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main firms by the nominal wage of  high-skilled workers, as discussed above. Our 
semiconductor R&D series includes research spending by Intel, Fairchild, National 
Semiconductor, Motorola, Texas Instruments, Samsung, and more than two dozen 
other semiconductor firms and equipment manufacturers. More details are provided 
in the notes to Table 1 and in the online Appendix.

The striking fact, shown in Figure 4, is that research effort has risen by a factor 
of 18 since 1971. This increase occurs while the growth rate of chip density is more 
or less stable: the constant exponential growth implied by Moore’s Law has been 
achieved only by a massive increase in the amount of resources devoted to pushing 
the frontier forward.

Assuming a constant growth rate for Moore’s Law, the implication is that research 
productivity has fallen by this same factor of 18, an average rate of 6.8  percent 
per year. If the null hypothesis of constant research productivity were correct, the 
growth rate underlying Moore’s Law should have increased by a factor of 18 as well. 
Instead, it was remarkably stable. Put differently, because of declining research 
 productivity, it is around 18 times harder today to generate the exponential growth 
behind Moore’s Law than it was in 1971.

The top panel of Table 1 reports the robustness of this result to various assump-
tions about which R&D expenditures should be counted. No matter how we measure 
R&D spending, we see a large increase in effective research and a corresponding 
large decline in research productivity. Even by the most conservative measure in the 
table, research productivity falls by a factor of 8 between 1971 and 2014.

The bottom panel of Table  1 considers an alternative to Moore’s Law as the 
“idea output” measure, focusing instead on TFP growth in the “ semiconductor 
and related device manufacturing” industry (NAICS 334413) from the  

Figure 3. The Steady Exponential Growth of Moore’s Law

Source: Wikipedia (2017)
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