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ABSTRACT

Effect of hydrogen plasma on growth of Ir thin film by

plasma enhanced hybrid atomic layer deposition

Moo Ryul Kim
Advisor : Prof. Dong-Chan Shin Ph.D
Department of Advanced Materials Engineering

Graduate School of Chosun University

Copper (Cu) has been extensively studied as an interconnection material for Si
ULSI instead of AlCu to enhance operating speed by reducing RC time delay
because it has lower resistivity, high electro-migration and stress migration
reliability. However, for Cu interconnection, barrier layer should be used because
Cu layer has high diffusivity to underlying Si layer. Atomic layer deposition (ALD)
prepared Ir layer is the most promising technology to deposit high quality thin film
by sequential self-limited process since it is possible to deposit conformal thin film
onto deep trench, and Ir has good adhesion to Cu layer and possible seedless
electroplating of Cu. However, it suffers from low nucleation density and resultant
high incubation time. Therefore, it has been known that it is difficult to prepare
very thin layer of Ir by ALD. To overcome these obstacles, in this study, effect of
hydrogen plasma on growth of 3 nm thick Ir layer using plasma enhanced ALD
(PEALD) on TaN/Si substrate and nano-patterned trench.

3.2 nm thick Ir layer was grown by cyclic chemical vapor deposition (CVD) like
hybrid atomic layer deposition (ALD) method on non-patterned Si substrate and 32
nm wide TaN coated nano-trench. Ir metalorganic precursors was mixed with
hydrogen reactant and co-fed into the chamber at the same cycle. Ir metalorganic

precursors were effectively composed in the gas phase like CVD process and on
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the surface of substrate like ALD by hydrogen plasma, which was turn on at
feeding time. The nucleation density, which cause relatively long incubation time,
was considerably increased as compared to conventional ALD process by combining
CVD process into ALD process. The number of deposition cycles was remarkably
reduced to obtain 3.2 nm thick Ir film on non-patterned Si substrate from 200 to
50 deposition cycles, resulting in low incubation time. Furthermore, the thickness of
Ir layer was increased linearly as deposition cycles increased, which shows
self-limiting nature of typical ALD. The thickness of Ir layer was saturated above
10 sec as precursor Iinjection time was increased, which i1s an another clear
evidence of self-limited nature of ALD. The conformal deposition of Ir was
performed on 32 nm wide 3 nm thick TaN coated nano trench. The thickness of Ir
layer on top, bottom, left side and right side was measured to be 3.5, 2.9, 3.3 and
3.4 nm, respectively, which was measured by HR-TEM. The -calculated
conformallity was 0.88, which was closed to ideal value of without overhang, which
1s often occurred in PVD process.

Our study suggest that CVD like hybrid ALD process can be applied to prepare
barrier layer with reduced number of deposition cycles without degradation of

quality of film, which compared to be prepared by conventional ALD process.
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Fig. 2. Schematic diagram diffusion barrier, X, inserted between A and B, to

prevent degradation of the contact properties.



Fig. 3. Schematic diagram of a sacrificial diffusion barrier.
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A 2.3 2 9x% %% (Atomic Layer Deposition)

2.3. 1 94&A5 37 71+

Atomic layer epitaxy (ALE)©= "ah523} A A epitaxial s 13 A o
FAolth, ALEF AL =2 -V 3 M-V = 3E 9% A, oxide L8] 3L nitride
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i : AX (g

'® oo
N Q&ZJU%‘

XY (g)

Fig. 7. Basic sequences of ALD for compound AB. “A” denotes a group- I ,II,II

element, “B” denotes a group-I,I,Il element. “X,” and “Y.” denote

ligands of the reactants AX, and BY, respectively.
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O
e

C(s)+Cx(g)= CX(s)+(energy)= C(s)+CX(g)=
CCX(s) C(s)+X(g) CCX(s)

Fig. 8 ALD of covalent material “C” (group-IV element) using extra energy,

heate or photons.

- 20 -



cx(g} Y{Q} cx(a) 6

'
Cls)+CXl(g)= CK(s}+‘r’{g}= Cls}+Cx(g)=
CCX(s) C(s)+XY(q) CCX(s)

Fig. 9. ALD of covalent material “C” (group-IV element) using reactant CXa(g)
and Yn(g) gas.
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Fig. 10. ALD of elemental material by a pair of reactant CX,(g) and CY.(g)
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Chemisorption of A source and Purge

self-limiting mechanism

B source supply
IR

b A A A A

Purge Chemical reactions between B source and
A source & selfdimiting mechanism

Fig. 11. Diagram of self-limiting mechanism of atomic layer deposition.
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A 2. 4 A &3 (Adsorption) [38-42]

Z1A AR AW AAH ZFe S5 A 2o dAket A3 (bonding)dt e AAS &
valuz] .0_ S =}
J_L = B\ 1

zholg} B}, olu] W AFs= A= F2A (adsorbate)ol dFar

A (adsorbent)@} 3+c}.

2.4.1 §39 A9

WA G FAFE A} DYs;, wARy F FAFES AsA W, 53
: % kA FE gebd s ol FE] EUARYL walEth A2k
; e shm, speot 9 £ow g3

&4 (adsorption)g} 3+t

Fig. 132 7}2=7F aA| e S8t &

Z1-& monolayer adsorptiono] 2t ,
sktl.  Multilayer adsorptions 7] 2% o 2

W FRAe] A 2gol ol

2xdA o Fo it

Agstal e
adsorption©] 2

= Z< multilayer
31, monolayer adsorption<-
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Fig. 13. An illustration of (a) monolayer adsorption and (b) multilayer adsorption.
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Table. 1. Difference between physisorption and chemisorption.

Parameter

Chemisorption

Physisorption

Bind formation

Electron transfer

Van der Waals

Coverage Monolayer Multilayer
Adsorbent Some solid All solid
Adsorbate Chemically reactive vapor | All gases

Cepending on temp.
Rate i P Rapid

and flow rate
Activation Activated Monactivated
Temperature Fossible over a wide Decrease with increasing
dependence range of temperature temperature
Adsorption _ N

157100 kecal/mol 2710 kcal/mol
energy

Dissociation

may involve dissociation

no dissociation
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Fig. 14. A plot of a potential energy for adsorption of a B» molecule on a surface
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Sttt 3k cycled 57 HAHL Ir &2 feeding I Ar purges F+ HA 3 S F4
Eob=ut A2l 9k Ar purges ST EW ARSIE Qg Ir 7 HAE HAISH] S8
T W9 feeding¥ purging A2 o] FojHom v EdA F 32 nm Si 71HS
Abgstel WA TaNg 3 nm AR 2% F Ir B2 238k Fig. 1614 Ir 1

TAY 25 el re] AFAlE CVDEA I PEALD FA4NA 7k~ AE=
walE o] 7l SRET S A E e d HER Qe 71 Aol
A EYS F5387] 98 ALDEA I CVDE4ES 23z dolBgl= ALDEARS
otetith Ir B8 ZF&et7] Hdol| £ 32 nm U= EAX 9o 3 nm FA¢ TaN o
S PEALDZ F#stdith. TaN 52 =73 Ao dish A y&e & oA
Hagnl QI[79]. Ir we] A 9 vATERE aids 534 [d2dr 3 (HR-TEM)
S AHgEte BEAsdn 24 xR XA 3d (XRD)E AFEEY 24 39tk (Cu
Kr radiation K = 1.5405A)

=
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Table. 1. Difference between physisorption and chemisorption.

1 cycle

Ir feeding 20 10 sec
+ H,
purging 300 5 sec
Ir feeding 20 10 sec
+ H,
purging 300 5 sec
H, plasma 200 RF 300W | 10 sec
purging 300 10 sec
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Source : Ir(EtCp)(COD)

Fig. 16. Ir precursor and deposition schematic diagram
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A4 27 £ 1F

Al 4.1 2 Ir 49 A

AA, cyclic CVD$F B]$=3t slolBugj= ALDel 98] =29 Ir v A% 3445 =
Aetath 2 ¥ Irete] Tl HR-TEMS AF&3te] EQlstdth. Fig. 172 Ir A+
A F4 Az SpelolH = ALD 1 cycled| wE Ir 2] FEFAE vERLh I
A FdA kel S7hstel we Ir %] S2F7= A gl S7ksttrt 10 = 5
o] 0.06 nm/cycleZ (X3}¥ A}t o9} 2 A= dleolHgl= ALDZ F3d Ir 92
A3 FAZ Aol 7bsdta A A self-limited natures WERWT Fig. 188 =
2k cycled] W& Ir 2o FAE YR 30 cycleolstill s =29 Ir AFA7 I
o] 8 A A& FAs} 30 cycle olstoll M=, Ir Bho] #EE R grola Ir 2
A 4] Brbsedrtt 28y =o] 25 nme Ir Yol FEH o R wwo| FA
Hol FAE Ir AAlel digh 3 A4 Ae 9ES 3 ez AZAET9] Ae 30
cycle olstoll A= 8 AA Ao P4 F Ir ¥ AFE AT Fig. 18914 BT+
AAH, T& cycle 7 S7FstH Ir 2] T2 APA o2 F7F stait) stolBej=
ALDl 93 Ir 9he] FA19] 21& Fig. 173 o], Ir A7A FAAZk] we} F7
E Ao} 8 4= 2t} Fig. 195 TFE% 240~420C % W32 AA HAH 5% &%
5 ZAAst7] f18 £AF sk th Fig. 19914 BAF= A" S&R2% 330TC o] el A
= Ir 2o FAE wWEA F8ga, 2olAe] XM= Ir el HE Al
self-limited natureoll ¢J3] ¥X3sl®l F7 ®WstE Yo, 300 CHT &2 259
Me S Ay ARE ety 222 FaEo] wE AGEEE YeEtdddth. webA
B oAfo s A T8 225 330TCez2 AdAsg o, o]Fo AL 330T A
z1 2y 553

1
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Fig. 17. Growth rate (in thickness/cycle) of Ir grown by CVD-like hybrid ALD

as a function of Ir precursor injection time
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A 4.2 43 Si 7| Ir A%

Fig. 202 stelB = ALDel &} Fx¥ Ir =] 9¥& HR-TEMS & #3332
IE YEdT $3 25+ 330C= 2438t aL, 53 cycle® & 30, 50, 100 cycle
2 WAl A FEEATE 30 cycle2 F#E Ir "2 Fig. 20 (a) o YEbd 24
o] FAHAU. Ir 7] FW L opz AHo] Holm o] "ol AR T3+ Al 3
Aoz Bt Ir w9 long-range order (FAY FFHE) Hol= ¢ 25 nmzE =
HAd 7129 ALDE AFg3lo] 30 cycleo® 532 89S wjs Ir o] 713 Yol
S st Hh, slojE = ALD #A S ® 30 cycle & 39S W= 25 nm
o] Ir "to] FA U TH44]. 71 Ra® ALD FA4ANA[R44] Ir e FAS Hdl=
F A 150 cycleo] Hesttty BHuHEHRY 53 cycle 5 50 cycle &2 F7FsHH, F+
A7F 32 nmz 743 Ir 2Feto] Fig. 20 (b)2F #o] &HAtt. 52 cycle £ 100
cycleeZ F7HA171W Ir 2] 7= Fig. 20 ()2} #Ze°], 50 cycleR vt F H] F7%
6.5 nm "ol A= Ao] & HAY T3 cycle 7ol WE FA oEA S ALDY
self-limited nature®] &2l 54l 93 Hd #AAE Hol Fu Jvk. &S I
g #Esky] 9184 100 cycle? 50 cyclee® FAEhe] Ir v #Esksich 7]1E9
ALD FH4olA= 5 nm FAY Ir s 47 falA s, 43 200 cycled] 5#o] 2
fotAv44]. =3 7|9 ALDE 3 Wb v7] wjio] 5 nmeolst Ir & 47] o
Aok 28y stelBEl= ALDE 7IE9 ALDSF HluweEfA, =& d#dAdH T3
cycle & A= 2&) 32 nm FA9Y Ir &S A& F AU ol Rne 4
Ir A7AE EFete] FATdemA w2 & D= Qsto] H U3 ol
o7 Y. Ir A= A5 7143 719 Z9HA T4 Ed=vke] Bi a
Mo s weldth Fig. 17-20°] Webd ZAAF sto]lHzl= ALD $4+& A&ty
self-limited nature< digital thickness control & 4 lth Ir 9o Wi X-
reflectometry (XRR)l 28] =4 stk Ir 2] o]& "Wx (39 g/em’)ell Bl A 3F
olHgl= ALDS o] &3le] 50 cycle2 % 83l we WixiE 312 g/em’® ERSL
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57

Fig. 20. Cross-sectional HR-TEM images of Ir layer grown by CVD-like hybrid

ALD after (a) 30, (b) 50, and (c) 100 deposition cycles.
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A 4.3 & Ir & XRD&4

Fig. 212 slelBgl= ALDE ©]&3 Ir 9¢ XRD #H¥S HolFH, stolBg=
ALDOA S24E Ire] 4483 935 Uetldd. Fig. 21 WA Ir 2o F7A9F 3
glol B oA (111) W 5 I A9 (2000 | A B a7t #dFEen, dF 72+
FCC (|4 4w +2)5 Yepdri4546]. Ir 2t FA9 #Agle] 24 +x25 o
ehdiet, 5 d=2Ql (111D ol ik A=E vlwgk 23 30 cycle olA4= 35, 50 cycle
ol 4 447, 100 cycle o1& 1922 veEbstl Gong et al. Hare] o1&bd [48] Ir 2
< 7 ke mWAUAS A4S SR Aste] FCC 7xAlM e (111) ¥l $4
AAAske RS 9@ th47]. E3F 4-point probecl <3 FAHE W AT 71 Q/sqo
2 verstth 719l ALD s A89ldl ofs e =t vlusja e Aeolzh gl
oot wbeEd It A7 AlE EFste] stolHe = ALDE S2d Ir 92 2t

Astow ALgs7] FEetha ARET
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Fig. 21. XRD spectra of the Ir layers shown in Fig. 20
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Al 4. 4 A Nano-trenchdl] Ir =¢ A#

Fig. 22914+ 32 nm &9 yx E#A 3 nm +7¢ TaN
= ALDE ol&3te] Ir Zo] A ¥ A#E HR-TEMOZ wHg #a3% Aol
ol =E3 HAHo 2L ol &3ty 53 cycled 2=+ 47 50 cycle¥ 330C =
HAsEATE stelBE= ALDE Ir s S38h7] 98] WA TaNs 3 nm F7A=2
A &, Ir % 50 cycledt 330CoA F2akltt. Fig. 229] HR-TEM o] v] ] of| 4]
Hole AAHF 92 Ir/TaNo =2 Hof glow ueo FAE SAs 23 top @ 6.5 nm,
bottom : 59 nm, left : 6.3 nm, right : 64 nm% itk HR-TEMo A =A 3k
7= 3 nme| TaN F77F x3kE o] 7] wjEeol AA Ir = F71%= top © 35 nm,
bottom : 2.9 nm, left : 3.3 nm, right : 3.4 nmeo]t}t. Ir @& HA3 =32 cycleS A&
atol EREAANE ZF YA oA Ire] FA7F ok tE AL & 5 Ak 32 nm E
o U EdXA Ir @o AL non-patterned © Sid} TaNo] ZZ4 Si 7]3of 1
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of Wol WA xstd % EX xWe] WA A5l S ofd®E Ex3t gl
ol &k Aolt49]. EA, o FAQ Aol Si EdAA Yol THE TaN¥ H w3t Ir
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Fig. 22. Cross-—sectional HR-TEM images of the Ir layer prepared on the

32-nm-wide nano-patterned trench: (a) full image with low

magnification, (b) top, (c) bottom, and (d)left and right sides
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