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Fabrication of Laminated Multi-layer Flexible Substrate with Cu/Sn Via
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Abstract: A multi-layer flexible substrate is composed of copper(Cu)/polyimide that are known as good
electrical conductivity, and low dielectric constant, respectively. In this study, conductor line of 5 um-pitch
was successfully fabricated without non-uniform pattern shape by electroplating copper and coating
polyimide on patterned stainless steel. For multi-layer flexible .substrate, via holes were drilled by UV
laser and filled with electroplating copper and tin. And then, the PI layer with vias and conductor lines
was stripped from stainless steel substrate. The PI layers were laminated at once with careful alignment
between layers. Solid state reaction between tin and copper during lamination formed the intermetallic
compounds of CugSns(n-phase) and Cu;Sn(e-phase) and achieved a complete inter-connection by
vertically positioning the plugged via holes on via pad. The via formation process has several advantages;
such as better electrical property and lower cost than V type via and paste via.
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Fig. 1. A process flow of laminated flexible substrate.
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Fig. 2. Schematic diagram of bonding interface between
electroplated copper Via with Sn cap and electroplated
Cu/Sn pad.
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Table 1. The adhesion strengths of interfaces in diagram

Material Bonding Peel Strength

(Peel Material~10 um & Substrate) (g/mm)
1: Cu & PI 17£3.2
2: Pl & PR 2.2+1.2
3: Cu & Stainless Steel ~0

Fig. 3. SEM image of PR process on stainless steel (PR
coating, masking).

Fig. 4. SEM image and schematic diagram of electroplated
copper patterns.
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Fig. 5. SEM images of Polyimide strip with Cu conductive
lines; (a) cross-sectional view, (b) top view of stripped PL
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Fig. 6. SEM image of (a) Via hole formation on Pl with UV
laser and (b) filled Via hole with electroplated copper.
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Fig. 7. SEM image of laminating all layers at once.
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Fig. 8. SEM images of bonding interface between electroplated
copper Via and Sn cap; dash line is EDS scanning
line, (a) with 230°C, 111 N/mm? bonding condition and
(b) with 230°C, 55 N/mm? bonding condition.




Fig. 9. SEM images of bonding interface between electroplated
Via copper with Sn cap; dash line is EDS scanning
line, (a) 190°C, 111 N/mm? bonding condition, (b)
190°C, 55 N/mm’ bonding condition and (c) post
aging (300°C for 30 min) after 190°C, 55 N/mm?.
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