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Adul Dearamea 2011: Study of Al-Cu Thin Film Deposited by RF Sputtering
Process. Master of Science (Physics), Major Field: Physics, Department of Physics.

Thesis Advisor: Associate Professor Supreya Trivijitkasem, Dr.Ing. 92 pages.

Al, Cu and Al-Cu thin films were deposited on glass slides by RF sputtering process
with typically based pressure of 2 x 10 * mbar and the deposited argon pressure of 8 x 10° mbar.
99.9 % purity of Al and Cu targets of 3 in diameter, 0.188 in and 0.318 in thickness,
respectively, were used The deposition power was 170, 180, 190 and 200 W and the deposition
time was 1.5, 3.0 and 4.5 h. The results showed that the thickness and the deposition rate of the
film increased as deposition power and deposition time. At a giving deposition power and
deposition time, the thickness and the deposition rate of the Cu thin film were higher than Al

thin film.

The Al-Cu thin film were obtained by deposited Cu thin film on Al thin film at the
same deposition power and 3 h deposition time. X-ray diffraction, XRD was applied to
examined the microstructure of Al-Cu film which annealed at 200, 300, 400 and 500 °C for 5,
10 h. It was found that each Al-Cu thin film showed diffraction peak of (111) plane of Al
phase. The Al-Cu thin film deposited at 170, 180, 190 and 200 W, annealed at 200 °C for 5, 10
h showed diffraction peak of (112) plane of ALLCu phase at Bragg angle, 20 = 42.85 °C with
the grain size D,,, & 73 nm. The grain size and the intensity of (112) diffraction peak increased

as the increased deposition power which annealed at 200 °C for 10 h.

Resistivity of the Al-Cu thin film determined from 4 point-probe method showed that
the resistivity decreased as the increased deposition power, annealed temperature and annealed
time. The Al-Cu thin film deposited at 200 W, annealed at 200 — 500 °C for 10 h provided lower

resistivity P of 1.1 — 1.6 mQ.m.

Student’s signature Thesis Advisor’s signature
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10 19C3.0 3.0 2.229 2.233 4.977 0.1879 0.2014 0.0135 27.12x 10" 3.0 16.9
11 19C4.5 4.5 2.221 2229 40951 0.1768 0.1972 0.0204 41.20x 10" 4.6 17.1
12 19C6.0 6.0 2.228 2232 4973 0.1871 0.2145 0.0274 55.10x 10™ 6.2 17.1
13 20C1.5 200 1.5 2225 2231 4964 0.1816  0.1888  0.0072  14.50x 10" 1.6 18.0 18.6
14 20C3.0 3.0 2228 2231 4971 0187 02019 00152  30.58x 10" 34 19.1
15 20C4.5 4.5 2.229 2.231 4973 0.1871 0.2095 0.0224 45.04x 10" 5.0 18.7
16 20C6.0 6.0 2.231 2239  4.995 0.1948 0.2244 0.0296 59.26x 10 6.6 18.4
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Waudn ¥o AL(111) ALCu (112) AlCu (020) %39 [ ALCuy, (322) ] Cu (200) 130 [ AL,Cu, (422) ]
E]EiN‘ﬁ Aauna I(a.u) Dom I(a.uw) Dmom I(a.u.) Dmm) I(a.u.) Dmm)
1 17C3.0 - - - - - - - - - - - - 600 5078 0.13 67.50
2 17A3.0 900 3847 032 2623 - - - - - - - - - - - -
3 17X3.0/20-5 554 3868 037 2222 2004 4285 025 3379 - - - - - - - -
4 17X3.0/30-5 3858 3863 0.9 4376 - - - - 1000 4486 015 5559 - - - -
5 17X3.0/40-5 4271 3873 0.17 4930 - - - - 1250 4485 014 5607 - - - -
6 17X3.0/50-5 4737 3866 0.6 5134 - - - - 1500 4485 014 5671 - - - -
7 18X3.0/20-5 300 3870 039 2123 5064 4288 0.17 5028 - - - - 900 5077 0.12  71.64
8 18X3.0/30-5 3554 3874 020 4132 - - - - 900 4486 0.16 4773 - - - -
9 18X3.0/40-5 3852 3879 0.9 4329 - - - - [584 4897 0.8 4725] [52 5387 024 36.18]
10 18X3.0/50-5 4215  38.68 0.7 4875 - - - - [726 4896 0.18 47851 [62 5393 024 36.82]
11 19X3.020-5 127 3863 040 2090 6274 4286 015 5517 - - - - 850 5076 012 70.97
12 19X3.0/30-5 2820 3877 023 3682 - - - - 700 4488 017 47.12 - - - -
13 19X3.0/40-5 3340 3881 021 3899 - - - - [1171 49.00 0.15 56.09] [142 5363 022 40.14]
14 19X3.0/50-5 3726 3889 020 42.53 - - - - [1547 49.02 0.4 63.13] [250 5333 021 41.13]
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M35137 6 (90)

Waudn ¥o AL(111) ALCu (112) AlCu (020) 139 [ ALCuy, (322) ] Cu (200) 130 [ AL,Cu, (422) ]
ﬂ&iwﬁ e I(a.u.) Dmm) I(a.u.) Dmm) I(a.u.) Dom) I(auw) Dmm)
15 20X3.020-5 - - - - 6448 4287 015 5823 - - - - 800 5078 0.2 70.32
16 20X3.0/30-5 2197 3886 028 2999 - - - - 600 4485 019 4581 - - - -
17 20X3.0/40-5 3246 3885 022 3778 - - - - [1265 49.01 0.15 5934] [162 5363 022 4025]
18 20X3.0/50-5 3486  38.84 021 3996 - - - - [1600 49.00 0.13 64411 [300 5392 021 41.83]
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PJunar f= 10 n

ard a
(") nazvansy D, YoIWauuN egiitiou-Newas PXt/ T-

Waudn ¥o AL(111) ALCu (112) AlCu (020) %39 [ ALCuy, (322) ] Cu (200) 130 [ AL,Cu, (422) ]
E]EiN‘ﬁ BIRN I(a.u) Dmm I (a.u.) Dom I(au.) Dmom I(auw) Dmm)
1 17X3.020-10 573 3874 038 2177 1701 4286 026 331 - - - - - - -
2 17X3.030-10 3965 3871 0.19 4421 - - - - 1272 4486 008 6433 - - - -
3 17X3.0/40-10 5021 3874 0.16 5232 - - - - 1205 4485 0.06 6324 - - - -
4 17X3.0/50-10 5215 3875 0.16 53.08 - - - - 1104 4485 009 5487 - - - -
5 18X3.020-10 327 3868 039 21.52 8237 4289 012 7117 - - - 870  50.76 0.12 7131
6 18X3.0/30-10 3652 38.67 020 4175 - - - - 1342 4486 009 6692 - - - -
7 18X3.0/40-10 4054 3883 0.17 48.64 - - - - [1100 49.04 0.5 55671 [62 5392 024 3682]
8 18X3.0/50-10 4465 3885 0.17 4930 - - - - [1500 49.02 0.14 62611 [75 5390 024 37.12]
9 19X3.020-10 - - - 8553  42.86 0.12 6949 - - - 760 5078  0.13  69.35
10 19X3.0/30-10 3425 3884 021 3941 3065 42.87 020 41.73 [950 4899 0.6 52.94] - - - -
11 19X3.0/40-10 3860 3878 0.19 4355 - - - - [1120 4894 0.15 55821 [152 5387 022 40.82]
12 19X3.0/50-10 4012 3877 0.7 47.69 - - - - [1550 4895 0.5 59571 [253  53.82 021 41.18]
13 20X3.020-10 - - - - 9594 4286 0.2 7293 - - - - 740 5078  0.13  68.72
14 20X3.030-10 3226 3881 022 3739 3261 4288 020 4307 [1000 4898 0.6 53.44] - - - -
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M319N 7 (90)

Waudn ¥ AL(111) ALCu (112) AlCu (020) %30 [ AL,Cu, (322) ] Cu (200) 130 [ AL,Cu, (422) ]

EJEiN‘ﬁ Wduana I(au.) Dmm) I(au.) Dmm) 1(au.) Dmm) I(a.u.) Dmm)
15 20X3.0/40-10 3465 3892 021 3941 - - - - [1300 4899 0.4 6035] [165 5381 022 4029]
16 20X3.0/50-10 3642 3893 020 4132 - - - - [1656 49.05 0.3 6532] [305 53.83 021 42.02]

17 20X1.5/30-10 3868 3877 0.19 43.68 1500 4286 026 33.1 [ 850 4894 0.17 51941 - - - -
18 20X4.5/30-10 2976 38.78 0.23 37.01 4010 4289 0.15 5497 [1300 4898 0.14 6035] - - - -
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! 1 v o 1 o a| d a
ms1an 8 anuandAnd v, anszualiih 1 anwduveans il sazanmdwniuliih p veslduuegiidioy-newas PXt/ T-(

4 ) B
nal = 5 Blug

Wdw 5o ANVANANG V x 107 (mV) BT P
- o ERM mQ.m)
CRLLIAN] Wawune
1=0.1 1=0.2 1=0.3 =04 1=0.5 1=0.6 1=0.7 =08 =09 VI (Q)
1 17X3.0/N 120512 220.652 320521 420.522  520.689 620256 720.365 821231 921.325 1.001 15.7
2 17X3.0/20-5 90.755 160.365 251.12 341.875 432.63 523.385 614.14  704.895 795.65 0.881 13.8
3 17X3.0/30-5 78.524 157.048 235572 314.096 392.62 471.144 549.668 628.192 706.716 0.785 12.3
4 17X3.0/40-5 68.121 136.242 204363 272484 340.605 408.726 476.847 544968 613.089 0.681 10.7
5 17X3.0/50-5  65.017  130.034 195.051 260.068 325.085 390.102 455.119 520.136 585.153 0.650 10.2
6 18X3.0/N 58231 116462 174.693 232924 287.924 342924 401.155 459386 517.617 0.574 9.0
7 18X3.0/20-5 53.235 104.235 155235 206.235 257.235 308.235 359.235 410.235 461.235 0.510 8.0
8 18X3.0/30-5 51.056 98.056 145.056 192.056 239.056 286.056 333.056 380.056 427.056 0.470 7.4
9 18X3.0/40-5 50.742 86.742 122.742  158.742 194.742 230.742 266.742 302.742 338.742 0.360 5.7
10 18X3.0/50-5  50.112  83.112  116.112 149.112 182.112 215.112 248.112 281.112 314.112 0.323 5.2
11 19X3.0/N 47354 79354 111354 143354 175354 207354 239354 271354 303.354 0.320 5.0
12 19X3.0/20-5 38.435 68.435 98.435 128.435 158435 188.435 218435 248435 278.435 0.300 4.7
13 19X3.0/30-5 36.056 61.056 91.056 121.056 151.056 181.056 211.056 241.056 271.056 0.294 4.6

S9



M350 8 (AD)

o 4 e . ANNFUVDA p
Waw ¥® ANUANANYG V x 10° (mV)
L . QERM (mQ2.m)
A206199 Wawua
1=0.1 1=02 1=03 1=04 1=0.5 1=0.6 1=0.7 1=0.8 1=0.9 viI(Q)
14 19X3.0/40-5  25.742  50.742 75742 100742 125.742 150.742 175.742 200.742 225.742 0.250 3.9
15 19X3.0/50-5  23.112  46.112  69.112  92.112 115112 138112 161.112 184.112 207.112 0.230 3.6
16 20X3.0/N 21.343 41.343 61.343 81.343 101.343  121.343 141.343 161.343 181.343 0.200 3.1
17 20X3.0/20-5 19.435 37.935 56.435 74.935 93.435 111.935 130.435 148935 167.435 0.185 2.9
18 20X3.0/30-5 17.854 34.854 51.854 68.854 85.854 102.854 119.854 136.854 153.854 0.170 2.7
19 20X3.0/40-5 15742 31.742 47742 63.742  79.742 95742 111742 127742  143.742 0.160 2.5
20 20X3.0/50-5  13.112  28.112  43.112 58112  73.112  88.112 103.112 118.112 133.112 0.150 24
15 19X3.0/50-5  23.112  46.112  69.112  92.112  115.112 138112 161.112 184.112 207.112 0.230 3.6
20 20X3.0/50-5  13.112  28.112  43.112 58112  73.112  88.112 103.112 118.112 133.112 0.150 2.4
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! 1 v 1 o a| d a
ms19n 9 anwandAnd v, anszualiih 1 anwduveans il sazanmdwniuliih p veslduueegiidioy-newas PXt/ T-(

A / o
nan = 10 ¥ 19

. 4 /0 \ . ANUFU p
Wau ¥o ANUANANG x 10” (mV)
o o SGEGERTY (mQ.m)
CRRLAN] Wawune
I1=0.1 =02 1=03 1=04 1=0.5 1=0.6 1=0.7 1=0.8 1=0.9 V(L)
1 17X3.0/20-10 55.755 105.755 155.755 210.755 265.755 320.755 374755 429.755 484.755 0.536 8.4
2 17X3.0/30-10 48.524 97.048 145.572 194.096 242.62 291.144 339.668 388.192 436.716 0.485 7.6
3 17X3.0/40-10 45.121 90.242 135363 180.484 225.605 270.726 315.847 360.968 406.089 0.451 7.1
4 17X3.0/50-10 42.017 84.034 126.051 168.068 210.085 252.102 294.119 336.136 378.153 0.420 6.6
5 18X3.0/20-10 40.545 70.545 99.545 128.545 156.545 185.545 215.545 245.545 275.545 0.293 4.6
6 18X3.0/30-10 35.546 57.546 79.546 101.546 123.546 145.546 167.546 189.546 211.546 0.220 3.5
7 18X3.0/40-10 32.453 49.453 66.453 83.453 100453 117.453 134453 151453 168.453 0.170 2.7
8 18X3.0/50-10 29.654 44.654 59.654 74.654 89.654 104.654 119.654 134.654 149.654 0.150 2.4
9 19X3.0/20-10 20.212 34212 48.212 62.212 76.212 90.212 104.212 118.212 132212 0.140 2.2
10 19X3.0/30-10 18.231 30.231 42.231 54.231 66.231 78.231 90.231 102.231 114.231 0.120 1.9
11 19X3.0/40-10 15.654 26.654 37.654 48.654 59.654 70.654 81.654 92.654 103.654 0.110 1.7
12 19X3.0/50-10 13.354 23.354 33.354 43.354 53.354 63.354 73.354 83.354 93.354 0.100 1.6
13 20X3.0/20-10 12.012 21.512 31.512 41.512 51.512 61.512 71.512 81.512 91.512 0.099 1.6
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M31910 9 (AD)

o 4 e . ANNFUVDA p
Waw ¥® ANUANANYG V x 10° (mV)
o o o A3 (mQ.m)
A206199 Wawua
1=0.1 1=0.2 1=0.3 1=04 1=0.5 1=0.6 1=0.7 1=0.8 1=0.9 V()
14 20X3.0/30-10 9.546  19.046  28.546  38.046  47.546  57.046  66.546  76.046  85.546 0.095 1.5
15 20X3.0/40-10 6.231 14231 22231 30231 38231 46231 54231 62231 70231 0.080 1.3
16 20X3.0/50-10 5.654 12.654 19.654 26.654 33.654 40.654 47.654 54.654 61.654 0.070 1.1
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Effect of RF Sputtering power on Al-Cu thin film

A. Dearamea ', S. Trivijitkasem', S. Suwanatus’, R. picha 2
'Physics Department, F aculty of Science, Kasetsart University, Bangkok 10900, Thailand
’TINT, Thailand Institute of Nuclear T echnology, Nakornnayok, 26210, Thailand

Abstract

Pure Cu (99.9%) was deposited over pure Al (99.9%) thin film . Four RF sputtering powers
were performed : 170, 180, 190 and 200 kW. The films annealed at 673 K for 5 h and 10 h were
studied by XRD. The results show the presence of Al and AlCu;, AlCu intermetallic compounds. The
annealed time, 5 h and 10 h did not significantly effect on the XRD lines. More AlCu; phase was
formed in lower power sputtering film, and more AlCu; phase was formed in higher power sputtering
film. There are only Al and AICu phase in the 200 kW sputtering film. The grain size determined from
Sherrer’s equation of AlCu phase was increased and the AlCu; phase was decreased as the
increasing sputtering power.

Keyword : Al-Cu thin film, RF sputtering power, XRD, grain size.

1. INTRODUCTION experiments were carried out using CuKa
Aluminium — Copper thin films are used in ~ radiation ( A= 00‘1541 nm ) in the 26 = 20°-60°
several  applications  depending on the range with 1.3" step/min.
composition of aluminium and copper in the
DmRecently WA Jomis ar used for 3 RESULTS AND DISCUSSIONS
interconnections in integrated circuits to transmi - .
. . . . The XRD pattern of the Al-Cu thin films
the elect . Techn f Al-C
e S\ SRS y annealed at 673 K for 5 h are shown in Fig

thin films have been reported in many . i@ % T
publications ( 1-4 ). Phase transformations in Al- 1.The 10 b annealefi thlr.l ﬁlm§ CHREH. similor
XRD profiles but higher intensity.

Cu thin films containing up to 1 at. % was

investigated (5). First principles calculations was A =
used to calculate electronic properties of Al-Cu 0 aice A y ] D
intermetallics and metastable phase boundaries © aicu 1. = 6 g
in Al-Cu alloys (7). 200 kW Ii -
; i O O
In present work, Al-Cu thin films were e i . 7 AR e
deposited using various RF sputtering powers,
and the microstructures of the films were s ﬁ
determined by X-ray diffraction, XRD. = _— i .
S — S\ RV ..
2. EXPERIMENT |
Pure Al (99.9%) was deposited on glass slide e }il
by radiofrequency ( 13.56 MHz ) magnetron S o Bt
sputtering. The sputtering time was 3h under 170 kW i
argon plasma pressure. Four constant RF powers L
were applied 170, 180, 190 and 200 kW. Pure Cu e ——— —AA
(99.9%) was then deposited over the Al film b ® 3 ”
under the same condition as depositing Al film. 20 (degree )
The Al-Cu films were annealed in air at 673 K for Fig.1 XRD patterns of Al-Cu films deposited at
Sh and 10h. Microstructure of the films were various sputtering power 5 and annealed
characterized by means of XRD analysis. XRD at 673 K for 5 h.

"Corresponding author. Email: physic.dul@gmail.com
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Table 1. Intensity I and grain size D of Al,
AlCuj; and AlCu phases deposited at
sputter power p.

I (a.u)

Phase p 20 1 hkl D
&W) (°)  (aw (nm)
Al 170 38.73 9271 111 24.81
180 38.79 18521 111 25.26
190 38.81 21978 111 26.47
200 38.85 28207 111 26.89
AlCu; 170 4499 2603 111  28.36
180 4498 1504 111 27.45
190 4497 885 111  26.68
200 - . : <
AlCu 170 4898 890 332 29.00
180 4897 5841 332 31.42
190 49.00 7661 332 32.00
200 49.01 8171 332 3224
30000 -
[laal &
25000 1 Krvsigu3
: A
30000 - LN
A
15000 5
10000 |
f . O\R
5000 @
| OdJ
O
0 - Q 0 :
160 170 180  190. 200 210
P (kW)
(a)

The calculated cubic lattice parameter a of Al
and AlCu; phases are 0.4023 and 0.3485 nm,
respectively. The grain size Dyy of the hkl peak

can be determined from Sherrer’s equation :

_ 0.89)
! BcosH

(1

here, A is the wavelength of X-ray,
B is full width at half maximum, FWHM,

and 6 is the Bragg’s angle of hkl peaks.

The intensity and grain size of Al, AlCu and
AlCu; phases are reported in Table 1. The grain
size Fig 2 b. of Al (111) was about 24.81-29.25
nm, AlCu; (111) was about 26.07 - 28.36 nm and
AlCu (332 ) was about 26.58-30.32 nm.

35
AA
DAICuU3
O AICu o O o
30 -
g =
N D
A W o
25 A
20 . T "
160 170 180 180 200 210
P (kW)
(b)

Fiq.2 (a) Intensity I and (b ) grain size D of Al, AlCuand AlCu; phases in the Al-Cu films.

The detected XRD peaks of Al, AlCu; and
AlCu are indexed. The Al (111) peak occurs at
20 =38.7" - 38.9" , while the AlCu; (111) peak
occurs at 20 = 44.9° —450°  and the two
peaks of AICu (332), (431) occur at 20 = 48.9"-
49.0°, 53.6°-53.8°, respectively.The evolution in
Fig 2 a. for intensity of the Al, AlCu and AlCus
peaks the sputtering power 170 kW, 200 kW are
observed. The intensity of the AlCu; peak
decreased and the Al, AlCu peaks increased as
the increased sputtering power. At lower
sputtering power.more AlCu; intermetallics were
formed, but at high sputtering power, more Al
and AlCu intermetallics were formed.

4. CONCLUSION

The Al-Cu thin films were deposited on glass
slides using four RF sputtering powers: 170, 180,
190 and 200 kW. The annealed films at 673 K
for 5 hand 10 h were studied by XRD analysis.
The Al, AlCu and AlCu; phases were observed.
The annealed time did not significantly effect on
the XRD intensity. The AlCu; phase was
increased in lower sputtering power, and the
AlCu phase was increased in higher sputtering
power. The grain size of Al (111) was about
24.81-29.25 nm, AlCu; (111) was about 26.07 -
28.36 nm and AlCu (332) was about 26.58-
30.32 nm.



REFERENCES

. Draissia, M. and Debili, M.Y., Atomic size
effects on the hardness of RF sputtered Al-Cu
(rich) thin films, Cryst Growth, Vol. 270, pp.
254,2004

. Draissia, M., Boudemagh, H. and Debili,
M.Y., Structure and hardness of the sputtered
Al-Cu thin films system, Physica Scripta, Vol.
69, pp. 349, 2004

. Shusterman,Y.V., Yakovlev, N.L.,
Dovidenko, K. and Schowalter, L.J., Growth
and structure of epitaxial Al and Cu films on
CaF,, Thin solid films, Vol.443, pp. 23, 2003

. Hassan Aly, E., Mohsen, M. and Ahmed, EM.,
Investigation of precipitation in aluminum-
copper alloy using positron annihilation
lifetime technique, Egypt. J. Solids, Vol. 31,
pp-184, 2008

. Lokker, J.P., Bottger, A.J., Sloof, W.G.,
Tichelaar, F.D., Janssen, G.M. and
Radelaar,S.,Phase transformations in AlCu
thin films: precipitation and copper
redistribution, Acta Materi, Vol. 49,
pp-1349.2001

. Zhou, W., Liu, L., Li, B., Song, Q. and W,
P., Structural, elastic, and electronic
properties of Al-Cu intermetallics from first-
principles calculations, J. Electron Materi,
Vol. 38, pp. 357, 2008

. Ravi, C., Wolverton, C. and Ozolins, V.,
Predicting metastable phase boundaries in Al-
Cu alloys from first-principles calculations of
free energies: The role of atomic vibrations,
Europhysi Lett, Vol.73, pp.719,2006

A.Dearamea et al.

91



R

(3]

U

a A
NEIUN

o

da
aouiina
sz iamsanun

o | L%
smvinaifagiiv

.
aaunmauioa

Q

STRY
= §

sz amaany tazmsnau

UIwo9a AOT UL

20 U 2525

Sunetee Saniausiae

A.u. (@nd) WmINedoTwiquUATASEITNTIY
a3

U

an o Ia
T5UT8UATIANINGT ATANNURIUAT

WaNUAAUIAY/Y50519TamaI¥IMs -

< d' Yo
ﬂuﬂ1iﬂﬂ°ﬂ17ﬂﬂiﬂ

92



