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%4 300 nm Si0, EALZM (100) £ F1E 8w
JEE K e S5 e VR R RN TG K £ FR 0 AT R
Ve, AR A I a AR TG A B S = R A
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AR AR SIS Y OCHE , 2 H BFE T3R5 AR e
T FIER TSR R AT R E R IR, K 2 45 TR
frAE K AN ] 3 B 3R K JS SRO/Ni-AL/Cu/Ni-Al/
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Ni-Al/Cu/Ni-Al/Si0,/Si 5 i 45 H A 1R & iy i fa e
P£52) M 550—800 °C X} SRO/Ni-Al/Cu/Ni-Al/SiO,/
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Al/Cu/Ni-Al/SiO,/Si B, F-ATT & B W A AR 4 77 =K
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P4 45T SRO LA 4 i 4 o i 2R i
KI5 2RI IR e i 3R ki A K =Xl 46 19 SRO/
Ni-Al/Cu/Ni-Al/Si0,/Si £ J2 5 i 25 Wi AFM % 16
TESIE. E 4 (a) FI(b) St EE, FATTAT LA ) SRO &
TR AR B i 2R TEDG T P MRS BE (RMS) AU H
2.2 nm(#l4(a)) HIEZ5T 550 °C,90 s A=A IR
ORI R BE T RO, ARG 25 TS
RMS B3 4 31. 1 nm; WK 4 () A (d) , FKATE 2
SRO IR (X HL35 400 °C) JFU7 AR K R & 2 1w, 5

RiH5), E0% -4, RMS 43,8 nm, 76 5 K 1R
i (a) 2107 T TRIFERY 550 °C,90 s Y i IR i kb B
Je BB, R AT SRR 4 5], e A HELK
R, T H RMS B AR, A 3. 3 nm. £ L FTiR 341
AT EEE  AE T4 & Cu AL 2 2 B R4,
Z it AR SRS 1R KA K7 SEAR T R A
T R IR A7 il R EER T2 AT LA
FRAGIESE M = R HE 1Y SRO/Ni-Al/Cu/ Ni-Al/
Si0,/Si 2 )2 5 45 .

€4 SRO/Ni-Al/Cw/Ni-Al/Si0,/Si Z 257 F45 Wil (a) FiRAK; (b) FiRAK 550 CJaE kAL,
(¢)400 CJENMAER; (d) 400 CJEAAK 550 C 5 iR KAL) AFM &

5(a),(b),(c),(d)rulgs it T8 R RY
XRD K3, |8 5 (a) 7w, Z K SRO 1Y SRO/Ni-
Al/Cu/Ni-Al/SiO,/Si FEG A Cu (111) I, 58 3 45
55, RIS fH BT RRGE. TAE 550 “CIB A JF, Cu(111)
WEHEE T Cu (002) WL LB T, nE 5 (b) FiR, 3
HR K, Cu bR K, VRS i R 47 (AR A &
P SRO FOATESIAE M F T AFM 2347, FAiT0T LI J5E
XS i F UL SRO/Ni-Al/Cu/Ni-Al/SiO,/Si £ 2
SRR R A T B R I R AR Bk

BRI, DRIt BATT S0 (EL: Cu WRESRLTE FLERHA
X UL, SRO/Ni-Al/ Cu/Ni-Al/Si0,/Si Z5#4 1) SRO
BAR L H Ni-Al/Cu/Ni-Al/Si0,/Si 7] BEAT) 4R 5¢
#XAR ] Ni-AL B2 A TR 4 i PAEeE v, ik
—HAEM T 3.1 #EWTAY SRO/Ni-Al/ Cu/Ni-Al/SiO,/
Si Z5F AR H T 1 ) 5 3 SRO T 0 24 1 U0 a5
M5 (), TR LLE B SRO 400 °C J A A= K 11
SRO/Ni-Al/Cu/Ni-Al/Si0,/Si 25 Y Cu IE4R% FL5R
JERAR, Cu(002) WA, A SRO W2 IR A it B
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B, 7F 550 CiR kU5, 5 (d), ®ATE 2,
Cu(111) WA HA S 34 5im i ELEE I 4n 8%, 21 & 5a v /)N,
Cu(002) Wt A7 fr 85 SRO Wt M B T, X 7 0 i

(®
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SRO/Ni-Al/Cu/Ni-Al/Si0,/Si )2 5 45 Wi | gk
H AR Ak S A K 3 R LS4

@

SRO(001)
Cu(111)

Si(002)

98 E / arb, units

20 30 40 50 60
26/C)

[#5  SRO/Ni-Al/Cu/Ni-Al/Si0,/Si Z 2R AMiIE (o) ALK, (b) FiRAK 550 C/FIB KB, (¢)400 CJFAE

K, (d) 400 °CJFRAAE K 550 CJFiR KALBEAY XRD &3

3.3. PZT/SRO/Ni-Al/Cu/Ni-AVSiO,/Si & & %
M

FRATAGE, G8 EK F 24 T RE R 4P 1Y Cu 25 5
BRH AR TP B R MR, B e e Tk 2
PZT Fil Cu 245 LR IAE. Bl 6(a) i T
PZT/SRO/Ni-Al/Cu/Ni-Al/Si0,/Si £ )2 5 i 45 1
550 CHLER K 5 min J5 A9 XRD i, A E AT
AT LAREZ B PZT JLANBH 45 g, B T 45 5
U 22 SRR S5 40, 38 0] L B ER 1Y Cu fiT 5
W X A 71 3 % B £E PZT/SRO/Ni-Al/Cu/Ni-Al/
Si0,/Si ZJZ T 45T, PZT £k AHFI Cu WAL 55

(€)) S
S
7 =
~ —
— —
(=} ~
2 = 3
ERRS) S
slg B
SIS
o[ A~
!
L L 1 L 1
20 30 40 50 60

20/(°)

TAAVAEE T SE B 7450 B RYSREE. b, ATk
FWEE R Ni-Al {0 %A ML 3] CuO, Cu,Si 55
LAY 40, DL BHFY 2 Ni-Al bk M5 HA
AN HE T Cu 5 Si0,, Cu 5 SRO (s FH. A
B Cu WA (111) 2 BERROL I ], 308 R KA
FIF Cu BIELMPTHETERAE ). X IR 751
B Ni-Al [@BHEN Cu 5 Si, Cu 5 SRO A% Z b
B ARMBEE T Cu 5 Si, Cu SRR, R
T ORI A RO R A T AR G R
THARR S BN Cu 2, NG5 ESB T 8
FEBARLFN Cu L. K1 6 (b) 45 T PZT/SRO/
Ni-Al/Cu/Ni-Al/Si0,/Si 225 i AFM 1 i

20. 0 nm

5.0 nm

0.0 nm

El6 PZT/SRO/Ni-Al/Cu/Ni-Al/Si0,/Si SRS (a) XRD i, (h) AFM &
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SRR P, T AL g I v UL 2 2 T Sk, AT 5 BN
R A IR TN 2 R R A R4 i AR AL 22 A
SETE, WKL T FHESZ Ni-Al B 2.

3.4. Pt/SRO/PZT/SRO/Ni-Al/ Cu/Ni-Al/SiO,/Si
A RS Sk FRIERE

S50 I SE B R BRI — 20 O E
B RMERE B 7T AT S VIS HLE (S V 2L
HL % B9 8 L ) F Pr/SRO/PZT/SRO/Ni-Al/ Cu/
Ni-Al/Si0,/Si & Cu 5 J51 45 Ha 25 i F T nl 2, Al LA
B BN 5 5 A R [0 2 AR L A T R
KT A MALTREE ~ 42 wC/em? , /N5 0 H, . ~
1.0V, JoAFE o] s L3 42, 32 W] Pv/SRO/PZT/SRO/
Ni-Al/ Cu/Ni-Al/Si0,/Si HA R Ek P RE, il LA
T SR B AILAE G 25 1 I FH 25K . 2k i L A R 1 £
FrRpt R R AN Y — AR E R, B m T
BRH LA AR AT SRR AL T A A AL 45 T ms,
-5 V5 lknh,5 V K A9/E AT Pv/SRO/PZT/
SRO/Ni-Al/Cu/Ni-Al/Si0,/Si HL %5 %5 15 35 45 1 ith
2, BIAR A5 B Bl [ 7 A2 Ak 06 &, N ] DL
B AEZH T 10* s BRIRRTE S AP WA & A B
i) B A%, % B Pr/SRO/PZT/SRO/Ni-Al/ Cu/Ni-Al/
Si0,/Si LA ZIL A RIF M PRFRRE.

110
T 80
g ————s
o 40
2 ——Ap
o« 55 -ﬁ or —o——Ap
8 g-op
O =
< oL
i
b
=
>
< 55

ShimEE/ vV

7 P/SRO/PZT/SRO/Ni-Al/Cu/Ni-Al/SiO,/Si HL 2575 HL T
2, 4 ) LA e I DR R M I 26

vk SE MR S R I Ak L IR 1 — > AR AR
B TAAAE AR I RE | RS B AE i AN X K g
FHH. 8 (a) 45 i Pv/SRO/PZT/SRO/Ni-Al/Cu/Ni-
Al/Si0,/Si HLZS a1 Dk v MO RE v it £, 7T LLE 1
£ 0.05—25. 6 ms [l N, i AL o B2 AP B ik 5%
(AR RAR N FEA b 0] LA A K B8 1 K /INAS 5% i)
AR AP BI(E, X UL R ATHI 4 19 & Cu ki

LA RIS A RO AT R A 107K, T 8 (b) 4 il T P/
SRO/PZT/SRO/Ni-Al/Cu/Ni-Al/Si0,/Si & Cu 5 )i
SRR AR 1 kHz JIIRRR R A i RS K
FERIR I (e-V ) , TR F, -V 2 3
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Abstract

To integrate ferroelectric capacitor with copper thin film, SRO/Ni-Al/Cu/Ni-Al/SiO,/Si stack is fabricated by
magnetron sputtering with Ni-Al as the barriers between Cu and Si0,/Si and between Cu and SRO simultaneously in order
to segregate Cu from its adjacent oxide layers for avoiding interdiffusions/reactions when samples are annealed at a high
temperature. XRD and AFM are employed to study microstructure and surface morphology respectively. The Cu diffraction
peaks and the uniform surfaces are found in SRO/Ni-Al/Cu/Ni-Al/SiO,/Si stack at a high temperature of 750 °C,
implying that the SRO/Ni-Al/Cu/Ni-Al/Si0,/Si stack possesses excellent stability. It is also found that growing at the
lower temperature followed by annealing at a high temperature is better than current growing at the room temperature
followed by annealing at a high temperature in that the former can relax stresses and reduced the roughness of interfaces to
prevent the destruction of barrier and Cu layers at the high temperature. Moreover, PZT is grown on a SRO/Ni-Al/Cu/Ni-
Al/Si0,/8i stack by the sol-gel method to construct a ferroelectric capacitor with copper, and the microstructure, the
ferroelectric performance and leakage are investigated. The good ferroelectric properties of the capacitor with copper are
presented , including a saturated hysteresis loop, remnant polarization ~42 pwC/cm’, coercive voltage ~1.0 V, dielectric
constant ~ 1600, leakage current ~1.83 x 10 *A/cm’, excellent fatigue resistance, and good retention performance,
indicating that high conductivity copper thin film has a promising application to high density and performance ferroelectric
memory. Analysis of the leakage fitting also suggests that bulk-limited space-charge-limited conduction ( SCLC) acts as

the leakage current mechanism in the capacitor.
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