[= &) d=Nagsx]
Korean Journal of Materials Research

Vol 10, No. 12 (2000)

Cu pad $l°l ¥3s} =52 UBM (Under Bump Metallurgy) 3}
Pb-Sn-Ag £v] ¥ AR wkgol A 47

SR
B2}er ey AETEH

Studies on the Interfacial Reaction between Electroless-Plated
UBM (Under Bump Metallurgy) on Cu pads and Pb-Sn-Ag Solder Bumps

Jae-Woong Nah and Kyung-Wook Paik
Department of Material Science and Engineering, Korea Advanced Institute of Science and
Technology, 373- 1 Kusung—-dong, Yusung- gu Taejon, 305- 701

(200048 10¥ 49 28, 20004 11¥ 14 HFLAHE %)

= B

Cu 39 Cu HE ol &v| 3 FHol &&317] 998 F4d8 72/ UBM (Under Bump Metallurgy) $&
FAsz 2 EX4& TAREksleh Sn-36Pb-2Ag &0 Wxel FAs T ¥ FHH A F9 Aol AW 4e-E oldstm,
UBM S 52} $70) 02 &1 W 4% Goin) 2% 49 WHE ANRc) UBM Y FFol 98 AW o4 72, B3 F
47 S5HE A 9 delt o) A Axed 2 9% vlXE AL GAFAc. FAS 78 UBM Y ARgelle driete) A4
A iz el Z74u] Zoke] CuslSns Abe] w2 Al FA =le] sicko] of AlwolA] Waste] Ghe W=z A3} e k& e}, F4
3 UA/FAS Fr UBMAE 343 313E A%e] »8xu, n|AdAE =35« F48 Nidl S48 & F47) 315539
AA s BdA7 A 9] NisSn, 4ol YA FA4s) 2] UBM Y A4 »ls) 5= 3 257} 4 Jephwdoh. deix
F-A8 £FE ol4ste] Cu A2 Cu pad sl 0] EHH TA 3-8517) 918 UBM A4 F-ds) Ja/FAs) 72 UBM&
Adste Aol A 5 SN fejsitte A FsHch

Abstract In this study, a new UBM materials system for solder flip chip interconnection of Cu pads were investigated
using electroless copper (E-Cu) and electroless nickel (E-Ni) plating method. The interfacial reaction between several
UBM structures and Sn-36Pb-2Ag solder and its effect on solder bump joint mechanical reliability were investigated
to optimize the UBM materials design for solder bump on Cu pads. For the E-Cu UBM, continuous coarse scallop- like
CusSn; intermetallic compound (IMC) was formed at the solder/E-Cu interface, and bump fracture occurred this inter-
face under relative small load. In contrast, For the E- Ni/E-Cu UBM, it was observed that E- Ni effectively limited the
growth of IMC at the interface, and the polygonal NiSn. IMC was formed because of crystallographic mismatch be-
tween monoclinic NisSn, and amorphous E-Ni phase. Consequently, relatively higher bump adhesion strength was ob-
served at E-Ni/E-Cu UBM than E-Cu UBM.

As aresult, it was found that E- Ni/E-Cu UBM material system was a better choice for solder flip chip interconnec-
tion on Cu pads.
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Fig. 1. Manufacturing process of Pb-Sn-Ag solder bump on
electroless deposited UBM (a) Adhesion layer & sputtering Cu,
(b) Pad patterning, (c) Passivation layer Deposition, (d)
Passivation layer patterning, (e) Electroless copper plating, (f)
Electroless nickel & plating gold, (g) Solder ball attach
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Table 1. UBMs investigated in this work.
A sample .nickness=3.5/m
B sample thickness = 5/m

W 7 2 :Cupad ¥l FHsl £F% UBM (Under Bump Metallurgy) - 855

UBM system E-Cu A E-CuB E-Ni/E-CuA | E-Ni/E-CuB

Electroless Cu 3.5/m - 5sm 1.7m o 2m
Electroless Ni X X | 1.6/m 3ym
UBM height 3.5/m 5m 3.3m 5/m
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Fig. 2. SEM images of electroless UBM and Pb-Sn- Ag solder bumps

(a) Cu pad and BCB pattern
(¢) Electroless Ni plating
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(b) Electroless Cu plating
(d) Solder ball attach
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Fig. 3. Cross-section backscattered electron SEM images of electroless UBM/Pb-Sn- Ag solder interface.

(a) E-Cu A UBM,
(c) solder/E-Cu A after 4 reflow,
(e) solder/E-Ni/E-Cu A after 1 reflow,

(b) solder/E-Cu A after 1 reflow,
(d) E-Ni/E-Cu A UBM,
(f) solder/E-Ni/E-Cu A after 4 reflow



VoA - A & :Cupad Yol ¥ =Y UBM (Under Bump Metallurgy) 3--- 857

Ni IMC E-Ni' E-Cu/S-Cu [
{b)

Fig. 4. Elemental EDS Line profile for cross section of (a) Sol-
der/E~Cu(3.5:m) after 4 reflow, {b) Solder/E-Ni(1.7)/E-Cu(1.6
m) after 4 reflow({S-Cu: Sputtered Cu)
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Fig. 5. Top view of the CuSns Intermetalic Compound in PbSnAg/E-Cu systems

(a) reflow 1, (b) reflow 2, (c) reflow 3, (d) reflow 4
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Fig. 6. Top view of the NizSn. and Ni,Sn Intermetalic Compound in PbSnAg/E-Ni/E-Cu system

(a) reflow 1, (b) reflow 2, (¢) reflow 3, (d) reflow 4
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Fig. 7. Focused X-ray diffraction of UBMs and IMCs after reflows
(a) E-Cu A UBM, (b) E-Ni/E~Cu A UBM (# : Cu, % : armorphous Ni, @ : Au)
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Fig. 8. Shear strength variation of Pb-Sn~ Ag solder bumps on
various UBMs with increased numbers of reflows
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Fig. 9. Top view of PbSnAg Solder Bump on an E-Ni/E-Cu A UBM after Ball Shear test
(a) reflow 1, (b) reflow 2, (c) reflow 3, (d) reflow 4( A~Solder, B- Ni, C-Cu, D-Ti layer)
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Fig. 10. Top view of PbSnAg Solder Bump on E- Cu UBM after Ball Shear test

(a) 3.5:m E-Cu A after reflow 1,
(¢} 5um E-Cu B after reflow 1,
(e) 5um E~Cu B after reflow 10
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(b) 3.5:m E-Cu A after reflow 4,
(d) 5um E-Cu B after reflow 4
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