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Abstract

The adhesion enhancement from inserting a RF bias-sputtered Cr layer between Cu and
polyimide (PI) has been studied. The RF bias power applied in this study was ranged from 0
to 400 W. Without the RF bias, the peel strength, which measures the adhesion strength, was
nearly 0 g/mm. As the RF power was increased, the peel strength rose up to ~130 g/mm at
200 W, which remained constant with further increase of the RF bias power. Cross-sectional
transmission electron microscopy(TEM) was used to investigate the interfacial reaction
between the Cr film and Pl substrate during the bias sputtering. The Cr/Pl interface without
the application of RF bais showed a clean, sharp interface while the RF baised Cr/PI interface
had about 10730 nm thick atomistically mixed interlayer between the metal film and PI
substrate. This interlayer appeared to have resulted from the implantation of high energy
adatoms during the RF bias sputtering of Cr film. This mixed layer serves as an interlocking

layer, which enhances adhesion between the metal and PI layers.

1. Introduction

ZolulEE 3 A{A A5 EFAEA & EF AFA, 71AH A=, g84 AFAH S
7R3 7] wWEo] MCM(multi chip module) AxF9] AFH AFEHZA, IC chipdlA 9]
passivation layers®Z o]l 850o] &3, HZ wafer level packagingdlA] &&= 3 ¢ ch[1,2] o3
S8l A MM As2Ze TEE Bol AHEsted, EFelv|=gt FElAte]s HEA o] wfg
Soh(3] 7w Eeloln= Afeolo] HMAHE FUtAII7] A Cr, Ta, Ti, AlTY HAZS
ALgBt R, 54 vrete] FF e Eolv] =& RF plasmag o] g3t A HeEd F HEAFE
FEste HHAHE FAAI7IE sk I AgE  DC bias sputtering 4] 22 polyester ]
of 3% A7 g F/HHNGE AT EAHE EaEH AT (4]

B AT A& RF bias 7F DC bias®Hth A 7|de] £ &3 20|22 RF biasg ©o|-&3t4
A#eS THSIUL, RF bias7t HHAHA vA= 9F& AT

2. Experimantal

B AP AlEE Eo)v|=x Torayrte BG2480L.2 A precursord Bl 2 5o Ut} wafer
Yol A% (spin) HEE T 60T AZ QBoA 5087 AXE H|o]73la] solventE A|AT &
HEE o] §3td 30T Y 222 ALEH7IANA FoAHsAh o1ZA 3t HFTHoZ FAH
Egolm=o FAE 6molAth. &3] Foiygd Zelu= Yol RF plasma g {1}
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H23 < Cra9g DC magnetron-sputtering system ol &ato] 233t olw] 718 %o
7} A &= RF bias power® 0-400 W2 ®¥EAzod HEHoz 29 F74= 5 nm
oluth H&AFE FAIW F AFE ARAN ¢33 Cu 3¢ DC sputtering®4 2 2 500 nm
TAANAT H&E Z2HES AT AHL Yol Yo 3 ecmX2 mm A7) F&ulAaE
Abgste] 3 H2ES ddE AL, IFANY FEE 458 98 ANEIPHEOR CuSOy
solution® o] &3ty CuE 20 mm F&3Q9 o

2 ATdA HEAE SAWHLEE 90° B H2E WS olgatyrt npRge oF HI3y
o] AL wiA7] 93 " (peeling)Al 717 AUt $P02 VnHNEE Ty 22
AHE-3h 2 3’—'? tg A% Z¥(grip)e] B3 2 mm/min o QA AF &2 FolIA
2 EFE 92 F AHY Holz ol I HAREE ZAHFTH

Mol 200 keV"J #3472 "4 (EOL 201002 o] &3t Zejolm=sh F&ulte]

ANE #2331, RF bias powerd] ©& AW #Has Fuysigo.

3. Results and Discussion
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RF bias power?} 200 Weol4<Y %9 RF bias sputtering}4 o2 H&ZREE ZHA7] A=
RF plasma A E & ZALEg o £ peel £ EH L 2Pt F RF bias sputteringdg & &
golu| =8 Cr Atele] HAHE F7HA71e oA vl axde] Byde & & Aok HEAZE
< Ta, Al, TiZ 3}a RF bias sputteringste] Z#A1zl & HaAHE FHA7 AgAA7 UE
dl, o] %o olA %= RF bias power7} 7182 HAHL Z/1E st vlsg A4S 29

o}.[5,6]

B. Eolv| =9 F&utete] AR £4(TEM)

Crit Z£go]u|= Alolo] HAHL T FAlolo AW nAFze 7o #Ao] loevz Cri
E@olu= Atole AHE T TEMWHYEE ol-&std A7l 29 2% Cratehs &0
m= #eof DC sputtering®H o2 F&g wete] gy TEM Apxloltt. 19 2(a)9] A op4tell A
2 F %], Cr grain® FAEL2 A7 AL T 4 Qx, CrF EFoin= Alo]g ARS
flatd RS F4T + Ut 28 2009 GAloRdS Mok, Crit EZo|nl= Atolgl reaction
interlayer% S AE R stk Cr 3 Eoju]= Aol

+ DC sputtering$t of2 ZA 3o} n] L8 Fiolr} (8]

o] reaction interlayer7} WA E X &2 A}

N <7} polyimide
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a9 2. DC sputtered Cr/BG2480 & TEM (a) HAlok4 (b) Aok

N

39 38 CrES Z90vl= 9o &3 w 7]Ho) RF bias powerE 100 W= 7318 299
Crat Egjoln= Alolo] AWE #&3 zolh. 17 344 HXo], Crat EolnE Atole] AW
< 39 29 g8 g £FESTH ZAE E F Adx, 9 FAHE CreF EYojn= F9
mixed layer F7& ¢ 5 nm A= Aoz #HFH,

I 491 5% Cr Z&A] 718 7F8fRl+= RF bias power7F Z2F 200 W, 400 W73 -29 Cra
Egolu|= Alolo] ARE B TEMOZ & olnxlo|t}t, 1Y 49 58 #FHEW Crt &



(a) (b)
193, Bias sputtered Cr(100W)/PI8] & TEM (a) FAoHd (b) A oG

gFojujz ol AW FEFojnuz RE, F Fo] 4 interlayerg LRATE F Utd, olde
mixed layers < 15 ~ 30 nm FEZ, 7|39 7181AE= RF bias power7} 100WQ 74929 mixed
layer Bt o AL RAE 9% 5+ 4

RF bias sputtering2 DC sputtering ¢t 7]#e] RF biasE 7}8lE WA o2 M targetd] A &
o]z Uzt adatomEo] Zl®oR 7i&H+E AV LAsA "ok 714 E adatomE L 7] Hoj
implantgd 0. 24 ZgojulE 7|#3} Cr & Alold] ZAH 0 F mixed layer®: FAAAZIh. Mixed
layer2 UAdtd F $2t9] interlockingo] o|FAAER Cr & ZFolnl= 7)o 73l 1zt
b ot =2 FEAYE vetdd. olZ2A ZAHE mixed layere 7|l 7b8lX]= RF bias
power?t Z71et4E FA YA =Y, o] mixed layere FAZF 2tz siA 4 FFHe] Frtel
E AL ol HEES A% B H2EE & 4 peelingo] ¥olus locusts Edolu=e} F&
Alo] 9} interfacial failureolt}. 3tx]9t 7]# o RF bias power 200 W, 400 WE 738}, mixed
layer’t S84 A =3, mixed layerZ ¢18ted Cr & Ego|r|= Fo) Z8A mzdn uat
Al peelingAl 9] locus of failuree A@ANA dojuts Ro] ol E@olulZmuRoA o
o}.[8,11] w2kAl, RF bias 200 W& %97} RF bias 400 WY @ E}% mixed layer® $77F o
agiu AFx, F F$ BF EFour U5 9 cohesive faillureE Yo7Bz HIEAFH Aole

Ao gt

Eglolv|= 7]#o] RF biasE 7}3te 2 A sputteringAl 7}4¥ adatomE & ZEoln= ¢toz
implantationdt Al ¥ =H], o]#$§ bias sputtering® implantation&# 2 ¢ste FHE Cret
glolr| = Atol o] mixed layer’t A E . Mixed layer2 &te] Cr 2 Zgojn|=d) ZslA =
#Ast 22 peelingAl e F F AlojolA dojyi interfacial failure?} o}l Ezlolnl=

FolA oy cohesive failure’t HE2Z H HEAEE 0 x4 Jehdroh
29 3(b), 4(b), 5] YAHFES HHEH, 7|# 71X & RF bias power’t F71E+ &
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Cr grain® WA Fx= W4t 719 7181+ RF bias powerZt 100 W A-9(2% 4(b)),

r 22 A9 554 A& FUE & Y& wtdd], 200 WY H$ Cr grain® 5247 F4A
/] T REQ] RE FEFE £ A a3 7)B9) s}siAlE= RF bias power7} 400 WY 72 %
d&, 28 SMdA BE uteh go] Ao ¥ F4H e Ae& & £ U wEkA 7T
7l A= RF biast Cr# FFoln|= Alolo HAHNE Jg& F¥ ole}, Cro w4 7%
Ax FA 4 & & ¢ F ANdh
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RF bias sputtering2 7]%] RF biasE 7}3t9 adatomE& 71% Zo2 71&AIF|A He,
V45 adatomEL 71%d] FEIFEZ, 71%9 =7 400CT7HA A5 Th10] =2k $-gst
RF bias 200 W, 400 WoA 8A4d mlxed layer7t oAl 33 implantation& 3 W& o}
U, 25 A522 Qad Cre] Egoins Foz sty FA4d 2AAAE I a7t 4l
21t} Bias sputtering® 2 <18 2% &a37t Eojr|=e} CrE9 AW vXe FFE dolr
7] 98 O3 2& A49E A DC sputtering®3 4] 2.2 FAEA 71#H 2=F 400C
7+A] A48}, bias sputtering®] implantation &3 glo] X A% AU} Zo|n=9 F49
Ao nAE JFL B F Joemz a9 6@dAt o] /1#HE 40CTR 7ME3tdd. o] A$
dol 3L 7|HAM AW Foz gatA "Hrh 19 6(0b)9 ASE EFov= fol 42944
DC sputtering@H o2 Cr & ZFAZ %, 1 Yol in-suit® RF bias sputtering(400W)Hg o
Z Cr ¢ ZFs| gdetA 49 382 9 AW wgoes 524 HER ofdd ¢
3 g0 Zgolvze} F439 AW nXE 4T B F Uth

No-bias-Cr Il <«— Bias(400W)-Cr
Clean ‘ No-bias-Cr
: Clean
¢—
interface \ interface
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heat flow
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1% 6. Bias sputtering®] 2% &3 F9& ¢33 43 2

=%
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298 7. Cr (without the RF bias)/ PI interface (7]%¢] &%= 400CHA])
(@) HAIoHE (b) oAlokd



13 8 Cr (with RF bias at 400 W) / Cr (without the RF bias) / PI o 3 A]opAt

a3 69 ()9 AS AdWS 1% of VEMATE HAobg I GAlobEE HRIFHE F Fo
mixed layer ##HA LUt £ 18 6(0b)Y H

SoflM AWLE 19 81 &), o] ¢ 4
A 5 Zo AR uf$ ZRE L mixed layeris WA A &drh welA, bias sputtering Al ol
H A 5 &+ mixed layer: 7]%o] RF biasg& 7132 24 sputteringAl 9] 7}4 ¥ adatomE o] %3 o]
o= 40 29| implantationdl] FAAE RolA 7B &% 502 A3 Crol I FAil3to

48 o] ohFE A & & ATk
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