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aunsal lon Sensitive Field Effect: Transistor \(ISFET) 1funsauwinunalulad
Ardiy  lumsUssdndesdarindiuaishusgivgiiusmsaaiamaail  fugy
vaagunsal ISFET dmsaniaviuinilalasiauloreu visern pH luaisazats, dagdtu
Uszinalve Tudivaluladlulassiénnseiing (Thai Micro Electronics Center : TMEC) 14
aemanan CMOS 0.8 pim. Uuisiugusasiudanaunun 6 h wangUnsel 1SFET it
a5293aAn pH (pH-sensing membrane)  iuRaLuA | SisN, fnsnovuausssiannia-iua
(pH-sensitivity) aglugae 45-48 mV/pH, Tasnasvinen (pH-range) Wiy 18 13, Fawmess
8 (Hysteresis) 111y 2. mV wazdasntsaan (drift rate) winiu 1 mv/ar

anifeaduiliaveniafislseAnsamaunsal ISFET Tasnswasuiagiiviiiig
Wy pH-sensing membrane nWaNULY SisNg 18U nanocrystal-TiO, YnsUSuduneunis
waasne o delidilffU infesinsuagnseununmanluaiensnaa CMOS 0.8 pm
AFuuN nanocrystal-TiO, MasMannmsad T iliduuay’ TiN-eszun e @ wuniinseuals
we3e ntuthtduute TINRLE tealialuussennia N, igaivgitgs 850°C luimwiesiua
Wduun nanocrystal-Tio, fmmdusurusdnauysal aundiandnaglusedu 50-100 nm
nsdnestaiulasednuuy slnd Tusgumu-(110) ssruszneuvesiiduysenaude Ui
O Uszanas 63% wazUSunas Ti Ussanas 37% nasavieuiafiiuasluilefidy

A1sEEEILN nanocrystal-TiO, vuguUnsel ISFET Ussausmidudailoainetu
#idu TiO, w1 10 nm VLWL Sio, wun 25 nm Wuwnnsenled wuiniinssuadamnda 1
pA ussiuTaBuUszina 1.0 V luaisazany pH buffer A1 pH = 7 finsnavaussdedinsn-
Lual,ﬁumﬂ%uag'luszha 55-56 mV/pH FufuFunndudlodieutunsld  pH-sensing |
membrane WURGUUN SisNg, 929015V (pH-range) Wi 1 fis 13, Sawassda
(Hysteresis) anasinda 0.9 mV wagdnsin1snaw (drift rate) anaauds 0.29 mv/hr
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ABSTRACT

lon Sensitive’ Field Effect-Transistor (ISFET) is an important, technological
development step /toward application of existing semiconductor knowledge to the
area of chemical sensors. Fundamentally, ISFET device detects the quantity of
hydrogen ions or pH of aguous solution.-Currently, the Thai Microelectronics Center
(TMEC) of Thailand apply an existing 6-inch 0.8 um CMOS fabrication line to the
creation of ISFET with pH sensing membrane made from SisNg thin film. The sensor is
capable of achieving pH sensitivity .of 45 — 48 mV/pH, with pH range of 1 - 13,
Hysteresis of 2 mV, and drift rate of 1 mV/hr.

This research presents a method for improving effectiveness (of ISFET by
changing the pH sensing membrane material from SisN4 to nonocrytaline TiO,. Many
fabrication steps had been modified to'be compatible with-the-existing 0:8'um CMOS
fabrication line. The nanocrystaline TiO, thin film was created by annealing DC

magnetron sputtered TiN film.in nitrogen atmosphere at)850 °@. The nanocrytaline
TiO, is an insulator with grain size of-50 — 100 nm. The crystal structure is Rutile-like
with orientation of (110). The film composition-is'-mainly Oxygen at 63 % and Ti at 37
%, both at the surface and inside of the thin film.

The nanocrystalline TiO, thin film was successfully fabricated on ISFET with
the most optimum result occuring at the TiO, film thickness of 10 nm on 25 nm of
gate oxide (SiO,). It was found that the resulting leakage current was lower than 1
microampere with threshold voltage of 1.0 V. Measurement in pH buffer solution at
pH = 7 showed pH sensitivity to be 55 — 56 mV/pH which is higher than the device
using SisNg as sensing membrane. The pH-range remained the same from 1 to 13.
Hysteresis reduced to 0.9 mV. And the drift rate was also lower at 0.29 mV/hr.
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UNU

aranluruazadudrAgyvesetuise

Tneniwusatuing i msﬁwmqﬂﬂmima%i’mmqmﬁUuﬁug'\umaiuiaﬁmiﬁa
fhidneu Sungunsaluinidn lon Sensitive Field Effect Transistor (SFET) gunsal
SFET  BuuiiiSnundnaneludl aa. 1970 Tnstnivenmansaiusesuaud do Piet
Bergveld gunsal ISFET saudasnaingunsal Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) Tasn1sdagesvivmeeniadinnean Wothasazaefiiuiua
lelnsiavloseu (H") Ardre 9 dudauaenlasinn wuinssuditlvaludieunsal ISFET fnns
Wasuutasedhsiidedine suilemnaindnslwfiuiuaididasevinasazans uay
panlasinaiamalasutadhy-[i]

ISFET fugunsaiamsisinidlidmsussadaiin H wiadenudunsa-wa
fuitedugunsaluialnl _ fssdinrasmuiiindingawardanszzui, | dfnesedlu
Fowanilgatu- Tenamfidmiendddl . de fnsnauauawomse e Taiisind:
wiugh Senuawidunsliougs (e inedinnssihsuiuouuisnndie) vun
En ansainariTuRIsHERRSeNRUIE3TIN CMOS A sminadiasinn 9 dlisaa
when | MewnsafanaIgdnsal ) ISFET  Salasumisusediunntiiide uazuSdndn
wiseailetaduiilan - Thluaunsaidddnenmlumsimundasendu - faassiaviaai
wasinTIinediaw Laedavainnanglueuan [2]

wiusuiilade H (pHisensing membrane) WuiladAnuetauasal ISFET
AnaTRRugI, Ml fe ulldauegeauysal fiduinteshoglumaiiades i
MaliFeunlaniiduizasazme vieein-navauowia H 18R seedl 1.1 Yagdl
Buaruauledniimsdouiuiiunitsalossty wensedetanildadaduan
wiuithdelalnsaulesetuygUnal ISFET Tudlagli

M3 1.1 Tagildsuaruadladmiunalei@uauusuiildelosey

Sensing Membrane Sio, Si;Ng  ALO; Ta,05 SnO, PbTIO,
Sensitivity [mV/pH] 25-48 45-48  53-56  55-57  55-58 56-59
Availabte pH rang 4-10 1-13 1-13 2.5-13 2-10 2-12
Drift [mV/h] Unstable 0.83-1 083 0.5 1.65 0.5-1
Hysteresis (mV) Unstable 2 36 1.68-4 2.5 35
Temperature coefficient (mV/pH °C)  Unstable 0307  0.315 0.134 0.166 0.101
Response time (s) 60 1 <1 <1 - -

Paper reference [3, 4] (5,6 [7] 8,91 [10-12] [13,14]




Tutszwalnefnafuugunsal  ISFET  Judiqudinaluladlulasdidnvsadnd
v o @ a I [ . &
(TMEQ) TmeldimTaednsluatantandn CMOS 0.8 um uuuiugIusesiu Si auin 6 i As
a L4 VYa . . . ‘4
wangunsal ISFET T4Mduune SiNg tTu pH-sensing membrane (SisNg-ISFET) Uaymiiwy
ssninnsld e Weldougungal SisNASFET Tdiszuznile nsmevaussieruiunse-
Waanas 1INASEUALNYITERY | wulaimntiasifaninniadesan wuesiauus SisNg
[15]  anuwenswlumsudadygwidsnan  Saluifivesrnusumilessvnine Inendeuilu
wialulagnszsaundrannszdy fu TMEC lunsiauriageudalnd dwiuvimihidy pH-
. 4 o a o [y

sensing membrane Lallaadesnw wazUsedvinmlunisvineiuresgunseal ISFET 14
& 1Y) & a g v v o d o a a da
A leewenediuunduneunsndlvidenndes  AueTasinsluanenisndafuiiioglu
TMEC

maniunusudumenisiansandagalunisn 1.1 mvgdunisfiersanang
& v oA o a da 1 a d 1
duldldlumsyssandldiniesinsluaisniswdn CMOS 0.8-um vidagwun TMEC wuins
kY a < o s v & . 1 < [~
Wawnszurunmsudalanseenlaadmiuldilu pH-sensing membrane urazfininuduly
o < 8 o dyve a & YU oae v d ae
Tnndign Tnefudanlddusummlupsinuife psadeiufiduunlave wdideuiis
unlansuduidnuslavgesnladiunsyuiuniseendiedu duludenltiaiesing 2 vis
Tuanensudn CMOS 0.8 pum il A

A a o= = . s
1) 1389 7T Lundaseuatamesy (0.G. Magnetron Sputtering) Tuananisudn
Usnildadevalada Ty TIN tas Atalloy (Si 1%, Cu-0.5%) ainnasiatsanididanldiay
Al-alloy tpsndidiurauvasnniiagusdsie avihaiealanussuna 300°C Afiaudn
gnau Si TULa7 [16]
2) wwweiiua-(Furnace) lugnanisrandsnalelunszuunisdulneds (Sintering
process) dnistAtvionyd 2 gdadnanluszuy fe N, tWas Hy emlurinasuussennia Tu
) 1 Ay o _a Y] a - lid o P 1Y ad L & e
ssuussnanitednnalunisldguugiiegin 850 C iasninasldauanmniingandtiiitu
QA U I [ a YV a
gaunninmunsgulunsdusiUsenin me H, Aume O, sravinldAawlaniwluszuunay
a o 1 8/ 3 P w W < o ay 8 o 2
Winmsszilnegnguustld | astiuddessduladfeniauiilduune TO; ieldidu pH-
sensing membrane dwmivatnsal ISFET Ingldin3ainmluaienisnds CMOS 0.8 pm
5 Vo, 2 o WV Ay A Y 2 7] v o) &
ntuideliinemunmssunssitesinielusdanunatuiiiisrtasiunsaddidu
. < . oo
T|02 L‘IJ'L! sensing membrane ¢31 AB
=) a ¢ L= ;/ ac & = }'% o
AI3BLRALUN TIO, annsawmssulavanedd Ae nismdevasaie winiinseu
almna3a (Magnetron sputtering deposition) [17-191 nssurunsleaiaa [20-24] Metal
organic chemical vapor deposition (MOCVD) [25-27] Chemical vapor deposition (CVD)
) ) ap ¢ o v W Qv o
[28-30] Wlansdndesvediduuts TIO, Afldusnmasdn waznssAuduldoudush
asIIAnIaadl Ao Rutile (110) [31]
dmiundfeluednfiiimsin TiI0, weaswadusnsiaiamanil VewuuAld
Tasea3e ISFET videlasvadndiilnalfeasuain aanulul a.d. 1995 ¥89 Ludwig uasz
Schindler [27] vnsAnwnieadiu msgadu waz nseelslasiaulessu (H) was n1sga
@ 2. 1 ' . .
FuraUileslesau (Cu™) vutaluiudankau TIO, (TIO, ion selective electrodes) WAy
° aj ¢ Iy d o o
Tull A 2003 vae Shin [32] dnausmslgnlduun TiO, MelA3eddns MOCVD. s



139379 TIO/SIO/Si aunsansiaiaaanudunse-ua 429 3 8 9 danisnauause
Amnlunsa-ua Wity 57.4-62.3 mv/pH wanulull a.d. 2005 vae Chiang wasan
[33] vihmslassiauifamelunismeuaussonisiudeuntasn pH vasqunsaliiwanian
3enth TIO, Extended Gate Field Effect Transistor (EGFET) fte iiun1awdsuiufidy To,
fenszurumsivaies vugiuses ITO findevaguunszan antu Anneal Sunuflgumg
500°C wazvhnsiieusedalih mo wihiurinmvesgunsal MOSFET wudanunsonsain
Aeandunsaiua 9 1 8 11 fAnseevausseamruniiunsa-ua Wiy 53.86
mV/pH waelull ad. 2006 wee Liu uavemy [34] dnauasieanumails molecularly
imprinted Wi TIO, 14 stable ground-stable complex dwdulszandldauiiy
selective electrochemical determination mercury (He'") gludae 1.00x10° s
1.60X10° moll waswlull A.A..2006" 968 Lee-wazany [35] vhnsinm TIO,/ITO
extended gate field effect transistor 1¥dmSunsiaaeumaTnLlunia-luavasansazans
(H" was OH) 4

deliunehil naviutull-aa) 2008 woe Chau-Sung Lai udsAy fuunltuditn
wa‘lm‘ﬁlmmsﬁnmnﬁﬁaﬁwﬂu‘lﬁﬁwuaﬂu pH-sensing membrane \oandhsnsasnaes
gunsal ISFET [36] waz aanudwluil .. 2011 2a9 Jinka Qiu wazaz Ian3oudoya
uaznadfodrunuindudiudiuia IO, famansalunalssbndldai Biological uas
Chemical sensor liuanuaigaiin (37]

smAdeatuithafssnanamegumis JagamaTaidanloaniaaiunisiiad
audiuualumaliladladdaiiule o fan infuilss wasney funTguILns eaesing
Tunssvumsrdniuiidog | leiulsesavimn - dieifundliou Sfuygaslt
WA wagviaduadnsdvingunial ISFET asdudiurdnsuddalifaviuidedulml
Fuluauran e tuiARsuuEu g AR wasmeluladvesusinAlne ldaam
wuuda visdammidiunsn sasdulumsitedusssulantd 50l 1.1 uansnadvslunisiann
wanoiiAnangUnsal ISFET Tululasmalvaleaudsfntosidy 3 suiu fe sy
gulniin yathnihgUasal ISFET Wndunsindunquiiniaungutidnmsoing waiduig
ddnflunsiaunduins sunselintesilein_aseneussuudalidfiquuuusine q Tunduil
fideuszheunsal 1SFET TUlnldedmanunaswennivena  sdnssiiisinnumnzay
fulihiaunnguiifie “ISFET 3apouaes” oy “ISFET pH sensor kit” drwuseluifiu
ranfneiTzaunatslsge Yudunsussgiasigunsal ISFET Tuilldnwasmiloudu wiaa
pH  wuunsziewiiifivneluvematn  uazesnuuunasiiiitlvdussulvieeeniifiu
WMIFIU asﬁuqﬂﬂizﬁ “ISFET pH probe” a@wsasardfueiasin pH ﬁ’aLﬁuﬁQ’L%'ﬁagﬂﬁ
wavannsaitey wieilaidusin q luefesin pH Hndleudilaghifeudsunginssuns
T dmiudanegauestisfiadumeiauigunsal ISFET saufudnidesuall T
wazadiamsuwnd 1iadesengunal ISFET Wusametamand waefanmeiane 1
selulusunan awnsomteyauiuduifeiugunsal ISFET 167 www.winsense.co.th
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o a a a o “d a « v v 1
U 1.1 Uniiongadiemiiamaasunsn ISHET Aselaaunistsgbasldausiudie 4

1.2 TnqUszadAva91uIY

1.2.1 tilonidh warrseuaLaTHRRTEN At A UG tdns ipriay e
AsHAR GMOS LIRS L6 1/ damiudlng pi: sensing membrane R
Wy ShNa anRanmiuunis/LPCVD %a‘l‘iﬂug‘dnmﬁ SNSFET @titagliu

1.2.2 as 1 Wldsitnauntursanaalimnilulieensn (nanoctystal-Tio,)
selABasns ae-winln Ted AUnlESTAG A astee

1.2.3 a1aWaN v TuLaanodtystal TIDs AB At shaanan aius T1

1.2.4 #513WlaNUTIMN ndnectystal-TIO: Mu bt atiaauy e JiN

1.2.5 AT TARATR RN T WA N S MElUI nanacrystal- TiOs
flannnighealaildTnn ks TN

1.2.6 Winusuanianiguausisef nanul s r=wia vasliduyhdnocrystal-Tio,
flgnnsueataley U Jiday TiN

1.2.7 annsaidendoulun as i mauin § nanberstal Tiorwihvaydmivasadu
pH-sensing membrane Y83g URTa=SFET-to

1.2.8 89NWUUNTEUIUNTATUUN nanocrystal-TiO, uugunsal ISFET lngaanneany
AensWAR CMOS 7t TMEC Ty

1.2.9 anvinautflanizuesgungal ISFET fifiduRdy nanocrystal-TiO,

W pH-sensing membrane



1.3 99ULIAYDINTANIUIIUIE

1.3.1 AnwanudululdlunisdenldWduuis nanocrystal-Tio,
W pH sensing membrane

132 Fnviandiiiugiusdiusig q vesiduuns nanocrystal-Tio,

133 Anwmdnnaieuesadasing A 4 uundnseuatinmeds uasimeduua

1.3.4 ¥insa519anune nanocrystal-Tio, Joulusing 9

135 ynmsfnuautiamziuang 4 veiiduuns nanocrystal-Tio, fladreulfuas
aunsadenideulunsadeiivangautunslssandldifiu pH-sensing membrane

1.3.5 Anwmdnnsviauasgunsal uasdunsunsadegunsal ISFET

1.3.6 ¥nseenwuunIEuIunTIHER Waznangunsal ISFET AfiHuildu nanocrystal-TiO,
W pH-sensing membrane

1.3.7 ¥amsdnwiauifianagaushe 4 geaUnsal ISFET Hnanls

1.4 rRafin1a13zlAsuaINTIUIRe

1.4.1 an3aEs 19 HaNUTe nanocrystal-Tio, asnTwgald

1.4.2 anuaiaseimdaulamsainaigiune nanocrystaleTio, funzdmiuldidu
pH-sensing membrane

1.4.3 g 1snaenUUNsE LA THAR UaskangUnaa] ISFET AIAuiidy nanocrystal-TIO,
\Ju pH-sensing membrane %

1.4.4 ananspSeuiisuantnnuaig q Aesgunsal nanocrystal-TiO, ISFET
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TIO, Tounaughlsesivutiling) Us2asgiiuatnssviama sondwu Avguauuauanlen
uariiny  igsnnpaapsilwiGred S0 ISRl usy bty drAgidlodudaing
Fanan TuTuvnas ARKEdS MR IO i telun Wasess TiO, vflu"faqﬁﬁﬁwmﬁ
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Ti0, WuasAewniedagy (ntype Semiconductor) dlAuaundanudasin
(Band Gap Energy) §lnd 3.02 e azuwna 3.22 eV TiO, fllassainmang 3 lassasne o
slvd (rutile) ssuuwanidummselnuea Ansiuaniit a = b = 4.584 A c =2.953 A azuna
(anatase) szuunAndummszneusa Ansikaniiv a = b = 3.782 A ¢ = 9.502 A) uaz ugn
lavi (brookite) seuunanidusesludnta Aasiiuaniit a = 5.436 A b = 9.166 A c = 5.135
R) mhewadvedassadiai 3 Gugunsadsuwanth exneu T gndeuseusuezasy O
fuau 6 exmen urazgUuuilanaeiuagiu nsdademaimsinGesgunsaamin
uarluguvsauuamihvawusiasinssadne Shiuseuilduaesiusysswinesaen Ti wavezmey
0 feglndfuiiruen q nidnvussidndes Tuslvdgunsauiamiitedintudeusyumils
sunfusuiien (110) wazdadesiatudanduaduiuly Tuesuivadiyusswineiusy
Ti fu O finanadeuluan 9e° u.azgﬂmaLLﬂﬂuﬁWL%auuuﬁu'luixmu (001) uazidenvay
aduiivyulavadun13)eaedsunguamlt / 1807, aufiAvin 4Q01) ﬁqgﬂﬁ 2.2 @
Tnsaaiausalavidudafinszinreaiinaslasveliaviniiusguil 2.3
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M15799 2.1 agUantRlanisnieinunienInuasn19euaiiuas Tio,

Density 4 gcm”
Porosity 0%
Modulus of Rupture 140MPa
Compressive Strength 680MPa
Poisson’s Ratio 0.27
Fracture Toughness 3.2 Mpa.m'y2
Shear Modutus 90GPa
Modulus of Elasticity 230GPa
Microhardness (HV0.5) 880
Resistivity (25°C) 10'* ohm.cm
Resistivity (700°C) 2.5%16"ohm.cm
Dielectric Constant (1MHz2) 85
Dissipation factor (1MHz) %107
Dielectric strength 4 kVmm™
Thermal expansion(RT-1000°C) 9x10°
Thermal Conductivity (25°C) 11.7 WK
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guluszuuitesneumuuy dussuniiamumunuduesaeu lossufiuunlduilei
Tudansimdou

(3) Fuediuuiavaslessuiiadvutaisaiou ﬁamnﬁmmw'jmumﬂ d89

b1
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oymAifnawhiuszaansasewmdusasldiliage usazmeuuuihansinday
Smnziuezmanthafduhiaioulinaussavinageiniunaesnender 1 dujude
FosnavilirBadgundeddlossuiifing geni maszmenvent Gudenlilessuan
Fraidon)

@ dadulsdsulums smmnnservestaauinuuimiweathansiadeu
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reludniafanisloeslufiiniy  dsleseuuinazgnisadminilvisduinnisuanudes
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anuilrihwesfeluselugeiuagnsanidy wssuliihseingdidninsaanasnn luuae
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Electron Beam ~ Sample Interaction
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Semiconductor: MOS) uwszansldeny Tneliidudunmvemsndanes ieardenaves
aulwtihfnawieniszglumstisinh Flamdudundu (nversion Layer) viod
Fendn “wvuwua” (Channel) dududesmauiuresnszuaszwiiaen (Source) uaziasu
(Drain) ~ Auvuuturessyiignindeniduilusruws  sxfufuuseuiinn  fodu
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wseuiinadafuusedududum  Sweunsamusumainssassrinwes-nsuiay
nssuad e wild  mshourewsdawesifenn  savesaulnihiineluunds
(Vertical Electric Field) axwilentrldiinuruiua uasnavesaunilniitssuinmoa-nsuly
Wutusu (Horizontal electric field) awvilvwmelutauluaiadoud seilimsudawmes
vhowlldl fefunsnaneirinifengniont  “vindaseiavemnuliihy  vie
Field Effect Transistor uazilsudiudadoie FET Sasdondenit “win” waziSandeudiud
MOSFET S8 uodinn Lﬁ@lﬁ'}f’héaul,ﬂmiﬂmqa%ﬁaLmumaaﬁmaa wazilasgnanuvesiu
sanlenfinuautRiduauiy

Y3

2.5.1.2 laseadne uazdydnual

dlefsanandnesatianifuaginuansvin tsgnsauaedrin i 2
wilnAg

1. weawniladuguduuy (Enhancement MOSFET) viausaiivadauzuuua
{Rmnsivilenii (induced chanmiel MOSFET) e seavsudawe st ailauseiuiing
Wurgudlad atlifusumuaingy nsuansulilng woulamesegluniz OFF udilainn
Wsuuseiufinrizautasianme | sl fnsssmileniffuuatuitoveesis
i viludnseuawnsuluals uas

2. wosinlveinawady (Depletion MOSFET) Wiaweawivafauauaualfinainnig
uwsssde (Diffused channel MOSFET) snsfisuoavsiulamestusiissnuiiino dugud
had  Atlusubuaifnauld | iefifosmndinsunsezaenasidefleliinduusuwuadeiu
nszuansUEnTa Al wiissrunadurud

venapiiflefarsaranmilavesmveiinnszuglins nidanos AU
el 2 ¥iln Ao weaivadaduuyuuua-(n-channel MOSFET)waaldunea (NMOS)
vnefweavsudanestnssiainrnmsiliihvesiEnasoulivmuiusriabu  was
weawinadafiuguulia (p-channel MOSFET) wisfusa (PMOS) nuatiidusansudaneias
nssuaiinanmslwimesleal it uluasied

iewnilugrurasiigunsal 1SFETddnunslasiasintoufueaumuuuiusud
wwvindaduiulua fehuluduilazvessusanzueamuuudusudayila
Bunruwuawiniy [39] Snvaslasai wazdgdnvalveweawniuuBuaudumyivdn
Buuruuuauansddluguil 2.37 Tneilassadndsssnaudedugiuses (Substrate: 5) 1fu
ansfieinthaileil vedsdugrusesignifends “veR” Body: B) dauwed (source: S) uay
duasy (drain: D) gnadsdusenafvesnoumaievindustadidu () dhluly
gusewiefl  szesvessningeakaziasugniasanInluanuenivetitulua - dunn
vemsudanesfolanaiiwea (MOS) Tagnadeiuuazegsewineeatuinsu mnduts
futdlovifirazgnadetuuudiuiauvemsmdanes  SlWiwsweadedawdaie 4
Lod LG LAATY



43

2.5.1.3 ANENUALATNITVINIUYIIUENN

da ] Il a ida @ ' .
lunsdliiansandtbiflaauzia (surface state) laqusingegiifiadudaszuing Si
. v o o Y P 3 ™ a o 1) v
SIO, AItUNLSRUNR Vs = OV Talsiflugunuaiiedu uaswiazilusedumsuy Vos > 0 fimy
¢ ' « LA v v "
NIELAATY Ips = 0 Tunnezlifiedmandawmesegluaniie OFF uadisleiuusssiuinaiiuuan
P o £ o 5 < o o Y a a < v
Ves > 0 wazunnwenazyilauulwvitueenlesaiuisawmierihlminususuardadule
: a .v 1 J 1 1 a
W38 Vgs > Vo winwuaniisfulsdalaussvmineeanasiasuy wazilurewnafures
NTTUAATY  LAsnsTuAASUITLTUNULSIT U TUluTausn  wasdlonsasumsuiiuTulu

wnanstluenarsnanulidmsunisldnuionisnwirinuu ldeygslmihluldusslemisnunisen

Lidnsallagnsdu dnvivhudilvidaudasilon uavdesesdedadivaaenarsynasaninisiluly
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P g 1 v oa ¢ . W a W . .
Vign ashnssnuiudeaw (Pinch off voltage:V,) wisuswmudusa (Saturation drain
voltage: Vpseas) Wasidauladn [39]

Vs = VDS(saI)) =V (2.15)
Wia Vo =Vssay = Vs = V) (2.16)

P W o w w o ) o £
INEUNTTN 2.15 WIWATUBUN Vosiean WSHUTANURTINULAG Ves Lilauseduinaiindy
nIzsLAaATUBNRAR LU wasluluniuaunas

4 sai Vid AV,
T ooy = =282 8T (2.17)

o (n—ch) Reﬁ-(n-ch)

[ 5 W s § cl L
AstuAnanln [heVes Telduiviuuidusnuduiniziasuisuiua Ausssung
{1 1 o v P @ o ¢ { 1 '
AR gRLAnt LA lugUR 2,38 “uasngana mEuISueT ThsVes Tuwaghagluduly
a @ v <
dud wanalesluzda 2.39

A Voseay = Ves = Vr
I
j
| :
T :
! :
’ t
Io¢ gVGS >Vr
/ ;
7 :
,/ —» Saturation region
./ Ves<Vr
>

Vs

d o H [ A 1 ) =y
JUN 2.38 AQUENUR 1ns-Vps LTI Ves ATIAT699 Yasuadinvelindunaunua
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A

Vps in saturation region

UM 2.39 quianti tps-Ves vostisatinTinsuumia

Fensmidausouaninvansssutag Vi 1% e sannusidunn Wes Tienn7
WIIUTAGY Vo asghalnmd ne & O uazilansfung Vs gqn'hlmﬁu%mﬁ'u Vy yiludl
ASELALATUBLIAA logsaty ARG UWSIPRUAG . Vs ﬁﬁw‘lﬁﬂimamiuL‘%'ulwalé’?jagnﬁanﬁmwiw
Wuusesufiasy (Threshold voltage: Vo) uenaniingu lpsVee BlEAIAIMEIALSTEWING
nisuamius‘?ﬁLﬂunisummﬁwﬂmwwaaLﬂiu-fuaa r‘fuLLiqﬁ'uans‘zfaLfluLLwTué‘uvgw 31
uswnAR SRS adaEsl aduauUlnssuamsulisReaulitwes  sdiasied
ATINEUNUSTEININSEHAATU pe, | WTAUATY Vo WSutng Vs \has ~hsaiudncy Vy
annsnesuad B unTYiudwdiaends 2 g Ae’ swilaidish (Non-/ saturation
region) 1ieusay s < VsV a8UN8S AL (2:18) Wasduausi (Satlration region)
il Vos = Ves-Vi Uandiaanisit(2.19) 141]

72
Ins= ﬁl:(VGS ~Vr W ;S :| (2.18)
Ips = g(VGS -V ) (2.19)
dle g e “wmiiwefveweamniiAwviiiu”
ﬁ = Cox 'lun % (220)

o a 1 a0 v & o &
(1] ﬂnﬂaaﬂWWﬂam?Ja\iU‘mﬂW'ms, Cox ﬂammmfxﬂWﬁ’l?}awuawmﬁE]‘W‘LJ‘VI, W msA1u

a‘dlan.) dl

nang, L feainuenaing, ¥, AeAiussiulaGy Anfimesiddyfignatmilives
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aﬂnsmmamﬂw AoAusaduTasy vrmamLumuluaawmmmuaawam "'dwl'ﬂmﬂﬂﬂ'l’l” “am
iaaaunawu” ﬂanﬂamumt.mmuwm’l’waﬂnimuaaLWMLi:wm'lu WERISIEUN 1T (2.21)

Ve =Vig _%+ 2y, (2.21)

0xX

LngiiFussiunauidyueaueaiim w3e Flat band voltage Susliddnuwaldadu v, @
1 U d
WNAYaUni (2.22)

Veg (MOSFETy = P — 9, (2.22)

e v, Aedndiedl g, Reflviduciunadlans ¢ Reflavidusumesasfiiah 0,
AeANuMUwiviaslsz il baUasanmzge st ilraean uas O, Aerw

'
da @ w

wnuuuresseginih s tuluduoenles wasiifidusa

2.4.2 gunsal ISFET (lon Sensitive Field Effect Transistor: ISFET)
2.5.2.1 Tassa¥1eaungal ISFET

lassafremasguniel ISFET (Ion Sensitive Field Effect Transistor: ISFET) Tneiiugny
gimunnlATEINYateavs URAReS wSaNedvL Ul usTud Ui dnB UL LS
Fuinlfamrsanouduesrenuniunsn-waldlaenisiindunalavssoniolriung
oonled viatummuduiaivansazadlanse uadltaliing a5 suia Ag-AgCl umudiung
Tavzuanadieguil, 240 Tagfiduinneanles wieduiaiusuillseloeat/ (ton Sensing
Membrane: (SM), WudwddtyveslasasaiSFET - wasiinisldlasiastdiinmauiuannniy
wilstu ﬁm%’u‘*i‘?uamuﬁ’ﬁuﬁaﬁ'ug'miaq%éﬂau frsldfsuaaneulaeanlusiiugnain
nszuIuNIsenfndusiearmieu’ iWasinAnEinBudedivain  duuusuitlde
lossuvuTanoulaeanlad Tamddguindmsunisiadinnudunia-ua Wesenduty
Uastulaililossunygeidnludisesdudaesdanoulneenlediuidaeu  nanfeawise
waRstenITEen wazauamisaluntsravauaswernunin-wa wietsunalessuly
asavany Metwestususuitlidelsssumilofuiareylasenled Wy 3aeeululase
(Si3N4) avgiiun (ALO,) lnvileslneanlas (TOZ) uazivumauwunantes (Ta;05) {ade
mmmﬂuaanumiaammuaﬂnim ISFETSnathavilsie nsussgtasiidasnslidumu
‘lamalaaaumnuumamanumia ¥any



47

VGS

Reference electrode “ /—— Buffer Solution

— ¥

ISM

Al

< ¥ ¢
FUN 2:.40 Iinlnyaadiadsglngel ISFER

2.5.2.2 anauliuaznaswiaTuvesguninl ISFET

ndnmiedubgtauasal fskE T Auiiail sendundnaetag 1834a B8 dninsnaiune
ilnsmatdSoutiiturugunsaipany/ 3505usyheuwmdnaatasasds Nis [40] ounsal
ISFET\ind naunsaldodeifignis Aine [ansaansiomde unseimeniia dudadh e udn
thluguiluensagans TETi A arathuvsoumasting s ldoouditaiuassasans
AsvinuaeUnshife 2 wilsudisiegiun s ligiuan (hor satlatedy Adtegnszua (7,)
wiuagiunayrdaniive fsianasautituauae i 4 aripliihvegnpenled uay
é’miwa’hummn’?ndammm'mm’&aawmﬁwmﬂs“ua fianntudEsuiUAus TGy
V) ?NLUUG\’JLLUSV!‘UHﬂUﬁQﬂ‘UUG’m‘UEN’Jﬂﬂ (¢) musqmuwﬂLiue?w:suqﬂﬂmuamwa”u
AuAsT dawalvindule ( F¥ UL TR W ANeata15e) dle
wsssiulnirszuiramsutadan/, Fiddesidnsuaunsel SPETAussuiaduliléidu
AIuUsiinedl Wisuisulda e liIITn st Lsese sEvinad 1IN geda-
ansazang-audy [42) Fdndlrihuinasesresywittuauiuivansazansssdsundas
etuauiududatuarsazarsitiidraudunsa-vausndnafy vinldaunsomdins
nevAuBIINAIRITANAUSIRUTAGLE  Fafusedundanusiieg amnsoesurslelag
mé‘fauwumwunuwé’amuﬁ'ﬂugﬂﬁ 2.41 [41]
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v VACUUM
q¢.§ol
Y] 99s

Ec

£ Vg | —Er

F ‘=9 Y501 Ey

ELECTROLYTE - SEMICONDUCTOR
[—I—
INSULATOR

JUT 2.41 SnuasuaTNRIIULESEAUNEINUANY YedanTazaneBlanng lan
QU WazaIsHadag

d o LY (v { = 7. 1 s

efnsaaneuswaunawnilugti 241 dunsnafuisaruduiusyss s siuuauSoy
¢ Vo P

vasgUnsal ISFET IR annasi (2.23)

VFB (ISFET) Q ¢sal - ¢s + ll”x W ll[/sal (223)

dle ¢, Reflvidusuwasatsazany, g, Foiliidusiungsaaneiath, [y, Aedndludh
Uinnsasretuatauilasatany uaz . Aadndlaihiinnasenduaisazarsusaziin
venvnipduturessinalelasaulseeulideasianiiniuied Vool Ltdaxfﬁuagﬁu
Amndnes p, navenisilesaudiidasuRavTheeuduit dwalinssuainsuves
gunsal ISFET RamaFeuulas HewinAis Hnes W, Vg W8y VTﬁmiL‘UgﬂwLﬂa\i
ansauTRnsEuA-USITY (1 V) vesguUnsal ISFET ifleusadunaviteussiuiiteulifu

c:)' o/ a i & 1 o’ o o o J

szrﬂWﬁﬂa'Naqﬁﬂ'IﬂWﬂ'qu LLﬁmm\ﬂugU‘w 2.42 LasnIMAUEUNUTTESUINNTSLAATUY
Y o <

wazwaaung (1 ~ V) LLammﬂugUm 243
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A

Ins
Vs
OR
pH
I [
Vs
o wa o o .
glh/l 2.42 ALENYR |ps-Vps BTN Vs AINATRS)
A

Eps

pH4./ pHT / pH10

Bar o >
Vi1 Vi Vi Vs

31Jﬁ 2.43 AauauliR IpsVes luanTavanesag19mt pH 4 7 wag 10 9 Vgs dAnAsil
Fansili] amnsauaniimessiuTnGy vy I \lesmnuseiung (Ve Aidniussduda
By nszuansuasiiAszam 0 uazifloussiuinageniussiudagy vhldinsesaarud
AN uenALATN lps-Ves SRuansmduiusssninussulasuivasazatssnnudu
nsa-ua  vhiiaansoleasimnevauaseaimndunsaaldidesnnuseiuliaGuey
wusRuAvAAdunTa-a
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YUADUNITANTUIIUITY

3.1 nsugniauursuiluasansalvlleulasenlaficeuledia o
3.1.1 msUgnildu Ti #2878 A% wuniinsauatlmmaie

lgwseaiuilu wiuddeeu slaft svutu (100) vuadusiugudnans 6 i1 ais
Weu SO, fenszuIuNTT Thermal oxidation wu1 10 nm (SIO,/p-Si substrate) N
mstgnilduuidlans Ti drowwies @ & uindagauatinmeds fu ILC-1051 vaeUTeh Anelva
Tngldithansindeu Ti Awy3anE-99:999% THmumiinaas 342 mm Tne Ar A
USqud  99.999% At luayaniiiygvisdivudisaeiou  ewsudewrh
nszuIunsatmna3dAMnin DAT ~mbar ARG TTUUN AL Ldsy Uiy
msatinng3anipf 10 eemin-figraiuingu XL fnber Ieawiblilgusasiunsiiii
100°C UouripéiglvinsouamslAsalitiny /1.5 k\Weti Ugailan T 30\om Uit 3.1
wansanuY FULARATALRTOU

d u § £ o a o Ly o Qv
JU¥ 3.1 dnvaziaadng @ 3 uwuniinseuatnmeSedmiuwiunives 6 47
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3.1.2 msUgnildu TiN #2878 Sueadn A3 uuniinseuatnaaie

Wgsesiulu wivddaou viafl ssuty (100) vwadurugudnat 6 i a¥s
Wau Sio, AaenssuIUN1T Thermal oxidation Mu1 10 nm (SiO./p-Si substrate) Rty
maUgnitduundlans Ti ewdes 7 § windinsauatinmess Ju ILC-1051 v8eUTEM Anelva
lneldithansiaiou Ti Aiu3avs 99.999% @urugudnans 342 mm iy N, A
U3avd 99.9999% dwiulueymemdinugiladisudharnadou uar medwsudh
Ui3en (Reactive gas) mamsuneuinszuiunsatnmeds snd1 1X10” mbarpuAw
onsmsdeunty N, Wdssuvrusimsalimmedwitiu 40 co/min finuduwiniy
4x10” mbar figamgiivies teurdtlunszuansilifszuuwihiu 6.0 kwatt UgnWau TiN
U1 30 nm

3.1.3 nszurumsuaalATuUTIENTRTaNNNY Ny MaTeduusseaie

i SugufhunssunddUmaes il Tad TN viinszuun s Neatiadaintes
Diffusion i FMX-10000 (b 1ustydhermes, ‘systam| tuusseanguan g\, Faud
ussene (1 ath) IanedtRmeRs vaswatasnie N, Tt l¥atiuiaru Ta Gtmin vins
WaBULUR ey Tne ndkkiiee-6 \F 1 FiaT 45014550,1650, 750°C 800°C uas 850°C Al
12287l IBen WAGHATE30 TinFUR 312 e s AR Gmmvnnes |

d L aaa o U =Y L
JU% 3.2 anvasmujiendmiunszuiunisesndiadu
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3.2 MFINENURLAWIZAUAY 9 vasilauursunlunianaalvnuivyleasnlad
v - A’ o
3.2.1 mIasvdevduUAnslassalnewmatanisaewuusediang

msmindeulassaiendndieiiniidsnuureshidiéng erdeudnnisvents
LgﬂﬁLUUﬁL{lu‘lﬂﬂﬁﬂJﬂ{]‘umLL‘Uiﬂﬂ‘ nsmitldannsassaeuandunsmauduiudsewing
muduvesfdiinduasyuranisidonumionda EULLUUﬂ’IiLgU’JLUN Fasmuay
asUsznauwsazein axlidnvazgUuuunadsauuameds lunsnsvdevandinig
TnssasalngiBmadeaunesiididng aelfiades X-ray diffractometer §u D8 Advance
YBIUTYN Bruker LLamﬁagUﬁ' 3.26 FamAusndutevdrTuindidnduwiniy 1.5006
BIanTaY

91 3.3 i Xy difffattorieteraud8 Advanée
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) & o v v ¢a & 4
3.2.2 n"iﬂi']aaauaﬂﬂmz"uu'?ﬂ']ﬂﬂﬂENﬂaﬂiiﬁualﬁﬂﬂiauu‘UUlaauﬂi'lﬂ

naesganssmiBidnaseunuuidounsia Wlunsinsandnvasituiivewhedilag
mstiuadidnaseulinaluvuituiafediuduansnmitlivuse CRT Fanmilldass
dnvazidunmen-s Sidmens 10-300,000 Wi ‘T]'uagjﬁu'uﬁmﬁ"aasjw MaNMIVINUAL
dunsissvasdlanareuiudedniliiindidnaseuniunil (Secondary electron) wawyin
nminatadyqalaeinnindygiu wnhdygrauilsluveswazadradunmuans
vunihae dmiundeganssmididnasounuuidounsalilunmsaimduriomwesadem

Hitachi Ju 4700 Fuandlugudl 3.4

JUN 34, ndoygansamistanpsewiudatnge
yURvEield Emission {FE SEMyvaId W Hitachi Ju_S8700
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< o a
3.2.3 n13R519daUBIRYTSNBUY Els‘i‘i/ﬂléilU"lsiﬁ‘?ElLﬂiEl@IEl wmﬁnman

lawiBidnaveusunlnsalnd (Auger Electron Spectroscopy) flumnalinnisviageu
wuuldvihane  (Non-Destructive Analytical Techmque) Imm‘swwmm (Elemental
Composition) wagzaniugniaal (Chemical State) ‘uawuamauuuamaawum 4-50 A)
vialtlinTsisessevesTanuauds mmiﬂmqﬁ]m"Lmv;nﬁwﬂuﬁﬁu‘mm (Li - U) anviu 579
lalasiau uay &deu laen1naata (Detection Limit) snamit 0.1 at.% lneld Electron
Source WUU Field Emission vilanunsassininaudfianizdeiuia dnnduiiaun
fasgtoe nd1 100 A 16 AES ﬁ]si%’nwa’léﬂféaulwammmﬂsuﬁ'ummn (UHV) Toelddn
Bldnnsay (Electron  Beam) lutnamdas 3-25 kev ’I,annimuuuwumqaﬂm’lw
Sidnasaunely mutmu (Core~Shell.-Electrons) maaaaﬂmﬂlaaa‘lusnm‘lual,aﬂmauan
n’iumu (Excited) vignaanu niuddnaseutuuendnesrmasdluuuilea (Hole) i
qagmmaaamuﬂuwaamu (Relaxation) lagn1standastnasuganuilusives Photons,
Characteristic X-ays v3n WASIU- lgnasuannsvanUassazadsou (Transfer) Tuds
Sufinnseudu shilviansovanaanindy (shel) dwsaumdsshuaaridwils Gond Auger
Electron

incident Auger/

Vacuum . \Elestion eclron

\T
Ex .

* r . A K

d =]
FUN 35 uannTzUIUNILAR Auger-electron

waamuﬁ]awaamaﬂmiauwwaﬂaanmna souUseIu E, — EL, - ELzﬂmawamuu
Juundwuddnaseuinnnsevy Tned Ex ﬂE] wiuresdidnaseuduununats (Core
Shell), EL; wag ELy; Aa wismivesdidnnseutudnninuaunaeanun awnaduvedens
Sifinmseu (Auger Electron Spectrum) Wuntsndentunslelnsdidnnsey (Auger
Electron) finsiaialafuidduromdinusativedenssidnasou (Auger Electron Kinetic
Energy) aun3aseysinsagsiumniandsany (Energy Position) v89 Auger Peak sausiinanu
viuduvesste (Concentration of an Element) duwusiu aanaudu (Intensity) vas Auger
Peak mﬂﬁﬂﬁmmsﬁmiwﬁmﬁﬂsxnaum@ﬂﬂﬂiui’a@mﬂﬁuﬁaé’n a3l (Compositional
Depth Profile) lilnanslédUszquanvesnzersnau (Ar lon Beam) Ansenifufiudus
(Sputter Etching) T,ma'a”m'lmiﬁ'mLﬁu%w.ﬁawé'amwaqé’ﬁﬂian,ﬁm%uuawumﬁnUi::ay,ﬁn
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a1 AES gnldiednninwiniuauiaglsegnd (Materials Application) Tagtawiganu
UsBViATISINUR Y

3.2.4 mansrvdauauTANSlWiA1e7BnIsua-usey uazanugli-usedy
o
NLATBY LCR Meter

Tidwiutaauid 1V uaz C-V vadlaseadia MIS uas EIS aransugunsaiansieini
Tnsededu 9 1nler LR meter #il#ifuindos Hewlett Packard §u B1500A
Semiconductor Device Analyzer T5miulusunsu Easy EXPERT Taanisiarinanuglvih
NNITWUUTUY Uauusesuludinszuanse (D.C. voltage) 90 -4 81 2 V wiaudumsiv
Fyaailvinszuaadu (AC. voltaeey 30 My ATt 1 kHz (Lﬁaamﬂﬁ'\mmq
T ilaluthousesduann_a78e 7V azlinUsiuruanuifiet™tz) 3naudd CV e
anugliilunzupdpsfiady (€) uaNRa I riditany a3 hgsalmudiiussewine
uittalavz i/ Aay gt AT s LA B udgiuduuuidadu M
mnuduildi i unamaantiaganmin

3ﬂﬁ 3.6 1A%09 Hewlett Paekard i:u BH500A SemicOnductor Device Analyzer
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v 4 o o
3.2.5 myaiegunsailassairslanz-auau-ansnediath
o
iWansIvdauauUANIa i

gunsailassaiwlone-auu-asivinh  ddmsumeasitladidnvinvesiiduus

TiO, Mgnlel nssurumsaswinlalasmsindunuieieuldanade 3.1.1 81 3.1.3 a¥a
ilwihegivisznumiimds awduneudsil

(1) a1t lwihegiiudoumi v 1,000 nm Faeedes
7 ¥ Lunilnseualamess

(2) adnananglavizauingng 9 Ae 430X420, 430X880, 880X820 waz 880X1,640
um’ FENTTUIUNTS photglitheeraphy-ua: NIz UIUNTINALANSLUULTISIY
Waaun

v Q.lll ..I v U v d o @
(3) a3t lwihagathusiunad ety 1,000 nm fmaledeg @ wundnseuatln
= v na.' Lk q' e~ Yo w W =
wna3e LAGei I lausatu- R i SenlRidrvasdgui 3.7

Mg’ﬁﬂ?& C Meter
OCCOLO0C (AC Signal)

A U ¥ Ql o o
Ui 3. Tarnslazaad davasauuraad s

PN InAINENCY AWl AU gt ATy TiO,/SiO,
fuauIu Fodes Hewlett Packard JU=-B500A Semitonductor Device Analyzer 14
swiulusunsy Easy EXPERT lagnisiaAiadnuglviiainisasuuuru deunsesiulviin
nisuanse (D.C. voltage) 310 -4 fv 2 V wisunumsidygradlwihnssuaadu (AC.
voltage) 30 mV pmdiAaiiindu 1 kHz (iesminearuslwiilléilugasussiuann 4 81 2
v agliuwdsiufurnudii 1 kHz) vmsTamaugliifiussiunssuansernsing 9 91ntu
funanAesiladidnvinvesiidulmdoilaeenles (&r0,) NNAAIRIWTITUATE

wanAaty (C,) Aeunsianuaudd C-V vin1s Correction a@nglwautia terminals wes
wsasileTaiallunsyaireriiuUsyavesanalwiild finwd 1 kHz
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3.3 msaiegunsal ISFET
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3.3.2 nszurunsnangunsal ISFET
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3.4.3 Fa09$304 (Hysteresis)
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4.4.3 Famas3dd (Hysteresis)
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4.4.4 ﬁudizanéqmuqﬁmaan'ﬁaauauauiaﬁ'lnin-wa
(Temperature Coefficient of sensitivity)
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ABSTRACT
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Keywords:
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This paper preseats the-method,/to prepare-and characterize high-dielectric constant
aluminum oxynitride (AION) formed by RE gas-timing sputtering. AION layers of 725 nm
have heen preparedion metal-dielectric-metal structtre with substrate temperature
below'100°C., Capacitance versus- bias: voltage—has been measured. The dielectric
constant of AION has been calculated from the stepe of the plot of capacitance versus

capacitor area. The Valié of 11 has been obtained from this study. This depends on the
composition of the AION material, which is analyzed by Auger electron spectroscopy.

© 2008 Elsevier Ltd. All rights reserved.

1 Introduction
= Several techniques have beén.developed €0 prepare
high-dielectric constant material.compatible with €MGS
stechnology. This is aiming at'a high capacitance density,
which| will improve gate tunneling currents of dewnscaled
CMOS| Most techniques are alsa focusing on low thermal

talline ceramic material’,of, high- strength-and
ss. AION film is widely applied as_a protective
g against diffusion and corrosion_[12}]; optical
coating [3], optoelectronics [4] and “ether fields cof
technplogy. This is due to the possibility“for«a_broad
combination of the physical and chemical properties.of
the oxynitride films with variable concentrations ef
alumiinum, oxygen and nitrogen. The film properties can
be tailored between those of pure aluminum oxide (Al,03)
and aluminum nitride (AIN), depending on different
applications. The synthesis of AION films has been

* Cogresponding author.
E-thail address: amporn.poyai@nectec.or.th (A. Poyai).

‘BGQ—%OO]IS-S& front matter © 2008 Elsevier Ltd. All rights reserved.
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commonly reported using physical vapor déposition, such
asion<beam-assisted evaporation and sputtering [1,2,5,6].
The optical, mechanical and gas barrier properties of the
AION fitm have also/been investigated [1,2}-Unfortunately,
AION is a refractory material; it'-requires high substrate
températures’ (1300 K), ‘which_is~ difficdit" to obtain [7].
Then, the reactive gas-timing r.f. magnetron /Sputtering
technique is/utilized to imptement AON thin films with
unifermity at Jow'temperature. In this.work, the AES study
on-AlON..thin films/grown by r.fi magnetron sputtering
with the reactive gas-timing techniqué has been reported.
The-crystalline structure and:surface morphology of the
thin films have been investigated. The dielectric constant
of AION has also'béen calculated from capacitance.

2. Experimental

The AION thin films have been grown on Si substrates
by r.f. magnetron sputtering at room temperature (RT)
using our technique called reactive gas timing. Aluminum
(Al) with purity of 99.999% has been used as a target
material. In the sputtering growth of AION, argon (Ar) gas
takes advantage of ion bombardment, while nitrogen (N2)
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gas takes a function of reactive ions. The flow sequence of
gases| is shown in Fig. 1. The solid line denotes the
sequence of Ar that bombarded the Al target for 10s, and
the dashed line denotes the sequence of N, that reacted
with Al atoms for 90s. The flow rate of Ar and N, has been
fixed at 12 and 7 standard cubic centimeters per minute,
respectively. The r.f. power has been fixed at 200W with
" the base pressure in the chamber of 6 x 10~7 mbar. An
AION thickness of 725nm has been deposited. The
* composition of the AION films has been evaluated by
= Auger electron spectroscopy (AES). The crystallinity has
been characterized by X-ray diffraction (XRD). Scanning
electron microscopy (SEM) and atomic force microscopy

A. Poyai et al. / Materials Science in Semiconductor Processing 11 (2008) 319-323

(AFM) have also been used to investigate the morpholo-
gies of the deposited thin films. The capacitance-voltage
(C-V) has been measured on different areas of metal-
dielectric-metal structures at a frequency of 100 kHz.

3. Results and discussion

The composition of the AION thin films has been
studied by AES measurement. It indicates that the
deposited AION films at RT have an atomic percentage of
Al KLL, N KLL and O KLL at 52%, 30% and 18%, respectively,
as shown in Fig. 2. Fig. 3 shows how the atomic
concentration of Al, N and O relates to the sputter time
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Fig. 4. The XRD spectrum,fromAION-thin films on Si substrate with timing of Ar:No'= 10:90s.

from AES depth profiles. The O concentration is high.at the
surface. The oxygen observed in the thin films may be due
to an unavoidable residual agent in the vacuum system at
a base pressure of 107" mbar. This may imply oxygen
contamination in the deposited films without feeding of
0, gas into the vacuum chamber.

The crystallinity of AION thin films has been char-
acterized by XRD. Fig. 4 shows the XRD spectrum from a
thin film deposited on an Si(100) substrate. It shows
crystalline orientation of (201) plane as AION hexagonal

Astructures. This indicates that the reactive gas timing
‘plays a key role in the crystallinity of thin films. The

Q|

oxygen incorporationin the deposited thin films has been
confirmed by AES-analysis. However, the grain size as
measured by FE-SEM (Fig. 5) and AFM (Fig. 6) remains
well below 20 nm.

Fig. 7 shows the capacitance of difference area
capacitors. Theoretically, the dielectric constant of AION
(ea10n) €an be calculated from

Cct
EAION = A

(1)

where A is the area of the capacitor (C), t is the film
thickness and A is the area.



A. Poyai et al. / Materials Science in Semiconductor Processing 11 (2008) 319~323
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Fig. 6. The AFM image of an AION thin film deposited on an Si substrate.
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The innovative AIN-ISFET based pH sensor

W. Bunjongpru', S. Porntheeraphat', O. Trithaveesak', N. Somwang', P. Khomdet', W. Jeamsaksiri',
C. Hruanun', A. Poyai' and J. Nukeaw™’
'Thai Microelectronics Center (TMEC), Chachoengsao Thailand 24000
*Nanotechnology Research Center of KMITL |, ° Department of Applied Physics,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand.

Abstract: This innovative pH-ISFET sensor used
nanocrystalline-AIN thin film as ion-sensitive membrane
which prepared by reactive gas-timing r.f. magnetron
sputtering without heating substrate and post annealing. The
technique of gas-timing r.f. magnetron sputtering purposed-by
us, the feeding gas is on-off controlled periodieally in such a
way that the deposited AIO.N, film has a quite,_ stable
composition of aluminum, snitrogen and._“oxygen
(Al:O:N=52:18:30 %) all over the entire film. The-AIN=ISFET
devices were structured. The pH-sensitiyity characteristics
shpw increasing sensitivity/depended on film thickness. The
highest sensitivity is 54.50 mV/pH-achieved from 80 nm of
AIN thin film which is comparable to(our previous:report
SigN4-ISFET devices.

.

Within the past few ycars-a very interesting.material,
aluminum nitride (AIN) +thin film has been' applied to the
fabrication of electronic devices" due to its mechanical. and
electronic properties such_as high-thermal Conductivity, high
chemical stability, excellent piezoelectricity, and high acoustic
velocity. AIN thin film hasbeen applied to surface passivation
of semiconductors, insulators’and other devices such-as thin
film resonator (TFR) [1], acousto.optic (AQ) devices;surface
acoustic wave (SAW) devices [2], micre-electromechanical
(MEM) devices, pH-sensing devices [3], Metal) Insulator
Semiconductor (MIS) devices [4],-and integrated  ¢circuit
packaging.

Chemical vapor deposition, (CVD) process has been
used to deposit AIN thin film for many. years.;Unfortunately,
AIN is a refractory material; it requires high! substrate
temperatures (1300 K), which is complicated to.obtain [5].
Then reactive gas-timing r.f. magnetron sputtering-technique
is utilized to implement AIN thin film with uniformity at low
temperature [6].

This paper reported the use of AIN thin films as ion-

sitive membrane based pH-ISFET device. The thin film
itions, the device structures and the characterizations of
th thin films and devices are presented.

INTRODUCTION

II.
. AIN Thin Film Preparation

The AIN thin films were grown by r.f. magnetron
uttering at room temperature (RT) using our technique
lled reactive gas-timing. The aluminum (Al) purity of

EXPERIMENTS
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99.999% was used as a target material. In the sputtering
growth of AIN, the argon (Ar) gas takes advantage of ions
bombardment, while nitrogen (N,) gas takes a function of
reactive ions. The flow sequence of gases is shown in Fig. 1.
The-solid line denotes the sequence of Ar that bombarded the
Al target for*1Q see, and the dashed line denotes the sequence
of N; that reacted withuAl atoms for 90 sec. The flow rate of
At/ was fixed at 12 standard cubic centimeters per minute
(scem), while the flow rate of N, was 7 sccm. The r.f. power
was fixed at 200 watts. The base pressure of the chamber was
6x10“'mbar. The thickness of thin films was varied at 20, 40
and 80 nm, respectively that was studied for device sensitivity.
All-deposition parameters show in Table 1.

Table 1.

Deposition parameters used for the preparation of AIN films.
Ar flow rate 12 sccm

No flow rate 7. scemy

Gas-timing [Ar:N,] 10:90 (sec)

Substrate temperature RT

R.F. power 200 watt

Film thickness 20, 40,80 nm

Gas feeding period

r

10 sec

——— - -

t

&

-

Gas flow rate (secm)

90 sec

"

L ! 1
100 150 200

Time of growth (;;;:)

1 1

250

50 300 350

Figure 1. Time sequence of gas flow rate of Ar and N,. The flow rate of Ar
gas is fixed at 12 sccm and N, gas is fixed at 7 sccm.

The composition, crystallinity and surface
morphology of deposited AIN thin film were characterized by
Auger electron spectrum (AES), X-ray diffraction (XRD) and
FE-SEM, respectively.



B. Sensor Procedure Measurement

The AIN membrane was deposited on the p-type
Si(100) wafer with drain and source electrodes, prepared
using the standard MOS process which we have at TMEC [7].

The schematic representation of an ISFET device
with reference electrode and sensing membrane is shown in
Fig. 2.

pH Solution

Reference Electrode

(a) (b)

Figure 2. (a) MOSFET has a gate dielectric_deposited on, top -of insulator
membrane, while (b) ISFEET does not have gate-directly. depositéd
on top of the dieleetric.

Figure 3 shows the diagram.of measurement setup/for
the sensitivity AIN-ISFET) device. Three standard buffer
solutions (pH = 4, 7, 10) were used for characterization. The
reference electrode was used as the gate-and connected to the
biasing and read-out circuit. The-gate voltage was-measured
through Digital MultiMeter ' (HP3457A) and LabView
recording software. The biasing and:read-out circuit shows'in
Fig. 4. The ISFET circuit‘performs_as.a negative fecdback of
operational amplifier A, so_that the gate voltage Vi is'varied
during the drift measurement. The Vips.Voltage was set at 0.3
V| so that the ISFET device.conld be operated 'in the!linear
region and the drain current was;set at 20-1A in-order to get
reliable response.

‘ To implement pH, meter-automatically, computer
was used to control the measurement step of each.pH-buffer
solution in different beaker and ‘monitor gate voltage through
LabView software for a period ofs10vminutes and with the
following steps: pH 10, 7 and 4, respectively.

MuRimeter HP3457A
oooo gooog

[ IR

ooooo oooo 0000
ooooo Ooooo 0ooo

II'—

Ag/AGCI ref. electrode

re 3. Schematic diagram of ISFET sensitivity setup.
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Figure 4. Schematic diagram of the biasing and read-out circuit [8].

III. RESULTS AND DISCUSSION
A..AIN Thin Film Characterizations

To examine the atomic compositions of the AIN film,
the Auger spectrum was carried out. Figure 5, it is evident that
deposited-AIN film has‘the,atomic percentage of Aluminum
(Al), nitrogen (N) and oxygen. (O) as 52 %, 30% and 18 %,
respectively. Oxygen is an unavoidable residual agent in the
vacuar system at base-pressureiatabout 107 mbar.

The crystalline structure of 80 nm thick of AIN film
deposited on Si (100) was-analyzed by XRD shown in Figur.6.
The XRD- pattern shows a (002) preferential growth of AIN
with a peak at 26=36°.

Surface morphology ‘of the AIN film examined by
FE-SEM-is-shown-in Fig. 7. 1t can bee seen that the film
exhibits the grain with an average diameter of about 50 nm.
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Figure 5, Auger spectrum of AIN films on Si (100) substrate.
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Figure 6. XRD spectrum of AIN films on Si substrate prepared on Si(100)
substrate with gas-timing of 10:90 sec.
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sputtering deposition technique is utilized to implement active
melmbrane (AIN) layer. Sensing membrane thickness is a

_significant parameter to obtain increased pH sensitivity. We

get the best sensitivity of fabricated device at 54.5 mV/pH
w1t 80 nm thick of AIN layer which is comparable to our
prekus report SizN,-ISFET devices.
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ARTICLE INFO ABSTRACT

Article history: High sensitivity and very lew drift tate pH sensors are successfully preparediby using nanocrystal-TiO;
30 September 2011 as sensing membrane ofion seasitive field effect transistor (ISFET) device fabricatedvia CMOS process.
“'B'“""d f‘;’g{ §6 October 2012 Thispaper describes'the.physieal properties and sefising.characteristics of the TiO, membrane prepared
A'm’ g onlinen :mgthu ember 2012 by annealing Ti-and-TiN thin fitms that deposited’on Si0; /p-Si substrates through reactive BC magnetron
sputtering system. The X=ray diffraction, scanningetectron microscopy and Auger electron spectroscopy
were used to investigate the striictural and morphelogical features of deposited films after theyhad been
subjected to anpealing at various temperatures. The experimental resiilts are.interpreted in terms of the

1 effects of amorphous-to-ciystalline phase transition and subsequent.oxidation of the annealed films.
| The electrolyte-insulator-semiconduictor (EIS ) device incorporating Ti—O—~N.membrane that had been
| obtained by annealing of TiN thim film' at 850'C exhibited.a higher sefisitivity (57mV/pH), a higher
| linearity (1), aiower hysteresis voltage (1imV.in the pH cycle 0f 7+ 4 57=510 - 7), and a smaller drift
rate (02246 mV/h) than did'those devices prepared at the other annealing temperatures. Furthermore,
this pH-sensingdevice fabrication process is fully compatible with CMOS fabrication process technology.
© 2012 Elsevier B.V. All rights reserved.
1. Introduction In the pastyears, it has.been studied about the activity.of TiQ,

lon sensitive field effect transistor (ISFET) was firstinvented by
Piet Bergveld in 1970 [1]. ISFET was developed from Metal oxide
nductor field effect transistor (MOSFET) by removing the

[2]. In addition, Fog et al. reported propertiés of amumber of metal
oxides for pH measurements, i.e. Ta,05 [3], Alz03 [4] andTiO, {5)
tant.

TiD, thin film, in particular, is of interest for many research
groups due to the various properties such ashigh refractive.index,
high Hielectric constant, chemically stable, and'water insoluble {6).

|
PRI RS

* Corresponding author.
E-jmail address: win.bunjongpru@nectec.or.th (W. Bunjongpru).

0169-4332/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.apsusc.2012.10.176

which lattice is substituted of several metalians, stich'as Fe;Cr, Pt,
Ta, etc. However, several serious problems have been poifited out
about the chemicat stability. In 2004, Suda etal. studied the doped
Ti0, with nitrogen (N). They found that the crystalline structure of
deposited film has changed from TiQ; ta TiN when the nitfogen con-
centration ratioincreased. Based on theése'results, it was found that
the TiOxNw films have anatase crystalline structure with nitrogen
deped into TiO, oxygen sites,-which leads to different properties
WVE

This paper reports:the studies of TiO, filmsprepared from two
different initial films:"Tiand TiN by dc magnetron $puttering in
CMOS process line. Afterdepositing the filmson prepareéd Si wafers,
the depesited films were annealed at\various temperatures from
450 to 850°C in nitrogen furnace, The effect of initial films and
anpealing temperature were‘then characterized and analyzed in
terms of their crystal structures, susface morphology and chemical
composition. The pH sensitivity wasater characterized by means
of electrolyte=insulator-semiconductor (EIS) structure to find the
optimal-condition for incorporating TiO; film in the ISFET. These
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i Bposy

EIS structure

Al=1100 nm

PCB

1x1 em? exposed surface area

Fig. 1. EIS structure device for pH sensitivity characterization.

e Ti and TiN films studied in this report were grown on 6"
Si wafers with 100 crystal orientation. The resistivity of the
wafers was 20-30 2 cm. Initially thermal oxide of10 nm was grown

wafers.

i thin film was grown with d¢ magnetron-sputtering-tool
(mojdel ILC-1051 from Anelva). The Ti target had purity of 99.999%
with diameter of 342mm. The chamber~based pressure was
belgw 1 x 107 mbar. The sputtering gas was Ar with purity of
The Ar gas was supplied with 40 cm?/fin at pressure of

healted in the process while, the 30 nm of TiN'was simitarly grown
on the other Si wafer. The N3 with purity 6f 999999% was used

en prepared samples from'both processes were annealed
at femperature of 450, 550, 650, 750, 800, and 850°C in Nz
osphere at 1atm (Diffusion furnace model TMX'10,000 from
rmco system) for 30 min. The N, flow in furnacewas controlled
at 141/min.

Ti and TiN EIS devices fabrication

The pH sensitivity test of ‘the films~ of interest ie.
iO,/p-Si and TiN/SiO,/p-S, were) characterized” by means
the capacitance-voltage (C-V) ‘measurements on the
lyte-insulator-semiconductor (EIS),structure” as sshown

aling temperatures of 750, 800, and 850 °C atwhich the films
re insulators. The backside Al film of 1100 nm thickness.was
n connected electrically with copper interconnect on printed
ciffcuit board (PCB) through bonding wires using special silver
te. The exposed area of the film on each EIS structure was
km x 1 cm. Five EIS structure devices were taken from five parts
of{the p-Si wafer, i.e. center, right, left, top, and bottom.

2.3. Characterizations

Crystal structure, surface morphology and chemical composi-
tion were obtained with XRD (Model TTRAX 111 from Riagku),
FESEM (model $S4700 from Hitachi) and AUGER (PHI700 from
ULVAC), respectively:

Additionally the'c=V.characterization of the films was done on
the respective EIS structures using Agilent model B1500A with par-
allel capacitance-impedance model;The'cable compensation was
done before the meéastdrement using open circuit compensation at
the measurement freqtiency. The dc input veltage range was from
_5t0.5V. 'Thé stnall signal-was set at 30 mV at the frequency of
1 kHz-The film thickness.wascalculated at the accamulation region
ofthe C-V curve:

The. pH | sensitivity, linearity.and hysteresis were obtained
from 'C-V/ measirement of the EIS structures-by submerging the
structures in the buffer solutions with pH cycle of 7-4-7-10-7,
respectively. Each cycle takes 5min. The drift.rate was calculated
from the measurement of the EIS structure in a pH 7 buffer solution
for.10 h cantinuously.

3. Results and discussion
3.1.¢ Physical properties

With Glancing angle diffraction system, it was found that the
titaninm (Ti) thin film was amorphous before-annealing .and was
erystallize after annealing at.550 and 650 'C in N ar-latm. The
sinall XRD peaks exhibitsat 27.92 and 27.50°, respectivelyin{101)
plane corresponded to anatasetTiO, strueture.

At higher annealing température of 750 °C, thete.existed XRD
peaks at 36.63°, 41.85°)'and 54.87- representing. polyctystalline
Ti0, with rutile (R}-erystal-Stritcture in (101),(111) planes and
anatase crystalstructure in (105) plane, respéctively as shown in
Fig 2. The highest.crystalline presence in the film was preferred of
R(1'01 ) 'orientation. The XRD peaks shifted toward Jower angles
as the.annealing temperatures were increased’to 800 and 850°C.
By means of the oxygen incorporation, at higher temperature the
oxygen atoms can more réact with Ti'atoms o form of TiO; crys-
tal‘thanjatdower temperature that.causes'the expansion of crystal
lattice [8 9]. This result agreeswith the result from AES that found
higher oxygen contentat higher annealing temperature. Further-
meore, FE-SEM also.showed larger surface grain boundary at higher
temperatures as shown in Fig. 3.

From the Beer-Lambert law, the lattice constant of TiO;
increased as a result of higher possibility of oxygen atoms
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Fig. 2. XRD of Ti thin film before and after annealing with temperature of

450-850°C.

Fig. 3. Electron micrograph of surface topelogy.en Ti thin film after annealing tem-

perature at 450-850°C.
?

reacting with Ti atoms at higher temperatures,
3 expar‘nsion of lattice crystal structure {8;9].

and therefore,
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Fig. 5. The XRD pattern of TiN thin film before and after annealing with temperature
of 450-850°C.
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temperature as demonstrated in Fig. 4. Unfortunately, the typical
overlap.between the Auger transition of Tigygy (390eV) and Ny
(389 eV) appears.. Therefore the Auger spectra of Ti and N cannot
quantify the atomic concentration with precision. But the Auger
spectra shape used to identify theudifferent Ti compounds that
appear along whole/experiments.

Fig.\4(a and b)/'show the Auger spectra of anpealed titanium
filmsat450and 850°Cin Nyenvirentment furnace;respectively. The
Titmm, Tipmy and Oy tranSitions.were'compared to.database that
similar-to the-Auger spectra shape of titanium-oxide(TiQ). They
were considered as TiO is in-different chemical states. The Ti peak
was fitted with several components which-were identified as Ti
atoms in different oxidation states;-namely TiO, Ti; 03, TiQ, and
Ti-OH.

Forthe sputteredtitanium nitride (TiN) thin film, the XRD result
shows amorphous phase of thin film before.annealing. However
after annealing at 450, 550 and 650°C, there were XRD peaks at
35.87", 36.71/-and 36,79 represented TiN crystal with cubic struc-
fure'in (1 k1) planeas.shown in Fig. 5. It was found that the
XRD peak of TiN on (1 11) plane shifted toward higher angles as
increased annealing temperature. Thisshowed that the lattice con-
stant of TiNon(1'1.1) plane decreased asa resuitof nitrogen vacancy
[10]/At higher.annealing temperatures, oxXygen atoms werereac-

- The Auger spectra corresponding to'the Tiy gy Fifmys Nk and ting with-Ti atoms to-form TiO, with R(11 1Yand A(105) mixing
Oy transitions is represented ‘as a function .of the annealing with TiN(111).
.
Ti annealed in\N, 450°°C ] » L 3% e Tiannealed in N} B850 °C I C I Jpotard
—— 88 measured 1 £>as measured
(@) (®) "
w / o o /l N " > :/
2 - ). ~ 7 e\ e il e —~ ~ &Y
g A A )\ Y} o VA ALY
z 5 A 1Y 7\ P/
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Fig. 4. Auger spectra of Ti thin films after annealing at 450 °C (a) and 850°C (b).
>
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850,'C

750 'C 800 °C

. Electron micrograph of surface topology of TiN thin film after annealing with
werature of 450-850 °C.

~mt higher annealing temperature in the range of 750-850°C,
ve existed a phase change due to increasing amount of oxygen
s able to react with Ti atoms resulting in TiO, with R (110)
wcture. At the same time, the TiN phase was reduced noticeably
whibited in Fig. 5.
‘rom the scanning electron micrograph (SEM) on the surface of
before and after annealing process, Fig. 6(a) shows the surface
phology of the N film as 450 °C annealing temperaturethat cor-
wonded to amorphous phase from XRD peak. As.the annealing
perature was increasing, the surface morphelogy’showed the
easing of grain boundary as the increasingof annealing temper=
"e and distinct phase contrast of differentgrain types mixing
wether as exhibited in dark and white shades (Fig. 6(b-f)). This
s in agreement with XRD result identifying both-FiN and-Fi0,
wtals in the film.
n Fig. 7 shows the Auger spectra of annealed-titaniam nitride
W) films at 450 and 850 °C in N3 environment furnacesfnFig. 7(a
| b), the Tigvm, Tipmy. Nk and Oy transitions were compaied
atabase and corresponded to the results of XRD. Their spectra
re similar to the Auger spectra of titanium nitride (Ti-=N) and
nivm oxide (Ti—O). Therefore, the;Auger spectra in Fig, 7(a) and
7(b) were considered as titanium-oxide-nitride (Ti—0—N).

Electrical properties

1. Dielectric constant
“WPhysical layer thickness and corresponding equivalent gxide
~kness (EOT) of MIS structures (Ti/SiO,/p-Si, TiN/Si0; /p-Si) are

209
Table 1
Equivalent oxide thickness for gate stacks.
Physical thickness Annealing EOT (nm) Dielectric
temperature (°C) constant
10 nm SiO; /30 nm Ti 750 11.82 2474
800 12.12 2736
850 11.74 2492
10 nm Si02/30 nm TiN 750 11.24 19.44
800 11.18 2268
850 11.12 22.79

listed in Table 1. The EOT was calculated from the accumulation
capacitance of C-V curves.

Table 1 shows that the dielectric constant for the TiO;/SiO;
stacked layers range from 19.4 to 27.4, depending on the as-
deposited stack layers, Ti/SiO, and TiN/SiO, stacks, and the
annealing temperature. The dielectric constant of TiO; film pre-
pared from Ti film was higher than the one prepared from TiN.
This might be a result of TiO; film prepared from annealing TiN
film having mixture of both TiN phase and TiO, phase. As a result,
the dielectric constant was calculated to be lower than TiO; film
prepared from annealing Ti film having only a single TiO; phase.

3:2:2" Sensing characterization

The pH sensitivity:can be calculated by plotting the normalized
C-V curve of the EIS-structure deyice (electrolyte-Insulator-
Semiconductor) with TiO, layer, which wese annealed at different
temperatures. The medsuréement of sheetesistance of these films
using'4-paint probe fotind-that the annealing Ti.and TiN at tem-
peratine highér.than ,750:€ tompletely converted these films to
insulator. The pH-sensitivity of EIS devices, as tested in standard
pH buffer solution of 4,7, "and 10; showed the shiftingofflat-band-
voltage as calculated-at 0.6 of-the.Normalized C-V curve shown
in Fig. 8,/ This phenomenon could be explainéd*by examining the
site-binding model [1 1.

Each/C-V curve, from pH buffer. Solutions, was an average of 5
samples from different sites in a wafer: Fig. 8(a) was from.annealed
Ti film, and Fig. 8(b) was'from annealed TiN film. The annealing
temperatures of 750, 800, and 850 -C shoewed that a témperature,
high enough ta change phase of Tiand TiN film to TiO,,produced
PH sensitivity, within similar range 0f56-59 mV/pHwith'Tinearity
close to

Hysteresis' js Jan \effeet of |defects |in dielectric films [12].
With annealing temperature of Ti’and TiN films .in the range
of 7504850°C, Table 4 shows_that-higher annealing ‘tempera-
ture caused the hysteresis to-decrease to 8 £4mV and 2+ 2mV,

TiN annealed in N, 450 °C l Py [Aegtandard
----- as measured
(a)
\ - .'//‘\ ‘ f
g [~ | X\ gy
= \ 4 7
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Fig. 7. Auger spectra of TiN thin films after annealing at 450 °C (a) and 850 °C (b).
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Fig. 8. C-V characteristics of EIS device with different TiO, films.

(a) Annealing Ti in Nitrogen atmosphere at temperatures of 850°C.
(b) Anngaling TiN in Nitrogen atmosphere at temperatures of 850 -C.

11.4mm x 1.0k

TMEC 15.0kV

Fig. 9. |Cross-sectional view from FE-SEM.
(a) Anpealing Ti in Nitrogen atmosphere at 850 -C.
(b)A ling TiN in Nitrogen atmesphere at 850+€

respelctively (average from 5 sampling sites on a wafer), From the
experiment, it was clear that Ti®; boding from annealing Ti film
had Righer hysteresis than the one from aanealing TiN film, These
s were due to the better chemical stability of Ti—O-N than

By choosing the annealing temperature of 850°C for both Ti
and TiN films having lowest hysteresis rate, the drift'rate of.the
nan stal-TiO; EIS devices was tested centinuously inpH-7 buffer

solution for 10 h. It found that the film from apnealéd TiN filmwas
shown a very low drift rates of 0:246 mV/h. This result can explain
by examining the cross-sectional views from FE-SEM. Iv'was found
tnatthe interface of annealing Tifilm (Fig. 9(a))yhad higher num=+
ber ¢f defects than the annealed TiN.film (Fig. 9(b)) which causes
the drift in pH measurement. Fig, 10 showed the driftrate revealed
from} annealed-Ti and annealed-TiN at850 °C annealing.(Table 2),
Tp select an appropriate condition forfabricating TiO, saitable.
for the CMOS fabrication line, we consideréd' the uniformityof

characterization.

Phﬁul thickness Annealing Sensitivity' ), Linearity Hysteresis
| temperature (‘C)  (mV/pH) (V)
10m §i0;/30nm Ti 750 56.81 09997 W13 +7
! 800 59.75 0.9999 9%x9
850 57.35 0.9999 844
10pm Si0,/30nm TiN 750 57.57 09995 17 +16
800 58.83 0.9998 6+5
850 5744 0.9998 212

0.0 4
4

TiO; film| by examining the C-V characteristics from the Ti'and
TiN annealed at 750, 800,.and 8509C (Fig. 8). Then we compared
different standard deviation(SD) of the measurement of flat-band-
voltagein standard pH buffer solutionof4,2,and"10, from 5samples
of EIS devicesthat were from 5 sampling sites on a wafer as shown
in Fig/ 11, The analysis couid be separated into two parts.

15.0
IO, JRUTAD)

TiN antealediin N, 850 °C
Drift tafe|= 0:246, mV/hr
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Fig. 10. Drift characteristics EIS device with different TiO, phase of sensing mem-
branes.
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Fig. 11. Comparison of standard deviation in pH buffer solution 4, 7, and 10 of EIS devices prepared from annealed Ti and TiN at different temperatures from 5 sites on a
wafT.
3221. In the case of annealed Ti membrane/EIS device. The standard sensitivity (59 mV/pH), a good linearity (1), a very small hystere-
deviation determined from pH measuring of annealed-Ti EIS sis voltage (1mV in the pH cycle 74— 7— 10— 7), and a low
devices in buffer solutions of pH 4, 7 and 10 is increased as a func- drift rate (0.246 mV/h) in pH 7 buffer solution for 10 h continuously.
tion of pH value in every annealing temperature. However, for the This result can be explained by the presence of a chemical stable
same pH, the EIS device with higher annealing temperature showed of well-crystallized Ti—O—N and no interface defect with dielec-
le ver standard deviation. The EIS device with Ti film annealed at triclayer: The:standard deviation flat-band-voltage of Ti—0—N EIS
8UQ°Cshowed the lowest standard deviation of flat-band voltage'as device-revealed that thiSUSFET-pH device can be successfully fab-
coripared with measurement from acid and base which#ay cause ricated with inline CMOS+{abrication process.
of the chemical instability of annealed-Ti film.
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