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FE III FOCTUS ELLTPSOMETER

SOFTWARE SPECIFICATIONS

Mapping:
Eecipe Creator:

Interactive Mode:
Operator Program:

FOCUS ELLIPSOMETER MATERTAL SPECTEA LIBEARY VALUES

2D and 3D color & black’ white.

Software for creating a wafer recipe. User can choose film stack and

parameter for result.
Provides semi-automatic operation of the FOCUS Ellipsometer.
Allows the user to run recipes and monitor the data in real time.
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MATERIAL N(633) K(633) dN(T80) E2(750)
A-51 4.5180 0.2320 -0.3870 0.0380
A-51 EMA 45170 0.2320 -0.38568 0.0380
ATR 1.0000 0.0000 (0.0000 00000
AL 09800 64900 0.9700 74700
AT203 1.7600 0.0000 -0.0040 00000
ATCTT 1.1390 5.9910 [.8480 6.5430
CARBIDE 26100 0.0000 -0.0670 00000
CARBON 20000 0.6000

E-RESIST 1.5300 0.0000 -0.0050 0.0000
TAAS 3.8560 0.1960

rAAS-0X 18500 0.0000

I-TIN-0 1.8000 (0.0000
N-BESIST 1.6200 0.0000 -0.0057 00000
OXINTER 28000 0.0000 -0.0850 00000
OXYNITED 1.7500 0.0000 -0.0080 00000
P-RESIST 16400 0.0000 -0.0050 00000
POLY-5I 4.0000 (.0580 -0.2100 0.0250
POLY-EMA 39870 0.0550 -0.2185 0.0124
POLYIMID 1.6200 0.0000 -0.0150 00000
POLYINTRE 33800 0.0500 -0.1600 00200
PT-51 4.7430 0.8730

5l 3.8580 0.0180 -0.1780 0.0063
SI3174 2.0000 0.0000 -0.012¢0 0.0000
5102 1.4620 0.0000 -0.0030 00000
TA205 2.1000 0.0000

TEOQS 14500 (0.0000 -0.0030 0.0000
TI 21600 2.9300 0.7100 33300
TIN 12100 2.6630 0.2050 3.5780
TIM-Seed 08580 2.5380 -0.0030 3.6360
TIO2 28800 0.0000

TI52 2.6930 2.6060 (0.25950 27660
TI52-Den 2.6930 2.3550 0.2950 24570
W-5I 3.8930 24180
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Energy Boron Phosphorus Arsenic Antimony
(keV)
T A U T T R L
10 0.034 |0.021 |0.015 ]0.009 |0.010 |0.004 |0.009 |0.003
120 0.062 0.034 ]0.026 |0.016 |0.016 |0.007 |0.014 |0.005

30 0.100 ]0.043 10.038 |0.022 [0.022 |0.009 |]0.019 |0.007
40 0.131 0.051 |0.050 0.028 |0.027 ]0.012 |]0.023 |0.008
50 0.162 |0.057 ]0.062 ]0.033 |(0.032 |0.014 |0.027 [0.010
60 0.191 0.062 ]0.074 ]0.039 ]0.037 |]0.016 |0.031 0.011
70 0.220 |0.066 |0.087 |0.044 |0.043 [0.018 |0.035 |0.012
80 0.248 |0.070 ]0.099 |0.050 ]0.048 |0.020 |0.038 |0.013
90 0274 |0.073 |0.112 ]0.055 |0.053 |]0.022 |0.042 |0.015
100 0.299 |[0.076 ]0.125 [0.059 ]0.058 ]0.024 |0.046 |0.016
120 0.348 ]0.081 ]0.151 0.069 |0.068 |[0.028 |0.053 |0.018
140 0.394 |0.085 |0.177 |0.078 |0.078 |0.032 |0.060 | 0.021
160 0.438 |0.088 |0.204 |0.086 ]0.088 [0.036 |0.067 |]0.023
180 0.479 | 0.091 0.230 ]0.094 [0.099) ({0.039) [0.074 ]0.025
200 0519 ]0.093 ]0.256 |0.101 |0.109 |0.043 |0.081 0.028
240 0.595 ]0.097 0309 |[0.114 ]0.130 [0.050 |0.094 |]0.052
280 0.665 ]0.101 0362 |0.126 |]0.141 0.054 ]0.108 |0.036
300 0.699 |0.102 (0389 |[0.132 }0.152 [0.058 |0.115 |]0.038
320 0.732 10.103 |0.415 |0.137 ]0.163 |0.061 0.122 | 0.040
360 0.795 |0.105 |0.467 |0.147 |0.174 |0.065 |0.135 |]0.045
400 0.855 |0.107 0518 |[0.156 |0.218 [0.078 |0.149 |]0.049
500 0955 |0.111 J0.638 |0.174 ]0.274 |0.094

750 1.329 10.118 ]0916 [0.206 |0.417 |0.130

1000 1.647 |0.124 |1.165 |0.228 |0.561 0.160

2000 2.846 |0.139 |1.980 |0.270 |1.129 |0.250

Ref: Smith, B.: “Ion Implantation Range Data...”

Cotswald Press. 1977. (Harwell)

Range Data for Common Dopants into Silicon
(in microns, multiply by 10,000 for A)
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Study of Polycrystalline and Amorphous Silicon Film
Resistance as Resistor in Piezoresistive Pressure Sensor
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*Flactronic Research Center, Department of Electronies, Faculty of Engineering,

King Mongkut's Institute of Technolegy Ladkrabang,
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ABSTRACT

Thiz paper focuses on improving the properies of polvsilicon based resistor o piezoresistive
pressure sensor (poly-resistor) by examining varous properties. The first experiment exanines
the difference batween two types of silicon film namely: polycrystalline silicon and amorphons
silicon. The examination concentrated oo sheet resistance after jon implantation and sopesling.
The measurement using four point probe showed that sheet resistance of amorphous silicon is
lower than polysilicon by 34.38%. The difference was atmibuted to the grain size after
annealing of amorphons silicon whick is significantly larger than the polysilicon. The nex:
experiment concemed the relatiopship between confact resistance, film types. and sheer
resistance. The Crossed Brdge Eelvin (CBE) smucture was used to measure the confact
resistance. It will be shown that contact resistance is strongly related to sheet resistance.
However, silicon film type is indirectly related to the contact resistance. The final experoment
foumd thar the Temperamre Coefficient of Fesistance of amorphons silicon is positive and
consistently hizher than polysilicon for all of the implantation dosas used.

A pressure sensor was fabricated using this condition of low sheet resistance for
piezoresistor has sensitivity of 0.12 mV/Vikgficm®. This paper will be usefiul for choosing film
type and snnealing technigue for sensors which need low sheet resistance because it can raduce
contact resistant and mcresse sepsitivity while keeping the dose of ion implsvtaton ar
manazeable level

KEEYWORDS: Polysilicon, amorphous silicon, ion implantation, sheet resistance, confact
resistance, femperanrs coefficien:

L INTRODUCTION
This research investigates the fabrication of polysilicon based resistor (poly-resistor) to support
our integrated circuit snd MEMS fabncation technologies. For example, CMOS transistors
require polysilicon to be used as gate electrodes, likewrse, cartain nvpe of MEMS pressurs
sensor also used poly-resistor as sirain gauge.

Poly-resistors are normally fabricated from two types of film: polysilicon and
amorphous silicon. After which, the film will be doped to the desired level using an ion
imiplantation techuique. There are other doping techriques, such as spin dope [3], that are less
time consuming However, the resulting dopmg level is less controllsble than the ion
implantztion. Therefore, in this study, the ion mnplantation technigque was chosen, becanse it
can contrel the resistance more acourately. Aftsr the implantation, the doped film will nead o
e spnealed to activate the dopme ions. The resistance of poly-resistor will depend oo the
doping concentration.
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The fabricstion of polv-resistor with low resistance will need wo cowtrol the
temperature coefficient of resistance (TCE) to be hizher than zero, ctherwise the property of
the resistor will be similar to Shoctiky barrier. As a resuls, the response of the pressure sensor
will be nonlinear [4].

To achisve a low resistance value, It is pecessarily to use high level of doping
concentration, hence, requining a long peried of ime aud also kigh ion cwrent [3]. In this study,
T is essential that an appropriate aonealng condittons and thin film salection e chosen, so thar
3 low resistance poly-resistor can be fabricated withour over usage of the jon implamfer.
Furthermore, contact resistance can also affect a piezoresisive pressure sensor. This smdy will
achieve low contact resistance by reducing the shest reststance of the palyv-resistor

I.MATERIALS AND METHODS

1.1 The ztudy of sheet rezistance of poly-resiztor fabricated from polyzilicon and
amorphous silicon

The process flow for this expernnent is shown m fizure 1. The expernnent started with n-nype
=100 silicon wafers with & £2-cmn resistivity. Silicon dicedde of 100 nm was then thermally
grown. After that, LBCVD 55,0, was deposited to the thickness of 70 mn. The experiment was
then splitted imto two parts:

2.1.1 The first part (wafer no.1) iovolved the deposition of 400 nm polvsilicon film using
LPCVD technique at 625 *C.

2.1.2 The second part (wafer no.2) involved the depositicn of 400 nm amorphous silicon film
nsing LPCVD technique at 360 °C

The two parts of experiment will be combined for the rest of this experiment.

Wales <100 M-type & Tl

Si, 100

134, 70 mm

w

k4

Paoly- 51 400 =m 51 400D

Impla=tation a2 50 ke with dosage of 1310, 1.3x00", LEXL0" and 2310 Gomicz

Amneal 30070 19k with .,

Eab Meamsremen: v Forar Baick Pr=be kiackens

Figure 1. The process flow for this experiment.

2.1.2 Both wafers were then ion implantad with Borow {B') at 50 keW. The dosages wers
Low10™ 1.30:10%, 1.6x10' and 2.0x10" ion‘om® with the dosage mspping as shown in

590
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figura 2. This was zchieved by photolithozraphy tachnique to mask the appropriate sections of
the wafers.

ra Y
.-'/I’.llt'l[-;lﬁ el L30ELG cnr2 "\l
|'F \

|
| f
1
i ) !
\ LGOELS ciin-2 2O0ELG can=2 ;.-

Figure 2. Wafer mapping.

2.1.4 The wafers were then annealed at 800 *C for 15 hours in M. atmosphers with the flow of

10 Liter'mun. After that, the sheet resistance of each section was messured using four poin:

probe. The result is shown m fizure 3.
T T T T

200 - -
—u— &3

—0— Poly-3l
150 -

160 [ -

140 -

120 -

Shest Resistance{Ohmisag)

100 - -

1 L 1 L 1 L 1 L 1 N 1
1.00E+ME 1.20E+016 140E+ME6 1.60E+016 1.E0EHD1E Z.0DE=D1S

Dose(l -::n.-'Err'Tj-

Figure 3. Sheer resistance (OhmT) on wafer no 1 and no 2.
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2.1.5 The scanning electron micrographs for both wafers shows grain size for wafer no.l and
wafer ne.? in figure 4 and figure 3 respectively.

TRAEC 1.0K

Figure 4. Polysilicon film afrer 1on implavtation and annealing.

Figure & Amorphous silicon after jon implantation and annealing

1.2 The stady of contact resistance.

This is the smdy of contact resistance betwesn the surface of doped polysilicon film and metal
{ahumn). The contact resistance (Fo) can be measured nsing the Cross Bridge Kslvin (CBE)
structure [7] It can be calonlatad from the following equation:
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The experiment has the following steps.
2.2.1 Uszing the photolithography technigue, the pattems of CBE stmcmire wars printed on both
wafers from the pravious experiment.
2.1.2 The silicon film was then patterned using dry etching technique. The remaining
photoresist was subsequently removed wsing both cxcygen plasms ashing and wet chearmical
claaning.
2.1.3 TEOS based silicon diexids was deposited nsing LPCVD tachnique on top of the CBE
SITILCIUres.
2.2.4 Sguare holes of 10 pm x 10 pm were opensd using dry etching technigque to be nsed as
comtact holes,
2.2.5 500 mro of AL alloy (AL (98%): Cu (0.5%): 50 (1.5%)) was spurterad on top of both wafars.
2.1.8 Using the photolithography technique, the pattems of meral wirss and pads were printed
on both wafers.
2.1.7 Tha metal film was parterned ustng dry erching techudgue. The resulting CBE strucnars is
shown in figurs §. After removing the photorssist, the wafers were sintered at 450 °C for 43
mimates mside 3% H. / 87% 1, ammosphare.
2.1.8 The resnlt is shown m fable 1 and fizurs 7.

I

Contact

Resistance

Metal fillm

Figure 4. Cross Bridze Eelvin Stcture

Film type for Poly- Diose (ions/cm®) Sheet Fesistance Contact

rasistor (Ohmn'zq) Fiesistance|{Chm)
{10um x 1 0wm)

Polysilicon 1.00x10™ 019 350

1.30 x10% 181.7 35.1

1.60 x10* 1583 312

2.00 x107 147.1 284

Amorphons silicon 1.00 x10™ 123.7 241

1.30 x107 1172 232

1.60 x10% 1062 223

2.00 x10* 1026 213

Table 1. The measurement result of sheet resistance and contact resistance with respect fo film

tvpes and implantstion doses.
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41 T T T T T T T T T T T

¥ [ —s—Polyreslstor from a5l film 7
E 35| —o—Poiyresistor from Po S1NIm i
E 3%
n L -
= al ]
[1h]

™
L=
T
L

Contact Resistan
J

0 1 L 1 L 1 L 1 L 1 L 1

100 120 140 180 180 200

Sheet Resistance of Poly resistor {Chmiag)
Fizgure 7. The relationship berween sheet resistance of poly-resistor and confact resistance.

2.3 The study of Temperatare Coefficient of Resistance

Thiz experiment inwolves measunng the resistance of poly-resistors with the femperamirs
ranging frome 13 to 100 *C. The Temperamre Coefficient of Besistance (TCE) can be calonlated
from equation 2

R2- Rl

TCR=—0o "
RYT2-T1)

"
|~_]

Whers  F.1 is the resistance 3t the reference temperanrs,
B2 is the resistance af the cwTent temperamre,
T1 iz the reference temperanre,
T2 iz the cwrent temperanre.
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Fizure 8. The ralationship between doping concentration and TCR of polysilicon film and
amorphous silicon film.

J. RESULTS AND DISCUSSION

From the first expenrment the average value of Fsh for polvailicon film 1z higher than
amorphous silicen film by 34 35%. Afer spnealing the films, the grain size of amorphons
gilicoa film is larger than polvsilicon film [4)]. This can be ssen from figure 2 and 5.

The second experiment shows that cootsct resistance from polysilicon film is
conststently higher than ameaphouws silicon film in every doping condition. However, fizure 7
shows that contact resistapce has almost linear relationship with respect to sheet resistance.
Hence, it can be concluded that contact resistapce is sironzly influsnced by shest resistance,
and thersfore doping concenmation, rather than the type of stlicon film. The filwm tvpe has ooly
indirect relationslup with the contact resistance o term of detennining the shest rasistance as
shown in the previous experinent

The result from the third experiment shows that TCE of amorphous silicon film is
zreater than zero for the dosaze wsed in this experiment. On the other hand, polysilizon film
exhibited a nezative TCR for the dosage below 1.5%10" ion'cm®. Furthermore, the film showed
propertiss similar to Shoctky bamier which will affect the linsarity of TCR. As a result, it will
lre more difficult to apply as a temperaiire sensing device.

From the experiments, one condition was chosen to be used in fabricating a pressure
sensor as shown in figurs 9. The poly-resistor was mads from amorphous silicon film. The film
was implanted with the dosage of 1.3x10™ fon'cm® at $0keV. Then, the film was snuealed at
800 °C for 15 hours in I, stieosphere. The average sheet resistance is 117 Olun/Z.
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Polv Resistor

Figure 9. Prassura sansor cross-sectional smacre.

3.1 In order to study the relationship between the resistance and prassire, a test was performed
with different value of compressed am pressure. The result is summarized in fizure 10

Resistance(Ohm)

21902

2.1900

2.1388

2.1396

21394

21892

2.1380

0.5 1.0 1.5 20 25

Pressure(Kgficm’)

Figuare 10. The relstionship berween pressure and resistance.
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3.1 In ordar to smdy the relationship betwean pressure and owrput voltage, 3 Whearstone bridze
ismsed The supply volage for the bridge is setat 10 V. The result is shown in fizure 11.

45l

40F

Output Voltage(mVolt)

20 L . L . L . L . 1
oo 0.5 1.0 15 20

Pressure(kgficm’)

igure 11. The relationship barwean pressure and output voltage.

From figure 11, the sensitviry of the prassure ssnsor can be caloulated from equation 3.

_ AF
IiaP

i3

Where 5 15 sansirivity,
AW is the output of the Wheatstons bridge,
AP is the change in pressure,
W, 1s the supply voltage of the bridze.
The sensitivity from figure 11 is caloulated to be 0,12 mV/Vikgfiom®.

4. CONCLUSIONS

Amorphous silicon film is more suttable than polysilicon film to fabricate soain gauge for
piezoresistive pressure sensors. Mot ooly it can achieve lower sheet resistance and coofact
resistance within the reguired rangs, bur also s TCR is posttive and higher than polvsilicon
film Afrer an acmal pressure sensor was fabricated using smoerphows silicon film as strain
zauge, with the doping and anpealing condition chosen from the experiments, the sensitivity is
foumd to be 0.12 mV/V/kgfcm”.
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Abstract

Thiz poper presemts the improving of aoneal process by
increazing the temoperasime fom 1,050 °C to 1,150 °C for M-well =
0.8lle: CMI0E Fabricasion af Functon depth (5} of 1.6)lm and Shest

Resizstivity (Rt} 23 W, TEUPREMY propramming iz uzed in

sizmlasion dkiz project to quickly Sod the aonezl tome and implmc
oomditien for helping acmmal fatrimtion. The rewslts of achml fabrication
are the apnesling waz dooe 3z 2 bre and 30 min S 1,150 O a=
Ioplamt comdifien B rpecies , Doze 4% 10" and enecpy L4okev. The
data iz represented az Rsh , Concenirasion Profile and Xj and found dac

the rezilt of process fabrmation chosely maickes with the frget which
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Abstract
Polycrystaline slicon iz often ured to fabricace p-type
resinior in izseprased cincoit and MEALS. Thiz paper demonsorates the
differences of Skeet Resizzmce (Rsh) of poly solicon that was made
fromn between * diffsrest gpes of thin Shos | fe. Polyzilicon ( Poly-
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Abstract
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Abstract

Growing of Alsi alloy film has been done using RF Sputtering
technique. The films were grown on silicon and silicon dioxide
substrates under RF power varied from 100-200W. Atomic Force
Microscopy: APM, Has been wsed 1o check surface morphology.
Secondary Ion Mass Spectroscopy: SIMS, has been used to evaluate the
{llm content profile. Electrical property of the films was also verified.
The results show that, moephology and film content respond to the RF
power durlng sputiering time. Advantage of this experiment could be
enhanced in fabrication of multi-loyer-metal integrated circult.
Keywords: Mul-layer Metallization, Sputering, CMOS Iniegraied
Clreuit

1. ami

o T ¥
mnamuﬂu-‘n:'.laalmiaw.zr'.."..ﬂ1:3111113:11u-1141ﬂ
ol w0 o e . A . - .'j B
gt felwAsdinadaroussrimmastamafidudnaualy
oy 3 ¥ s = L o
aunidn rwareituIniee 1 Sw cosdulan: 2 #u Fuvae
g e et mm . PR
Tameal¥hadnnenvas Al 75 S8nau UL 2% madlaaduans
i -l ] 1
dadaingaraalnisunzgroeiouiion Source/drain yat
=
sredifien (3piking)
L d » o = Jam F
tudumouans Sinlerng soedesseionuy Todfia 4y
o = - : Fl -
AlSI iz lanit auag‘lui.‘alviﬁﬂ-ima*ai".':rl-ﬁr.zrunm-'na'tm
o y ¢ . s .
Fray N2 0% woe H2 3% wsinsaifife Slotering Tusswsveriinng
. x ﬂ g .
ailmmaids dudvEan lifme iz weesusuarzrawaaas
. ! - & d a ow
sianlinen1d cazenwSsvseadeday A dudeddman
s o c iy = F)
arruNATTETAREuTuA D Tl weiasain W ALR D E ey i fu
3 £ . .
v interarsaiegduun (P patler) Tuswaatadvinldes ma
) ol . = al
Taiiu Ezl.ll.:.lu;'lr'.mi;na‘i'w1un1ﬂur‘-auﬁ1‘|{"|'f|u::ﬂ Eredt i
o g A me 1 o - - A
szt leara lunssd v sanafizen i faamam oy
E . ol g afay, s ¥ i
WA ML AT AT M ATIAN WAL LnTaRE e AR
- - . g gl e o =
wiuasly L'jH.H'll11’TH'i;BIHUU$ﬂ11'..'1:'“*"'111\]5! Al uwAuTITEY

i_ow ) ¥ & w i
HDRURITHATRUARATEU IUAITE T AT TR :lﬂ'l-lal'll.l i

'I"Il'l'IB"E'}'H
2. e wifmmad
| AR Taiget |
RF Power
@
-
o W
+ e,
Subsirete |
sul Spultering Diagram

. e d .
ATINERTY ET'."'HI.IN'.. ﬁrf'u MEI W .';.‘? szewlnne illilt-l

ANELVA SPF 210 ﬁqi:.l#] Taid BF flanond 13 50mansdnd

msdszaguiammsmainanssy i asei 26 (EECON26) 6-7 wasinmeu 2546 aan.

K137

1391



4 &
malurrvuitizyana szdu KI0ndu masefouidua:1s

FrsavinaulAn) ﬂi;nﬂi sAuduwatzuun: Tdyudu dh AIS1 (ALS1

Targel) &usiwdasurneg s LilEnd araiferuduang s

Srsn wdimiaty A]Slaﬂ‘mm'wml"ﬂau watEn e R Grovwth Rale
whouduAmadrn o und Az en s addu AlSE mngs:::ilmm]
}. minaaal ER (V1 T 0.324
Fraremazos Tnedusivamedumitatananzan s Teny
mirneil uos WeamudRuasuivamadsouinmarsadel i
4] A Growth Rate
e ]l pulveasnimanae {Angaominin)
Wafer ftowluatananes 4.2
Ha. Suhztrate 'Dpl Pawer Pre- Spuster 4 o] kL 0.5
ope  |Pressurel| Befiect TpuLEr time
nzhar) (W) (mic} | (min) ~
1 Si 2x10- L0020 B Col
i 2x10-3 2 5 B3 i
(Bngstramimin) 1
-3 si | o3 | 13535 5 9 104.2 1 —
3 Si 2x10-3 170/40 5 50 5 . 10a 0,245
4 5i x10-3 | 200050 =z 45 5
5. | sioz | zx103 | oo 5 85 Growh Rate
—
6. 202 2x10-3 135/35 5 39 125
7 502 | 2x10-3 | 17040 E: 30 g |nE 0 Az
g 01 2x10-3 200/50 5 4z
Growth Rate
4. nanimAaal romimi
q
41 vamanaazsaamaiaan resistance, Reflectance nazans i4
eduvdisnfiadon AFM| Atomic Force Microscope) 7 (e e {EE2d N
wr31ai L mmas S esistance, Reflectane sazarsadoudonfiadae
AFM (Aomi: Foree Microscope) ==
UEY |MRaIRARDe [;mm H:“[@n]
4 geiromimi
"R [Refect wame |AFM (Atomic Farce Microscope) B0 5
e el Lol o 1 fos [0 fos
(%) [(um)
0.5 100 0.276 —- -
Growth Rate
2 s— by
Gronth Ras i - _
ﬂg’suﬂ 'm - -, o
s 325 ; L wraeen uning S1substrle Buvsda<l0 pype waz T reststivity
= iy 30 Ohm-cm

m3tszimmsmadaanssu Tvih asah 26 (BECON26) 6-7 waainiou 2546 aan.

137

EL37

1392



ALE] or 51 waker it 100W

EECONDARY DN NTENSITY [AL]

ns a7 an

Sl 722 nnSIMSH A AL uusReanosad R100W

AlS o 31 wafer at 170W

SECOMOARTY 0N INTEMSITY ja L)
&

Abscate JIRICME) leg

al .

43 o - = s wut BE s
T“J'ﬂ AHFANUEATEUAUTIR S UDINRL NI AL WAL Ll ]

1.2 mamramazasawnindamaiz SIMS (Secondary Ton Mass
Spectenscopy)
T rmrdusumarememe L] ies 4 Suduitewlu BF
sllnemadTe vudfnewadeiinda 100W, 135W, 170Wies
WOW  Vusiranzasaimaeinedtszaevnaniiaiy tuzdvaam

, a .
drdi1ag fremats SIMS Fldkeds 7 7l

AR of 51 waler a2 135W

ao a1 [5-] a3 a4 os na or oa

w L
=
Lo 1w
E
Em’r LR
z
g v =
§ w 1
%m’r i«
@
i L L L N L L L o
ap a1 a4 43 a4 05 08 6F o

11J#|E|ZI nadIM3Rau Al vt Raawanded 7 116W

ALS| on S walsr at 2000
[:3:] a az a3 a4 (£ [T or LT ]

S —————r—T——T——T——1—
E w Lk
5 oy i«
o
g w 1=
;-r_- w' EE
2 "' 1%
Howf o
@
1
1o UID ull ul} ull ull (B4 ﬂIE ﬂll- D!ul
DEznum)
ol -
11J'nﬂli nadIM3R 80 Al vt Raowaded 7 200W
43 avamTIanaEian v

W Fa

Airariusumenaemeeeal, 23 une 4 Sadudan
BF ailainei5e uudfnoudndaen: LOW, 135W, 1T0W.ne 200W
N ] - . F .
Wiz fedensmaifasus-usedu lnaandounamdndad
A0 oo fa 10 Tsnd T Aneniafadn AlS wer Wuinadfrouds

’ = v ]
ATIIALRTHEDATI IR 1';7!1 11J'|‘13

ﬁjlﬂi'lzﬁﬂﬂﬂ]iﬂﬂﬂﬂi
, oz o —
pammmsnsrzanuiTiumr i veian A vw S8nauns
wlo? Tas RF atlamaite fndeeu 100W un:135W c 808000
Fammzarudoina awdeen 1TIW Id8dunidasarugua
davzeuesiware S0 'I?'Hl?ﬁﬁﬂua.:u::n:m-" H1luans
afvefldn AB] vy SAsenTroenled dwdaa TOW 135W 1T0W
.
aee W fevmensdadfulinadn Sndundaruan R
aflama T edundorn i suvoeidy Albluy $Frou Teedia
o 5 = g w A - -
amdaau BF allmmaiTalizain svwenGousoiniozaam
- s g mw v i
ammarrimaiey SIMS axoiuldzdutaauinianmons

- - 9 ol o o
1.i|~'«lT.|E'.J.'..EL.|i'r'I'I.$.'.BITELﬂi\ A]Sl Iﬂﬂ?:il:r'l1$.I'ﬁ$"!k|'l.i:.'l‘|1']'l-l

msdszgpimmsmadanssu Ivih adah 26 (BECON26) 6-7 wnadnou 2546 aan.

138

EL37

1393



A ¥ o RF o s w
wanarridwdaam GV TR LA b Rt
] - = ¥ o
seldiFassuesreumeuot lonsdnros  Srarenevoumntiung
Gl arditiiuTnases SowreDran 1nTaseste CHOS azda
-
avanzgFewae S (Splking effe)
.
= - w ' 43 [
smasianseiin ilfheaasaein awglfl axeiy
oA e W 4 . :
sulvidwdaen RF zeln  aamesd e wessedsandu
= ¥ o owe T - & c - .--fﬂ & o
Frsanwi@udzlewdiannty  whamdadsagaorainduFen
oz = j w -
avswnames ATz uINaInAR eI msduanAatunt lao

agwamrigateausa(Sell Sinlering)

b.madszendlflunszurumanianasi

smsmmsrotiarainionte R allemeifefndam
135 W ladsinanaardse £ melal layers Tasvisarsoaanewdv Contact
Chald slzvazan ardialdd werandadorvadidn ABL &
sirladad st e s CMOS Aaly

sorpenuvudy Contaet Chaln Fadnsduilvnn 15
Tumzaw X3 umazs wen L000 A Contact hole anra Sansow
X Tusrou ﬁq;ﬂ#li uped 151::11':\51.1541‘:]115 madu AISHfudl
ume ?J# T #2¥8u AB1 $:412 fafw Contact Chaln 'r"‘w:u;:ﬁ:ﬁ -
semdne dusedal Fudwoeds 24 2 contact chains szvedadrumea 1
fudwnde 37 2M0contact chalns wes sewde Aol 2fudami
45 480 contact chalis Tasiinmsairianadinewlronnladin
sewduiidunar AL $udl uee? d3e3800r PECVD) (Plasma
Enhance Chemical Vapor Deposition)sesas 5000 A [4] Taosnit 1282 a1
srmdm s ireiuitd vz A5 il weefuil Sudane

o .
73 Srememesad Il 143

wr31eitd FrnammE ez Contact chain

Aunnia #2ww Contact Chain vt
1.2 1 10
B} 43 58
R24 280 01

;'nlj innmxthule
im0 ) e

'

J5um
;:J'F'uli wuravas 1 Contact Chain

n\\\.\\
TS

Metal layer 2

Melal layer 1
Silicon sabsirale

iilihiuu

suA7 Contact Chain of 2nd layer AISH flm

1. amlnanmsmaaas
I RF ot . - .1
whstwara BF aflemeiTanadonssuieeratven
F) A = = - <
weu Al uw fhaow Tramamiamdrew BF ailmmaiTalizaieiy
- = , - e
sl erugiieans uAsm L G suveai gy AlS o
- 1 W al 2w o . RF
aamou tneon lwanaaeuudaudates  waaawmiwdany

- . E. , PR - |
1‘“U&:ﬂqﬂai‘lli¥'ﬂ'IDI'HIFI'Fl-Pi'II'll'H:'Iiﬂﬂxﬂi\l.lieln.'nlll'l’l?l:lui"hﬂ

m3lszauinmsniadanssy i aseh 26 (BECON26) 6-7 waadnieu 2546 aaw.

1394

139




s . qw - - . e
gaeeu M lMususvadnseoveenaee ldaasoads Senald
Y . i -
nEEIM E1.3“11{:"111'ﬁlaﬂ171ﬂ.ﬂﬂ1im SFdHI]g Tulnaeaia
soerin SonmeTain 18w dand Fufa Toviaurfdunaia
. . o4 - -, -

Tuzarazn lirwirenyy n_L'|7 EANTIARHREH DN AT ELTHATIRR

of -l £ omy o ¥ el
JRTIW wAARARR T v eduR AL Teurasfos I'J'i-_lﬂ'nu

& - J|1 . . w £,
AT Ewe sy lewd luatsamuuunia I'|'|B11-I BrRuTwA

8. fafinssulszma
ol al - w - oy
UL T HE G ?:iiﬂﬂ CREHEEE HIMHIANESTY
= - = o ¥ow - .
TRANTDUAF HIT TR AUTATTE URE U TNUDIFHE AN
. - - - -
TusruimisAimeaui mivadar URTYRDIAT LDUTURM Mr.
-, .
Sakakibara UBEYREIATYDE NTT-AT uzma'ap_.ﬂ.u-'nsmwan
- - = = Y
me‘.u'.nuunxauuml'.mg Azl uA13IeE  umE TNTUR
. Ay oA s A
NEDOD wvia MITT vzzem a;gl.‘lumfuuaquﬁu-qu fuarsdwdde use

L '.I:I'J'P;E.!..lﬂ BT T]F[E{:'HEI:TE: 'I‘JFI'H 1

9. mamnsdiada

[1] Itt Rittaporn and Pavan Stamchai , “Progress Reporton
NECTEC's Microelectranics Project”, Proceadings The Fiest
NRCT-KOSEF Joint Seminar on Semiconductars. , Nov 30-Decl,
1990, py. 3033,

[2] Pavan Siamchal, “Thatland’s First Integrated Cireuit Fabrication
Facilicy (2", EECON23, 2002

[3] Kook K Ng, “COMPLETE GUIDETO SEMICONDUCTOR
DEVICES”, International edition, pp.30-34, 1995,

[4] STANLEY WOLE, “SILICON PROCESSING FOR VLSI Vol 1:
PROCESS TECHNOLOG Y™, Lallice Press, 1955,

[5] STANLEY WOLE, “SILICON PROCESSING FOR VLSI Vol 3
THE SUEMICRON MOSFET", Lattioe Press, 1995,

[6] 1tt Rittaporn and Pavan Siamchai , “Progress Reporton
NECTEC's Microelectranics Project”, Proceadings The Fiest
NRCT-KOSEF Joint Seminar on Semiconductars. , Nov 30-Decl,
199, py. 3033,

[7 Somsak Panyakeow and 1t Rillaporn, * Microelectronics Industry
and Research and Development in Thailand = ASEAN-ROK
Wiarkshop an Micoelectronics, Bangkok, Feb 21-23, 2000

10, ds=idi@eumany

' - o - -
A ugaaa, maaneaitadie awiFad a1a
. - .
wnmadvaeeunTund U waliod v

- . - » w L.
Aumueiaeng e v umren S8 1w 240

. - . . - =
HEIDWAHETIET 1.'ni11l.l'|'1H AFETAE !..1.5 .'IJE
- e ow W I _ . < E
ROV TTHAT TIAA L 'K.i'E-:'iE ﬂi TI.IH"'I T 1.'Hi'|1|.|'|‘1 W ‘IP!‘I".\B

T - Ay o m =
IR TIE'HSI'I’IFIT'I-I'IHE1I. WITAANIDNAE

[ ]

L - ¥ a2 a - -
fne |ifu11i|sa|.a1lraﬂ1iﬂn'u1ix?!. Ui amn
- - o - -
FIWITHER M IDNAE A Tiuma iy Tnsﬂr}u
Sutedl wa. 25-1-1':1n::::l'uﬁ111ui'um1.i1éﬁ1r.1.fn3:"a
a o - | =
Nguame lu TadlulardEansatiad

ﬁ

e -
|
4

- -
annwud, Taassusranddata e e
[ L r
o rinedadei D wa 1508
- 4 - - =
Frassumaniuludin unzaudvadin e
v o - L . w w
grasazainnTimede D v M unew 240 wodidy degdu

u - v ow ma A i L P - 4
14 1141'..P|1I.'M1.I\{ HATEE W a'l-l!ll'ﬂﬂ I'I-ITHE”'LI lmsmiAAnTIEAE

ariu aeued, . Resftanduduene
unzvsa. Frirtamarldihan oeeenne
wniverds P D awe i umed @ansating
wwnaa s Tn Tetuie Tefas wa 2530

#rursdedagtiu Fa3da PrOCess MEgraion gud«ln Tasdifaniatiad

. a ) Qv m L
ind gnerarsl, ansamdaEniduin wndutina
o om - F, - =
urzmzfdaiin ma Handdzend arauntinerde
a
Tz dszen At Y e 2506w 2528 Lime mm
e x £ = 5
253 mndndy wdasadusiend Superconductivity

Research Laboralory (SRL) a1a Intermalional Superconductivity
Technalogy Center([STEC) Snsiwimnia Senior Resercher 3 wa 2531-
2530 ds:mne‘ﬁq'u

LA A | ] -
ﬂ'v'.B.ﬂi'l lules L laTa@aAnTaua

n Kaguo Imil, Sesessumanidadn anidadia ue:
‘J.ta'jill'l?n amidaniatng an Osaka Unh‘ersil}'
1 own B walSlf el ey fagidu
sivdnomis project  leader  of  Inlernational

Technology Transfer Project al NTT Advanced Technology
Corporalion Japan.

Kazuhito Sakuma meceived the BS. degree from

Kougakuin University in 1976, the M.5. and PRD.

I dearee from Saitama University in 1997, He is now

; 2 Seolor Manager of International Technology

Transfier Project at NTT-AT Corp., Japan.

e w . "o V¥
'nilil.'hl'l’l1~'«l1'hl'l1l.l'l‘1'..Qir'lt'lr'ﬂ'iﬂlﬁ?ﬂ'l-ﬁlr'l'li

m3lszaudnmsnadanssy i aseh 26 (EECON26) 6-7 wgainieu 2546 aaw,

140

EL37

1395



Yo-unana

Q

a

U A =
U Yina
da

amuNna

W =
sz ¥amsanmn

AT NNYPANIZATY

ﬂsztmmmimﬁﬁnm
N.f1. 2539- 2540
N.F. 2540-2543

WA, 2543- flagaiu

NE‘I\‘i1‘I-!’J‘i]ﬂ‘nvlﬂ5Uﬂ1§ﬂWNWﬂH’J‘V]ﬂ1HWHﬁH

141

UIBNII LYIDN
29 AU 2515
IHIATIUA
W.A. 2539 Anerendastiama anand
PHINRITUAIUATUNT
- nszuIuMIBIdalsey
A
- ASTVIUMSIARDY lane

- NIZUIUNAANDITIN CMOS (5-0.81%‘?’13@1&)

Aenithenan vSEngu luassuumruiiia

' a a o ad a J o w
ﬁ'JﬂiPJ”IEJNa@] m‘y‘1/1‘1aTﬂimaﬂmamaumwmm

)}

] v Aaw 4 Aad a J a J
FAYUNIVY ﬁuﬂmﬂiuiﬁEJ?JLﬁﬂV]S?JuﬂﬁLLﬁSﬂ@lJW’JLW’Ji

e

HHIHIR

d

[1] Karoon Saejok, Ekalak Chaowicharat, Montree Saenlamool, Kowit Sowsuwan, Charndet Hruanun,

Surasak Niemcharoen and Amporn Poyai. “Study of Polycrystalline and Amorphous Silicon Film

Resistance as Resistor in Piezoresistive Pressure Sensor.” ICAS2006, Vol. 1, November 2006,

pp-590-598

4 @ 4 Ia o o = a
[2] NI !l"lf'%@ﬂ, UUAT HAUASYR, FIYAY WIDUUA, IBNANHAU 1F1IIBITAU, FIANA Lﬁﬂﬂl%ﬁmu

@ N aa do a A (% a
iaz ouNg Ingle. “miﬁﬂ‘umaméfmmummiwﬁmaﬂau e oS NaFadAdUNAINTEN

Iy o [ % [ a a ng d‘ =
Haszq dmsu ues iannuau.” m3dszyguin memadsnssu lidh, asei 28,7 2548,

W 117-1120

a [ 4 I v o =
[3] 10U HBDBN, VUAT HAUAYA, DUYF (FOINHT, DNANHAL 1NIIMTA , FIANA 1oy

a

g

@ =% I 9 ] a I ) A a ) [
wag duws Indle, “msiannmsaivvesiadn laelsumugurginsuouila dmsy

299357 0.8um CMOS” mstszgammsmainanssu T, asei 20,7 2549,



142

N1 685-688
v =~ A a [ 4 a Y] o (Y] a’ ~ a
[4] M0 uADBN, VUAT LAY, DYF 1TOINTUY, qiml Taaawus, qsana Houaiy Loy
% Q( = a o 9 1 a < o 1Y
ouns Iwdle, “mseinyinisgedalszglumsaiiaiesiaey d11351299359 0.8m CMOS”,
a a :JI d‘ 9
msdszaguIammsmadmanssy i, asen 28, et 2548, Wt 1073-1076
[ 4 a o 4 [ % Aa a 4
[5] P1ges 5N, VUAT tauazya, gl laaaius, a1y aeude uag a5 qnsnsol .
=1 o a a 4 A Aa o o [ a
“misfnyigunsainutialscgaiia wesualuaTeddllszgdmsunszuIuMINGn 1993
a a 3 ~ 9
sou.» msdszaguInmsmadsnssy i, ased 27, we. 2547, wih 269-272
Aa A 4 Y] 4 a Y] 4 % Y] Aa A 4
[6] P14 ne00n, AR 1AUYTel, gianl TanaWus, a1iu aeude waz 9ns gnsinsel
o ard 09.: 9 a da o @ 9
“mynannnszuIumsdgnilanTangnareduaromatinailamosssdmsumsaiigg
[ a L a a 3 ~
w5507 lasumsanusi lumsdszguisnmsmadsnssu I asain 26, 11 2546,

N1 1391-1395

Aav Y d‘ Y U
WA UIVYATHO U YOI
% 4 =\

[1] ouws TnT lo, 9131 1509011, Myas uaven, I V559913, ¥Ua3 Hauazya

“The Effect of Fabrication Techniques to the Threshold Voltage of Submicron

CMOS Technology” mM3ils $°1§3J3°]ﬂmi Technology and Innovation for

Sustainable Development Conference (TISD2006), 1l 2549

= | d‘ a A Ao QJ [ % Q{

[2] vuas Hauazya , MIM HYIDN , DU LIDINTUY, Tf’]fnﬁ ATNIANA, DUNT TW‘ﬁ18J uag

a A J =

A a L
ons gnsInTel, “msannuantalumsosTuseurlgeslsa lunszuiumsadeeod

9 ]
5UE M5 0.8m CMOS MsUszaimmsniadennssu T asei 28,7 2548

Jd o o a
[3] HUAT HAUAZYD , NIFY UBIDN , UWWA WIHHUTIUNII, nITaiini gilseInns,
a a a (% Q‘f Aa A o
10 Tggassa, wTdag 2519, ouns Inle uaz ons qnsnsel “MIANEINg
a o a d o g 1 1 Aa A
gaflalszy Tusouszaouiindiuiuesaenuesnaiau BF, AoA AN umusang”
Y [
msdszaguIammsnadnanssy i aseh 28,7 2548
o =% A A v a A A o
[4] Buns TwSley , o131 139IWHY, M3 uaaN, I V33991/3, N1IA VAITNNA,
a 1 v a A 4 1 q‘/ ]
UNMsI gagde 1az 9n5 gnsInsel, “Havesnnusoudensziasy lusesaslnuoa
aa 4 a a 3 1
Fa loa” msdszaguInmamainanssylah asei 28, 7 2548

Y = [ o a A J
[5] UUAT uauasya , NI !!"li'ﬁlﬂﬂ , DUNT IW‘ﬁGlEJ, NIU TYIUTY Las ND NTINITAL.



143

A Y a A 4 A a o N
“nadanssadalszlsunamsinegediianiesaiallszynszuavinanais” mydseynian
a & 4 o
mMImaIenssy i, asan 27, w.a. 2547, i 257-260
Y
[ 4 an [ 4 a 1y 4 a Aa 4 a Y 1Y)
[6] DATNIY LBNAT, qIRU Tﬁmwm, NI !!"lf'ﬁ]@ﬂ , ONT NTNTA, “NITAAAULASNAUUN
d’ a ) o s a d! v o d‘
lﬂiﬁ]\‘lENNQﬂﬁ%ﬂﬁTWiUﬂﬁ%‘U?HﬂWiNﬁﬁ’@ﬂﬁﬂ\i@]ﬂ]uW Lﬂiﬁ]\‘ll!iﬂﬂl@\‘lﬂﬁglﬂﬁﬂfﬂﬂ”

m3lszamInmamadmanssu i aseh 25,3 2545



