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#HRgkth 7o xe rtE %) 71# DC bias7t 271842 239 BST 4o &
Aol Frtstath. 38 Wehe bl 2ART Bast Sre) 4ol AYHJAT AR
9] BST7F A48 e F& Fo &9 1% DC biasE Q718hA vpeke] whakygd A4S
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Electrical Properties of (Ba,Sr)TiOs Thin Films
Deposited at Low Temperatures by Reactive RF
Magnetron Sputtering

Jeong Deog Koh - Jae Shin Lee
Department of Materials Science and Engineering

<Abstract>

(Ba,Sr)TiO3(BST) thin films were deposited on Pt/Ti/Si02/Si substrates at low



2 249 - ol A

temperatures below 300C by reactive RF magnetron sputtering methods. The electrical
properties of the deposited films were investigated by controlling deposition
parameters such as substrate temperature and positive substrate DC bias. The
crystallinity of the BST film increased with increasing substrate temperature and
positive substrate DC bias. The amounts of Ba and Sr in the film, however, were less
than those of a target. With increasing substrate temperature and positive substrate
DC bias, the deficiency of Ba and Sr in the film was decreased. Dielectric constant
and dielectric loss measured at 100kHz were increased from 20 to 82 and from 2.6 to
6.5%, respectively, with increasing substrate temperature in the range of 80~300T,
but were decreased a little with the positive substrate DC bias. The leakage current
density of BST thin film capacitors was reduced with increasing substrate temperature
and positive substrate DC bias.

1. A &

2ol Ta0s” SITiO3*® (Ba,SrTIOBST),*” Pb(Zr, THO(PZT)¥st e nfag
ANe5E 2143 A8E dynamic random access memory(DRAM) Az}o] 2837 93t
A77E FEs]) AP Yok o]E FolA BST wtke Flol AALAE fAAsR
o] 850} st SiO} SiNy ¥hulell vjsle] 1008 ol/4de] {488 vela, PZT wat
Higte] o] £ FHL7A 2HAES FAF & Ade 5F) Avh B3 Ba/Sre) x4
g A3l 25 ZoA BSTE AFAAE J8AL 4 Q7] v JH=2 ¢ =3}
EXo] $53te] JH2AE ARAE A2 F9a” ols) e L e BST
2+8- GaAs microwave monolithic integrated circuits(MMICs)oll 2-8-8Hd Ao 435}
T EE o2 4 QB dAl GaAs MMICE SA%oke] qto] whal u§3F9] 7
A E7E Bashd, dA GaAs FALAE Wt AAAE ABE o]EHE SN FA
&0l 7RER ol WA Frh Al Wrk ol wiRAsle] mE AFhLAFEo] Fol
A A7 ol th&F ARAIE Azt 2@dEe E AP Aol 4ty 5 #
A8 zZhe BST whake 7] deiMe 500C o)4de Be 7gewrs e7HE Qe
2ugn Qo agu Gads AA2AE FRA Hea P4dEe B L)
Q79 2 olf= AA €d o)83HE AuGe/Ni #&41¢] Ohmic contact vj43- o]
AYAE] FAAFH ol a0, o] FFAEE 400 CH=AA dsldS Ueh 7]
) &ol

H AP A= olda} 28 wjidlA BSTHEMMS: GaAs MMIC &l -$-83l7] 9%
EX3E 7M. FASAel 4&d BST #ahd Ao FAdstuA et Mk
(BaosSros)TiOs EFATE (Ar+0Op) ZdkzrvlE o]8&3}a] rf magnetron sputtering W o=
BST #tehg F3tahs B¢t 7196l 4] 719 DC biasE 7M. 24 719 HHE Ao
8t} BST uherel 548 F3A718) 3tgok & AFolAds S35 DC bias 1714
Fo wE BST ®e] AAyzx 9@ dAgZER, 3EhE 2A4E BAEAI,
MIM(metal-insulator-metal) ASJAElE& AVBST/Pt/Ti &2 Al&3ste] BST utete] &
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AENTY AF-A} 54 2SR B =RME BSTY #4714 S4& BSTulzg
Al as shetd 24 5 ARA A% AvAA LA

2. AP

(F)RAFANAN FEANZAG rf magnetron sputter FX& BST "hate] F3el o] 831
o}, 38t 2A4o] (BaosSros)TiOsS! A7 3 inch®] ER2E CeracAlol A FEA|R8le] o]
g3, EMARS £k 99% oottt TEAAl lwn A= AYEs Semz
sten Bl Hels #Eg WAy AdA WA4E E 719 Ime] Eiks)
2t} Pt/Ti(200nm/40nm) H-A=90-8 xdl2 FAAZ p-Si(100) Aol=E AH8-3kxth
GaAs MMICol H&5H+= AdAIE= MIM 722 Hdgt g A=z gied 7%
AA AA = A HA golA B dRel e APstn FHFol 8oljt Si /WE o)§
st S 7|W-E olME, ¢FL, "olgsRE 259 AN ik FAAE A
e AF3Peh F 1o} BST ¥uhe) F23x8 etk S35 ¢ Ardt 0.5 919
S&vl2 §XA)7)3, RF A8L 100Wa nARSQRen, 434z 7|925S 80Tl
300C, &9l 71% DC biasE 004 30VE #iztA 718X AP F3Pstdth. S35 BST
uleko] A8 ¢ -stepl 2 ulEho] TARZO A S H o, ueke] S SR
w2} 2500-4000A 9 WHE Jehdth bk a7 2 2AAEHE ASAM x-ray
diffractometer(XRD), transmission electron microscopy(TEM), electron probe micro
analyser(EPMA) 123 Rutherford backscattering spectrometry(RBS) 52 ©]&-3¢c}.
BST uhite) A3 54& F437] 3 4 shadow maskE ol-§3 0.6mm 2739
Al 3RAFE AFTAYLR SAste] 21T FE 2o MIM AHAEHE ST
FHAEA 715 93 impedance analyser(HP 4194A)E o}-§-3l¢] 100 KHzellAl MIM #
A E o] A ALFI} FALAL 2397, DC power supplyst digital multimeterS o]
43lo] A AF-AY 5EA4S £

Table 1. Sputter-deposition condition for BST films.

Target (BaosSro.5)TiOs
Substrate Pt/Ti/Si
Base pressure < 5%10%orr
Working pressure Smtorr
RF power 100W
Substrate temperature | 8o~ 300°C
Substrate DC bias 0~ +30V
Ar : O 9:1

Deposition rate 30~40(A /min)
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O TEST
PROBES Al (700nm)
- BST(~300nm)
_ Pt/Ti(200/40nm)
""" ~8i02 (1000nm)
o T Si WAFER

Fig 1. Sample configuration for electrical measurement.
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a8 2% 30Vel 71¥ DC biasel A 71@2x9] Wslel wal 334 BST uF2he] XRD
34 pattern& YRR Ah FlEemst FUMEl WEb 110 A2 Pade AEE
HolAa, iAo (111), (2000 221 (211) §9 9349l perovskite T-Fol F3}
= Hart vepdth a2y dybdgoez mme] Fxvl von x| wisle] wel u=
f1x19] HolE Molx QUuh. ol Hhatel gke ol fE JYAAR AAHo= FHALrr)
300°C ol&t2 o} wiele] Aol 5314 -2 2ugith ojde AFARE) 9
3hd 300°C ©l3te] A &elA BSTHMS SAF Axbes olF Ba ¢ uf gARE & o
TFEO] 3ha®™ 400~700°Ce) WM NBREI FARFE BSTS AARA ¥4
5 2985 Jeha o

1% 38 Z19er 300TolA 71# DC biasE QI7FskA @& 499 30vVe 719 DC
biasE 17}6}04 224 BST utate] XRD 3 A patternd RolFn o), @A HE
o] % Z7Ae #ag vmahd 30Ve 71# DC biasE 91718 29 719 DC biasE 917}
31X 9%% ZA9-Ht (110) #2729 v dudos 7haddAe, 71¥% DC biass 7}
3k gg wW vERA 29w (211) HaArE JElRdY. Zelal full width  half
maximum(FWHM)-& Had}l 7]% DC biasE ¢1718kA] ¢ke A¢Lw}d 719 DC bhiasE
Q7kg 97t FWHME o 2he 3he Jehlilo. o] da+= 719 DC biasE 17181
F&30S w BST Wte] AdAAo] F4EAeS on3d
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Fig 2. XRD patterns of BST films Fig 3. XRD patterns of BST films
deposited at substrate temperatures of deposited (a) without and (b) with a

(a) 80, (b) 200, and {(c) 300 °C. Other positive substrate DC bias of 30 V.
deposition parameters were kept constant.

=

uhake) w2 E PR FARAAR Ao BST upele] ¥H &
goy, gAE #3E £ Jddd. 2dA] B AR de dEHA F Fed 9
AlHe] @i TEMO 2 #as gtk 219 4% 7|BLE 300CoA 718 DC biasE 17}F
3lA) eke A9 30vVel 71% DC biasE Q17bshe] 9087 2% BST ulete] TEM Af
A& e 718 DC biass 17FeA gd31 33 whabe g vAA A 2kt
o] Aoz olFold &Y AL Uehln Y, wahe] FAl= 280nm BEJT
283 30Ve] 71% DC biasE 7kt 33 BST wbuhis oA] ugd A3 AAAbo.
2 o)l FolA EFY 2L vl JARE kel $A= ¢F 330nm AEZ DC biasE
A7k8tA Fe AR ¥ FARE & 5 Ak F BST 3 Fo 71l %9 DC
biasE <I7ksbd wele] AAgswrl ZUHgHe omjgith T3 o] Ao AAAGL
columnar 23-& Yelln, 229 43} 2ol vje o 4u] AxHown XA =
71 9F 30~100nm@Atk. ol ZA F =AM 537 vlute] FAS ARG Bl A
A ZolE Hole olfv ZFA] 71l %o 719 DC biasE Q718 B¢ FFHHE= &
AE W ALolee] riEog wiubel Wk AL FAAY| L, ARFHOR FHALE
7t Z718te Ao ® wedth a8 55 Z|B2% 300ToA 719 DC biasE 7184 &
& A9 30Ve 719 DC biasE ¢V7Fste] =33 BST vhure]l AWl 3]A patternS
wolx k. 71¥W DC biasE A7MEHA ¥ F3g BST whake (111), (2200 281
(311) #H=7k JEME, 30Ve 71 DC biasE 7kste]l  Z&3 BST ubghe (211,
(220) 28)3 (311) #=37F YyeErvda Aok 30Vel 71 DC biasE A7Hg A9 (11D =
£ AFFA AL, XRD dxpel o) (211) #=7F vebda i,
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~—BST(211)
| -~ BST(220)

 ~——PRST311)
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Fig 4. Cross-sectional TEM micrographs Fig 5. Electron diffraction pattems for
showing BST/Pt/Ti/Si interfaces. BST samples shown in Fig. 4. BST films were
films were grown (a) without and (b) grown (a) without and (b) with a substrate
with a substrate DC bias of 30 V. DC bias of 30 V.

ulutbol 318 A4S BAE7) fE B AT E EPMAS RBS 418 Al %394,
EPMA #419] A9 AHY AFEAE A ZEAH] Jojof sk, 2 Ao
Aol ZEste] Bl TY3 Al Akl AR Azbsie] W] FA S Ba,
Sr, Ti¢l A %L wadted, H20] EPMAS RBSE BAE BST utulo] Al
e itk EPMA #4230 Ti §39] g3t Ba, Srdaol d3sls w739 AaE
YER I, BollA] H%e] EPMASH RBS ¥4 Az Aoz gAe AR Ba, Sr
gzl 09 ¥ AYEHen, rgerrt Be4E APFLe Ukl 18y 300°C
A ZFAF AMEES A4 71% DC biasS A7ste] Z23 AR A7tEA e AS-
Ht} Ba, Sro} 4& AL yhdo] 09 e ¥ g veiddh o dAxe FF Fo
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Table 2. Results of chemical composition analyses for BST films,

EPMA
g8 | (@3 Yohx)

RBS

.'

A
o

NS

Ba/Ti| St/Ti | Ba/Ti | Sr/Ti | O/Ti

Lo
o

=

F ofy

target | 0.44 1 0.094 | 05 0.5 3 (BaosSros)Ti0s

807,

oV 0.30 | 0.071 | 0.288 | 0.36 |2.352|(Bao.238Sr0.36)Ti02.352
3007, .

oV 0.41 | 0.074 | 0.327 | 0.409 | 2.81 |(Bao.327Sr0.40)TiOz2s81
300°C, .
30V 0.40 | 0.073 | 0.318 | 0.227 | 3.3 | (Bao.318Sro.227)Ti0a.3

a9y 62 71gewst 7% DC bias 17k wh2 BST uhute] f&7 §3484& 1
oz Ao Agerrt F7MEsE fA80 fAEAde Sk e, o Ads 350
°Colate) meoA A& tE AFAREMrw gAY, /Rerst $7184E BST
utako] A Ajo] k4 E Y] wjiEon Ayd 4 k. Al B AR XRD £4 9
s JBewst Z71ESE uhuke] AYAo]l FAFHAES SellA Aw B bk ok o
g BST 23 Fd 719 30Ve] 7|® DC biasE A715E Wl 4387 fAEdL
71% DC biasE 7F8IA] &2 ARt 4t 7HA4sks 4%E Jehlidch & AFoA
Ao Huf FHEe R UEen o Axts woA FIF UE AFENA Qo
A 2 100~7000) BAEH e Wolrk ot e olf TRAHo =2 300°C xS
Ao e gergEsd A BST wahe 7] ojz9-n, TEMAMACGA & £ AU
o] gAHF ARAL A4S F ) WEoR AR, a8y 800lde] FH&S A
FRAAZAME A7) ddE Fgolng, dA A= ot Fazlde BSTZ/E dAHATG=
ZA2 YAt £3 A GaAs MMIC o] 85 SiN, uhehe) f-7&o] 7~8A3 L
wEshd FARD FHAEA AolA 108 Axe TS 7L Aol
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Fig 6. Dielectric constant and dielectric loss of BST MIM capacitors as a function
of substrate temperature.

a9 78 J1ReEe] Wsle] mE BST ulte] AF-3t 54& vz vk 719
2%7} 7 gl whet BST wWhahe) wAXF7E Z4sty dddgdgte] 5718 & +
Jek, 2y AR Est 300°Celat 7l 30vel ool Agke Qlrtstel HAF SrTi0s
B AR 100 /m™)st2 B PAJYSAE w53 Bolw Utk o] AW
o] A% 20VAEZHA dAnrt dojux] gt Z1Merrt 1 uet WA 5
Aol 4= olfre A FUHAZE AT AFEe 2wt Zvgel uiel uhetg]
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AR Aol ZA FFHAUY wWiEez AZAY, o] I sputtering WHHOE SrTiOs W
e IAE W 71¢ DC bias & A7FSHA FAA ke 2 MARFE 29 5 YUE o
Ao ruPon U3}
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Fig 7. Current-voltage characteristics of BST MIM capacitors grown at different
substrate . temperatures. One of the capacitors were grown with substrate DC
bias of 30 V.
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B ApdMs kg4 RF-magnetron 23HE® WYPo R 300nm AHEe F49
(BaSr)Ti0; ®a+g Azt 238 BST Hiohel EAl3 fAEAL BAM3 ZAs
BST wtate] #7]|d AL BST utote] Ay, slstgdEel] Ze #A A+S gt
Z fAEo] Fa FAAF/E F BST ¥-g 7] #AAsixe BST 2o 2 Aol ¢
F3la, 38k e 2AS dolok 3}, B AFlA 300°C ol&te] Ao AL
BST ool Ao 482 822 Fdl9 GaAs MMICe ©]4-H= SiNETh 108) Hx9)
FAE FAS olFYth T FAHEE GaAs MMICY 2k 3velA 10°A/cm?
E Jehidg. A2elA Fde] BST #habg A7) AN 2 Fol 7% &
9] DC biasE 7}l Aol &I, 2 DC biase vtate] AL Al 1,
FAA wiete]l AAEAL AA MAAT= EHE YeERNAL
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