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New insights on 'captured’ electrons could
improve flash memory

November 8 2017
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An entirely new model of the way electrons are briefly trapped and
released in tiny electronic devices suggests that a long-accepted, industry-
wide view is just plain wrong about the way these captured electrons
affect the behavior of hardware components such as flash memory cells.
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The model, devised by scientists at the National Institute of Standards
and Technology (NIST), was tested to explain how electron capture and
emission creates the insidious noise that increasingly threatens
performance as electronic devices continue to shrink in size.

Those effects, variously known as burst noise, popcorn noise or random
telegraph noise (RTN) "have become a major problem for extremely
small devices," said NIST researcher Kin Cheung, the lead author of a
new report in IEEE Transactions on Electron Devices.

Charge trapping is one of the known causes of flash memory failure.
The new model, which NIST physicist John Kramar called "a major
paradigm shift in charge-trapping modeling," could lead to a different
approach to manage this problem, and potentially, a new way of making
the memory cells smaller.

RTN noise consists of abrupt random drops in voltage or current caused
by itinerant electrons that are briefly captured from, and then rejoin, the
main flow along a current channel in, for example, a common type of

transistor called a MOSFET.

"The effect was mostly negligible back in the good old days when
devices were larger and there were lots of electrons flowing around,"
Cheung said. But in today's advanced devices, with feature dimensions in
the range of 10 nanometers (nm, billionths of a meter) or less, the active
area 1s so small that it can be swamped by a single trapped charge.

"As you get down to the very smallest sizes, RTN can be nearly 100
percent as strong as the signal you're trying to measure," Cheung said.

"In those conditions, reliability disappears."

In the case of RTN, the basics are known: The noise is caused by the
action of electrons near the interface between two materials such as an
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insulator layer and the bulk of the semiconductor in a transistor.
Specifically, an electron is pulled out of the current flow and trapped in
a defect in the insulator; after a short time, it is emitted back into the
main current in the semiconductor. What actually happens on the atomic
scale at each stage of the process, however, is incompletely understood.
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(insulating) layer causes
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The orthodox approach to account for those effects is to treat all the
trapped electrons as a single 2-D sheet of charge that extends uniformly
across the center of the insulator. Each emitted electron is thought to
return to the semiconductor in a reverse of the same process by which it
was captured, causing very little change in the presumably stable state
along the insulator/semiconductor boundary.

That model, when applied to very small devices, didn't make sense to the
NIST scientists. Among other difficulties, it ignored the fact that, once
they are immobilized, electrons cause considerable distortions in local
electrical field conditions along the boundary, affecting current flow.
"We're saying the traditional way doesn't really work," Cheung said.
"You have to rethink this thing. The old model doesn't make reasonable
assumptions about how charge carriers behave."

The researchers proposed a new model, based on local effects, in which
the mechanisms of capture and emission are dramatically different from
the standard picture. For one thing, they determined that quantum
mechanics, the modern theory that describes the behavior of these
systems, makes it hugely improbable, if not impossible, for electrons to
get out of the insulator the same way they got in.

"It's like a highway where there i1s an exit ramp, but there's no on ramp,"
says NIST co-author Jason Campbell. "You can go in, but you can't
come back that way. You've got to come back a different way. That is,
there is a set of rules for capture that don't apply to emission."
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"When you realize that the capture and emission processes are
decoupled," Cheung said, "you quickly have a very different view of the
problem."

The standard RTN picture supposes a weak interaction of trapped charge
with its local surroundings—in this case, the highly separated electric
charge in the silicon dioxide that often makes up the insulator layer in a
transistor. NIST scientists found that a weak interaction is inconsistent
with known physics and not in agreement with reports from two
independent laboratories. Indeed, the interaction energy of a captured
electron can be more than 10 times greater than previously believed.
Recognition of this stronger interaction energy enables the new local
field picture to explain RTN naturally.

The success of the new model, and the resulting drastic change in the
understanding of both capture and emission, suggested that many long-
held ideas would have to be thoroughly reconsidered.

"That was a very scary, very unsettling conclusion,”" Campbell said. "I
mean, this is tear-up-the-textbook stuff."

The researchers hope the new model will help chip engineers and
designers understand in much greater detail how devices degrade, and
what will be required to get to the next stage of miniaturization while
maintaining reliability and reducing noise.

More information: Kin P. Cheung et al. Local Field Effect on Charge-
Capture/Emission Dynamics, IEEE Transactions on Electron Devices
(2017). DOI: 10.1109/TED.2017.2764804

This story is republished courtesy of NIST. Read the original story here.
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