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Engineers at Imec and IBM 
have independently developed 
new manufacturing processes 
for making the next decade’s 

leading chips, they revealed late last year.
These efforts will allow the marriage of 

silicon wafers and certain exotic materials—
compound semiconductors with ingredients 
from columns III and V of the old periodic 
table. This mixing of materials holds the key 
to maintaining the traditional per-
formance improvements associated 
with Moore’s Law and the shrinking 
of transistor dimensions. 

Both Imec and IBM have built 
highly efficient transistors with the 
III-V semiconductor indium gallium 
arsenide. Electrons can zip through 
this material six times as fast as 
they can through silicon. Thanks 
to this speed, it’s possible to cut a 
transistor’s operating voltage while 
maintaining the amount of current 
flowing through it, thereby trimming 
power consumption.

Engineers at Imec, in Leuven, 
Belgium, revealed their breakthrough first, 
announcing in November that they had 
taken an industry-standard 300-millimeter 
silicon wafer and formed fin-shaped field-
effect transistors. FinFETs are the type of 3-D 
transistor deployed in the most advanced 
microprocessors. The Imec devices replaced 
the FinFET silicon channel with one made 
of indium gallium arsenide.

Dean Freeman, an analyst at Gartner, be-
lieves that this type of channel could make 
its debut as early as the 7-nanometer node, 

Using a trench reduces crystal 
defects in the transistor channel. 
Depositing indium phosphide on 
silicon always leads to defects, be-
cause of the 8 percent difference in 
the average spacing of the atoms in 
these two crystals. However, these 
defects—missing planes of atoms 
aligned at about 45 degrees to the wa-
fer surface—terminate at the trench 
walls, enabling the growth of high-
quality material near the wafer surface.

“I do not want to claim that [the 
channel] is completely defect-free,” says 
Aaron Thean, director of Imec’s R&D pro-
gram on logic devices, “but it’s definitely 
good enough for the transistor to work now.”

At the IBM Zurich Research Laboratory, 
engineers use entirely different processes. 
Their approach, which Lukas Czornomaz 
described at the IEEE International Electron 
Devices Meeting (IEDM) held in Washington, 
D.C., in December, begins by forming a sub-

strate composed of a 6-nm-thick film 
of indium gallium arsenide and an 
8-nm-thick layer of silicon germa-
nium, separated by a thin insulator.

Introducing silicon germanium al-
lows the production of CMOS circuits 
because it enables the formation of 
high-speed transistors based on 
the movement of holes—essentially 
the positive counterparts to elec-
trons. With the new process, “we 
demonstrate, for the first time, a 
hybrid, high-mobility CMOS circuit 
on insulator, where we have small 
n- and p-transistors based on these 
two materials on the same substrate,” 

says Czornomaz. 
He claims that such engineered substrates 

offer three benefits for integrated-device 
manufacturers: very low leakage currents, 
thanks to the insulating layer beneath the 
devices; relatively minor adjustments to the 
foundry processes, because the challenges 
of introducing new materials are shifted 
to the substrate supplier; and tremendous 
freedom for the circuit designer to select the 
size and position of the transistors. In Imec’s 
trench scheme, III-V semiconductors and 

the generation of chips due to market in as 
little as four years. “I don’t want to put words 
in Intel’s mouth, but there is a potential that 
we could see this FinFET technology emerge 
into very-high-end servers,” he says.

Smartphones could also benefit, because 
the altered channels would increase bat-
tery life and reduce the number of chips in a 
phone. Today, in most cases, a mobile phone 
uses a III-V chip to amplify wireless signals 

changing the channel: IBM engineers made 
transistors with indium gallium arsenide and silicon 
germanium components on the same silicon wafer.

Compound Semiconductors  
Join the Race to Sustain  
Moore’s Law
Chip leaders fabricate silicon wafers with transistors 
containing exotic semiconductors

and a separate silicon chip for data process-
ing. The recent breakthroughs could let a 
single chip carry out both tasks.

Imec forms its FinFETs by taking a silicon 
wafer and etching trenches into it that are 
just tens of nanometers wide. Each trench 
is filled with indium phosphide before in-
dium gallium arsenide is added to produce 
the protruding fin of the transistor. 
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silicon germanium are present 
only in defined areas of a wafer, 
but with IBM’s approach, these 
materials are everywhere.

The engineers at IBM Zurich 
used their process to build an 
inverter operating at 0.5 volt. 
That’s 0.3 V less than the volt-
age used in state-of-the-art 
silicon FinFETs, leading to 
60 percent lower power con-
sumption. Imec’s transistors 
also operate at 0.5 V, deliver-
ing a performance that Thean 
describes as “almost as good” 
as a silicon equivalent. 

In separate research, Czor-
nomaz’s colleagues at IBM’s 
T.J. Watson Research Center, 
in Yorktown Heights, N.Y., ap-
pear to have done even better 
than that. “The intrinsic per-
formance of [our] device is bet-
ter than silicon, if we compare 
the same dimensions,” says 
Yanning Sun of IBM Watson. 
At IEDM, she detailed the re-
sults of indium gallium arse-
nide transistors with a 30-nm 
gate length—about the dimen-
sions of a leading-edge transis-
tor from 2010. The devices were 
formed on an indium phos-
phide substrate using CMOS-
compatible processes.

At IBM Watson and at Imec, 
engineers will now try to shrink 
their transistor dimensions to 
enable a true comparison with 
state-of-the-art silicon. Mean-
while, the team at IBM Zurich 
will aim to increase the size 
of the engineered wafer from 
100 to 300 mm and to build a 
static RAM cell, a compact, six-
transistor memory cell common 
on microprocessors. “If someone 
can show 0.5-volt SRAM on sili-
con germanium and III-Vs, it’s a 
big step ahead,” says Czornomaz.

—richard stevenson

Molecules manipulate electron spin to increase light  
emission without the aid of iridium and other rare metals

Spin Trick Could Make 
OLED Displays Cheaper

A new way of coaxing light out of 
an organic LED may make for cheaper 

displays and could even provide a way to see 
magnetic fields.

By choosing a molecule of a particular 
shape, a team of German and American re-
searchers designed a new type of OLED that 
has the potential to emit as much light as a 
commercial OLED, but without the rare met-
als normally added to make the devices effi-
cient. If manufacturers could leave out metals 
such as iridium or platinum, they might not 
have to worry about potential shortages of 
these elements. This would allow them to 
bring down the costs of OLEDs, which are 
increasingly being used in the screens of 
smartphones and televisions, as well as in 
solid-state lighting.

OLEDs convert only a fraction of the electri-
cal current they receive into light. That’s be-
cause of a quantum mechanical property of 
the electrons and their positive quasiparticle 
counterpart holes, called spin. Spin is what 
gives rise to magnetism; when the spins of a 

majority of electrons in a material point in the 
same direction, the material is magnetic. Each 
electron and each hole can exist in one of two 
spin states, so when they pair up there are four 
possible states, three of which dissipate their 
energy as heat rather than light. This means 
that only a quarter of the electricity put into 
the device produces light. OLED makers add 
metal to the hydrocarbon molecules in their 
devices to mix up the spin states and increase 
the number of light-generating combinations. 

But it’s also possible for some of the spins 
to switch to the more light-friendly version 
on their own, says John Lupton, a physicist 
at the University of Regensburg, in Germany, 
who was part of the team that did the work. 

“You just have to wait long enough for this 
spin state to spontaneously relax,” he says. 

If an electron-hole pair can be held in its 
electrically excited state long enough for one 
spin to flip, when it drops to a lower energy 

certified organic: New OLEDs shine brightly 
even without the usual rare metal additives.
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