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lead-free RoHS conversion is comprised of four major phases 
to date, with each phase taking about two years. The lengthy 
time frame is due to the agreement by the consortium mem-
bers and the funding requirements, as most materials and 
actual manufacture and test were donated or performed by 
member companies on a voluntary and pro bono basis. More 
information, including papers published on these projects 
could be obtained from the author or the TURI web site at 
www.turi.org. The phases were as follows:

Phase 1 – Feasibility. During this phase, the feasibility 
of lead-free soldering was explored as a viable alternative to 
leaded solder. The goal of this phase was to provide knowl-
edge on the major issues of RoHS lead-free implementation 
during that time frame (1999-2001). What solder composi-
tion is the best alternative to leaded tin/bismuth, tin/silver/
copper (SAC) and tin/silver? What about the higher melting 
temperatures? Can the thermal energy used to melt the solder 
be delivered integrated in time to lessen the impact of the 
thermal shock on electronic components? Can a lead-free 
process deliver zero defects under controlled conditions?

Table 1 shows the experiment matrix for Phase 1, show-

ing the selection of five factors in 27 experiments. The TAL 
refers to time above liquidus. The project material and pro-
cess selection was limited to a small number of laminate and 
component finishes. The selection was also organized in a set 
of partial factorial experiment to lessen the time and effort 
involved. The reliability testing was performed through lead 
pull tests after 2,000 typical thermal cycles of 0 to 100˚C in 
one hour cycles, and the number of solder defects used on 
IPC standards were analyzed on a part per million (ppm) 
basis. 

The results were very encouraging. Reliability data 
(thermal cycling followed by pull tests) showed that the 
lead-free joints were stronger than leaded, and the quality 
data indicated that zero defects were possible with lead-free 
soldering. Manufacturability issues of thermal profiling were 
also shown to be of little or no significance. Table 1 shows 
the design matrix, which gives an indication of the scope of 
experimentation involved.

Phase 2 – Wide Material Selection. In this phase, the 
experience gained from the first phase was used to narrow 
down some of the choices such as the SAC solder formula-
tion and a common thermal reflow profile, while the alterna-
tives for laminate finish and component types surface finishes 
were expanded. Manufacturability concerns such as the use 
of nitrogen was also added. A full factorial experiment was 
performed to make sure that there is no inferred significance. 
A baseline of leaded components was also produced and 

table 1. Experiment matrix selection for RoHS 
conversion, Phase 1.

Exp #	P aste 	S urface	TA L	Re flow	 Nitrogen
	T ype	F inish	 (sec)	P rofile

1	 Sn/Ag/Cu	 OSP	 60	 Yes	 Yes

2	 Sn/Ag/Cu	 OSP	 90	 No	 No

3	 Sn/Ag/Cu	 OSP	 120	 No	 Yes

4	 Sn/Ag/Cu	 ENIG	 60	 No	 No

5	 Sn/Ag/Cu	 ENIG	 90	 No	 Yes

6	 Sn/Ag/Cu	 ENIG	 120	 Yes	 Yes

7	 Sn/Ag/Cu	 OSP	 60	 No	 Yes

8	 Sn/Ag/Cu	 OSP	 90	 Yes	 Yes

9	 Sn/Ag/Cu	 OSP	 120	 No	 No

10	 Sn/Bi	 OSP	 60	 No	 Yes

11	 Sn/Bi	 OSP	 90	 No	 Yes

12	 Sn/Bi	 OSP	 120	 Yes	 No

13	 Sn/Bi	 ENIG	 60	 No	 Yes

14	 Sn/Bi	 ENIG	 90	 Yes	 No

15	 Sn/Bi	 ENIG	 120	 No	 Yes

16	 Sn/Bi	 OSP	 60	 Yes	 No

17	 Sn/Bi	 OSP	 90	 No	 Yes

18	 Sn/Bi	 OSP	 120	 No	 Yes

19	 Sn/Ag	 OSP	 60	 No	 No

20	 Sn/Ag	 OSP	 90	 Yes	 Yes

21	 Sn/Ag	 OSP	 120	 No	 Yes

22	 Sn/Ag	 ENIG	 60	 Yes	 Yes

23	 Sn/Ag	 ENIG	 90	 No	 Yes

24	 Sn/Ag	 ENIG	 120	 No	 No

25	 Sn/Ag	 OSP	 60	 No	 Yes

26	 Sn/Ag	 OSP	 90	 No	 No

27	 Sn/Ag	 OSP	 120	 Yes	 Yes
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