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Deposition process of Multi-layered Al-1%Cu/Tungsten Nitride Thin Film
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Ed ehAs) tinlo)2 o] TR T AR EE Al-1%Cu{4000A) /tungsten nitride *2}2- magnetron sputtering

He2 Azsz A7|AY¢E Prigk W) v A4k tungsten nitride whabg- AEg 4= olqdw, oA YAE fsA W28 (R
= No/ (Ar+N2)7F 10~40% A= faslsic}t. Tungsten nitride 2Hohe] 2HF-3H L vA Aol HA=HA FH# AL %t
ol2i%t A el Al-1%Cu H5te] A=A, thaatE 463K oA 4417 Fob AT o2 36u2-om 2] MFE
shlledl, ole b A At A dibe] Fhael 7lald s

Abstract As a power durable-electrode in SAW filter, Al-1%Cu/tungsten nitride multi-layer thin film was fabricat-
ed by magnetron sputtering process. Tungsten nitride films had the amorphous phase at the nitrogen ratio, R, ranging
from 10~40%. The amorphization could be controlled by nitrogen ratio, R = No/(N:+ Ar) as a sputtering process pa-
rameter. Residual stress in tungsten nitride abruptly decreased with the formation of amorphous phase. Al-1%Cu thin
film was deposited on the amorphous tungsten nitride. After the multi-layed thin {ilm was annealed for 4 hours at
453K, the resistivity decreased as 3.6 u£2-cm, which was due to grain growth and reduced crystal defects.
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E =gt g (Surface acoustic wave, SAW) YHE ¥
& A# 7o) RF ZE2WefA F A A=z oo
ol¥ H7| 257} piezoelectric 7|T4Foll 4] Foi whads}
(SAW) = HE#Ezd], 7|18als £ Al o] ALH
2 gkl g7} AEEe 54 A5 ZEtAEE o
4] ¥HE 23 (repetitive stress) & HHA o} 282 =
71 Fapel] TAE 2R vl en?, o] $¥e) F7)e
2k 10~ 100MPa® X5z oo} ® Zd shAdate] ¢
T ahE 3L Al YA olF& rRahe] T (void) 9
Azrelvt Al A= hillock 2] 2 gelo] Hu, o)== d
= SAW IH9 A+ AH3E o|ojzctz R1Hm gt
ahebA], mFabe of A A" £ 9 SAW TE
o] s AMAE AT Age] Ags ool g}, A F
74 R Fad ATNa 2y aejgky gtz 7}
< Al AS2°, Al-Cu &3=°Y, Al-Ti, AlI-W ¥34
2 Al-Cu/Cu/Al-Cu &7 532" So] qint. o]Fo
A AgzAE ke Al A4S 971 S8 3, Al-Cu
aehe WHE 5o vlm A oksie, 7} §HES A
2] & o] whisker &-& 42| H&EEo] st A3 2

G AE fubsls FAEE Zy glddrh 53] 2 FA

B$ E2lghe], Curie &5 o349 32 332 7|89
T 5L HEAF 5 97) dFeln) AAR < 3007C
WA $EE 7T ook Bt ofa) 98 BAg =t
AL wtabe] H7|Agte] gobA &4 (loss) & 7}
A gofol dh= 59 o] 71A) FElA HdAe] FAlH 2
Fojof 3t B4t 7)) a7 Hoh o] AFeldE &
HhE 2ol A sl AFAEE Az 438 A=
24 Al-1%Cu/tungsten nitride o}3 ate] #2E A)
Talgdeh, e F£H 24 tungsten nitride?t AAF o)
FEE 47 (wet etching) ¢|v} 242} (dry etching) o]
4o|ate} device® 757 T, Age] ulwa yol 4
714 i A e 9] dEg &R 7] wieoloh E3, 7]
TelA] fubE]i= ubE-2-2L tungsten nitride Watel] 4
T8o] ddEm, Al-1%Cu 3L Ar|MEE 3FaA
Zled felsich, o]3A F7) slel A A Pakg WA
#A tungsten nitride® v]43H A2 Azs gl vy
o] F4e AT 2 AEE F7MIFIA, Al-1%Cu @
o] AR x2S AUHste] ¢ HrAPE P &
© FadlA v]RE et o] A9 fAE et 7
A g A71AF Wi E Pl
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7lge AelE wafer ¥ LiTa0:8 AbLdtsch. Az
Adrdo 24 RS A AT £ ol E LAl 2
<3 AAL ARG} 5 ARE 999% =9 W
Al-1%CuE AHatdd. 538 8 27 Ak
rotary pump®} diffusion pump® AFg-sted (1~2) x107°
Torr7ka  HA5kadvl.  Sputtering power= 50~
200watt7h A WEsbgdcl. tungsten nitride b A 3ol A
Ao geke Ar+N; gas 9710 W ebale] sput-
teringell 2]8 reactive sputtering® o2 A== g}, vt
Tt Al FEE F9 7k A 8lE N/ (N +ATD)
o o =AU 10~40% 71 Wal=gc), 71E9 B
'V g2 ozg At = JHule A v|AHA wiutke]
A =7} 7589 7] @-F-olck. tungsten nitrides} Al-1%
Cu "=t A= Ajoll &3 ¢+ (working pressure) &
1.5mTorr.olA 4mTorr.7b#]) @8tA| R, o8} o] F3}
23 powerE WrR 2] webe] nlH 2L Ao
sz Alxstgck Hehfe] AR-EHE U] FES
laser scan ¥hfje = SAsle] Pris}gich. wete] AHT
23 X-ray diffraction 2.8 A==, oln 20=
25~80°" WA E RAHHIT, targetS CuKerl AHg-=2dc).
ulate] =4 Wil AES (Auger Electron Spectrosco-
py) & BolM EA =g} dbete] dAule A-Cudrd-9l
AlE 257} oF 403~ 473K o], 5 &-4-Alel 7))
222 g zletsiy A2Ad4E fejsich aguba, 439
2= & 453K 8} AL 2 TAFHT AI7HE 304 124
Zb7 A vEE A 313 B97istel s dAshgdct. et e]
A7) A& 4714 (four point probe method) &2 H7}
Holet, wehe] wlA|zAE FalaiAl e A Fapdard
o]7de B A= o)

3. du % oE

23 12 AZE waferS 71%o 2 &lo] reactive sput-
tering® tungsten nitride ¥Vetell gk X-ray diffrac-
tion Al ZAFelt}, 4HE& 2mTorr., powerE 100watt
2 FA8E Adsk v ME AANERE 2AEE 3
A peakE, A7 oF 10t% d W= 23 1(a) 9} 2o
& tungsten peak tj4lol] H]AAAo & HEE™ 10~
40at% HA7HA dx e F7isk @A v)AdA @4 A
o] 715l vhebydch Bze wf2H'0 40% o|atell A=
A77el WN Ade] Qe B R o] o4 0% 2 T
Aabgin}. wety AY ANE 7|E B A2 4
3ledch, Tungsten nitride® CVDYeZ Azdd $£x 9]
o) o] JFoMi PVDHE Aoy wiHAS
o3& 4 glodrl. Tungsten nitride whebe FA)do] o}l
HIAAZ 44171 o= AR, wut Az:Ale w2
e AEEH Fa 7MeA dEeld, AR, Al-1%
Cu 2t A Ao &% 7 0F o Ao 24 colum-
nar® A djile) XUgk Ao ¥ AT AL W}

(a)R=10%-2mTorr, powear-100W
(B)R=15% (c)R=20% ()R=25%
(e)R=30% (HR=40%

intensity(arbitrary unit)
2

Fig. 1. X-ray diffraction results of tungsten nitride reactively
sputtered with 2mTorr. and power 100watt.
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Fig. 2. AES depth profile in Al-1%Cu/WzNs/LiTa0: multi-
layered structure vacuum annealed for Zhours at 453K.

=2 &uEr] fFeltt. Columnar ZAAZAL void
channel® 22 ZATE HAAA A3 AP F7H4]
7Idd, vlute] Ao E 427 AR HAHE7] ool
AAE sAAe 2 e SUIR 7| &4 Hy A
Fake] WS FAFEA She] 7|t ko] AfRiel 4 7
o] gL AAgtels £3e] gir) AA Ao Z tungsten
nitride® £ S&7el 28 vjAd o2 d&r 9
At

a9 22 240 2% 2471 (AES) B AFFAA 24
2% Al-1%Cu/WNw/LiTa0; 22 A6 FHE re-
verse sputtering sheiA wlube] Zolol o2 AR A&
AAg dafoch, EHoMEE £ Al-1%Curt 7
A HAd = gled, §E<l= tungsten nitride Fo| &
s 24 ook, ot wiwte] RAz) ghel 4 ALY jon
mixing effectell L] AHe] F&Ha1A ehtAe w3t
o} Al-1%Cu A5 Cu® =7} 7] wfTo d#z]
of M} HY & FT o] IR Azt e} dstch



626 BN A A104d A9 (2000)

1.5+
1.0 /
g r -
© __,____,_.-/
~ 054 .
>
-
E At Rt dr e m—— et battanan -
.g 0.0+
E. armorphization range
E’ -0.5
o
13
@ 04
-15
-20 +—p———————
0 10 20 30 40
Nitragen composition{%)

Fig. 3. Residual stress change in tungsten nitride as a function
of nitrogen composition.
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Fig. 4. Resistivity change in tungsten nitride as a function of ni-
trogen composition.

3% 3& AL ¢hEu]e] @2 tungsten nitride wWake] ab
F-&3 Wgolc), 25T gwl vpeke gbE e el e ey
T, A4zt A7l ety 343 Fasdd. AR

< A9 =7t uHAe] YAHE 10% 714 245
Z4aFURL, 10~40% HHelA Aok, wpepA, v
e gAde] ete AR 39 7tae)l WAy o)
U}, ol2E & AFLEHLE SAW device$ Wuto
o3 upgAlgt dajolo). 7|@o 2 R A= wE 27
o] A ehell Ad=e] AIFe) A2 o)o|=)7] o 7}
T telle ¥ $¥e] a7 Aukye @ upuhy
intrinsic stress®] 9. @ 9le 24 wiatal 7)=)e] guat
Al Ae], Ar 58] AR, vttt ) x)8) Az} abs 5}
o, MAH, T=-25 L AbHE o] i), u)xdale)
Arde AR 3elzl Az, ARAA @2 28]
wote] PAlg £ glens e 2ws Juhd Ao T &

A% = g},

metA, dd 550 F7he FAFe] ol gl g
FAYGFEE vHA Y4 TN AFHe nef B O
ehbs o]z, v ae] Y49=d Agewe] Ase ¥
Wstel] ZA 2FahA] g o2 Bol AF 2L A
o FERchE vl A9 345 zle fEAdo] ol

2% 4= Aa oh=Edle] a2 tungsten nitride 2o}
AZ)AF HEE Jelbdich, Az 5501 10% AR 2
3HA| F7kstorl 40% 7HA e ekl A Z7lebm, 40% o
el A= oA F435 Frbe AR Jeldoh w)ay u
e 9 1704Q-cm ) HEe b}, olzig AL 3
AR o] Azt 4 gl Mo g AT =)
= Z2AE "amlo] dig A4 By} 291517 g2
b 33 gabe)s, oo 2 AAae A ujAAAL
LB vt dalstdA v g H7)AYE 2]
ehd Zoloh. apz|zte E mele] A4 $5 2 old wlAA
o o}Al AAsr} o]FeiX A ZAA tungsten nitride
o FE AL yE7} ALE F7147) He ' Halr

23 5= field-emission ¥ 8] FA}AA&njAe 2 B3t
& Al-1%Cu (4000 A) /tungsten nitride (100 A) /Quartz
wete] Hw ejdEas Jebdch, dxelsy) ") b4
EA4L ALY A4 BB o]Hg 71T e BAFE
of A =gdch. 2efi}, @xl7] AJ7ke] Aol ajabA E
e 2A5L vingm 2oigk AAYES vehfon), =
FAHoR ARYE] =1 AANTIA AAY 7o T B
SHalch olelgh g ALAEL g2 g #F P
o 78 g<io} AAY Aot A JtAHF).

a¥ 62 437 A2k g2 Al-1%Cu(4000A)/Si
wete] X-ray diffraction ds}ejc}, dxe) A)zhe) Z7}
of izt Bl Adwe) Fewste A9 Jehda] gk, WAl
ol 26 gtel aEle |ato] velyte), ol2jg Axg T}
Z E®oA A4S e, AME N, Kimura £'oj
Z| Mg uks} zEe] 2 WAlel Cu WAEo] gHa] S
AAYAR B =7 Rl AN Lalo] zhas) w4
5Ad7to] WztE £ o). SAE, 2AF 23o] Al
o 3} (relaxation) HH4 Hilgdsdr Qotn A%
o Mol= sazre) wiztel XPe] Wsls} o]d BaiAo)
Uiz o),

Iy 7L dAE] APk G2 A1%Cu{4000A)/
tungsten nitride (50,100,200 4 ) =t=te] z7|# g wils
vhebdich dAe] Alzte] 218542 Mge 7hisigrn)
vk A 2] Alzke] oF 441742 AT}l d 72 ARy
dl, wete] gL oF 36u2-m= Jelgt). ol e @
A& G. P Zone— — F — & Fe e a2k 3
Azt Sle Ao ' A ex glen} Cud) 24 1wi¥% 7t
TR e 28T AW olvke e neE o HEo
7Ved-& Futsleha 4%}, Aol N, Kimura $'0¢
T4 W Cu HAbEo] a-Ale] AAHYAZL FY5) A
v HA" Cu 4alEe] (ALCw o 247 3452 34
8l7] W Feijttn Eoalgo), e} dutde 2 may




ol 7| A .

ARR - A5

Fig. 5. Scanning electron micrographs of amorphous tungsten
nitride and Al-1%Cu/WeN,s thin film. (a) as deposited (b} an-
nealed for 40min. (c) annealed for 4h.
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X-ray diffraction AR} ZHE & 7}54L HalzlA] &
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E3517]e dF g2 A3ke]7| gEeln},
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Fig. 6. X-ray diffraction results in Al-1%Cu(4000A ) thin film
as a function of annealing time.
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Fig. 7. Effect of annealing time on resistivity change in Al-1%
Cu(4000 A )/tungsten nitride(50, 100, 200 A ) thin film.

ZHR-gE 2] 25} Ao A= ehd Ao, o|zte] 2
62] ¥H 2 vielyt Zlelztz sf A=)

18 82 FAA @A 2 Al-1%Cu(2500A)/Si
ks oxe] g ¥ ciwde] w22 S Ayt Awfe)r),
Al-1%Cu 35 telle ofd HEEx 325 gl
AAHY Z7)E Fo] 1000~1200A 12, AARA) FT5
Fo2 E ol AAY Adfe] deld #g o &+ it =
T, o3y AA o2 NE] d2 AghAlol A3 (selected
area diffraction pattern)®] 4% Ale2 izl o
2t 4 P dojudr] & e A E g

olabe] Ald HulE Azstw Al-1%Cu/tungsten ni-
tride th3 dtete] ¢ dAje]o] s AFe] LSy
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Fig. 8. Cross-section transmission electron micrographs and
SADP after annealing Al- 1%Cu/Si thin film.
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