N5 &P EHR AW SRR GRS

Fabrication and High-Frequency Characterization of

N-type Poly-Si Thin-Film Transistors

B o3 o4 ey
hERER: HhEg: BEL
TAx #4

PER - O- & 4 ¢



N % & ENT nsaaig’z)iﬂﬁ-ﬁ’ %ﬁ#'ﬁ-"\*?

Fabrication and High-Frequency Characterization of

N-type Poly-Si Thin-Film Transistors

= SR S £ Student : Ting-Yao Lin
Ry i gL Advisors :  Dr. Horng-Chih Lin
TA~ gL Dr. Tiao-Yuan Huang

Submitted to Department of Electronics Engineering & Institute of Electronics
College of Electrical Engineering and Computer Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electronics Engineering
September 2012
Hsinchu, Taiwan, Republic of China

PE LR - O- FE 4 ¥



Fid et REyE: A gL
Fpa gl

Ahwed > 2 AUENIEER RSy H R AR
FRXPIFABOPE TP ERF AN SR R A )R

9 A FATHC T AR E R AT MR A P RE R A [ AR B

fe R * TR I A KR MR s Al R R R 0 ¥ by JI*

5
w

B REME S GG B S WEE R L R P AMPRER TG
bR R E R AR A -

R I A= Es P E Y SRR Y S ==

gl
i
%m

W) LA e A - 2 - MR R R Rl o 2

PELERE S RAMESEY hF L R FLTE E A AR

FEE L RS R b RS R I BRIV A A P T E R
Frgpamiti o L) RS RET AT Lo - M ERIEL RS S

BB T MR LA ARE T i en e



Fabrication and High-Frequency
Characterization of N-type Poly-Si Thin-Film
Transistors

Student: Ting-Yao Lin Advisors: Dr. Horng-Chih Lin
Dr. Tiao-Yuan Huang

Department of Electronics Engineering and Institute of Electronics

National Chiao Tung University, Hsinchu, Taiwan

Abstract(English)

In this thesis, we have fabricated n-type poly-Si-thin-film transistors (TFTs) and
studied their high frequency characteristics. High frequency characteristics are
affected easily by the parasitic components, hence reduction of these components is
essential. Resistances of source, drain, and gate are reduced with the aid of Ni
silicidation technique in this work. To effectively shrink the gate length, we used both
over-exposure and photoresist-trimming techniques to shrink the dimension of the PR
patterns. These actions are helpful in improving the high frequency characteristics.
However, we found the fluctuation in the dimensions of the interdigital poly-Si gate

patterns fabricated by double-pattering process is significant. The anomalously



shortened gate lengths in the interdigital gate structures tend to increase the off-state

current.

We’ve also successfully extracted the small-signal parameters by using a

small-signal model. The simulation results of S parameters agree well with the

measured data, confirming the accuracy of the small-signal model. As compared with

the device with single-gate pattern, the values of parasitic resistances become smaller

and the values of parasitic capacitances increase in the interdigital gate structure. But

it is still beneficial for improving cut-off frequency and maximum oscillation

frequency with the interdigital.gate structure. Although the extrinsic resistances are

large and may affect the practical ac performance, the-analysis is confirmed with the

simulation results and proved to be.reliable. From both the normalized data and the

comparison of the experimental results with the simulation, it is observed that the

trends of calculation agree well with the measurements.
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Chapter 1

Introduction

1-1 Overview of Thin-Film Transistor Technology

Dr. Paul K. Weimer invented and contributed to the development of thin-film
transistors (TFTs) as he was employed at Radio Corporation of America in Princeton
in 1962 [1.1]. In this work cadmium sulfide was used as the active channel, while
source, drain, and gate were made of metals [1.1]. Since then several alternative
materials have been explored and used as the channel layer, such as hydrogenated

amorphous silicon (a-Si:H) [1.2], and polycrystalline silicon (poly-Si) [1.3] [1.4].

The o-Si TFTs were developed much earlier than the poly-Si counterparts
because the a-Si:H material can be deposited on glass substrates at a low temperature
with plasma-enhanced chemical vapor deposition (PECVD). However, a-Si TFTs are
not feasible for high-performance circuits because of the low carrier mobility which is
typically less than 1cm?/V - s. Until Fa and Jew developed the first poly-Si TFT [1.2],
the demerits of a-Si TFTs were not appropriately addressed. Electron mobility of

poly-Si TFTs can reach as high as 260cm?/V - s [1.3] [1.4]. However, high-temperature



processes are incompatible with the manufacturing of the liquid-crystal displays (LCD)
with low-cost glass substrates, hence, low-temperature polycrystalline silicon (LTPS)
techniques are developed. LTPS TFTs not only cost less, but also make the resolution
of active-matrix liquid-crystal displays (AMLCDs) higher [1.5]. However, the

occurrence of the kink effect may limit the application to analog circuits [1.6].

The grain size of poly-Si is one of the major factors influences the carrier
mobility. The effective mobility increases as the grain size is expanded. The grain size
of as-deposited poly-Si is smaller than that with the poly-Si re-crystallized from o-Si.
There are 3 popular methods . for  re-crystallization, including solid phase
crystallization (SPC), excimer laser crystallization (ELC) and metal-induced lateral
crystallization (MILC). However, properties of the re-crystallized materials are
strongly dependent on the technique employed and the conditions used in the process.
Firstly, the SPC process usually takes longer time, roughly 24-48 hours if processed
under 600°C. This requirement certainly affects the throughput and thermal budget.
Secondly, the ELC process takes much less time to fabricate, and the substrate does
not have to be subjected to high temperature environment. However, the surface of the
re-crystallized film is not smooth at all and protruding regions appear near the grain
boundaries [1.7]. Lastly, the MILC process which adds a little metal into a-Si is also

able to maintain the processing temperature below 600°C and thus reduces thermal



budget [1.8]. Usually poly-Si films produced with ELC or MILC schemes are with

much larger grains as compared with those produced with SPC.

Nowadays, LTPS TFT has the potential to become a widely applied technique for
related applications. For instance, AMLCD [1.6][1.9],
metal-oxide-nitride-oxide-polysilicon (MONOS) [1.10], and fingerprint scanning

array [1.11].

1-2 Overview of Radio Frequency Technigues

With the thriving in technology development, wireless transmission among
electronics gears doubtlessly prevails throughout our daily life. In early days the
transmission was mostly limited to the-audio-communication. Nowadays, accessing
data of other formats like texts or video images and a much larger capacity of data
transmission has been greatly demanded. Thus, speeding the speed of transmission is

a paramount issue to put focus on.

Over past decades, transistors have been widely used and continually developed
due to its mature technique. Moreover, operation frequency of the circuits
continuously improves thanks to the scaling down of devices. Many kinds of

high-performance circuits constructed by transistors are available, such as filter, mixer,



divider, phase-locked loop (PLL), voltage-controlled oscillator (VCQO), and low-noise

amplifier (LNA). Among them, the PLL is used for precisely controlling and

automatically modulating frequency [1.12]. VCO is another kind of oscillation

circuits which controls the oscillation frequency with voltage [1.13]. The purpose of a

LNA is to receive signal by antenna with high gain and sensitivity. In order to reduce

loss, LNAis usually put in the front of antenna [1.14].

Major factors for improving the electrical performance of transistors applied for

radio frequency (RF) circuits include high electron mobility, high transconductance,

high current drive, low parasitic resistance, low parasitic capacitance, and high

frequency response characteristics. By achieving those mentioned above, we could

improve cut-off frequency (f;) and maximum oscillation frequency (fmax). By properly

shrinking the dimensions of TFTs, the devices’ RF performance is expected to

improve significantly and becomes feasible for RF IC application. Additionally, the Si

TFTs fabricated on a flexible polymer substrate for construction of large-area RF

systems for applications in aerospace, such as phased array antennas for

communication, remote sensing, and surveillance [1.15]. The system-on-panel (SoP)

can be used to upgrade the displays and advance the function of many products. For

example, it could be integrated into a cell phone which is capable of doing transaction

by electric wallet or RF identification (RFID) [1.16].



1-3 Overview of Silicide Technology

The major metal silicides adopted today are developed from titanium (Ti), cobalt
(Co), and nickel (Ni), in that order. There materials offer a few advantages, such as
low resistivity, low contact resistance, good process compatibility, and can be formed
in a self-aligned manner. However, there also exist a few issues which have been

studied in numerous publications, like bridging, stress, thin film agglomeration, etc.

Ti-salicide was developed as the first salicide material. The early issue is the
severe bridging occurring over spacers due to lateral diffusion of Si atoms which react
with Ti on the spacers. The formed silicide forms conduction bridges connecting the
gate and source/drain regions. Applying a two-step annealing in N is capable of
overcoming the problem [1.17]. Specifically;-the first step is performed at a relative
low temperature (650-700°C) to form C49 TiSi, with higher resistivity. In this stage
bridging would not occur due to the low temperature. Then a wet etching is employed
to selectively remove the un-reacted Ti film on the wafer surface, including that on the
spacers. The second anneal is then done at a higher temperature ( > 800°C) to transfer
the C49 TiSi, into C54 TiSi, [1.18]. But the problem of a large thermal budget still
exists. Besides, the sheet resistance of silicide increases anomalously when the
devices are scaled down ( < 0.25um). This phenomenon is called the

narrow-line-width effect [1.19] and limits the Ti salicide from being implemented in

5



sub 0.25 micron-node.

Co-silicide succeeded Ti-silicide at 0.18um technology node and beyond. To

avoid bridging, a two-step anneal procedure is still used to form low-resistivity CoSi,

at a high temperature ( > 700°C) from high-resistivity CoSi of the first annealing done

below 500°C [1.20]. Before the aforementioned process, a TiN capping layer is

usually deposited onto the Co layer and serves as a barrier to avoid oxidation during

the following annealing in N, because Co-salicide process is sensitive to

contamination of the ambient, especially oxygen [1.21]. The major disadvantages of

Co-salicide are the narrow-line-width-effect (occurring as line width smaller than

100nm) and a mass of Si consumption.

The Ni-salicide technology ‘was-proposed in 1991. The NiSi salicide for

0.4um-CMOS exhibited nice characteristics [1.22]. The advantages of Ni-silicide

include less narrow-line-width effect, lower resistivity, lower contact resistance, lower

thermal budget, and less Si consumption [1.23][1.24]. Ni-salicide usually demands

only one step of anneal at a temperature ranging between 350°C and 700°C to form

low-resistivity NiSi. At such a temperature, Ni-salicide can be free from the bridging

issue. Besides, doping with 5% Pt-incorporation was found to increase the phase

transformation temperature [1.25]. From the application point of view, Ni-salicide

process developed in the early 1990s has been introduced in nano-scale technology

6



nodes owing to the fact that several properties mentioned above are superior to those

of Ti- and Co-salicide technologies.

1-4 Motivation

Displays have been widely-used in our daily life and it wouldn’t surprise us that
the hot products recently discussed and focused are the flat-panel types. Looking
inside them, TFTs are usually used as the switch of pixels in the AMLCDs. Besides,
the performance of TFTs has greatly improved in recent years and should be capable
of serving as the basic building blocks-on ICs manufactured on the panel of displays.
For SoP purpose, ICs of different functions, like central processing unit (CPU),
memory, and RF, are demanded to be integrated-on the same panel. Nonetheless, few
works are reported on studying the RF characteristics of poly-Si TFTs, owing to their
relatively low mobility as compared with the bulk Si counterparts, as well as the
rather large device size in modern manufacturing (e.g., channel length > 3um).
However, considering the low-temperature processing and the capability of being
manufactured on glass or flexible substrates, this subject is worthy of exploration.
Several ways can be adopted to improve the RF performance of poly-Si TFTs. One is
to scale down the channel length which can readily increase the on current and the

transconductance. Reduction of parasitic source/drain series resistance is another key



work. In this work we adopt these approaches in the device fabrication and study the

RF characteristics of the fabricated devices.

1-5 Organization of Thesis

In Chapter 2, the process for an n-type poly-Si TFT is described and evaluated.
Utilization of photoresist-trimming techniques for device fabrication is stated. The

characterization scheme and measurement setup are also introduced

In Chapter 3, the experimental results on.characterizing the fabricated devices,
including the transfer and output current-voltage (I-V), small-signal parameters

extraction, and RF characteristics, are shown and discussed.



Chapter 2

Device Fabrication and Measurements

2-1 Device structure and Process Flow

The process scheme is shown in Fig. 2.1. First of all, a wet oxide with thickness
of 1000 nm was formed on a six-inch silicon substrate as the buried oxide. An
amorphous silicon (a-Si) layer was then deposited with low pressure chemical vapor
deposition (LPCVD) to serve.as the channel layer-as shown in Fig. 2.1 (a). The
channel thickness was either 50 or 100nm. Solid phase crystallization (SPC) method,
which was performed at 600°C in N».ambient for-24 hours, was then used to transform
the film from a-Si into poly-Si in order to promote the electron mobility. The poly-Si
layer was then defined to form active regions by an I-line lithographic and subsequent
anisotropic etching steps, as depicted in Fig. 2.1 (b). LPCVD tetraethylorthosilicate
(TEOS) oxide with thickness of 10nm was deposited as the gate oxide. Next, a 100nm
in-situ phosphorus doped poly-Si was deposited by LPCVD. Subsequently a 25nm
TEOS oxide was deposited to serve as the hard mask material by LPCVD as shown in
Fig. 2.1 (c). Afterwards, the gate was defined by a photolithographic step and etched

by reactive ion etching (RIE) as shown in Fig. 2.1 (d). A 20nm TEOS oxide layer and



a 15nm nitride layer were deposited, and then etched by RIE for forming sidewall
spacers as shown in Fig. 2.1 (e). A 15nm-thick nickel layer was deposited and then
thermally processed at 450°C by rapid thermal anneal (RTA) in N, ambient to form
Ni-silicide on source, drain, and gate regions. Afterwards source/drain regions were
doped by a self-aligned implant with P3;" ions with energy of 10keV and dose of
5x10%°cm™ as shown in Fig. 2.1 (f). A 500nm-thick PECVD oxide layer was
deposited to act as the passivation layer in order to prevent the penetration of
humidity and impurity. Finally, a metallization process was performed to form metal

pads.

To effectively shrink. the gate length, “we. used over exposure and
photoresist-trimming techniques-to scale down the dimension of the PR patterns. The
difference of patterned PR lines with Lpak of 0.25um located at different dies
distributed on a wafer before and after trimming was inspected with the In-line
scanning electron microscope (SEM) and the results are shown in Figs. 2.2 and 2.3,
respectively. In this thesis, Lmask IS the designed length of the structures on the mask,
and Lgae is the practical value measured with an In-line SEM. The results of poly-Si
line patterns with trimmed PR with Lmak Of 0.25um measured from five dies at
different location of a wafer are shown in Fig. 2.4. The measured Ly ranges from

0.185 t0 0.238um.
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But the trimming method was found to have feet of clay, and the trimmed PR
would collapse when Lgge is further shortened. In this work we thus focus on devices
with channel length equals to or larger than 0.2um. Cross-sectional transmission
electron microscopy (TEM) image of a n-type TFT is shown in Fig. 2.5. The
unexpected voids seen in the picture were formed during the preparation of the TEM

sample by focus ion beam.

In order to promote f;, we hope hope that the fabricated devices provide high
transconductance. The feasible methods to increase transconductance include the
decrease in gate length, increase in-gate width, and implementation of self-aligned
silicidation procedure to reduce the parasitic resistance. Interdigital gate-finger design

shown in Fig. 2.6 is adopted to avoid.the current.crowding phenomenon in the device.

In this work, in addition to the single patterning (SP) method mentioned above to
form the poly-Si gates, an additional split of samples with the poly-Si gates patterned
with a double patterning (DP) technique [2.1] was also fabricated and characterized.
However, because of the issues resulted from the overlay capability of the I-line
stepper and the dimension control of patterns during the manufacturing of the two
reticles used for the DP process, severe fluctuation in the dimensions of the final
poly-Si gate patterns in the interdigital gate structures is observed. In-line SEM

images of the gate patterns formed with the DP and SP techniques are individually
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shown in Figs. 2.7 (a) and (b). Severe gate pattern fluctuation can be identified in Fig.
2.7 (a), while the situation shown in Fig. 2.7 (b) is much better. The cumulative data
of the measured Lgae extracted from the two splits of devices with nominal gate length
of 0.22um are shown in Fig. 2.8. In this picture, the measured data range from 0.21 to
0.238um for the SP split, while the distribution for the DP split is widened from 0.171
to 0.328um. The different outcome would draw impacts on the device characteristics
that are addressed in the next chapter. In this work the RF characterization focuses on
the fabricated devices with SP technique for the sake of superior and more uniform

device characteristics.

2-2 Measurement Setup

The electrical characteristics of poly-Si TFTs were characterized by an HP4156
semiconductor parameter analyzer. From the |-V curves measured, the characteristics
of poly-Si TFTs, such as subthreshold swing (SS), threshold voltage (V1,), leakage

current, on/off current ratio, driving current, etc., can be extracted.

The S parameters of poly-Si TFTs were characterized by an HP8510C network
analyzer. The measured S parameters were then used to acquire additional properties

such as f;, fmax, Y parameters and Z parameters, etc.
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2-3 De-embedded Process

In order to precisely measure the electrical parameters from devices, two steps
for correction procedure must be followed. First step is to calibrate the measurement
system. It is made by referring to the ideal condition and real outcome. The
calibration techniques, such as short-open-load-through (SOLT), through-reflect-line
(TRL), line-reflect-match (LRM), are usually employed to define S parameters on the
reference plane at the probe tip and promote the accuracy of the measurements [2.2].
Secondly, we have to consider the parasitic effect of the bonding pads and
interconnect, because the coupling effects between the metals are significant at high
frequency. The step used. for taking away ‘the. parasitic effects is called

“de-embedding”.

In this work, we use the SOLT method to calibrate and a two-step de-embedding
procedure to remove the parasitic effects via open test fixture and short test fixture.
The SOLT calibration models include short circuit inductance, open circuit
capacitance, matching load, and length of the through line [2.3]. The equivalent
circuit diagram shown in Fig. 2.9 includes the parallel parasitic capacitances (Y1,
Y2, Yp3) and series parasitic impedances (Zp1, Zp2, Zp3) surrounding the transistor.
The open test fixture and the diagram of the equivalent circuit equipped with parallel

parasitic capacitances are shown in Figs. 2.10 (a) and (b), respectively. The short test
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fixture and the diagram of the equivalent circuit equipped with serial parasitic
impedances and parallel parasitic capacitances are shown in Figs. 2.11 (a) and (b),
respectively. Firstly, the matrix of parallel parasitic capacitances and serial parasitic
impedances is respectively calculated by a simple mathematics presented in Egs. 2.1

and 2.2,

Y open: Y-parameter matrix is measured from the open test fixture.

Yshort: Y-parameter matrix is measured from the open test fixture.

Y ransistor: Y-parameter matrix is measured from the transistor.

Ypur: Y-parameter matrix is measured from the transistor with parasitic effect.

% & [Yp,l +Yp3 “Yp3 2.1)
open 3 Yp1 + Yp3l’ '
-1 Z ’1 + Z '3 Z ’3
(Yshort - Yopen) = [ p Zp . b Zp : i Zp ) (22)

Then, the actual transistor’s Y-parameter matrix without parasitic effects could be

obtained using Eq. 2.3:

_ —_1\—1
Ytrans = ((YDUT - Yopen) ' - (Yshort - Yopen) 1) ) (2-3)

Using this two-step procedure the influence of parasitic effects can be lifted and

therefore the accuracy of the measurements is assured [2.4].
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Chapter 3

Results and Discussion

3-1 Basic Electrical Characteristics

In this work, we have fabricated symmetric n-type TFTs with various channel
thicknesses and widths. Figures 3.1 and 3.2 show the transfer and output
characteristics of n-type TFTs with nominal gate length of 0.22um and various gate
widths of 8 and 64um, respectively.-The devices were patterned with the SP method
mentioned in last chapter. The former device contains-only one gate stripe, while the
latter is of interdigital type with-eight gate stripes connected together. The on-to-off
current ratio (lon/lofr) at Vg = 0.1V is about 10’, and the maximum transconductance
(gm) is about 0.68mS at gate voltage of 3V in saturation region for the device with
gate width of 8 um as shown in Fig. 3.1 (a). Figure 3.2 (a) shows that the lon/lof IS
about 10" at V4 = 0.1V and the maximum gy, is around 6 mS at gate voltage of 2.6V
with gate width of 64 pm. The output characteristics with different gate widths are
shown in Fig. 3.1 (b) and 3.2 (b). Certainly, the more the gate width increases, the
more lon and losr gain. However, the currents in Fig. 3.2 (b) are not exactly 8 times

higher than that shown in Fig. 3.1 (b), indicating the effect of fluctuation of the gate
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dimensions. Nonetheless, the deviation from the dependency of the number of gates is
not huge as compared with the case with DP technique which will be shown in the

next paragraph.

Table 3.1 summarizes the current drive and gn of n-type TFTs with various
channel thicknesses and widths. Compared with channel thickness of 5004 , the value
of lg and gn become larger, in channel thickness of 1000A structure, owing to the
effect of grain size of the channel thickness. The grain size is difference at different

channel thickness. The grain size is larger with channel thickness of 10004 .

Figure 3.3 shows the transfer characteristics of devices fabricated with SP and
DP techniques at V4 = 0.1V. The SEM images of the two devices are shown in Fig. 2.7
and as mentioned in last chapter that the-patterned gates show larger fluctuation with
the SP method. Summary of the measured gate length of the eight gate fingers of the
two devices with nominal gate length of 0.22um is listed and compared in Table 3.2.
As can be seen in the Table that the finer gate patterns of the DP device can be even
shorter than 0.22um. These “short” gates tend to increase the off-state current owing
to short channel effects, therefore the DP device exhibits an Il three orders of
magnitude higher than that of the SP one at V4 = 0.1V. Other major impact resulted by
the fluctuation in gate length is the degradation in the g, value, as shown in the figure.

Consequently the RF characteristics would be seriously affected.
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3-2 Small-Signal Modeling

3-2-1 Modeling Setup Flowchart

The flowchart of complete small-signal model setup strategy [3.1] is shown in
Fig. 3.4. Following the flowchart, a complete small-signal model is established
successfully for our n-type poly-Si TFTs. In the next section, we will extract extrinsic

and intrinsic parameters step by step and compare them with the results of simulation.

3-2-2 Extrinsic Parameter Extraction

The small-signal equivalent.circuit of an n-type TFT is shown in Fig. 3.5. First,
the parasitic resistances (Rq, R4, Rs) were extracted through the cold model [3.2]-[3.5].
The small-signal equivalent circuit'was transformed into the cold model when Vg =
Vg = OV. This bias condition causes the voltage-dependent current generator to
become zero and the output resistance (ro) to become infinite. Different from the bulk
MOSFET without substrate loss, partial depletion in the channel of the device
necessitates the consideration of the non-quasi-state effect [3.6]. The coupling path
formed between the source and drain through the quasi-neutral body region causes the
resistances expression to become frequency dependent. Cross-sectional view of an
n-type TFT with partial depletion under the zero condition and the equivalent circuit

model are shown in Figs. 3.6 (a) and (b), respectively. The neutral-body coupling path
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is constituted by the source-side and drain-side junction capacitances (Cjps and Cjpa),
and body conductances (Gps and Gpg) [3.4][3.5]. Based on the equivalent circuit, the
parasitic resistances of the cold model can be measured by the real component of Z

parameters, which can be written as

A
Re(le - le) == Rg + (Dz_iB, (31)
As
Re(Z12) = Re(Zz1) =Ry + — =, (3.2)
A
Re(ZZZ - le) = Rd + (1)2_:1-B’ (33)

where Ag, As, Ag, and B are-constant values at fixed bias. The existence of neutral
body may cause the parasitic resistances to become frequency dependent. It can
explain why the resistance-vs.-frequency curves are not the same as those for
conventional MOSFETs. When the frequency approaches infinity, the parasitic
resistance components can be extracted. After the extraction of extrinsic parameters,
this can be carried out using the following procedure as shown in Fig. 3.7 [3.3]. First,
the S parameters of the device are measured as shown in Fig 3.7 (a). The S parameters
are then transferred to Z parameters by subtracting Ry, Rq and Rs which are in series,
as shown in Fig 3.7 (b). The Z parameters are further transferred to Y parameters and

the matrix of the intrinsic admittance can be determined.
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3-2-3 Intrinsic Parameter Extraction

The small-signal model of intrinsic Y parameters is shown in Fig. 3.8. The

analysis is based on the definition of Y parameters and it can be described as below:

Y}, = jo(Cgs + Cga), (3.4)
Y], = —jwCgq, (3.5)

Y = gm — jw(Cea + 8mT), (3.6)
Yi, = ri + jo(Cas + Cgq)- (3.7)

The intrinsic parameters of small-signal model-as a function of their Y parameter,

Y' are shown below:

B — ik (3.8)
Gy = (L) (3.9
Gy = Imltiz)rintrls) (3.10)

: (3.11)

r = —
° Re(Y3,)'

gm = Re(Y3,), (3.12)
1 = m(Yip)-Im(¥s,) (3.13)
EmXw

The r, and gn, can be extracted directly for real part of Y parameters. The t is the slope
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of the imaginary part of Y parameters versus frequency multiplied by gn. The cross
section of an n-type TFT with the corresponding parasitic parameters of small-signal

equivalent circuit is shown in Fig. 3.9.

3-3 Experiment and Simulation Analyses

Theoretically extrinsic elements are bias-independent. When Vg5 = 0V and Vs <
Vi, the TFT is in the cut-off state. In the cut-off state, as shown in Fig. 3.10, the real
parts of Z parameters for a device with channel thickness of 100 nm (L = 0.22um, W
= 8um) operated at Vgs/Vgs = 0/0V-and Vgs/Vgs = 0/-1V are shown as a function of
frequency. The results decrease with increasing frequency and approach constant
values (i.e., Rq, Rs, and Ry), as predicted by Egs.(3.1)-(3.3). Given the condition of
cut-off state, the values of extrinsic resistances gradually become stable as the
frequency increases. We also use this scheme to determine the extrinsic resistances for
a device with channel thickness of 50 nm (L = 0.22pm, W = 8um) at Vgs = Vg = OV
and the results are shown in Fig. 3.11. It is found that the extrinsic parameters are Rq =

120.33Q, Ry = 129.41Q, and R = 8.182Q.

After subtracting extrinsic parameters, the intrinsic Y parameters can be
calculated.  Intrinsic  elements are  theoretically  bias-dependent  and

frequency-independent. The extraction of the intrinsic capacitances is based on Egs.
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(3.8)-(3.10). The imaginary part of the experimentally measured Y parameters linearly
increases with angular frequency as shown in Fig. 3.12 The imaginary part of Y
parameters increases with increasing frequency and the slopes of the curves approach
constant values (i.e., Cgs, Cgs, and Cyg), as predicted by Egs. (3.8)-(3.10). The gm and
I, as a function of angular frequency are shown in Fig. 3.13. Since the variation of gn,
with angular frequency is small, we can determine it as the mean value in low
frequency range, e.g., < 10GHz. From Eq. (3-11), the r, is inversely proportional to
Re(Y.,) and Re(Yl,) usually is very small. Thus, a small variation in Re(Y4,) will
cause a dramatic change in r,. The following item determined from the imaginary part
of the experimentally measured Y parameters, Im(Y{;) — Im(Y1,), is divided by gm
(or Re(Y4,)) and shown in Fig. 3.14 as a function.of the angular frequency. From Eq.
(3-12), the slope of the curve is T, which indicates the mean delay time when gate bias
and gm change asynchronously. According to the above procedure we obtain the
results of intrinsic parameters of the n-type poly-Si TFT (channel thickness = 5004 , L
= 0.22um, W = 8um) including Cqs = 6.668fF, Cyq = 2.479fF, Cys = 2.105fF, gm =
0.489mS, r, = 3663Q, and t = 1.314psec. Moreover, f; is 8.074GHz and fna is

11.69GHz, obtained from the measurement of S parameters as shown in Fig. 3.15.

In order to verify the accuracy of the small-signal model, we use the software

“Advanced Design System (ADS)” (Agilent Technologies) to simulate and compare
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with the experimental results. The frequency range is set to be from 0.2GHz to 40GHz
at Vg = 2V and Vg = 4V. We apply the extracted parameters in the small-signal model
to simulate and compare the outcome with measured results of S parameters in Fig.
3.16. As can be seen in the figure that the simulation results correspond well with the

measured data, confirming that the small-signal model is accurate.

One thing should be noted in the above results is that Ry is obviously larger than
Rs. Considering the fact that the device is symmetrical in structure, Rs and Ry should
be identical. This weird trend is attributed to the layout of the test structure and the
measurement scheme. The layout of the test device is asymmetrical after the
de-embedding process as shown in Fig. 2.6. The error arisen during the de-embedding
process is also an issue. Additionally, the grain boundary of poly-Si should also affect

the resistance.

The above procedure is also applied to a device with channel thickness = 1000A
(L = 0.22um, W = 8um) and the results are shown in Figs. 3.17-3.20. Similar trends

are observed for this device and the results are Ry = 107.93Q, Ry = 119.932Q, and R

7.879Q for extrinsic parameters, and Cqs = 7.264fF, Cyq = 2.26fF, Cys = 2.413fF, gnm

0.705mS, r, = 2207Q, and t = 1.189psec for intrinsic parameters. The f; is

11.159GHz and fyax is 15.856GHz from the measurement of S parameters at V4 = 2V

and Vg = 2V, as shown in Fig. 3.21. A comparison between simulated and measured S
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parameters is shown in Fig. 3.22.

Table 3.3 summarizes the small-signal parameters of the n-type poly-Si TFTs
with various channel thickness and width. Broadening the gate width is expected to
improve the ac characteristics. Although g, has been improved, the values of parasitic
resistance become smaller but the values of parasitic capacitance increase. The gain in

resistance components is balanced but the net effect is beneficial for improving f; and

fmax.

Both f; and fax are bias-dependent. An example for f; is shown in Fig. 3.23. The
Om increases with increasing Vg, leading to an improved f; as Vq4 increases. Moreover,
as compared with Vg, Vg is much more-influential to fi./As the extrinsic parameters (Rg,

Rq, and Rg) are ignored, f; and frax can be-respectively expressed as

gm
fex e e (3.14)
finax  fiy/To. (3.15)

Although the extrinsic resistances are large and may affect the practical ac
performance, the above analysis is confirmed with the simulation results and proved
to be reliable. Major small-signal parameters extracted at Vy = 2V and various V, are
shown in Fig. 3.24. The corresponding f; and fnax Were also measured and shown in

Fig. 3.25. Figure 3.26 modifies Fig. 3.25 by normalizing the data to that measured at
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Vy = 1V and compares the experimental results with the theoretical predictions made
by Egs. (3.14) and (3.15). It is observed that the trends of calculation agree well with

the measurements.
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Table 3.1 Summary of basic electrical characteristics of n-type TFTs with various
channel thicknesses and widths.

Channel thickness = 500A Channel thickness = 1000A
L/W = L/W = L/W = L/W =
0.22um/8um | 0.22um/64pm | 0.22pm/8um | 0.22um/64um
lg,sat(mA) 23 23.9 37 33.2
Om,sat(uS) 683 5921 843 6261
gm.sat per width (uS/um) 85.38 92.52 105.38 97.83

Table. 3.2 Measured dimensions of poly-Si gates patterned with SP or DP method
with nominal gate length of 0.22um.

The order of the gate in the P Sp
interdigital structure from-left side
Number 1 gate 0.185um | 0.210um
Number 2 gate 0.260pum | 0.233um
Number 3 gate 0.182um | 0.222um
Number4 gate 0.253um | 0.234um
Number 5 gate 0.174pum | 0.229um
Number 6 gate 0.259um | 0.215um
Number 7 gate 0.178um | 0.229um
Number 8 gate 0.260um | 0.231um
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Table 3.3 Summary of the small-signal parameters of n-type poly-Si TFTs with
various channel thickness and width.

V=2V, Vy= 4V

Va=2V, Vy=2V

Channel thickness =

Channel thickness =

Channel thickness =

Channel thickness =

500A 500A 1000A 1000A
L/W=0.22um/8um | L/W=0.22um/64um | L/W=0.22um/8um | L/W=0.22um/64pm
Ry(Q) 120.33 18.25 107.93 19.68
RuQ) 129.41 13.92 119.932 15.02
RyQ) 8.182 1.092 7.879 1
Cys(fF) 6.668 42.708 7.264 41.338
Cyu(fF) 2.479 17.777 2.26 17.756
Cys(fF) 2.105 8.1 2.413 10.576
gm(MS) 0.489 4.356 0.705 6.771
ro€2) 3663 171.891 2207 335
(psec) 1.314 1.043 1.189 0.893
f(GHz) 8.074 11.499 11.159 17.123
fra(GH2) 11.69 11.194 15.856 21515
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Chapter 4

Conclusion and Future Work

4-1 Summary and Conclusion

In this thesis, we have successfully fabricated and studied the RF characteristics
of n-type poly-Si TFTs. An I-line-based DP process was developed and used in the
fabrication of the devices. Resistances of source, drain, and gate were reduced with
the aid of Ni silicidation technique and.implant-to-silicide scheme. RF characteristics
of the fabricated devices were characterized and a 'small-signal model was developed

to extract and analyze major parameters.

The characterized devices are with either single or interdigital gate pattern. For
devices with identical nominal gate length and various gate width, I, and lyg increase
reasonably with increasing gate width. However, the drain currents are not strictly
proportional to the gate width, owing to the effect of fluctuation of the gate
dimensions. The issue is postulated to be resulted from the poor dimension control of
the patterns on the two reticles used for the DP process. Severe fluctuation in the
dimensions of the final poly-Si gate patterns in the interdigital gate structures is

observed. The anomalously shortened gate lengths tend to increase the off-state
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current owing to the short channel effects.

We’ve also successfully extract small-signal parameters by small-signal model.
The simulation results of S parameters agree well with the measured data, confirming
that the small-signal model is accurate. We have also studied the variation of
parameters at different condition. As compared with the device with single-gate
pattern, the values of parasitic resistance become smaller but the values of parasitic
capacitance increase in the interdigital gate structure. In addition, the extrinsic

resistances are large and may affect the practical ac performance.

4-2 Future Work

There remain some issues to be addressed in this work. It has been demonstrated
that the parasitic components would affect RF characteristics and thus it is essential to
reduce these parasitic components. Further optimization of the silicidation process can
help. Adoption of low-resistance metallic gate materials or novel gate structures is
useful to reduce the gate resistance. Refining the re-crystallization to increase grain
size of the poly-Si films represents another useful approach for device performance

improvement.

The error arisen during the de-embedding process is an issue when we extract
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parasitic parameters. The layout of the through test-structure is needed for
de-embedding procedure. The through test-structure can improve the accuracy of
de-embedding procedure. On the other hand, tighter CD control during the
manufacturing of the reticles for the DP process can help reduce the fluctuation in the
dimensions of the final poly-Si gate patterns in the interdigital gate structures. The DP
technique is also feasible for producing asymmetric S/D structure in the fabricated
n-type poly-Si TFTs. Extra freedoms offered by the asymmetric scheme in the
optimization of device structure should be a viable way for further boosting the RF

performance of the devices.
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Figures
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Fig. 2.1 Process flow of the poly-Si TFT fabrication.

35



Fig. 2.2 In-line SEM image of patterned PR lines with Ly, Of 0.25um located at
different dies of a wafer before trimming.
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Fig. 2.3 In-line SEM image of patterned PR lines with Ly, Of 0.25um located at
different dies of a wafer after trimming.
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Fig. 2.4 In-line SEM image of patterned poly-Si lines located at different dies of a
wafer after stripping off the trimmed PR.
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Fig. 2.6 The device design with interdigital gate structure.
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Fig. 2.7 In-line SEM images of poly-Si gates patterned with (a) DR techniques with
severe fluctuation and (b) SP techniques with greatly reduced fluctuation.
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Fig. 2.8 Cumulative plots of measured dimensions of poly-Si gates patterned at
different dies of a wafer with SP or DP-methods with nominal gate length of 0.23um.
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Fig. 2.9 Equivalent circuit diagram used for the two-step correction including parasitic
effect [2.2].
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Fig. 2.10 (a)The open test fixture.and (b) the diagram of equivalent circuit.
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Fig. 2.11 (a) The short test fixture and (b) the diagram of equivalent circuit.
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Fig. 3.1 (a) Transfer and (b) output characteristics of n-type TFT with L/W =
0.2um/8pum.
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Fig. 3.2 (a) Transfer and (b) output characteristics of an SP n-type TFT with L/W =
0.2um/64pum.
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Fig. 3.3 Transfer characteristics of n-type TFTs at V4 = 0.1V patterned with SP and
DP techniques. Nominal gate length and width are equal to 0.22um and 64um,

respectively.
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Fig. 3.4 The flowchart of small-signal model setup.
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Fig. 3.5 Small-signal equivalent circuit of an n-type TFT.
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Fig. 3.6 (a) Cross-sectional view of n-type TFTs with a partially depleted channel

under the zero condition and (b) the equivalent circuit model.
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Fig. 3.7 Method of extracting intrinsic Y-parameter matrix of the device.
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Fig. 3.9 The cross section of an n-type TFT with corresponding small-signal
equivalent circuit.

49



800 - 500

200 c o L/W=0.22pm/8pm U Re(Z,-) i
-~ - oChannel thickness=1000A ~ Re(Z,,-Z,,) -
S 600 - Nds/Ves=0/0V & 0/-1V Re(ZyyZy) - 00

a c A ] <)
N 500 © ] d
T - - 300
g 400 ¢ 1 S5
Q300 - 1 N
5 - © 200N
5 200 - ] 3
S 100 ; §
"] r :
S i 100

0 -
100 0
0 10 20 30 40

A(GHz)

Fig. 3.10 Modeling results for extrinsic ‘resistance extraction considering the
neutral-body effect at cut-off condition for a device with channel thickness of 10004 .
(lines: Vg = 0V and V4 = -1V..symbols: Vg = Vg = 0V)
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Fig. 3.11 Modeling results for extrinsic resistance extraction considering the
neutral-body effect at cut-off condition for a device with channel thickness of 5004 .

50



1.8B-03 ¢ 1. 0E-03
,  VER2V&Vd=4V :
A1'6E'O‘ - L/W=0.22pm/8pm g
ﬁ 1 4E-03 §Channelthickness=500§ ______ - 8.0E-04
H12B-03 - Im(VHv) : ~
S 10E-03 7 Am(Y) | G0E-04
5 = Im(Y'si'\+Yi1) -:\ﬁ
% 8.0E-04 2tY1, X
T - 40E-04 F
'~ 6.0E-04 - =
= C
Fa0B-04 | 2 0B-04
20E-04
00E+00 @ 0 OE00
0 50 100 150 200 250
o(10°rad/s)

Fig. 3.12 Modeling results form(Y1+Y12), =Im(Y12), and Im(Y+Y1,) for a device
with channel thickness of 500A.
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Fig. 3.13 Modeling results for gy, and r, for a device with channel thickness of 5004 .
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Fig. 3.15 Measured results of f, and fyax for a device with channel thickness of 5004 .
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Fig. 3.16 Modeling results of (a) S11 and Sy, and (b) S1» and Sy at Vg = 2V and Vg =
4V. (lines for measurements, symbols for models, channel thickness = 500A ,and L/W

= 0.22um/8um)
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Fig. 3.17 Modeling results for extrinsic' resistance extraction considering the
neutral-body effect at cut-off condition for a device with channel thickness = 1000A
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Fig. 3.18 Modeling results of Im(Y11+Y12), -Im(Y12), and Im(Y+Y1,) for a device
with channel thickness = 1000A
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Fig. 3.19 Modeling results of gn, and.r, for.adevice with channel thickness = 1000A
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Fig. 3.20 Modeling results of t for a device with channel thickness = 1000A
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Fig. 3.21 Measured results of f, and fmay for a device with channel thickness = 1000A
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Fig. 3.23 f; measured at Vg = 1V and 2V for a device with channel thickness of
1000A .
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Fig. 3.24 Small-signal parameters extracted at V4 = 2V and various Vg for a device
with channel thickness of 10004 .
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Fig. 3.25 The f; and fnax measured at Vg.= 2V and various V, for a device with channel
thickness of 10004 .
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Fig. 3.26 Comparisons between analytical calculation (lines) and measured f; and fmax
(symbols) versus gate voltage for a device with channel thickness of 10004 .
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