Fig. 4-10 Subthreshold slope (SS) versus different channel number poly-Si TFTs. 
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Fig. 4-11 Drain current maximum ON/OFF ratio (R) versus different channel number poly-Si 
TFTs. 
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Buried oxide Channel Gox Gate1 

Fig. 4-12 Energy-band diagram of top-gate single channel TFT. 

 
(a) 

Gox Gate1 Channel 
thickness

Buried 
oxide

Gate3 Gox Gate2 Channel 
width 

Gox 

Fig. 4-13 Energy band diagram of top-gate M10 TFT. According its tri-gate structure, 
M10 TFT will include (a) top-gate, and (b) 2 side-gates energy-band diagram.  
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Fig. 4-14a Id-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, before 
stress.  
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Fig. 4-14b Id-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, after stress 
time 40 min. with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-14c Id-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, after stress 
time 100 min. with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-14d Id-Vg characteristics of S1 (L/W = 0.5um/1um) poly-Si TFT, after stress 
time 160 min. with stress condition Vg = 3V and Vd = 6V. 
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L/W=0.5um/67nm*10
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Fig. 4-15a Id-Vg characteristics of M10 (L/W = 0.5um/67nm*10) poly-Si TFT, 
before stress with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-15b Id-Vg characteristics of M10 (L/W = 0.5um/67nm*10) poly-Si TFT, after 
stress time 40 min. with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-15c Id-Vg characteristics of M10 (L/W = 0.5um/67nm*10) poly-Si TFT, 
after stress time 100 min. with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-15d Id-Vg characteristics of M10 (L/W = 0.5um/67nm*10) poly-Si TFT, after 
stress time 160 min. with stress condition Vg = 3V and Vd = 6V. 
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Fig. 4-16 Field effect mobility (µFE) of all poly-Si TFTs devices versus different 
stress time.  
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Fig. 4-17 Ion/Ioff ratio of all poly-Si TFTs devices versus different stress time.  
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Fig. 4-18 Threshold voltage of all poly-Si TFTs devices versus different stress 
time.  
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Fig. 4-19 Subthreshold swing (SS) of all poly-Si TFTs devices versus different 
stress time.  
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Table III Variation of experimental electronic parameters and corresponding possible 
degradation mechanics. 
 

Electrical parameters 
after stressing 

Mainly depending on  

∆gmmax Interface state generation 
State generation in the grain boundaries (tail state) 

∆Von Charge injected into the gate oxide 
Interface state generation (deep states) 
State generation in the grain boundaries(deep states) 

∆S (subthreshold swing) Intra-grain defect density generation (bulk state) 
Interface state generation (deep states) 
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Chapter 5 

CONCLUSION 

 

We have studied the gate controllability of proposed poly-Si TFTs with multiple 

channels and different widths. Experiment results show that the gate controllability is 

increasing with channel number from S1, M2, M5 to M10 as the structure changes 

from a single gate to a tri-gate sequentially. The M10 TFT has the best gate 

controllability due to its pronounced nano-wires structure behavior. The M10 TFTs 

exhibit superior and stable characteristics, such as low leakage current in the off-state, 

a high ON/OFF current ratio, a steeper subthreshold slope, an absence of DIBL, and a 

favorable output characteristics. Moreover, we also explored multiple channels with 

LDD structure to investigate the stress duration relative to different multiple channel 

width and number in poly-Si thin film transistor. From our experiment results, 

ON/OFF ratio of all TFTs has an identical degradation behavior. The Vth and SS of 

M10 TFT remain constant after stress. 

 The fabrication of multiple channel TFTs is quite easy and involves no 

additional processes. Such TFTs are thus highly promising for use in future 

high-performance poly-Si TFT applications.
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