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Y203 Films as a Buffer layer for a Single Transistor Type FRAM

BumSik Jang, Dong-Gun Lim. Sukwon Chol, Sangil Mun, Junshin Yi.
School of Electrical and Computer Engineering, Sungkyunkwan University.

Abstract - This paper investigated structural
and electrical properties of Y203 as a buffer
layer of single transistor FRAM (ferroelectric
RAM). Y3203 buffer layers were deposited at a
low substrate temperature below 400C and
then RTA  (rapid thermal anneal) treated.
Investigated parameters are substrate temper-
ature, Oz partial pressure, posi- annealing
temperature, and suppression of interfacial SiO:
layer generation. For a well-fabricated sample,
we achieved that leakage current density (Jieax)
in the order of 107'A/cm2, breakdown electric
field (En) about 2 MV/em for Y203 film.
Capacitance versus voltage analysis illustrated
dielectric constants of 7.47. We successfully
achieved an interface state density of Y203/Si
as low as 8.72x10%m™ V!, The low interface
states were obtained from very low lattice
mismatch less than 1.75%. )

.M 8

MFS8(metal-ferrcelectric-silicon)*&E ¥ #H¢A4
e 2424 @& 9427t Haugley 448E7] 9
HNE oML Be BAF) Ragds. 'V 3 dxa
£ Si Zlgdd FaaA 9s H49E AL Sig
AN SgaloldE 4Egatel dolvdtie I F
AR EE YEGLeE Astd 5i 71a3 25A8 g9
Abolol nonferroelectric & ARAFol AL Ao
o d¥Eo 2 ABOA HERBAFCEY FRdAs}
Si€ R84 ¥e FHUEclmg AHAA B
Si 7lgtotel AHA Si ASES B4E Jhedo BTl
A5dol AN 229 A BUFH capacit-
ance®t® 7HA, 28l2 memory switching voltage
o] ZvkstA ey, £ series capacitanced o2
A7t nonferroelectrice® o) Sy Zeld =Ho
Z%3AA fzas gr/2718 54917 A8 o
Fe ALE Aot @k, old g EAFE W43
199 A buffer layer24 Y.0,88 £ 4+345E
2ty A E A48 MFIS(metal- ferroelectric-
insulator-81)7&7F Basi vk Buffer layery
ve AxARYYH, wAIF, Audd, 22 $3YE
a3 AT urgdel wUie Aol Wasir)
Y203 BehE o8¢ 872dd $FdE Aeg v3
g9tk @ Y0898 cubic PRI silicondt A9
$AE AA4es 2U0P gwdos y,0.utwe
FANE & 37 &£5d44 gYgd a8y L 2
9 34 Si 2197 siilcide® A 8ke 333 A

32 doit} ¥ ANAEE gouM Silicide
YA & WstnA Y203 92 400Tol8A- 2889
o} 283 Y4 RTA(rapid thermal anneal)® A}-&
8o 700T~900CoN X 4312 St

2. dEYy
2.1 MUY
' Petype(100)
l Sample prepare o % 20-40€3m
' Organic cleaning
i Sample clesning ] Acetone ~-»dethancl-+3.1, water
Baciside slectrode | apactopuon svarorser
& remove SiO , layer Dipping in BHF for 40 sec
ok
| vacoosuon ] tpmorte
N 1040 % O, pastial pressure
Y ;03 deposition Bub, Temp. = R.T. ~ 400 °C
10~30 oworr working pressare
Annealing & ‘1:"2 atmosphere for 2 m‘m‘
‘Top contact metal M‘“,‘p erature = 706980 °C
P namng v
Structural propesties | XRID
! Characterization o ortis

Electrical properties : 1 -V, €.V
Chemical properties : AES

¢ 1. Employed experimental procedure of this
paper.

2 Agdde 2040 2-om? AYE & P-type
51(100) & AHe-8ch. 7129 #7118 AAE Had
SIE, sfeg 22la Bol&F (D.I. water)Z AN
sgch. eRdZozr Al Clg BEL FEAY %
ohmic contact BAL ¢8ko] 550TdA 30% ¢
2.5lpm H1EE A2 E FF FAARAD. 8
Z1REARE BHFUIBHF:H0=1:100894d 40%
< 971 ohmic contact el Fo} B4R 71w
o] Agg AAY 3 Y2038 FH¥addgch. Target
£ A &0 2-inche! ¥ 4% AHE% 13.56 MHZ of
magnetron sputtering 2"z 10° torrixl &
71 AFE BEL X reactive 1f magneiron
sputtering®¥ 22 Y,0:.2%%&  FAGAT. Va0
buffer layer& 287 olAd buffer layer®] ¥
£ 2AA91712 BEAG Si0; 29 ¥4L 9
AN RAAE FFEA G AU 50AF=d Y B
&g 9A AT £, A2E FFSAA sputiringy

~ 1646~



08 Y0:% 489t Y205 buffer layerd 33
MAMSEA JIBNeE, 422, 948 2% %
sheigted ZAEA Y

Y20: B34 A¥E A8A RTA(rapid thermal
annealing) & ol &3] AR H74A 700CT~900C
ofd  120secEY FEAHIdE dEd. XRD(X-ray
diffractormeter) & ol &8te] Y, 0zutete] 244 E =
Agrdon, AR, %AHYE Keithley 617 mul-
timeters} Fluke 5100B voltage source® A} 8k
2A 89T, C-V BA4E ZA87198l  Booton 7200
C~V meter® AH433 IMHzAM &3, Y03
utetel sEREd EAE d¥ax AES(Auger
electron spectroscopy)® AHE3IET. 28 144 &
Age £4F YU

2.2 2% % £9)

a¥ 2% ¥ dxy £XE 900TAM mEAm
400Co) st FHL&EE /PRE By SHAEEE
400TCe) & 4A2AE 700T, 800T, 900TAN g
89 A%9 XRD Zojct. dere peakst (222)
waro 2 kA VeI (444), (440) W¥eg o
A Jehdg 8 & o, ie 23 258 94 o
2 (e2)gge s 7EA JvEld S B o dd(2¥
2.(a).(b).(e)). Y03 22+ ¥ GAE 700TIA
800CZ S7zlel wal amorphous® AEjolA
polycrystalline 722 WagdoH (28 2. (¢).(d).

2000 ®
T
2000+ f: ©®
u
Sael |
10 @
1l
< LU ]
£ 20004 /S ©
0+ 1
W01 | Modiie VO, 2) ®
0t W OIS
20001  Culic Y,0,(222) _, Cubio Y,05440) @
0 .
Y 'y 50 &0
20 (degree)

2% 2. XRD patterns of Y203 films for (a) room
temperature and 900C RTA temperature (b)
300C temperature and 200TC RTA temperature
(¢} 400C ‘temperature and 700C RTA
temperature (d) 400C temperature and 800C
RTA temperature (e) 400TC temperature and
800C RTA temperature (f) 4007C temperature,
900T RTA temperature and 10% O: partial
pressure
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2% 3. Lattice constant of Yz0: films and
lattice mismatch with Si substrate as a
function of substrate temperature.
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19 4. 1-V characteristic of MIS capacitor with
Y203 layer grown at 400T and annealed at
900¢C
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¥ 5. C-V characteristic of MIS capacitor with
Y203 layer grown at 400T and annealed at
900T
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24 6. AES depth profile for Y203/Si prepared
at 400T and annealed at 900T
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