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The wording of the possible added exemption being addressed here is as follows:

Lead in high melting temperature type solders (i.e. tin-lead solder alloys containing more than 85% lead) and any lower melting temperature solder required to be used with high melting temperature solder to complete a viable electrical connection.

Respondent's Position: Adopt the proposed RoHS exemption.

Introduction

Integrated circuits (IC's, chips, die) used for logic processing, memory, imbedded systems, and so on are made of inorganic, ceramic-like material. These are very high function and very high value components in an electronic product. While they may be directly attached to a circuit board, they are more commonly bonded to substrates (also called carriers) to form a module (package), the module then being attached to the circuit board. The chip substrates match and interconnect input and output locations on the chip (these are generally very small; e.g., 5 thousandths of an inch - 5 mils) with input and output locations at the circuit board level (these being relatively large in size, e.g. 25 mils). Chip substrates may be composed of ceramic or organic materials.

Ceramic substrates have been used since the beginning of the electronics revolution. Organic substrates have been used since the 1990's. Organic substrates are commonly made with the same resins and fiberglass cloths as printed wiring boards; accordingly, they have similar characteristics and limitations. Those materials include epoxies, polyimides, polyfluorinated ethers, and so on. These materials are either thermoplastic (loosing rigidity as they are heated) or thermosetting (retaining rigidity as they are heated); both classes of materials will degrade (including burn) above their degradation temperature. Further, they may entrap or absorb minute amounts of water during manufacturing and other handling.

Organic substrates are now used pervasively in electronic equipment ranging from personal entertainment units to personal computers to cellular phones to satellites. Relative to ceramic substrates, they have advantages of lower weight and lower cost; they may also provide performance improvements in certain applications. Organic substrates are "critical" to modern electronic products.

Present means of connecting chips to substrates include wirebonding and C4 interconnect ("controlled collapse chip conenction", also known as flipchip). At present, "flip chip" is the strategic industry interconnection direction; see the publically-available Intel interconnection roadmap diagram  available through ftp://download.intel.com/research/silicon/IDF_Japan_APR04_Rev83_TMG_External_Website.pdf. Flip-chip offers smaller overall size, higher I/O capacity/density, lower cost, and improved electrical performance when compared with wirebonding. Flip chip attachment to organic carriers presently relies on lead solders. High lead content (>85%wt), high melting temperature (>300°C) solders are used on the chip-side bumps and lower lead content, lower melting temperature (eutectic; 37%wt lead; 185°C melting temperature) solder is used on the substrate side. In this scheme, the low melt solder component is melted, fusing it to the unmelted high melt solder and forming a viable electrical joint. This allows for attachment processing at temperatures which organic carriers can sustain, both in their materials of construction and in their fabricated form. It is not possible to safely attach chips with high melt solder to current organic substrates without the use of a lower temperature melting solder because temperatures above the degradation temperature of the organic materials (e.g., greater than 300°C) are used to melt high lead solder.

For chips which will be assembled through "flip chip" means, high lead content solder is presently the standard connection finish. Other interconnection finishes and means are under development; those include Copper-Tin, Tin-Silver-Copper, Gold Stub, and Electrically Conductive Adhesive.  None of these technologies has progressed to the point where it may currently be considered as an available alternative to lead solder in flip chip applications.

As regards organic substrates, the present proposed exemption is a natural follow-on and requirement of the codified high melting temperature type lead solder exemption in RoHS.

It is noted that lead in the chip-to-substrate connections is isolated from the environment until such point when it is shredded or ground up. This isolation is provided by the substrate, encapsulants, and caps, themselves intended to exclude moisture and other damaging elements from reaching the chip and its interconnections. Further, the quantity of lead addressed in this exemption is relatively small (typically less than 20% of the total mass of lead in high-melting and low-melting solders in each joint; on the order of less than 0.002 mg lead in each joint from low-melting solder contribution).
Do feasible substitutes currently exist in an industrial and/or commercial scale?

For organic substrates, the use of eutectic solder to form the "flip chip" interconnection with the chip is essential, whether in combination with high melt solder or not. No other means of interconnection is currently available.

Direct attachment of chips to organic substrates with high-melt solder is not possible because the processing temperatures for making that joint exceed by a great degree the safe working temperatures of the substrate materials. Organic carriers made of FR-4 - a common organic substrate material - will flow, warp and loose their shape and/or dimensions at temperatures of less than 200°C; they may also delaminate at such temperatures; ultimately, they may char (oxidize, decompose) at temperatures of about 300°C. Other organic substrate materials have similar temperature-sensative properties (reference industry Tg and decomposition onset data). The use of ceramic substrates and direct connection to those with high melt solders is technically possible but would cause significant disruptions in current means of manufacturing for applications currently using organic substrates.

Wire bonding of chips to carriers is technically feasible. This means of attachment avoids lead soldering completely. However, for most applications, this technique is not favorable in the long term as compared strategically with flip chip interconnections.

Joining of high lead content solder on the chip to no-lead solder on the substrate would be a variation of the current "flip chip" assembly approach for organic substrates. This approach might use a tin-silver-copper (SAC) alloy on the substrate to connect to high lead content solder bumps on the chip. There is currently insufficient processing technology and long-term reliability data available on this hypothetical approach on which to base conclusions of applicability to flip chip interconnects.

The use of no-lead solders for both chip/die bumps and substrate solder (if needed) in flip chip connections might include tin-silver-copper alloys and copper-tin alloys. Such fabrication is not yet supported by technology and long-term testing. These can not presently be considered as available alternatives. Considerations here are non-trivial and include: electrical properties; product stability over many power cycles; metallurgical properties (fatigue induced cracking, ductility, bonding to underlying materials, diffusion, solderability); matching and compensation for thermal expansion; underfill/adhesive/overfill characteristics and formulations; manufacturability; impacts on manufacturing yield, product cost, and service life. 
The use of land-grid array type interconnection (using mechanical forces in lieu of metallurgical connections) is not presently applicable to chip-to-substrate interconnections due to the very small scale of required chip-side interconnections.

For any of the methods identified above which are still being developed, it is not yet possible to address industrial and/or commercial aspects.

Do any restrictions apply to such substitutes?

It is not proposed, in this submission, that exemption of this type of interconnection be allowed for the indefinite future. Rather, it is expected that new methods and technologies developed for first level interconnections will consider organic substrates and address their limitations. Now, however, the necessary technologies do not exist.

From the standpoint of environmental laws and regulations, this proposed exemption does not pose a significant increased risk to human health and the environment. The location and application of this proposed exemption are the same as the exempted use of high melting temperature lead solders. The amount of added lead is a small fraction of the lead already exempted there.

It is not possible to comment on the comparative restrictions or environmental aspects of alternative flip chip connection technologies as those are not presently well defined.
What are the costs and benefits and advantages and disadvantages of such substitutes?

First-Level Interconnection: Costs and Benefits, Advantages and Disadvantages

	Method
	Technical Viability
	Industrial Practice
	Availability (2Q2004)
	Alignment with IC Packaging Roadmap

	Flip Chip - Organic
	
	
	
	+

	  37% Pb + >85% Pb
	+
	+
	+
	

	  Pb-Free + >85% Pb
	-
	-
	-
	

	  Pb-Free
	- -
	- -
	- -
	

	Flip Chip - Ceramic
	
	
	
	-

	  >85% Pb
	+
	+
	+
	

	Wire Bond
	+
	+
	+
	-

	Electrically Conductive Adhesive
	- -
	-
	-
	-


As illustrated in the table above, the use of low melting temperature lead solders in flip chip applications relying on organic substrates is necessary. It is not possible to forecast when alternative technologies for first level interconnection will have advanced sufficiently to allow substitution of those methods for this present one.
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