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Abstract: With the ongoing miniaturization of device sizes in integrated circuit component, traditional
copper (Cu) interconnects encounter performance limitations below the 5 nm technology node due to the
size-induced increase in resistivity. This challenge highlights the need for novel interconnect materials
and fabrication techniques. This study utilized atomic layer deposition (ALD) with a Ru(EtCp),/O, system
on Si0O, substrates to examine the influence of optimizing critical process parameters on ruthenium (Ru)
film growth and conductive network formation. These parameters include ALD cycles, precursor/oxygen
pulse durations, and deposition temperature. The objective was to provide experimental insights for
refining the ALD process to produce high-conductivity Ru interconnect films. Results indicated that Ru
films deposited with fewer than 200 ALD cycles exhibited discrete island-like structures. A continuous
conductive network formed when the cycle count reached 500. The metallic Ru film purity exceeded 90%.
On SiO, substrates, the deposited Ru film thickness was 19.7 nm, with a corresponding resistivity of 25.6
pQ-cm. Optimizing the precursor and oxygen pulse durations to 5 s and 10 s, respectively, increased the
deposition rate to 0.051 nm-cyclefl. Temperature regulation, which influenced grain boundary diffusion,
revealed that at 325 °C, the conductive network remained stable, yielding a sheet resistance of 18 Q. In

contrast, at 350 °C, thermal stress induced grain coarsening and network fragmentation, increasing the

sheet resistance to 59 Q.

Key words: Ru; thin film; atomic layer deposition (ALD); conductivity
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Fig. 1 (a) SEM and (b) AFM images of Ru thin films deposited
on SiO, substrates after 100, 300, and 500 cycles
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Fig. 2 (a) Ru film thickness, (b) average Ru nanoparticle size,
(c) Ru surface root-mean-square roughness, and (d) Ru film
sheet resistance and resistivity deposited on SiO, substrates as a
function of ALD cycles

UL AR A L

i & 2Ca) B AL, 2405 2R R EUIK T 200 WK
Si0, %} JEE b R BETE A% 22 1Y Ru v 5, (R LI 2(d)
TN LT 200 YRAE I 0 HLBE R o Y6 IR B
1% 500 KB, R G K 2 19.7 nm. AFM 43
Hr 22, 75 Si0, %I I Ru T4 (4 RLBE 13 BEDE BR 7k
Bk kA B AR A, DT A Ru J0RLRL AR B
PEPRUCBOE I W K LAk, BEE IE A RELY
s, Sio, #1 K b Ru B A9 75 FHAE 200 Y AE 2 )5
TR AR TR, MG IR B 1T 300 K5, RAETT

011207-3



DIRERTBLS A2 4

FHAT S TRk MRk T 22 . DURRERIA 4SS
KWL, 300 C T SiO, # i F LAY Ru 5 H BH
F M 256 pQ-cm., M SEM 5 AFM 45 5 n] A1, 78
Si0, o JIE AR Ru {15 A o A8 v, 49 39 ks R
AN ELAY AR ¥ 5 RS Ve 22, Uk R) A7 7 3K
() S RN s B, SR RBIE B 0 S L R 2% B 25 L
FRUIGPR UL 3G T, Ru Shokr iz A= 4, RO 38 Jin o
T A IR T 5 R AR 2 TRDHLRE 8 i 34 m, {2
s R [E) 2 B8 T B T T, o A S 550 o S 5
P f 3 T S T, SR T

22 BhEESEES=3 Ru FEETRKIME
3 R T AN TR B HT 9K & Ru(EtCp), A1 O, ik
PSS B X R 78 350 A3 7 2 R 3 1K & (growth
per cycle, GPC) 521 . JTRLUE PR YR B & % A 500
YR, L R T BT IR AR Ru(EtCp), 5 O, 4 ik v Bisf i)
BIEHAT Si0, #HE b Ru W EUTE RIS . 7E Ru
R DR AR v, T e T IR IR Ru(EtCp), e M T
PR, O, Bkt e Ry 750 B RTIRIA K b
BRI 1 s ZERKZE 5 s, Ru W UTRLE RN 0.0404
nm- AEF T AN 0.0486 nm-FEER 'L E K T IR (A
ik v )5 e B 2 TR 114 O 2k R 2 7 s TED 384, DA

0.050

@
0.048 |

0.046 | o~

0.044 1 /‘

GPC/(nm-fFFR 1)
AN

0.042 | R

0.040 g . : - - :

1 2 3 4 5 6
Ru (EtCp), ikl ie)/s

0.055
0.050 | . —~0—"0""--0

0.045
0.040 o
0.035

GPC/(nm-JEH )

0.030 -

0.025 g . . . . . .
2 4 6 8§ 10 12 14
O, ik ihstTal/s

K3 HTSE{K (a) Ru(EtCp), F1(b) O, Ik s ] X Ru DL
L GPC Y

Fig. 3 Effect of pulse duration of precursor (a) Ru(EtCp), and
(b) O, on the GPC of Ru thin films
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Table 1 XPS elemental composition analysis of ALD Ru thin

films on SiO, substrates before and after etching tests
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Fig. 4 Elemental spectra acquired via XPS before and after
etching tests for Ru thin films on SiO, substrates. O 1s spectra

(a) before and (b) after etching; Ru 3p spectra (c) before and
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Fig. 6 SEM images of Ru thin films deposited on SiO, substrates at (a) 250 C, (b) 275 °C, (c) 300 °C, (d) 325 °C, and (e) 350 C

011207-5



DIRERTBLS A2 4

IUHCH 300 K, T 2SO0 TSR ik s 8] 5 s
AN E] 10 s, ZRIRAARTE] 20 s, ZEDTRR
JE 4 250 °C B, Si0, %K _E Jovk Y Al 34 25 A Bl
R E TR, Ru ORI Al R R, I 7
300~ 325 °C X [H] PN AT JE B 3% 2 Pk A 4 1) e, {1
FOHLRE BEws A 1Tt

K7 R T 300 ARG T UL T Sio, 4K I
() Ru 8 5 JRE B i 0T FRO B A9 A8 £k, I 25 51 O 3
PRI SR F4ME . 452REH, 78 250 °C F1275 °C
NRARETE M ELE W . 300 °C il 325 °C ' k) I
L A0 Ol £SO A5 5 1T AE 350 °C B, R D X S
2% 1 0L A TR B R (IR ZE R, R A
SEM #% ifif I RS2 OB . v LUAE H, SR ALD £
RAE Si0, )i _F IR Ru W, 72754 1& 1Y 6L
T T, A — 2 ek 3 T PN T R A ol I 4 v 1
B, 30 3 v D 2 DA TS P 3 e

20

18}
El6p /{
s

- 145 §/D

12

250 CHI275 CF ARSI I
10 L— ' s

250 275 300 325 350
PURRE/C

K7 300 AEH T SiO, #of JiE B TR Ru R )55 BTN

TR Ak

Fig. 7 Film thickness of Ru film deposited on SiO, substrate at

different deposition temperatures with 300 cycles
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