
723MRS BULLETIN • VOLUME 41 • OCTOBER 2016 • www.mrs.org/bulletin

NEWS & ANALYSIS MATERIALS NEWS

of an individual NV center (indicated 
optically by fluorescence) in response 
to a magnetic fi eld across a sample. The 
atomic size and quantum behavior of 
NV centers have allowed scientists like 
Maletinsky to measure magnetic fi elds 
with nanoscale resolution. And because 
this sensitivity is preserved under ambi-
ent conditions, NV centers can be used 
to detect tiny magnetic fi elds in materials 
ranging from high-temperature supercon-
ductors to living cells—materials closed 
off to cold-temperature technologies such 
as superconducting quantum interference 
devices (or SQUIDs) and magnetic reso-
nance force microscopes. 
 At cryogenic temperatures, however, 
the tables are turned. NV-based sensors 
have never been shown to operate under 
such cold conditions. 
 Maletinsky’s team addressed this 
problem by immersing their room-tem-
perature NV sensor in a liquid-helium 
cryostat, allowing them to plunge to 
an operating temperature of about 4 K.
The low tendency of helium to boil, 
Maletinsky says, allows their system to 
be very “quiet,” a key priority when the 
sensor is a single quantum spin nestled in 
a diamond nanopillar welded to the tip of 
an atomic force microscope.
 With this system, the research team 
could quantitatively image the stray fi eld 
emanating from magnetic vortices across 
a sample of YBa2Cu3O7–δ, a high-tem-
perature superconductor known to form 
these quantum defects when cooled below 
its transition temperature (about 89 K)
under an applied magnetic fi eld. More 
importantly, the research team was able 
to extract a notoriously elusive measure     

known as the London penetration depth, 
which describes how far a magnetic fi eld 
penetrates into a superconductor.
 The key to making such highly sen-
sitive, high-resolution measurements, 
Maletinsky says, is how close the deli-
cate NV sensor can be brought to a 
sample surface. “Tip-to-sample distance 
is the crucial fi gure of merit in these 
experiments.”
 Ania Jayich would agree. 
 An assistant professor in the 
Physics Department, Jayich leads a 
group who published their own work 
on cryogenic NV-based sensing con-
currently with Maletinsky’s team in 
Nature Nanotechnology (doi:10.1038/
NNANO.2016.68).  
 “High spatial resolution is possible 
because our sensor is so small,” Jayich 
says. “But the sensor is ultimately limited 
by the distance to the sample, not its size.” 
 And herein lies a signifi cant challenge 
for researchers like Jayich and Maletinsky. 
A shorter tip-to-sample distance should 
mean higher sensitivity. But because one 
quantum phenomenon is being used to 
detect another, at short distances, sample 
surface effects can compromise the “quan-
tumness” of a NV center, as Jayich puts 
it. “It’s a problem that plagues almost 
all quantum technologies,” she says. 
“Quantum behavior is very delicate and 
very sensitive to its environment.” 
 Within these limits, however, Jayich’s 
group resolved magnetic domains smaller 
than 100 nm in a hard disk using their 
NV-sensing system, which is unlike that 
developed by Maletinsky’s team.
 Instead of a single diamond pillar, 
Jayich’s group glues an entire array of 

pillars to their scanning tip, producing a 
micro-hairbrush structure. This arrange-
ment makes it diffi cult to precisely control 
how close a NV center on a single bristle 
reaches a sample surface. However, it al-
lows the researchers to produce several 
NV centers at once and choose the bright-
est and most stable one for imaging. The 
structure also holds promise for conducting 
wide-fi eld experiments in which multiple 
NV centers can be optically addressed to 
quickly scan across large areas. But this and 
other improvements to NV-based imaging, 
some argue, may not come until much later. 
 Eli Zeldov, a professor at the 
Weizmann Institute of Science in 
Rehovot, Israel, acknowledges that 
NV-based sensors have made signifi cant 
progress within the last few years, with a 
performance ceiling on par with that of the 
nanoSQUID imaging technology he has 
helped pioneer. Nevertheless, he argues 
that NV-based sensing currently remains a 
relatively slow and complicated technique, 
both in fabrication and in operation.
 “It requires microwaves, it requires 
optics, it requires very delicate equip-
ment,” Zeldov says. “It’s tricky. This can 
improve with time, but there’s still quite 
a lot of room for improvement.”
 But for NV researchers like Jayich and 
Maletinsky , there may be no time like the 
present. 
 “We have established this system 
that already has really good sensitivity, 
excellent spatial resolution, and is quan-
titative,” Maletinsky says. “I think now 
we’re in a position where we can demon-
strate very meaningful applications with 
the performance we already have.”

Omar Fabian

Kirigami honeycomb material 
exhibits a “Poisson’s switch” 

allowed. Kirigami has also been a sub-
ject of intense scientifi c investigation, not 
least because several natural systems such 
as bird wings have periodic polyhedral 
designs that could easily be reproduced 
using kirigami techniques. 
 Robin Neville, Fabrizio Scarpa, and 
Alberto Pirrera, from the University of 
Bristol, UK, report how a class of kiri-
gami cellular materials show large shape 
and volume deformations that could fi nd 

potential applications in many shape-
morphing materials. The researchers 
start with a fl at sheet of poly ether ether 
ketone—a thermoplastic polymer. A pat-
tern of slits is cut into the sheet, which 
is then corrugated and folded repeatedly 
to give a honeycomb architecture. The 
ease of this method allows the process 
to be applied to many starting materials 
and to be automated. By varying a small 
number of initial parameters such as the 

The ancient Japanese art of origami 
that uses strategic folding has found 

many interesting technological applica-
tions such as the Miura-Ori method for 
folding/unfolding antennas in satellites. 
Perhaps less known is kirigami where, 
in addition to folding, cutting is also 
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A kirigami honeycomb material in different stages of evolution. 
Credit: Robin M. Neville, Fabrizio Scarpa, and Alberto Pirrera.

folding angle and width of the slit, for 
example, different kinds of honeycombs 
can be designed. 
 Using complex numerical analysis 
and fi nite element methods, the group 
was able to extract mechanical informa-
tion such as the Poisson’s ratio of the 
cellular material. It was found that if the 
stiffness of the connection between two 
cells—modeled as a hinge connector 
and hence called “hinge stiffness”—is 
much greater than that of the sheet, the 
cell walls bend in response to stress. If 
the material of the sheet is stiffer than 
the connection, the honeycomb material 
bends at the folds. 
 Interestingly, the researchers found 
that the kirigami honeycomb material 
shows a “Poisson’s switch.” This refers 
to the observation that on either side of 
a critical folding angle, the Poisson’s ra-
tio of the material switches and shows 
the opposite sign. The researchers 

reported in a recent issue of 
Scientifi c Reports (doi:10.1038/
srep31067) that by using smart 
materials, the fold angle could 
be manipulated to expand 
or contract the honeycomb. 
“Experimental verifi cation of 
the predicted switch between 
negative and positive Poisson’s 
ratio over relatively small 
changes in fold angle argues 
well for practical use of this ap-
proach in ingenious aerospace 
applications,” says Anselm 
Griffi n, a professor at Georgia 
Institute of Technology. Others 
in the fi eld have commented 
positively on this work. Daniel Inman 
from the University of Michigan says, 
“Morphing has game-changing possi-
bilities from automotive to aircraft and 
even civil structures. The work is sig-
nifi cant as it brings new possibilities to 

the mechanism side of shape-changing 
structures allowing many new designs to 
be considered. As advanced manufactur-
ing moves from polymers to metals, the 
impact of this work is even greater.”

Vineet Venugopal

The recent increase in connectivity of 
the modern world has left us depen-

dent on the battery life of our personal 
electronics, forcing us to keep a watchful 
eye on the icon in the corner of our screen 
as it ticks toward 0%. Enormous amounts 
of time and effort have been dedicated 
to discovering new battery materials and 
improving existing ones that pack larger 
energy-storage capacities into smaller spac-
es. However, making our electronics more 
energy effi cient may be complementary 
extending the lifetime of our electronics. 
 As reported in Nature Communications 
(doi:10.1038/ncomms12264), a research 
team led by Dustin Gilbert and Alexander 
Grutter from the National Institute of 
Standards and Technology (NIST), have 
implemented a recently demonstrated 
“magneto-ionic” approach in a push to-
ward ultralow power electronics. Their ap-
proach utilizes electric fi elds to alter the 
chemical and magnetic makeup of mate-
rials, and opens pathways to nonvolatile 

memory and logic devices that potentially 
require much less power to operate. 
 Gilbert says, “In classical electron-
ics you’re relying on the charge of an 
electron; as the electron moves through 
your material, scattering produces heat. 
In this [new approach] there’s essentially 
no movement of the electrons; you’re ap-
plying a voltage only and no real current. 
The voltage drags oxygen from the oxide 
into the neighboring metallic material, 
changing its magnetic properties.”

 The researchers grew thin-fi lm hetero-
structures with special consideration given 
to ensuring clean, well-defi ned interfaces 
between the AlOx, GdOx, and Co layers. 
Utilizing a powerful technique called po-
larized neutron refl ectometry (PNR), the 
researchers were able to probe the chemi-
cal and magnetic profi le of the sampl e as 
a function of depth. PNR measurements 
revealed diffusional migration of oxygen 
from the AlOx and GdOx oxide layers into 
the Co layer when the fi lms were heated 

Electric fi elds help oxygen slip 
through the cracks for ultralow 
power electronics

Energy Focus

Illustration of oxygen migration mechanism: (a) as-grown fi lm, (b,c) positive electrical bias, and 
(d,e) negative electrical bias. AlOx (red), GdOx (green), metallic ferromagnetic Co (light blue), 
insulating non-FM Co (dark blue), and interstitial oxygen (orange). Credit: Nature Communications. 
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