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Overview of the Advanced Light Source

ALS mission is to support users in doing outstanding science in a safe
environment
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ALS Users Are Productive Across a Broad Range of High
Impact Science and Critical Technologies

Hard materials: 5.3.2, 8.3.2,10.3.2,12.2.2,12.3.2

Electronic textures: 4.0.3,
7.0.1,10.0.1,12.0.1

Magnetism: 4.0.2, v
6.1.2,11.0.1,12.0.2 [}

Polymers and resist
M aterials: 5.3.2, 7.3.2,
11.0.1,12.0.1

Electrochemical devices:
5.3.2,9.3.1,11.0.2

Environmental textures:
5.3.2,10.3.2

i Spin textures: 10.0.1, 12.0.1

Organic PVs: :
53.2,7.3.3

Cellular (6’
nanotomography:
2.1 )

EUV technology: 6.3.1,
11.3.2,12.0.1

Living tissues: Orbital textures:
1.4,5.4,83.2 5.3.2,12.0.2
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Soft X-rays Enable Chemical, Electronic and Magnetic Imaging

3d transition metals

Light elements
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Chemically Sensitive Soft X-ray Scattering

ABC Block Copolymer Morphologies
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ALSBL7.3.3
10
vdq*
VTg*
—[CHZ—CZCH—CH CH, —CH ++CH,—CH J“""
/\IZq"

TS

M, = 9,000g/mol M, ps = 60,000g/mol M, payp = 11,0002/mol

0.00 0.05 0.10 0.15 0.20

m— 250 eV

1000

100 &

Intensity (Arb. Unit)

g (nm’y

C. Wang et al., Nano Letters 2011
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Materials Discovery: Magnetism in Heusler Alloys

Mn,_; V,,sAl,.s — Sputter Target
Vv

+ Mn moment as function of composition
(~200 XMCD spectra)

+ Maximum moment for Mn,, .V,, -Al,4

Jan Schmalhorst, Daniel Ebke
Univ. Bielefeld, Germany
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My Job: ALS Division Deputy for Science

(I sit around all day long and talk to smart people . . .)

ALSHub Advanced Light Source

Advanced Light Source User Portal

Strategic Plan
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Near-term ‘planning’ |\/|Id term ‘planning’

ALS Today » Diffraction-Limited ALS-U
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ALS and ALS-U Research Trends

Enabling directed chemistry

/ Materials to enabling human \

scale computing

Materials an chemistry to
address global challenges

Designed nanostructure to control
kinetics and optimize efficiency of
diverse chemical systems

* Optimize electrodes of nano- and
mesoscale structures for efficient
energy conversion and storage

* Connect nanostructures in mesoscale
functional networks for efficient and
selective catalysis, electrocatalysis, and
photocatalysis
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New materials for controlling
energy flow, and
neural, quantum,

and spintronic processing

* Map and optimize nanoscale spin
currents and spin textures in
operating spintronic structures

* Control emergent, strongly coupled
excitations for low power applications

* Develop candidate materials and
structures for neural processing

Fermi Drai
fovel > rain
Source \SiOZ
Gate Toaclyu al

insulator

Xue, Nature Nano. 6, 197-198 (2011)

Office’ of
Science

Material structures that rival
the function of
bio/enviro-systems

* Design nanoporous membranes with
extreme chemical selectivity of a
biological membrane

* Optimize porous materials for carbon
capture and sequestration,
environmental remediation, water
purification




Materials for Computing at the Human Scale

Transformative material and device concepts for ultralow power future generation processing

Marnrislor

Smacme

_
Topeosurcn 7174,

12 poat-reurse

Neuromorphological processing

Charges and
orbitals

Composite
Particles

NN s Wy .
V7 N\ ks 7(\,._ f S In
Vi ", St &1‘\( >, ) P Graphene pseudo-
P WA currents and spintronics
structures . .
Spin-polarization
= Charge
e |
Q 1;:”v19"’ = ( T
Classical and quantum '
. . . Source : 10,
processing with skyrmions NS _ o _
=% Spin switching with currents

Gate

Spin currents and devices using topological insulators
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A Model in Power Efficient Computing

« ~20W
» ~40 pFLOPS/sec
« ~100 Hz

« ~10Y neurons
« ~101% synapses

» Massively parallel
« Usually off — neurons spike
« 3D architecture with distributed memory

Many biological systems switch with energy near
the Landauer limit kT In(2) ~ 1020 J

Cell Body

- - even though they are immersed in a thermal 7
bath which will drive fluctuations at the same
energy scale

- - ingredients of the model are low frequency, low
power, massive parallelism

s
LY

N

IR

Dendrite «’ \

. —_ 5 - o
CMOS gates require ~10° kT to switch at present Biological Processing Element(s)
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Low-hanging Fruit: Memristor Memory

(Stan Williams, et. al, HP Labs)

memristor synapse

I 0.0%

Memristor ' I
- - Resistance depends on current history 2D map of oxidation
- - Resistance ~ strength of a synapse states (ALS STXM)
200 Memristor Crossbar Array

< 100 * Nonvolatile memory

£ ok * High density (30 nm -> 10 nm)

5 100  Low switching energy (1 pJ)

© 200H » Fast (<100 ps)

y . . R
_300x10°° LY Scalable in 3D (Tb cache?)

-1.0 -05 00 05 1.0
Device Voltage (V)

Chemical heterogeneity of the junction determines nonlinear behavior,
switching energy, cycle life, etc.
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Chemical X-ray Microscopy to the Nanoscale

Ptychography

Diffractive imaging with ptychography

WAL

3 nm resolution on test objects A. STXM @ 30 nm

B. Ptychography @10 nm:
absorption

C. Ptychography@10 nm:
phase

D. Chemical map@10 nm

FePO,

Mapping battery oxidation states
Sintered Zirconia in 3D
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Memristor Networks: Neural-morphological processing

[Pickett, et. al., Nature Materials 12, 114—

117 (2013)]

Nonvolatile memristor: Volatile memristor:
Emerging memory element Emerging processing element
B L Y Chemical heterogeneity of the
£ = ol P junction determines nonlinear
3 3 _200_'/ | behavior, switching energy,
ASR v cycle life, etc.
-0.5 0.0 0.5 -2 -1 0 1 2
Voltage (V) Voltage (V)
- 03] (@
= ﬂ Super-threshold Input AV = 0.3 V
0.0
0.51 (b)
0.4
AT Memristive Neuristor: 3 =
g Sk ] ] > 02
— * Two volatile memristors
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Adding Color to Optimize Memristor Junctions

Top view
Cross-section

Channel region

Ta
Ta-oxide

Pt

Full 3D mapping of
chemical/structural/electronic
properties with few nm resolution
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f-}:}‘ ﬂ} . DEPARTMENT OF
BERKELEY LAB %@ ,. ENERGY Science

3D mapping of functioning device —
junction, sidewalls, cycling lifetimes, etc,.

M2
Via
Bit

M1

PCL#100917010 W#0061616-05E 130nm Device {(Ink+FIB)



Changing Gears: Magnetic Skyrmions

® o ) f«“" .. . .
v - r_{/; - What magnetlc Interactions conspire
O 3 ) 5 to cause magnetic skyrmions?
g
fj "r:, _:_-fﬁ Micromagnetic Ginsberg-Landau free energy density

Tony Skyrme, 1962: Topological

d 2 —_ — — A 2 —_ —_
Model of Baryons w=A(VM) -|M-H K(M-A)|-|$M-H, 4w,
! '/’;‘:}:‘\ “"Z’;,\' " . . .
a,/,,;,,}\\%tff;f}?,{\sks,: Symmetric exchange: ferro- or ferri-magnetic
P ey
[ ’f z by
A=\ } s ]
I Zeeman energy: non-zero field
I N
AL LN NN ERY . . L
IEMULT DN Perpendicular magnetic anisotropy (in films)

T I N B

. Skyrmion lattice o
Skyrmlons Seki et. al. Science 336, Demagnet|2|ng (Self) energy

198 (2012).
Bogdanov, J. Mag. Magn.

Materials 195, 182 (1999)

Asymmetric exchange: Dzyaloshinskii-Moriya
interaction
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Dzyaloshinskii—Moriya Interaction

S, S,  Symmetric (super)exchange (e.g., Heisenberg):
H,=JS, xS,

Asymmetric (super)exchange (e.g., DM via spin-orbit):

—

Hpy =Dpy XS, Sy Dy, UX  Fyp

Exchange between neighboring spins

a 50 nanometer
{ O ¢-1 < >
I \\\\‘“"""#"//”\\\"\w/l’/' l Positive charge
—
Q
b Skyrmion
Y ® Si X Sj (spin vortex) . .
ectric
“ f//f‘u‘\\\\lffff‘u““\\\\t ‘P Polarization
— Negative charge
Q
Spi;\-ls_,p_irals inbmar:\ y rr_laterical:l)s with Skyrmions in non-centrosymmetric materials —
elicity set by the sign of Doy also with magnetoelectric effects
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Chiral Skyrmions in Cu,0SeO,

56.75K 57.25K 0 q””(o 0.02

S
"UOIA "PIS / SyUNOD

H | (110)

Cubic lattice

Ferrimagnetic
Neutron diffraction from spiral and skyrmion lattices

Non-centrosymmetric _
Seki, et. al., Phys. Rev. B 85, 220406(R) (2012)
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Split Skyrmion Phases in Cu,0SeQ,

Skyrmion satellites split
suggesting two phases

Different phases resonate at
different energies and have
different chemical character. .

928 932 936 940

hv [eV]

. and the splitting varies
~continuously with T and H

18.9 mT 20.2 mT

Rotational splitting is more robust than coupling to the lattice

We must be missing a term in the Hamiltonian. Ferrimagnetic?
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Skyrmionic Information Processing

Opportunity
r o
( T T
I 5 T o O e e T e e Nt e e TN waia
140 | IIIIIIIIIIIIIIIIII I
° | AT o R O @
b 120 | o , g
( ® o :
& ' & ) . .
ch 100 H 2% 3 Skyrmions: Stable Topological Vortices
a 24 =
L . .
o | 80 e % &0 g - - Two quantum numbers — store information
( @
. 60 : - - Weak lattice coupling - low dissipation
@ .
hd ) S o ¢
( 40 . : ® »»8 : 1 Bt .;i}('yu.
SOft ' ? @@ . " “ﬁu‘l"
20 ¢ e P A R e S - :
b g || Magnetoelectric — external field control
q 0 |- : : : . : : o 50 ranometer
0 20 40 60 80 100 120 140 P
b I Peaitive chargs +
1 ek
!,..,.....;_. ¥ ‘*-‘4
Skyrmion Motion (spin vorte ;‘ﬁ,‘é’."‘;f: o
o | 10.1038/nnan0.2013.176 . B | Foriaon
( 7 7 T o
freedom

Candidate for low power classical and quantum
information storage and processin
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Scope of ALS-U

ESAR AP\
' ' e 9 ALS ring re-use > _f"'"‘.If;A L ‘\ new ALS ring

tunnel : \\\

f \ \ ‘/ N *\\\

¢ Y y \&\\;\ \..—"}Q:“ 2 new
M AR : / accumulator

M Wangastt N — ring
W S o e

ALS today ALS-U

* New accumulator and
storage ring based on
multi-bend achromat
lattice

* Re-use tunnel and
beamlines

ALS-U will provide highest-power coherent soft x-rays
from a synchrotron
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Multi-bend achromats pave way to the diffraction limit

Lattice design of ALS would evolve from a triple-bend achromats (TBA) to a multi-
bend (9BA) achromat for ALS-Il. Result is a large reduction in emittance

9BA
MBA: Strong Focusing
and Low Dispersion
.1.'2Inaemon5tvajghl E p \‘ - s FlrSt Used fOI’ MAX'IV

E? CL lattice constant
eEUn — = # dipoles
C C = Circumference
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Some Parting Thoughts

DOE x-ray facilities have a large impact on diverse areas of science
and technology, serving over 10,000 users/year

ALS fills an important soft x-ray niche that offers useful electronic,
chemical, and magnetic contrast

Increasing source brightness combine spectroscopic contrast with
Imaging and time resolution and broadens the application areas

A planned upgrade of the ALS will provide intense, diffraction-limited
soft x-ray beams that will continue these trends

Office of
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