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Through all the decades of microchip evalution one thing has remained constant: the silicon transis-
tors of which they're made are basijcally flat. But that is very likely to change in the next five years. The
semiconductor industry is facing a problem that can be solved only with a fundamental transistor redesign.
Transistors are no longer the clean on-off switches they once were; instead, current leaks through them
even when they are supposed to be off. As transistors shrink with each new generation of microchip, this
errant current increases, draining batteries and heating chips up. ...

Going from flat to three-dimensional in the conservative microchip industry is a radical shift, but as
Leo Mathew, a research scientist at Freescale Semiconductor, says, "the payoff will be substantial "

The semiconductor industry has fed the consumer appetite for better electronics performance by
shrinking the transistors' structure to cram more of them onto chip. ... Normally, you can picture a tran-
sistor in four parts, the source and drain, connected by a channel and topped off by a gate. Most of the
transistor is in one plane, built into the silicon substrate of the microchip. Only the gate and its extremely
thin insulating layer, which lie directly above the channel, protrude slightly above the flat plane of silicon.
Voltage on the gate causes a conductive path to form in the channel, allowing current to flow between the
source and the drain.

However, shrinking this structure further means that removing the voltage on the gate no longer
completely stops the flow of electrons. Even in today's transistors the source and drain are separated by
mere tens of nanometers, a short enough distance for electrons to leak through the lower part of the
channel, farthest from the gate. The result is wasted power and heat. DIt's one reason the battery power.
on an unplugged laptop seems to evaporate quickly and why companies have to spend huge sums to cool
their server rooms. Realizing that source-drain leakage will only get worse as chips shrink, researchers
have sought to plug the leak by raising the channel, source, and drain out of the substrate. O The gate is

then draped over the channel on three sides like a lower-case 'n". Now the current is constrained only to

the raised channel, and electrons no longer have a path through which to leak. This general class of tran-
sistor is called multlgate because the wrapped gate is like havmg three gates instead of one. But @"the
rector of logic technology development at Advaneed Micro Devices. _That s because to make multiple gates,
nearly everyone agrees you have to go vertical. According to Infineon Technologies' principle scientist for
CMOS devices Klaus Schriifer, multigate technology is a game changer: "Multigate is the only device ar-
chitecture for scaling" into tﬁe foreseeable future, he says.

il 8. Adee, "Transistors Go Vertical," IEEE Spectrum, pp. 13-14, Nov. 2007.
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