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Ui.,naulﬂmﬂwwmﬁaumwma 9 Fuuszneuidrdaeiu wilunisiiausangnisal TMR
o sn::l.nmu‘lwumﬂmam‘lmaam MTJs (Magnetic Tunneling Junctions) Fadududiil
nsalusiudadiu dwanduguil 227 Tnsuansiedureslassaiiandnuazainmun

s

lnevnlunltiulugramnssuensanalasi fiseazduasselud [33]

m‘sﬁnmtﬂu'&mmgqui‘amm%‘u

® fumimanuuuneudinesls (AFM layer) iutuvesTagununidy (Ta) Fainan
nsENa 5 nm

® Fuunsnszwinedy (Inter-layer) Lﬁuww'lmaqgmuau (Rw)  7iiiAanumun
laguszanaviniu 10 nm

* duwivdnuuuuouiiasls (AFM layer) utuvesiagunumdy (Ta) siinau
MUz 0.85 nm

® Fuwimandasy (Free magnetic layer) Wutuvesianlaveadindnluseu (CoFeB)
finnuvunlaeyszanm 2.4 nm

® GunuvImsyiuia (Tunnel barrier Layer) Lﬂwﬁ’wammnﬁlﬁﬂuaaﬂlﬁﬁ (MgO)
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Afrumniagyszanadosnia 2 nm (Imaﬁalﬂ“l%’a@ﬁmmwmﬂszmm 0.8 nm) huduil
inUsEAniansheiureseuwe e urlia TMR (Tunneling magneto-resistive
sensor) Luax‘lﬂ]’m’«lu‘VI’ﬂMﬂWLL@QJWH%@LWN‘UULQJEJL'UiEJUW]EJ‘Uﬂ‘UEJUﬂimLLUULﬂM Tnei MgO
Iuﬂlunumwﬂumaaﬂmwuwmwmumu (RA: Resistance- area) suwsama‘twaﬁngm
sumuilasainiauivdn (Head noise) anasluvmeiien MR aganglel [34]

* Juiniiudeya (Storage layer) 1Jutuvasfaglausadivdnluseou (CoFeB)

fimnmunlagysyinm 24 nm- (uifagtuiuegivand@minniuly udlasilusgiinnm
wudesnin 2.4 nm lneuszanm)

=

* fuwimdnuuuneunesls (AFM layer) Jududuvestansiilon (Ru) dai
nulseana 0.85 nm

2.7 vquiiesnulupaiiszviandfvasilayuns

i
=1

WeuinFtatlivaansuaag R T It vdiTRsng CXEh

2.7.1 fnilansag s iend (Xray Diffiactromater: XREO\TunTosilof
‘Ii‘flumﬁmi'gaﬁﬁmhaﬂé’ﬂmﬁﬁlﬁﬁwmaa’IiéT'JaEJ'N Nor~destrudtive._method) agld
uaﬂﬂmammwaﬁqmanﬁ T T S maaaﬁmﬂmam{umqF;ﬂuimam'sa'm
ma&nwmmmumamqm‘sw 2.28 wam'nmﬂuwlﬂ'auﬂﬂm‘lmﬂsﬂumaunuaim‘uama
WINTIY L‘WﬂiuU‘)Qﬂ’lﬂ‘a\?ﬂﬂ‘iuﬂQU‘U@d?{’liﬁ’maN

1] MaNNTHa s UASAE A AL

g Gundnpeddailnisima o sunnsnauant Winmai gt mibussidou
FamsdniFeidoteosnelinithun s B n ez s Uy IR EGTu LA Falirasssuy
waghiaiuduszer d  duansluiuine 29 stes e aildwmdanaiuluduiu
5yTuNAvRIHEN W.HeBraceuanIVi Brage miaieddnhaiiamilosEsmdnnsenusyuy
Guaqasmauma‘iuwﬁﬂﬁumﬂmwu seondeaddmestinnsasfoufidl (1Fuau) ﬁuu
dxviou WnAULIANNI WY muamﬂusﬁw 2 23 Fap it DsRerafauUsing 9 lﬂmmaua
TusUauns ves Bragg's Laws@inag J 2V wat)

2d sinB = n\ (2.2)

= ddu oa

e d,, fe svegrnsewinssuvresuanfisfifidvifiaaes (Miller Indices) vos

[

53U hkl Iﬂ&J‘V]L‘Vlﬂ‘Uﬂﬂ’ﬁLaEJ’JLUUEGaLBﬂ‘dﬁ]uEﬂﬂElaﬂi\‘imaﬂ‘?j (X-ray Beam) wummman
ﬂauu}ux Pnunasiudaarudivinndou amsidenuuiu aruduesdiidmdiuy
gyt szgnufiuiuiinluguvesilaiduvessmnisieauu (Diffracted Angle, 6) Tnaainu
\uvesdtyaos (Intensity) asiilsiifuguédupmasmsidisauuduluny Bragg’s Law
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JUM 2.28 inTadjigsasiaasidzgiuuisdisnd [12]

o O prpis ~N
: ';,\_\ pmt”;‘r. / / . .;."_,.-"""_ :
> k ’,."\""_" L.
—) ~9\ 0 < Biing
r Ve, 'o.» W o "/.‘ :
: &
- o7 W, e Lel @e ‘
I | !
@\l (VO @\ T@
[—mrrr-.. P NSSGGFTINN o T "j

o a p” Y ¥ i - .
UM 2.29\ vislan e aiviiaet lenTn iUl e ot LB BES's Law [13]

X-ray Riffract _méter XRD) Lﬂuqﬂn‘jzﬁﬁm%“tjﬁ'ﬂﬂ'ﬁmmLﬁuwaa%’aﬁﬁﬂsﬁﬁasﬁau
nnadnlasiigUgaldsiinviselinduizaougertaiaaig@-Countd tubd vie lonization
Chamber mﬂ'aﬂfff 2.30,a tLﬁ'ﬂdIﬁLﬁﬂ'j?%ﬁi%ﬂﬂﬂLLau Gejger Gotitef Flibe 1zindouil g
Geiger Counter Tube PRauTE By, 2. uhang wﬂwaﬂnmmmwsaauafflum
Mvnzdmiunisay yiouT MmN mes.Brage aayrywwm'zﬁmlmvuamaanm’luiﬂmaa
sULLULmammwmaa (Diffraction Pattern) ﬂdi‘d“ﬂ 2.30b mmwmaaammmuaanu
narsurlAmeimeiuy Tassasnauesian Usmmmanaﬂmmm (Volume of Irradiated
Material) guvssveInIsvinim  (Diffraction Geometry) LLﬁxﬂ’}nN%WW (Sample
Alignment) 1Uusmy
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Geiger-counter tbe

Intensity

wcident beam

— ]
powder specimen Bragg angle, 0
(a) (b)

gil'n 2.30 a) X-ray diffraction b) Intensity peak wuammsumumanwanaﬁﬁumuwmwu
nMsaLyiouwas [9]

| 2:31 T anu, i

= .L G

o . (; 4 K LIL T Eal 5
mfru m‘ & 48 s
m‘_.-‘;. 5) 261 5)4 : A T ﬂRﬂi‘i‘Fﬂ T1l9 %aa .4
: . he N . 1 J5e

TREAAS 608

!

A o =Y s ed L3
JUN 231 wasadulin$edidng

dsj =t d‘ ¥ o U k4 4‘ <3 | gj I ¥ o }%4 & v 1%
wnansiiluenarspanulidmsumsldnunenisfinwiiity lwenaelinluldsylovlsunism

Linnsdlaquedu Snviviudilidawlasiion Lagdewsdadadivedenarsynasandnisiluly
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-~

“Election dilodged
from Koshel

) a Tun1smsrvasu

Jq i
INITUBNNLIBNIN
: - |

AMTULLNLAANUY

» N 9
-

gll‘l?'l 2.33 1A59a5 98N8 VSM (Vibrating Sample Magnetometer) [16]
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2.7.3 waila Atomic Force Microscopy (AFM)

IﬁunﬁﬁnmﬁuﬁwaﬂéuwﬁLm%'aulﬁmnmﬁé'a FWTUNANNITINNUAILERS
’Lui‘dw 2.34 uuLLam‘lwmumvu:uw’[,sz’flumsaLmuf\]“mﬂLLuunUﬂmamwuwaqmwwvm
muau’tmﬂaauw‘luum X uag Y ImaLsumuﬂvmmsﬂiﬂmlﬁuaLszjaimnnsmwmu Lay

goulufsllnfirinmesdeusenoumeininlalan 4 Muasdlodouduruntodumdusa

winihlnanuariiusinseyiseninesnenveuduiuesneuvestunudedivuislussaduuily
T auasAdeuRtuALILLY Z yliunissaasfinnnssnuduwesiudsuuas
LLasﬁzywuwmﬁ%daL%ﬂgjm%'amamﬁaLmaité"sm‘%’lmﬂamﬁaLmaﬁ’%ﬂssmawaé’fwmﬁlﬁ%’u
gonuulunn 3 TAvulenaninad miunIsheueaIas AFM dlaavhluosuyanas
oy 2 ua Toun

1. Static mode n5vialulweis Liuﬁﬁmﬁ’uﬁﬁuﬂmaxgﬂamu‘mwﬁuawm
g TnsusaiageuasuswapirSeriotuasylidurstmalingnsidonuy wazaunsuas
mnﬁmL*uuﬁ%tﬁué’mei';ufTULmﬂszﬁﬁwdwL“'fmﬁ'u“ﬁuﬁ'maai’mq Mgvhaululnunaiivang
L%uaﬂ'oaﬁ]sﬁ’m‘i’aw%‘iﬁﬁmﬁaﬁuﬁﬁwaﬁmqﬁgﬂmmuﬁlﬁ

z Dynamic mode Masvianubllze] daViothaasiuiinnuisssud uasile
Guaunuluviidin sumsnetse mNUaf]m‘uuﬂUwuwwadmmmﬂmm]waﬁ]m wanse
AuAvesN s FurETa e i sl S UAde s A TRig oT Au A (tapping)
malmamanuwumﬂmmm (bn‘dontact)

ITare Monitor

I

r

1

1

1

ﬁ__% ]
o Gandileys 7 s .
X Complite
. s SCLVELSYSTRON :
Photc$ensor Ppehe
Sautyale I
Z. axis control Xandy axis
Plexo e
seanning system
X and Ty axis

sUAl il 2.34 sy ﬂaumaﬂumﬁmwwaam'ﬁm AFM [8]

2.7.4 waialwsuiadan (4-point probe)

Iwwi’w?iﬁg’sﬁﬂuLﬂ%"aaﬁaﬁiﬁ’fﬁﬂﬁumsi’ﬂa.ﬂW\lmﬂuﬁwumumaﬁléuﬁaaéwﬁﬂu
ansfiadth TassaevadlnsuindtausenoudedalwinGoaty 4 4a falsvesvinaseninet
(i %amiwmi'ﬂﬁﬂ%mmimuﬁﬁmﬂif (18] 4 Wuveausem Signatone laensUau
ﬂsuLLa‘Lmumlw%ﬂuaﬂmmmaqmLuﬂnvaLaauwmmaq warvimsialiaminannasey
‘U’JIW‘W’]ﬂlu%uﬂﬂﬁa”lu’l‘iﬂﬂ’l‘u"}iu‘Vi’]ﬂWﬁﬂ’IWﬂ’J’)iJG]']UVI’]U“UENWUN’J”U@QH’]SGI')E)EJ’NIG] Falu
ﬂ1ivnmumaﬂww’mamumaamﬂamsmmusmnumaﬂaﬂnmmwm 3 Usztnnsneiy A
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P a - g ]
1. Constant Current Source (UulAZOIANERIN Keithley qu Model 220
Programmable Current Source muam'l.uww 2.35 Iﬂﬂwanﬂ’lima'}wmm‘imu fin 1y
Lﬂ?ax‘imﬁﬂ'}wz’u*\l"IEJﬂSuLLE!IﬂEJGlE)ﬂUIWiUﬂUEJﬂ nsvuawﬂwaans.,uamnaﬂwa']m'm‘[-iﬂﬂm

wuagnuaumi V=IR

gﬂﬁ 2.37 4-point probe
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e
AV oA A

2.8 1BNEISHAZIUILNLNYIVD

UaqUiulas9a19 Magnetic tunneling junctions (MTJs) TdSumsanenideiluasgia
mﬂLﬁaqa]'mmmsnﬁ@umlﬂgjwmamwmﬁ’nﬁﬁmweju MRAM (Magnetoresistive Random
access memories) wazilumsuuuniuniouwes (Magnetic Sensors) Tudarlaswiis
AINRFININ 9 Imau"aLﬂuﬂﬁsﬁnmi’aqﬁﬁ]sﬁm'ﬂ,‘ﬁmuLLa3msLU?{auLLUaaauﬁ§maﬁaa
melsigamaiisng ¢

Tud w.e. 2549 S U. Jen wasame [17] Iévhnis@nunfliduuis CoFeB Tafauuy
Jagsosfunsranaladdemaiiaalinnedsiigunnivos udniluiinsvilasadradeg
Wil XRD lﬁfiﬂmaa%ﬁwé’maﬂéumdé‘haz’wfmﬁuhiaa%"maﬁmmu ungaiilaseasng
wan’LuimuuﬂuaaLLJuU'ma:]waQ'Luﬂaumamamamﬂanl@LLamwﬁaamimaﬁswmanmaq
CoFe #15¥unU 110 LLmL‘uaqmrﬂ,mmmiﬁﬂmwmum%amaaw WU‘U’IT’WN&?WG@E?ELJ%’IU
wmmaumauuaawam‘lwmamwﬂ’1'5mumulw'ﬂmuumammmmmumlﬂw 100 pQ.cm
mumwa:,ﬂuﬂnsuwﬂsam‘amlw{ﬂwaMau'uN'me‘uumlmmﬂmmsam«*Jaumdlmami
UiuLﬂaauLaaulmmimsam*lammmmunwaﬁﬂaumaﬂuﬂulmmmmum«amsﬂaum
awwrsmm'lwﬂmuﬂaLLamTﬂsﬁaﬁawanmaﬂ Core v: Ra 1= PR« lO Y83 La¥anNAl
Audszansupdniing) (e fpartire Caaffdiant) oo inas Sttt N uwudn
ﬁamwL‘iaumuﬂ1ﬂm"%‘auﬂéuﬁqquﬁﬂxaﬁmﬁmnndﬂqmuqﬁﬁaaﬁgu (Trs G1\°C waz T,
=172 °C)| fniBsalUABHIATIAS MO gty s a RemarimAiiune CoFes Tridu
TasaasredyuRBals) TomNa B IR W B AIARTL M W DGTTRI A S AR a8 THN 15 538
yawian M I-suasiihaes nTadias i Siaeaala a0 S8 SndSeurgainnisTa

3R sEna Uy sminuaTIEN Yo AN et A TANEI LasTRI B Wi 180 e S (Auger-
depth profilé, analysis) 5u1~m:hﬂﬁuu*1qﬁaaaiw GeFes duadusenlin (60, ANUNUN
Uszanas 15 A SNSRI uL AR s gL U CoreE diudawutuganlaf o0, Anmun
Uszand 20 A 5ﬂwﬁ!ﬁuﬁu‘%nminé’ﬁué"uﬂi.,a’miwiw CoFeBynugtiglsnssunsyandlan
8nde Tnseanled COONITE Mezuansauinigua oy L.Lmummﬂmmw'mgmim
ﬂ’J']iﬂﬂa’U@ (Proximity effeet) Buszy sl detbah (o Co@LfTuuny CoFeB saaiuﬂumaa
CoO, uua’m Lﬂmam ﬂJa‘ﬂmuﬂLuﬂnwamwmmmmmmamaa& (Moy) diavinng
Airinnaumsudiazaunsanandiiuldiduses Coo, uuuwmwmmgmamamw
MIBuFIMLman (M,) Auunilnansndugegn () uazAlAeesEin (H) veaflduune
CoFeB ﬁﬁmmumag’lmﬁqﬂssmm 50 to 503 A

lul w.e. 2553 Chen uwaw Chang [19] [20] l#@nwndenisiedoudduung
CogoFesoBa é”;Ejmﬂﬁﬂﬁ%umﬁmsauaﬁmma%wui’amaa%’uns.,amalaﬁuaumsau%’au
(Annealing) Lwa“lﬁ'lmWawummwmmLm 100 A ©9500 A ma’Lmaaulmnmmsamam
saﬁwamwnmaa wamwnu T = 150°C tfiuran 1 9lus way wammu T=350°C 1Juian
1 Falemugadiu ‘maammumvﬂaumml@ﬂﬂmmiamsnv‘mmamﬂuﬂmsmmwummansﬁ
(XRD)  uagvimisminmsnszneruiansulaggszuiulasadsruingania Mmemaia
HRTEM (High-resolution Transmission' Electron’ Microscope) “ziéawudﬂgmwum'ng&nwu
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wuudeniuil (Selected area diffraction: SAD) fildanmadia HRTEM Ty aenadastuna
fildRnnTiiaTeidae XRD A9ilduune CoFeB 1 fllassatrauuundnse gavualuwuy
Body centered cubic (BCC) fiuanafinves CoFeB fisrunu 110 wammwamaulﬂsaaiw
LLuuwan‘IuWaumqmnanmmummmumaquammmlumsmsamammsu‘immmmﬂu
T = 150 °C wagT= 350 °C muaisiu smﬂﬁvw:uamwnumﬂmmummawﬂmmmaqm'ﬁu
wglngdusnde uanmﬂuummmmmmsnssmamsuaqsuu’lmnsumwmun'}EJ’Lmam'Ju
FoulumawSeuiiduiunnsaiulngldinaia HRTEM Fanuimuaweunsutiuiinadoauts
maaamwm'mLﬂuLLajmﬁﬂﬁwaamﬁaae}%aqﬂéuma Fevuransuiiiiauasidonazan
Usy awamwwamauiﬂﬂmﬂaaLLm%vamm‘mmLaﬂmaau (Exchange coupling) B¢
LW@%LmemmmfuuaﬂmJ uaziiloinsuiimsnszaresivenafiutuasilvalaeos@da
(Ho) i umqwuaﬂma a'1vrﬁumwwauwuﬁ“izmwwmmaamwr‘fuwamaamc—nﬁﬂm’luéLﬁum‘iu
(Nano-indentation) uuwummawmmﬁwmaiwmuavmlwmmuamaa (Young’s
modulus) u,aumm’1mmmuaﬂawaaa@ﬂaaaﬂw‘ﬂﬂgm'sm Hal(*R&tch wagnalnnisvinlv
nsudanuaziden
Tl wh 2550 Téune-WadiXie (215 viBvnasaasatsvu MAs urasildauung
CoagFessBsg ﬁimﬁauuﬁammé’un'zz%nﬁlaﬁﬁa'lﬂﬁ?éuwﬁﬁmmmmmmwmﬁg«m
100A 4 5004 ATEI5 S ABDLILNATRLN RS SuA LS LT mmmwaa RAI910Y11AS
ARG AR XRD wm‘rwaumwi@uﬁ‘[maamqwuaammu Bmormhels) 1S
NSELVU IO SULR BB T § s ulaaganip S Gmetia HRTEM (High-fesolution
Transmission Bl&eHON Mroscone) TIlFmRain AN W AT 128 9V aas A 18 9uIn
iU AR B sl U Tang NAZAN NSO 0 (N LML ER (M) ity
oA LR W TT AR OF A LA AL T 0 TR S o 1N
CoFeB gedanpgdahann1giiutlimansiniaas=N, ) atfautmas nadRaghisnnnisidy
wimdnande Sylasar@uu1g COFEB Tt Naewiunin 7T (HasnvudtnsditanasiSeaves
Waumauuavawmsaqumn‘iimﬂuﬂm‘mﬂLLanLUaau (Exchange® géupling) lauinnan
Wammmwm AlrDeI AR GHc) uummeuL:uaﬁ’smm’mmaamsnszmammwmm
nsuiudini venaniaaSu U REINg Cofes Milageead fuguiudaasdoanin

mssumuliii (p) Taldnnn YRR T IO e

Tull w.a. 2554 Hu Wang uwazmy [22] Idviinnsiadeuiida CoFeB/MeO @ail
Usuailuseu (8) lussruiisnsiusieisnsindeunuuuuninsouatnmesa (Magnetron
sputtering) kazuhluviinseugoundinisiadou (Post Annealed) Tugaumpfifisnadiu wui
lufidiafiou CoFeB/MgO UTmniluseuiingeiutuasilrnlaess®n (H) ianas uay
wansanRlasasvedugiu Lﬁaamnﬁé’amiauéau‘lugmﬂ,mﬂwmﬂ?\lémzﬂdaamwmﬂ%&m
sanuwinliien He fildanas Tnelufidy CoFeB/MgO fifiuSunaswaslusausiiiudt He Aldas
anasagedaauuinnirluilan CoFeB/MgO ﬁﬁu‘%mmimauqq Fn193As1e9inag
auaiealuiiduuazuoulelylnsUlundn (Crystal  Anisotropy)  siedn He tuazladn
aesealuiiduuasueulalelnstlundnilse He Aldy fTnswisuwlaafisadnies
wavmsilfidnlassasraiiundndulvurduluiiduuisiegegaeiinisevs e
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Tuaganie Iﬂamsmuammmmsa‘uaauLLavﬂimnﬂusau’lwawumumeamﬂmwﬂw
mmmiLUaauLLUaaLUuIﬂNaiwwaﬂ‘luWammama&m wazdwnalivuinveunsulaaiade
anadnly 1dIInn1seusausrnanlusauIznIEuf lUSIUSULUIE LY I A
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daglumsmuuadnuazlaseade quandinunduuivin wazeiosnmmeniuiou
YDIWAUAINET

1wl w.e. 2555 H.Sato uazAn [21] Iivinsfnudmaresmumungestutiuin
(Recording Layer) wavauiauwadion Junction sizes) unsfidauns CoFeB fhadaudae
wadiaenfien wuntinsoualninesa (RF Magnetrm Sputtering) fianunsafnuidluneule
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ATUAUFIY Base Pressure (Bp) : 8.5 x 10° mbar

Fuan | fdaliih W) | narlumsndeu (Sec) | mwsdnglni (v) | nszualuin (A)
W001 50 1800 339 0.15
WO002 100 1800 340 0.3
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ALY Base Pressure (Bp) : 8.5 x 10° mbar
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A250G/A250S 250 nsEAN/TanoU 11 450 0.56
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figaumgiivedagbisniufeddnmseutoueimdslih 200w meldanvdovly
- ANUGUige1$nou (Run pressure) : 5 x 10~ mbar
- AIWFU Base Pressure (Bp) : 8.5 x 10° mbar
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Test Non Contact
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Test Non Contact
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Structural, morphological and adhesion properties of CoFeB thin films
deposited by DC magnetron sputtering
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'College of Data Storage Innovation, King Mongkut’s Institute of Technology Ladkrabang,
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Abstract. In this work the effects of amorph6ls. (glass).and erystalline (Si) substrates on the
structural, morphological and adhesionpropétties of CoFeB thin film deposited by DC Magnetron
sputtering were investigated. It was*found .that. the| stmcture of a stbstrate affects to crystal
formation, surface morphology/4and adhesion of CoFeB thin films. The X-Ray diffraction patterns
reveal that as-deposited CoFeB thin film-at-low-sputtering| power was amorphous and would
become crystal when the power increased. The-in¢rease(in crystalline structure of'CaFeB thin film
is attributed to the crystalline substfate and (he increase. of kinefic_enerfy-of sputfering atoms.
Atomic Force Microscopy images of CoFeB thin’fiim'clearly-show,that'the roughness \grain size,
and uniformity correlate tothe sputtering power and the structure of substrate. The CoFeR thin film
on glass substrate shows asmooth surface and'g small grain size whereas the CoEeBsthin film on Si
substrate shows a rough surface and a siightly increases of graim size: Sticky, Tape»Tast on CoFeB
thin film deposited on glass substraie indicates the adbesion ‘failure with-a high sputtering power.
The results suggest that the cryStalline structire of substrate affécts to-the-atomi¢ bondiag and the
sputtering power affects to intrinsic stress of CoFeB thin film!

Introduction

In recent years, the study of ferromagpetié (FM) CoFeB thin filim is noteworthy®on’ data storage
application. CoFeB thin film iS.used as FM layers of the magnaétic funneling junciion (MTJ) for
memory elements in magnetoresistive randotn dccess.memory MRAM) and magnetic read sensors
in hard disk drive technology, [1-4} The \MTJs \consists~of_FM/insulator/ENM/layers to form
tunneling junction. The MTJs\with insulating layer MgO has heen demonstrdted a much large
tunneling magnetoresistance (TMR;) ‘ratio evér 350% at rgbm, temperaturé.AIn order to achieve a
high TMR ratio in MgO-based MTJs"vequixes correct erystalline ori€ntation of the ferromagnetic
layers (CoFeB), which are body center cubit (bec) Structure; dnd-the insulating barrier of MgO [6].
Therefore, the structural, morphological and adhesion properties of the CoFeB thin film are
important parameters to study and optimize. However, it is difficult to grow crystalline structure by
any practical physical vapor deposition techmique without an annealing and a single crystal
substrate. The problems lead to vastly limit commercial application. The investigation of CoFeB
thin film grown on crystal (Si-Wafer) and amorphous (Glass) substrates at room temperature is
necessary and has not been reported {7-8]. In order to justify the contribution to TMR device for the
optimized properties of the presented study, the structural, morphological and adbesion properties
of CoFeB thin film deposited at the different sputtering powers are worth investigating in detail. As
well as a precise characterization of these properties for as deposited CoFeB thin film is required to
apply their structural and functional elements to device applications.

Methodology

A series of CoFeB thin films was deposited by DC magnetron sputtering system on Si (100) and
glass substrates. The system consists of a 3-inch in diameter unbalanced magnetron and Advanced
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Energy 2 kW Pinnacle power supply for the deposition. The substrate target distance was fixed at
12 centimeters. The vacuum chamber was evacuated down to base pressure at 6 x 10 mbar and
then the ultra-high purity Ar gas was used as the working gas at the constant pressure of 5 x 10
mbar. The target composmon of CoFeB alloy is 40% wt. Co, 40% wt. Fe and 20% wt. B. The Si
substrate with 1x1 cm? of size was first cleaned through Piranha solution (H,SO,: H,0, = 3:1) for
10 mins. After that the substrate was rinsed with DI water then soaked in Acetone, Methanol and DI
water in ultrasonic bath respectively for each of 5 mins and ﬁnally dried with Nitrogen gas. The
cleaning procedures for another glass substrate with 1x1 cm? of size were almost the same with Si
wafer substrate but only without Piranha solution. The thickness of CoFeB thin films was controlled
at different sputtering power by calibrating deposition rate from the as-deposited films. The
deposition times of 100W, 150W, 200W and 250W are 29 mins, 22 mins, 15 mins and 11 mins
respectively.

In order to obtain the structural property, the.CoFeB-thinfilms was characterized by using X-ray
Diffraction (XRD:D8 Advance: Bruker”AXS8)"In the rang€ of28"between 30° and 60°. Atomic
Force Microscopy (AFM:Park Systems XE. 100Q)\was psed, to investigafesthe morphology in non-
contact made with a scan size/6£40x10 pm’, The adhesion property between'the CoFeB thin films
and substrates (glass&Si wafer) was-tested by Sticky Tape Test methed using 3M tape (#600DS).
Table 1 shows the labels for a series of-the CoFeB thin films deposited on-glass and Si substrates at
different sputtering powers was used for Sticky Tape Test.

Table 1
Labels for a series of samplesat different deposited spufterifig conditions

CODE POWER (W) |SUBSTRATE 'TIME (MINS) |

A100G/A1608 100 GLASS/S) 29
A1S0G/ATS0S Y50 GrAss/S| 22
A200G/A2008 200 GLASS/S1 15
H250GOA250S 250 GrAss/S| 11

Results and Discussion
Structural Property Analysis

XRD spectra of CoFeB thin filmis.dépesited on' glass substrates-af different sputtering power of
100W, 150W, 200W and 250W are shownria Fig-i=(a)=fe-wis.foufid that the CoFeB thin films are
amorphous at the low sputtering power. With increasing the power to 200W, the as-deposited CoFeB
thin films become crystalline structure and present the cubic (110) crystalline plane of CoFe at
43.36°. Typically, the diffraction angie of CoFe is presented at 44.83° referenced by JCP2:00-044-
1433. The slightly change of the diffraction angle may due to B content introduced into the CoFeB
thin film. From the previous study proposed by Hu Wang et al. [S], he suggested that boron may
segregate on grain boundaries and may slightly affect to CoFe structure. The low angle shift
indicates the extension of CoFe structure, so that B atom would be interstitial in the crystal structure.

However, the CoFeB thin film decreases crystalline structure when the sputtering power exceeds
200W.

Generally, it is difficult to grow crystalline structure on amorphous (glass) substrate without
heating or annealing. The thermal energy is mainly effect to crystal formation. However, we are
successful to enhance crystalline structure of CoFeB thin film deposited at room temperature. The
increasing of sputtering power directly affect to energized sputtered atoms (Co, Fe and B), and thus
the atoms would be diffused, accumulated and formed crystal structure [9].
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Fig 1. XRD results for as-depeSited CoFeB. thin films on'{(a) glass substrates and (b) Si substrates at
different power conditions

The XRD spectra of CoFeB thin.filin deposited-on St substrates at thesame sputteting conditions
are shown in Fig. 2(b). Fhe results shown that-the CoFeB thin filmi-is amOrphous at the low
sputtering power of 100W. However-the crystalline stuctire of ‘CoFe starts appearing the (110)
plane when increases the powar to-150W: ‘Also it can maintain crystatiine of the CoFe crystal when
increase the power 1o 200W and-250W respectively. This results suggests-that it is easier to grow
the crystallive structure ¢n @ single crystal substrate compared-with that of amerphous substrate.
From XRD results indicate‘that the sputtering power affects 10 structure property ©Of as-deposited
CoFeB thin film on glass-and Si substrates. The crystalline CoFeB thin film. can be:grown by DC
magnetron. sputtering \ont’ crysidlline, (Si)-and amorphons (glass) sabstrates \at’'room temperature
without an annealing and a singlercrystal substrate.

Morphological Property Analysis

The AFM images were gbtaingd by using non-contactamode with the scancsize of 10x10 pm’. The
AFM results of the CoFeB thin films deposited-on glass substrates at differént sputtering powers are
show in Fig. 2(1). The CoFeB'thin filtnf at low sputtering power has,a ‘Stall grain size and a smooth
surface as seen in Fig. 2(1a). Witi™ucréasing)the sputtesing\power 4o 200W, the grain size of
CoFeB thin film is increased as seen“in Fig..2(1c). The grain size"Conftinues to increase but loses
uniformity when the power was increased t6"250W.as seen.Fig=2(1d). On the other hand when the
grain size is increased, the roughness of CoFeB thin film surface is also increased. As the results of
roughness obtained from AFM characterization for as-deposited CoFeB thin films are shown in
Table 3. At low power of 100W, the surface roughness is smooth (Rg= 0.653 nm) when the power
increases to 150W, 200W and 250W the surface roughness also increases (R~ 1.052 nm, R;= 1.168
nm and Rg= 1.215 nm, respectively).

Figure 2(2) presents AFM images of the CoFeB thin films deposited on Si substrates. The results
is consistent with the CoFeB thin films deposited on glass substrate. We found a small grain size at
the low sputtering power as in Fig.2 (2a). When the sputtering power is increased to 200W the grain
size is obviously increased as seen in Fig.2 (2c). As well as the grain size continues to increase
when the power is increased to 250W as Fig. 2 (2d). Similarly to the CoFeB thin film deposited on
glass substrate, the surface roughness shows the smooth surface at the low sputtering power and
then the roughness increase with the increasing of sputtering power as seen in Table 2.
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Table 2 Table 3
The surface roughness of CoFeB thin films The percentage of remaining CoFeB thin films
deposited on glass and Si substrates at deposited on glass and Si substrates at the
different sputtering powers different sputtering powers

Rq (nm) The remaining particles on

Power (W) : Power substrates
Glass Si (W) :
100 0.653 0.850 Glass (%) Si (%)

150 1.052 1.152 i .1 90 - 100 100

200 1.168 100
250 1.215 100
100

nm_

pm
'

Fig 2. AFM images for CoFeB chN fﬂﬁ‘l&d@\gosﬁéd%hkh g,l : ;ub;tm’tes wnd (2) Si substrates at
differénsspiffering poyerss

Adhesion Property Analysis

The sticky tape test measurement was used to characterize the adhesion property between the as-
deposited CoFeB thin films and substrates (Si and glass) by counting the remaining particle on
samples after testing. The advantages of sticky tape test are the simplest and quickest qualitative
measure of film or coating adhesion.

The comparison between before and after sticky tape test measurement of as-deposited CoFeB
thin film on glass substrates (A100G, A150G, A200G, A250G) is shown in Fig.3. The result reveals
that as-deposited CoFeB thin film at the low sputtering power did not peel off. Peeling off of as-
deposited CoFeB thin film starts to appear when the sputtering power increased to 200W and
almost completely peel off at power of 250W. However at all sputtering power conditions, there is
no any peeling off for the CoFeB thin films deposited on Si Wafer substrates. These results are
shown in percentage rate according to mentioned in Table 3.
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Fig.3 The result after conducting Sticky Tape Test for CoFeB thin films deposited on glass and Si
substrates

From the above result, we suggest that the adhesion property between CoFeB thin film and glass
substrate becomes weaken at the sputtering power-of“200W, _And it almost loses the adhesion
between CoFeB thin film and substrat€” completely when “the.power was increased to 250W.
Generally, the adhesion between CoFeB thin film and subsfrate depends.ohithree factors: 1) bonding
across the interface region, 2)49p€ of interface region nd 3) the fracturévgiechanism of thin film
[10]. From this study, the failure of adhesion-arises from/bonding among CoFeB'thin film itself that
stronger than the interfage Surface-bonding-between) CoFeB -thin-films-and amorphous a glass
substrate. Therefore, the'adhesion betweeni €ohieB thin {ifm and glass-substrates are weak when the
sputtering power increases.

Before

Conversely, the adliesioh propefty hetween CoFeB' thin films ‘and Sifsubsiratés ate\completely
strong because therg Is any po/peeling off for as-deposited CoFeB 'thin film.\It siggests that the
bonding among CoFeB thin film ifself that weaker than the interface surface bonding of CoFeB thin
film and crystalline Si-substrate.~Thetefore; the ‘sputtering /power-increasing for growing the
crystalline CoFeB thin film-od Si-substrates 15 notaffécting to ddhesion propefty bétween thin film
and Si substrate.

Conclusion

In conclusion, we studied the stractural “marphologtcal and adhesion properties 6f CoFeB thin
films deposited by varying the_substrate and ‘DC sputtering’ powers. XRD results indicate that
CoFeB thin films are amerphous.at thelow. spustering powerand beCoffie crystallifg'thin film when
the sputtering power is ingreasedoPhe crysialligpstitcnire of CoFeB thin filia' deposited on Si
substrate is easier to grow comparedwith CoFeB thin film deposited,dh a’gldss substrate. AFM
results show that the surface moxphelogy-depends on the ‘sputtefibg poweér.dnd the substrate. With
increasing the sputtering power, thé"CoFeB thin films on’both substrates are increased the surface
roughness and the grain size. However the.crystaltine-subsitate(Si-wafer) affects to the higher
surface roughness than the amorphous substrate. Sticky tape test reveals that the adhesion relates to
the substrate and the sputtering power. The adhesion of CoFeB thin film deposited on crystalline
substrate is stronger than that on amorphous substrate. The high sputtering power decrease the
adhesion of thin film deposited on amorphous substrate whereas it does pot affect to the CoFeB thin
film deposited on crystalline structure. From this study, we are successful to deposit the partial
crystalline CoFeB thin film on glass substrate without annealing and using single crystal substrate.

 In the future work we need to develop the adhesion property at the high sputtering power.
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Structural, Morphological, and Electrical Properties of CoFeB Thin Films under Treated with
Different Magnetic Field Directions
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Abstract

In order to improve the magnetic anisotropy, the CoFeB thin films are generally deposited under the applied magnetic field. However, the magnetic
field unintentionally affects to another film properties such as structure, morphology and resistivity. In this work, we investigate the influence of
magnetic directions on their film properties. CoFeB thin films were prepared on Ti coated on glass and Si substrates by unbalanced dc magnetron
sputtering. The different magnetic directions, both in plane and out of plane were treated during the deposition processes. The CoFeB thin films
wejre characterized by X-ray diffraction, atomic force microscope and 4-point probe measurement. The films with and without applied magnetic
fields, show the similar manner of amorphous structure on both substrate. However, the substrates and magnetic directions obviously affect to sur-
fade morphology and electrical cesistivity. The films depaosited on glass substrate show smooth surface and high resistivity compared with that on
Si fubstrate. The surface roughness and the electrical resistivity of the films decrease with the applied magnetic field in plane and out of plane,
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deposited on glass substrate in all conditions as shown in Fig.4. Figure 3 Relation between resistivity (p) and magnetic field directions of CofeB thin films deposited on Si
and glass substrates.
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Conclusions

In condusion, the structure, morphology, and electric properties of amorphous CoFe8 thin

films treated with different magnetic field directions were investigated. XRD spectra indi-

cate that CoFeB thin films are in an amorphous structure and the magnetic field would not

affect to crystal structure. However, our results indicate the influence of magnetic treat-
i ment on surface morphology and electrical resistivity. The AFM images show that the films

are smaller grain size when applying the magnetic field to deposition of CoFeB thin films.
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magnetic field. Therefore, suggesting a caution of CoFe8 thin films deposition by applying
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Thin Films under Treated with Different Magnetic Field

Directions
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In order to imiprove’ the maguetic-anisoropy, fhe ColeB\thin-filmsare generally deposited
under the applied magnetic_field." However, - the; magnetic field unintefitionally affects to
another film propetties; such as structu.ire, morphologyand resistivity. In, this/work we
investigate the influenice ‘of magnetic directionswon~their filiy propertiesCoFeB' thin films
were prepared on Ti coated on glass and Sisubstrates-by unbalanced do'foagnetron sputtering.
The different magnetic directionSyboth iniplane and-out, of plane”ivefe treated during the
deposition processes. The CoFeB thin filffts-were.characterized by X-ray diffraction, atomic
force microscope and 4-point probe measurement. The films with and without applied
magnetic fields, show the similar manner of amorphous structure on both substrate. HoWever,
the substrates and magnetic directions obviously affect to surface morphology and electrical
resistivity. The films deposited on glass substrate show smooth surface and high resistivity
compared with .that on Si substrate. The surface roughness and the electrical resistivity of the

films decrease with the applied magnetic field in plane and out of plane.

PACS number: 73.61.-r
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L. INTRODUCTION

Amorphous CoFeB magnetic thin films have attracted increasing attention owing to their use in
magnetic heads, magnetic sensors, and planar inductors at high-frequency range that involve giant
magpetoresistance (GMR), tunneling magneto?esistance (TMR),. and, magnetoresistance random
access memory (MRAM) [1-8]#To play decisive roles in these dgvices)\the magnetic materials
must simultaneously possess higher)saturdtion ‘magnetization, lower-¢oercivityn (H), higher spin
polarization, larger magnetic anisoﬁopy and \lower xesistvity. The CoFeB thin films have been
inserted into a free, pinned ferromagnetic compaonent because ofits spim-value'{1]. The material has
a high spin-dependent scatteting; lower coercivity, and strongerspin-tunnehing effect and therefore
supports a higher| output_signal for » particular (GMR ' and TMR satios (in  amorphous
CoFeB/RwCoFeB, | CoFeB/AI0,/CoPeR;” and CoFeB/MpO/CokeRB \ mmagneti¢ tunnel junctions
(MTJs) structures. Briefly,”amorphous CoFeB: thin film exhibits faverable methanical properties
and a high TMR ratio because’of its-amosphous structureé and increased spid polarization. Most of
techniques that have been ased to/prepare amorphous” CoFeB thim, films] #ere dc magnetron
sputtering, rfreactive magnetron spuitéring, ion beamtassisted spustefing [4-6]. Because of each of
thin films preparation technique provides the different structures and properties. Other than
structures and properties of thin films, also need to consider the applications of thin films for
adapting the techniques of thin films preparation. The dc magnetron sputtering deposition technique
is attractive technique that provides an altermative and pronﬁsing fabrication process wiih
advantages of possible-preparation at room temperature. The technique can be applied to Jarge thin
film preparation industry easily. In addition, a mass of ion in the deposition process that

bombardments onto substrate also improves the obtained structures and properties of thin films
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One of the important factors that affects to the properties of CoFeB thin film deposited by DC
magnetron sputtering is a magnetic field treatment during deposition processes. Magnetic field is an
efficient way to induce different kinds of anisotropies in some crystailine magnetic materials [7-8],
which closely correspond to magnetic performance. It has been reported that the magnetic field
annealing could affect the microstructure, domain structure, and magnetic properties of magnetic
materials [9-10]. The previous researchers have indicated that the direction of magnetic field may
affect the structure and properties of the films.during-deposition process. However, there are few
reports on the influence of depositiGn-tinder small magnetic field with different directions, on the
structural, morphological, and/€lectrical properties -of CoFeB amorphous thin, films. In this work,
we prepared CoFeB thin/films which were deposited by DO magpetron sputiering in Static magnetic
field of 300 Oe with/réspeetto-the filin hofmal at/different-angles 0c'and' 20e.subsequenty. The
structural, morphological and electrical ;iroperties of amorphous CoFeB, thin films treated with

different magnetic field directions were inyestigated and discussed.

1 EXPERIMENTS ANDDISCISSION

CoFeB thin films were\prepared -on metdllic’ buffer ‘fayer’ (Ti)’ ceated om glass and Si (100)
substrates using DC magnetroiwsputtering process=-Our-deposition system gopsists of a 3-inch in
diameter unbalanced magnetron and-Advanced Energy 2 kW Pihnagle’poWer supply for deposition.
The sﬁbstrate target distance was fixed at 12 cenfifbeters. The vacuum chamber was evacuated
down to ultimate pressure about 2.0 x 10”° mbar. Then the ultra-high purity Ar gas was flushed and
evacuated several time before the film deposition. The target composition of the CoFeB alloy was
40 at. % Co, 40 at. % Fe, and 20 at. % B. The CoFeB ﬁ]m thickness was about 500 nm with the
deposition rate around 0.5 nm/s at a power density of 4.4 W/cm?. During the deposition, a magnetic
field of about 300 Oe was treated with different directions, thh in-plane and out of plane at room
temperature (RT). In this work, we investigate the influence of applied magnetic field directions on

CoFeB film properties. The structural property of the films was identified by X-ray diffraction -
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(XRD, D8 Advance: Bruker AXS). The morphology of the films was investigated by atomic force
microscope (AFM, Park Systems XE 100) in non-contact mode. The grain size and the roughness of
the films were obtained. The traditional 4-point probe HP Digital Multimeter (Hewlett Packard
34401A Multimeter) was utilized to examine the electrical properties of the CoFeB thin films at
room temperature.

Figure 1 shows the X-ray diffraction pattern of the CoFeB films on Ti coated on glass and Si
substrates with different magnetic direction. Amerphous-phase.was the main component of all the
films after being deposited at both*Bpplied magnetic| field, directions™@ig*plane and out of plane).
These results indicated that all of the deposifed-GoFeB 'thin films-herein-were i ag amorphous state,
yielding no apparent difffaction-peak. Therefore, the strucrg of-CokeB_thin\films were not
affected by magnetic fields-bothin-plage and outof plane directions.

The morphology of deposited CoFeB-thin filns was characterized by AEM in non-cantact mode
using the scan size 0f 5x3 pma’ The AEM images of each sample-argishown i Kig. 2.The grain size
of CoFeB thin films on:Si substrate | was-slightly larger than that of. CoFeE’ thin films on glass
substrate at all conditions (with=dnd ‘Without applied magnetic field), However; the/QoFeB thin
films on both substrates\with-3pplied magnstie field shows smoofthex surface add sgaller grain size
than that of the film deposifed without magnenc\field wreatinent. In comparisont of CoFeB film

- surface between deposited with in, plane and)out of plane maguetic direetions, the results were not
different obviously. If we consider thoroughly, it“was-found that-the films deposited with in plane
magnetic field was rougher than the films deposited with out of plane magnetic field. The surface
roughness (R,) of CoFeB films obtained from AFM measurement is shown in Table 1. It reveals
that the film surface roughness is smoother when apply the magnetic field during the deposition
process. Moreover, the out of plane magnetic field would enhance the smootﬁer surface of CoFeB
thin films deposited on both substrates.

The electrical resistance of CoFeB thin films was investigated by a 4-point probe measurement.

The corresponding electrical resistivity was calculated using the following Eq. (1). The electrical
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resistivity is given by
p=4.532(R)f.1, 6y
R and p are the resistance and electrical resistivity of the material, respectively. The ¢ represents the

thickness of thin film that was controlled at 500 nm. The f; and f; denote finite thickness and finite

width respectively, given by:
sinh(=)
It f 1
Smh(-z‘;)
= 1,(_-‘:- 1) 3)

s represents the distance. between, probes and-d is the diameter of sample“Fable 2 shows the
resistance (R) and the résistivity wahue(p) 6 tie CoFeB thin filims;as also displayedia Figure 3.
The resistance and electfical resistivity decreased as applying ihe magnefic field tocthe deposition
process. For the films deposited on Si wafer/ the average resistvity decrease from44.98 pQ.m to
14.62 pQ.m and 7.25 pQ.m, corresponding with xo apply field‘out.of plane-and isiplane directions,
respectively. In similak manger, the resistivity<of the films-deposited on glass substrate decreases
from 88.18 nQ.m to 37.79 pﬁl,m and 15.3 uOanyrespechivelys CoFeB.thin films deposited with
applying in plane magpetic field ‘directionghave lower resistivity than’thé films deposited with
applying out of plane magpetic field. Tn~addition;~the-resisuvity of the films deposited on Si

substrate was lower than the films deposited on glass substrate in all conditions as shown in Fig. 4.

1. CONCLUSION
In conclusion, the.structure, morphology, and electric properties of amorphous CoFeB thin films
treated with different magnetic field directions were investigated. XRD spectra indicate that CoFeB
thin films are in an amorphous structure and the magnetic field would not affect to crystal structure.

However, our results indicate the influence of magnetic treatment on surface morphology and
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electrical resistivity. The AFM images show that the films are smaller grain size when applying the -
mégnetic field to deposition of CoFeB thin films. The surface roughness of the films deposited with
in plane direction is higher than that with out of plane direction. As well as the films deposited on
Si substrate are mbre roughly than the film deposited on glass substrate at all conditions. The
resistance (R) and electrical resistivity (p) of CoFeB thin films deposited on both substrates
decrease when applying magnetic field. Therefore, suggesting a caution of CoFeB thin films
deposition by applying magnetic fields is concerned for ifiterface magnetic memory application as it

improves such properties.
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Table 2. The average resistance (R) and the average resistivity value (p) of the CoFeB thin films

obtained from 4-point probe measurement.

Magnetic field direction Substrate  Resistance (©2)  Resistivity (uQ.m)
Without magnetic field Si Wafer 19.85 4498
Without magnetic field Glass 3891 88.18
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Figure Captions.

Fig. 1. XRD patterns of CoFeB thin films deposited on Si and glass substrates under treated with
and without magpetic field both in plape and out of plane.

Fig. 2. AFM images of CoFeB thin films deposited on Si and glass substrates with different
magnetic field treatment i.e. without field, in plane and out of plane.

Fig.3. The relation between resistivity (p) and magnetic field directions of CoFeB thin films

deposited on Si and glass substrates.

Fig4. The relation between resistivif B films deposited on Si and

glass substrates.
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