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Car 2oiss
Brain Section
Microscope
{circa 1907)
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BERKELEY LAB

10" Neurons

Processors 10° |
1014
- ’ 10'° Synaptic
onnections 1015 ‘
Clock Speed 2 - 10° — 10°
Volume 108 2
Weight 10° 3
Power 1.6x10° ~20
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A “Multiscale” Problem

Time scales

Spatial Scales

Years
(107)
Meters
(109
Days
(109
Centimeters
(109 Hours
(109
w =z
Millimeters
(109 o Minutes o
(109
= —
= -
o Seconds
(109 o
)
=z
o«
Micrometers Milliseconds 5
(109 - (109
7)) [T
Microseconds
(109
Nanoseconds
(109)
Nanometers
(109
Picoseconds
(107%)

Human Brain Project



Length scale pm (s)
Micro / Nano technology to the rescue?

BRAINBOW: http://cbs.fas.harvard.edu/science/connectome-project/brainbow



BRAIN Initiative =

PRESOINT OBAMA 15 CALLING ON THE SCIENCE COMMUNITY

RO\

INITIATIVE 040

Kay private vector partners
have made importanmt

10 tupport
the BEAM britistive.

; e
~ Approsimate iavastmant te ghve
P | schontists the toals they seed

10 Xt & dymamic picture of the $60 MILLION

MILLION -/ ==

$30 M‘ILLION

$4 MILLION

$28 MILLION

KEY

Presidential Initiative INVESTMENTS
April 2013 ('THIS EFFORT
“The BRAIN Initiative will accelerate the development
and application of new technologies that will enable e : MAINTAINING |\ Froidom Otams v vy i

Cammirsion far the Study of

researchers to produce dynamic pictures of the brain OURIQEIERFT ) o

that show how individual brain cells and complex ; ‘STANDARDS. / i o imiws
neural circuits interact at the speed of thought.” g

NOW IS
THE TIME

“Grand Challenge” - observe 1 million , TO INVEST
neurons, on ms timescale with “markedly £ SN
reduced invasiveness” NG Y W

LEARN MORE AT WHITEHOUSE GOV
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Shielded Coaxial Waveguide (with capacitance reduction)

BERKELEY LAB

Nature is an Electrical Engineer?

Neurotransmitters

Synaptic
vesicle |
Neurotransmitter

re-uptake pump . Axon

Voltage- {terminal

gated Ca™
channel

‘\ Neuro-

@ transmitter

Y receptors s .
Post-synaptic } ynaptic

h Wi / cleft
density = =
M\ | Dendritic
| spine

s

£ Depolarization —— Repolarization
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Non-Invasive”

“Grand Challenge” - observe 1 million
neurons, on ms timescale with “markedly

reduced invasiveness”

Not for you?
Study model systems.

Two-photon
High-speed microscope
videography

7 Electrophysiology

position (Z)I

Target Distractor
location location

Pole position (z2) -~ S~—o_ -/ S~
Licks I | PR 1
Water reward - [SmV [ . |5 mV

THE MODERN THEORY OF THE DESCENT OF MAN. Spikes MW 1




and in 3D )
and non-invasive S
and and and

1 ms
10 ms

+other current methods (PET, MEG, ...)

100 ms

1s

10 s
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lateral view

frontal view dorsal view
0.000 s




Technique (and Needs) ==

Stunning successes

icall ive:

Opt Ca y act e_ . b , biect llumination objective
Sensors (report activity) etec“";fﬂ jective P
Actuators (stimulate or silence neurons: Optogenetics) \ Synchronized _ g

Many techniques NS ségiﬁﬁi%///

Focused laser beam

Improved microscopies?
Deeply penetrating NIR wavelengths
Single neuron resolution
Photoacoustic
Live animal capabilities

Agarose

Sample

ill Segnoarlin U holder Glass

1 1 1 Huami | ]

Calcium indicators s [ ' capillary
Genetically targetable {optional)

Optical properties can be tailored
Amenable to two-photon techniques

Neurotransmitters
Synaptic
esicle
Neurotransmitter
re-uptake pump - Axon
terminal

Better sensors?
Other ions (Na*, K*) @
Neurotransmitters @

.. Synaptic
Improved voltage sensors density m‘/\ }Co'jfdrmc
spine

Voltage-
gated Ca™
channel

Neuro-
transmitter
Y receptors

4 )
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CLARITY (Clear, Lipid-exchanged, Acrylamide-hybridized Rigid, Imaging/immunostaiﬁing compatible,
Tissue hYdrogel)

Renders tissue transparent
Replaces lipids with hydrogel




Tools to Track Neurons — What’s Needed7 e

“probe” — detector or transducer of neuronal activity (electrical, optice
“ ” — receives information from “probe”, “communicates” the inf
position ...) to outside world; harvests energy Th | S iS the
“‘communication and data acquisition system” — means for tran

outside world, and capturing it; potential power source pro blem
“‘computing” — processing the acquired data



Communication

Optical
Penetration depth*
Large variation® in absorption

‘:‘?{""\

2 :“" ng\ 7 %
Scattering* e LA
cattering AR

-
o
o

Scattering Length [mm]
o

o
Y
o

500 1,000 1,500 2,000 2,500
Wavelength [nm]

Optical sensors and actuators prefer
visible light

Depth

Scanning

Skin Depth [mm]

. A
lllllll .

BERKELEY LAB

Electrical
Skin depth*

10° 10° 10" 10° 10° 10
Frequency [Hz]

Acoustic
Ultrasound - 10s MHz




< 10.0
&
g
k=
2 1.0
0.1
0 500 1,000 1,500 2,000 2,500

Wavelength [nm]

10° 10" 10"
Frequency [Hz]

10"

“Grand Challenge” - observe 1 million neurons, on ms timescale

with “markedly reduced invasiveness”

It’s true: we are really thick-headed!
Simultaneous 3D, spatial, temporal resolution “challenging”
109 x 103 Hz (= > 103 Hz) x _ bits = (many) GHz BW

Not light, sound or RF



How to

Goals® 3D, N —1O6t—1\\ms (‘x—_um) !
Nano- Arcmbgl - tag neuronal act|V|ty ex post facto
3Dv N?2t% x? (VihpLinciple) -
Nano:‘Tweeter- Optogenetie
3D %N % t 2x

ter (ANaloc |
ortem(-(?ig.ital

o

(7.

"'.




Not so Easy

Goals: 3D, N=10%t=1 ms, (X =_ pm)
Nano-Archeologist - tag neuronal activity ex post facto

3DV N?t % x? (v in principle)
+ microscopy (EM ...)
Nano-Tweeter - optogenetics
SDXNXt? XV
Nano-Reporter - microelectronic reporter (analog)
SDXN?tv xX?
Nano-Detective - microelectronic reporter (digital
- only if neuron fired)
3D?NVvtv x?

Can’t fry your brain: AT ~ 1°C

Can’t blow your mind: AV/V ~ %

The Partnership used a simple
advertisement showing an egg in a
frying pan, similar to this photo,
suggesting that the effect of drugs on
a brain was like a hot pan on an egg.

A " 4, A 3,

)
)
x
l
}
)
|
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"BRAINseed” -

Tri-Institutional Partnership
BRAIN R&D Initiative to support innovative neurotechnology

_\Ill Berkeley UCsF

UNIVERSITY OF uu'mvm University of Caldornia

BERKELEY LAB San Francisco

University of California
San Francisco

Clinical
Neuroscience

NEWS & ANNOUNCEMENTS

NEWS & ANNOUNCEMENTS

B‘ I k‘ ‘ ‘ New Partnership Launches with Meeting at Barkeley Lab
April 1, 2014
Ta 0 Mone h strengtha of Barke "

UNIVERSITY OF CALIFORNIA

Neuroscience s S e s g e kT
Technology s ek e i e s o

A On Mareh 13, more than B0 researchers from all Uyee panners convened at Borkeley Lab for
Prog Dy o e 1 MmO out the seod prograr the oppornt on  providoc y

{
1 ‘ 1 -] ”

3
'
~

T d J b ) il i t L} 1t
Ill pident »'s BRANN Inltiative. » 0 ) ) | {
rfrerrerrnr -
¥ng poople logeth ross disoplines is dfficult. and acro netity s aven more 5o." sald Grat f Vice Char r for R arch Barkoloy
Bul the prounve b oarchae across all three insbiutons and the annrgy in Be room demonatrles the level of oxoler il thoy shirn idrongsing
BERKELEY LA AN S ,
was happy 10 600 such a tremendous tumout for ou first Proposer's Day Qur scientists wero ANed Dy 23 sContiots from UC SF and 26 from UC Beckaloy 210 ‘
Lawrence Berkeley National Laboratory Barkoloy Lab Deputy Director Horst Simon, "This demonstrates to mu that the Bay Area sdentific community In ready for the tri-institutionsl partneeship In order to {
nddrons new and inlerdiscipinary solonlifo challenges.®

) I ) ) ) C r f
Scale  hare 13l move abaxd e T naBlutons! Parnarship and e BRAIN RAD sead Aning pojac o suppetimmovaliv pewolecinobogy 3

P — ._.uo—-...."-—..n__.‘-‘ e T BN LD M Nl e ATl G B D e it el BN et o ot . e M . o)




Very High Density Electrocorticography {

Eddie Chang (UCSF), Fritz Sommer (UCB), Peter Denes, Kris Bouchard (LBNL)
State of the art - 256 electrodes
<10 electrodes / cm?
Improve to 10* electrodes / cm?

—-p -

PP IIIIID

Do, 2D ;

toofooopoo 'Y

twodooopoo 1

vodooboo 2ty Cp

X, N

PP R (4 I SN i I

00000000 -

PIIPIIOIOD L l
\ 1

Analysis already complex
If successful, data 1103

HPC

Format, portal, ...

Nanocrystal Light Bulbs

Bruce Cohen (LBNL), Chris Chang (UCB), Charles Craik (UCSF), Robert Edwards (UCSF). Ehud Isacoff (UCB)

Tether-less light bulbs (injectable)
Synthesis of nanocrystals that convert % 4
p— NIR pump
’ . -«

NIR light to visible, to activate nearby
sensors and photoswitches
Loca (v’ls-nc)cmxsim

NIR pump provides

= Deep-tissue penetration
UNCPs:

Emission wavelength...

" tonee "oy o

Acousto-optic ‘Virtual’ Waveguides

Ca?* Dosimeters

P. James Schuck (LBNL), M. Reza Alam (UCB), Vikaas Sohal (UCSF), Michel M. Maharbiz (UCB)

Ultrasound : Pressure waves
= Modulating optical properties of medium
In-tissue light confinement
Reconfigurable trajectory of light
Fast reconfiguration

Can penetrate the skull

Low loss

Medically-safe modality
Non-invasive

[ ] [ ] [ ] ] ] [ ]
y (microns)

x (microns)

Confined optical mode in a US peak

Pamela denBesten (UCSF), Terumi Kohwi-Shigematsu (LBNL), Evan Miller (UCB)
= Probes which remember Ca?* concentration
= Cover multiple length scales =~ ™o Acy siuiiple Scales i New ca” Inarstors
= (post hoc)

= 3D reconstruction of activity
across entire brain regions
with cellular resolution

circuits
pm-mm
fluorescence

cells
nm-pm
structure only, no activity

imaging area
scale
traditional modality

new Ca™ i

regions
mm-cm
MRI

electron microscopy

o{tlo' -oag’)‘o

b) o{{Lu o»”)"’fo

Ca*-free probe

a)w
‘-

Ca™ bound probe

‘- >
> ‘&

N,

) = Ca™ hgand
e =Ca”
= probe

i

runa
22D
e
gz
22 DR
Ll " .I

azide intact alkyne labeled
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Electrical Recording

Probe shaft
(b)

”i DAQ system
/(‘

Host computer

Mic ro-
manipulator

Microprobe IND + REF
) : . s
on PCB h Rat under : s
anasthesia : :
— A : ) !
\ 2oy PR |
Ql\ sola 1 /' . ) N\ : [
N LI:L( Xic _—~ \ \ f
device B — ) |‘
: ¥

Integrated CMOS PUAL-  Pr-clectrodes
switch matrix contacts (total: 188)

Somewhat invasive

Somewhat less invasive

- campus
-~

-
-~
-
I

’
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Problem Statement

P(f)-A

Gray Matter (in pink)

Attenuation 1
Diffusi
fffusion B ECoG Electrode Postsynaptic current l)(f)"'A DEYEY
N(xIYIZIt) T /"“- 1+ (%:))
l Y j :if.-;‘v fr R T~ (2xfo) '~ 2-4ms
Boph LR | / on hrough memb 1 !
21 4 £ / Ohmic current through membrane
T R (o< (@,- @) LAyt
S P A t o< ( in ou() 1 + (%:,)
- J Signal time dependence

1 1) 1
S+—|] s+ 7) 1 1
T T 2
2
—sT
1( 1\1—63 ] fxl+(i\
S+ — ks + 7) L,]COJ Coefficient values
i . 0 =0
— » T T2 é‘ | i =1.8105e+12
g\ 90 % ] pow =-3.7109
B Q
L 85+ = -
5 5 -
O

O 80 ] o
he] o
2 @
= 754 5
£ g
< 704 0? N

65 ]

T T T T T T T T
0 500 1000 1500
Time [20 units = t,] Frequency

Under 1 electrode: 10N (N=4+) neurons with ~104 synapses



16 x 16 elements
8 X 8 cm?
(~5 mm pitch)

Amplifiers ~ Wires
Digitizers  (MV level signals)

2 uV noise (0.3 - 7 kHz)
0.35 Hz - 7 kHz BW
<50 kHz sampling




TFT on Kapton
500 pm pitch

Berkeley Array (paralyne)
semi-transparent




“Obvious” Solution

Passive - 10° electrodes = 10° wires
Multiplexed - fewer wires, but S/N degradation
Problem is to get 10° signals off the brain
Put amplifier behind each electrode

Target: 100 pm “pixel”
4 mW/cm? - 400 nW/pixel (“very hard”)




© © @ * 0
Bulk Liquid
Il L el
Double layer & - o)
P Cg Gouy-
G Chapman layer
+A4 X

Cy Helmholz layer

Most typical:
AC-coupled

Tr = ReCe

(and, CMOS gen ~1 fF/pm?2)
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BERKELEY LAB

—>| r— Passivation opening ~15 um i
\ \ . I

I PP PDDD
| | | D IPIIIIP D
= = ) P S )

—.l r— Planar electrode ~90 pm .
. 100 um pixels L

o B | 20 kHz / pixel
| | | 1 wire / 1,000 pixels
e e |-t : Grow electrodes on chip

|
| | X (or bump bond chip to array)

0 — 500 um I—
S
TAVAL Anti-
—| Aliasing MUX

Filter
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Interrogating the Brain with Light ==

How deep can we go?
visible
NIR-I
NIR-II

MWW\~

Mmouse optogenetics




Nanocrystals as Optical Transducers

/V/,Q
Yb;\ visible
Er3+
©  20% Yb*3 - sensitizer
© 2% Ert3 - emitter
©© NaYF, - host matrix 980 nm
sVAVAVAVZ o
l'_l I'_l'l'lvlj."-l ﬁ
mma\lm

...require new light
sources and detectors

- \
....... "|

BERKELEY LAB



Nanocrystals as Optical Transducers -

NIR-I (700 — 1200 nm)

Wish list
cw NIR lasers!
better IR detectors!
acoustic imaging
microscope!
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Sensing Nat* ions with NIR light =~

with Chris Chang, UCB/LBNL

#NE:h \

Na =135 mM; K'=0 mM

Rel. Emission Intensity
=)
o

0.2
Na'=0 mM; K'=135 mM
0 T ——— 4 =
500 520 540 560 580 600
»/nm

+

] max

i min




Activating neurons with NIR light

with Udi Isacoff, UCB/LBNL

Light-activated neuronal firing: Shifting to NIR wavelengths:

D MAGO0,60
out l o
. 1P (470 nm)
30 swntches
$ P& F 2 3% % ; 50pA
2P (845 nm) .
-~ : . ."' 5 '/ /—
30 switches
\ﬂpﬁ
1s

I EI il - l I .‘ E‘i‘d.l
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Nanotech-inspired Approaches =

Plasmonic optical antennas - as single photon detectors (or re-radiators)

|
: | S 300
) smcen ﬁ' m y polarization
o : |.\° B A i s ' 250 1 | x polarization u
i ' e Z 200
| i =
I l I v e T_‘,, z n
) 5 150
« Wm-scale device 2 -
. £ 100
» est. 5 aF capacitance b 3
.1e/5aF =160 mV 20 ¢
0 — M T T T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
A few technical details remain Bias voltage (V)

Tang, L. et al. Nanometre-scale germanium photodetector enhanced by a near-infrared dipole antenna. Nature Photon 2, 226—229 (2008).
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Excitation and Sensing

Electrical Excitation

o

c R . e 9
S ffNEEmnn
2 S| " e nmnn
- a ® » ollll
g CR I T
w ' .. '. I® i ."IM

o ol cill SIS TE Surface + Depth

Ll § g

L » . @
‘ Electrode Contact

-'-'-
Optical excitation

-:l':-::l:.-
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An App [C’ AppStoTe

How can you talk if you

haven't a brain?

K
2 C‘\&

TN
/ot

Oh sothe people without




Electrically Record signals
from M1

stimulate S1

Decode
Convert to motor intent
stimulus pulses
e
AN
S~

)

Move

e, robot arm
- Read sensor i
& output fromarm

N

Journal of Neuroscience Methods

joutnal hamepage

DARPA-funded efforts in the development of novel brain-computer
interface technologies

Robbin A. Miranda ¥, William D. Casebeer °, Amy M. Hein €, Jack W. Judy ¢,

Eric P. Krotkov ©, Tracy L. Laabs <, Justin E. Manzo !, Kent G. Pankratz !, Gill A. Pratt 9,
Justin C. Sanchez °, Douglas J. Weber ©, Tracey L. Wheeler ", Geoffrey SF. Ling®

Electrically
stimulate 51

Convert to
stimulus pulses

\__/

Read sensor
output from arm

~

freevry

Closed-loop Brain Machine Interfaces =

Record signals
from M1

Decode
motor intent

S

S

.

SO,
v O

Move
robot arm

A
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Advancing BMI will benefit from: -

1) instrumentation for high spatio-temporal resolution
recording of neural activity from many sites

(Today: ~102 electrodes, Goal:10% -10° electrodes,100 um pitch)

2) computational methods for extracting structure from
the resulting massive amounts of data in real-time

(Goal:10%-10° x16B x 20kHz < 4 Gb/s ~ 350Tb / day)
[Neuro: o / Light Source: Lots! / HEP: That’s It?]

3) high-throughput experimental preparations that engage
multiple neural circuits during complex behaviors
(rapid turn-over of tech to testing)



Hardware/Computing in Current BMI pipeline

Raw Control
S|gnal Signal

_— —
N DACQ oummd PC

Signal extraction
Filter Calculation




1)
2)
3)
4)
5)
6)
7)

~

Advancing BMI through ultra-high density ECoG wl

large area for diversity of independently controllable sites
technologically scalable to high spatial resolution
high-temporal resolution

long-term stability

large magnitude, robust, meaningful field potential signals
able to detect action potentials with uECoG

rapid translation to humans



Massive Channel Count, =

High-density Electrophysiology

e-Chip
| | P data acquisition
"'1 600 :t :‘?*—‘r'-vv
- O ‘
Channels = L6,
— _20M/—/z
.~ Multiplexed Storage for off-line
- analysis
online|processing
0.1mm |
FPGA
Activity pattern detection for online
for closed loop stimulation extraction
Real-time decoding/BMI of specific
frequency
Functional Visualization bands

= 4 \ “.



Massive Channel Count & Computational

Challenges

10° recorders at 1 kHz
Look for correlations (in a 10° x 10° recorder x ms x N space)

A CRVVN | PR WO Yy
g AW emar\ e Wy ol
G AV A U =
L e AT ot o
P v A A 5 S
o8| vl \,.mw Raw data 53| © Joe
© oA 2 E™
@ LR R N YR Z ©
c : sosiaiaiay “Information” L o
K P S
3 .- . o
3

ns

JJJ X J KIHZ=H15000 J\-/J"‘J'H)JA"\J/J

easurements are not Independent

Long-distance/time correlations

Dimensionality reduction
Coding schemes
Visualization



Advances in HPC for Neuroscience

~

A
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BERKELEY LAB

Curation and
Multimodal

Data Fusion Electrophysiology

Imaging
Data Anatomy
Genetic
Sensory stimuli
Behavior
Causal manipulations

Data !
Formal§ Model

Parallelized
Statistical
Algorithms

CRCNS portal and repository for
community access to data

CRONS - Collaborative Research n Computational
Neurcscience - Dats sharing

HDF5 format and data model for
high-performance computing

Sparse neural activity for
human speech production

e

3

Middie of Syllable g
- | —a

~ UG Tongue#__‘ "
> 3 <

Ice — &

8>,\ Labilal|
~— D.Tongue,

~~

> .o
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Neuromorphic Computing -

The brain is pretty good at certain tasks
Brain-inspired computing?

Neural networks
IBM TrueNorth

L = = ——
& BN $200,000
BRAD

—
{

: H sl —
< \
L8454 T f 84K

etry ina Driving genes into
ecosystems?
Ce RYAAAS
\ /
\ f

An electrifying way to Breaking symme
make ammonia plant embryo
A f
\
4 Y

; o
{
5 -
: n : -
XY ) LY ¥ Al Y




Complex Tasks for Rodent Experiments =

’ Not Plug-N-Play \

51, M1

Develop in Model Systems

~—

Instrumentation

Neural Recording & Manipulation

iy

3-D
Positioner

1. Hold 3. Reach & Grasp 4.Pull  &Encoder

Skull
Mount

Cone of

movement 3-d pneumatic

positioning

BRAINseed



High-throughput Rodent Experiments =

B .
' < Pressurized water source

( Clients D
Control behavior boxes
to automate individual trials

(8 (=Y {1 L] B B

ANN\NY7Z4

Trainer
Implements training protocols
\ //

internet =}
(Speciﬁcation Behavioral |
_of protocols monitoring

A

N\
p

Client computers Trainer

B. Olveczky - Harvard



“Speak your Mind” speech prosthetic -

A

E A

freevry ul

Mapping of
Network to

Stimulation
Pattern

Speak your mind i

Igrc;stethetir'g‘\

I IR M = B A

True North
Architecture

T

Sensor %%
Transform i
Network |1

E = o,

Data
Neural Signals — === Motor
Optimization Control gl
of Spiking Deep Network ||
Neural Network TETTL:
Mapping of /
i Network to
N True North

Architecture
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Neuroscience is a Large and Diverse Field =*

Annual Meeting Attendance (1971-2013)

Lots of practitioners
Lots of directions

(largely single-PI)

2013 San Diego, CA
2012 New Orileans, LA
2011 Washington, DC
2010 San Diego, CA
2009 Chicago, IL

2008 Washington, DC
2007 San Diego, CA
2006 Atlanta, GA
2005 Washington, DC

What are the questions?

2004  SanDiego, CA 1

2003 New Oreans, Lo

2002 Orlando, FL |

2001 SanDiego, CA —— 0909090909 0 0 .

2000 New Oreans, Lo | Much known at the single

1999 MiamiBeach, FL |

B = neuron level

1996  washington, 0 |

e Can now observe ~100 neurons
1994 MiamiBeach, FL | . .

s wenngon oo — To understand circuits, need to
- W observe much larger numbers
1989 Phoenix, AZ 1

1938 Toronto, Canada [ NG

1987  New orieans, LA | .

1986 Washington, DC | |

e B_etter tools_ can point to the
L — rlght questlons

1982 winneapolis, MN | N

e R ——

s e ch Described above is only a
torr_outen ca___ I fraction of what we are doing
o and a small fraction of what is
1973 San Diego, CA 1 .

e poson M being done

Total Attendance
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Micro / Nano technology is now within reach (10 - 50 years)
of providing fundamental understanding

\/ wh'AY,
AP, -
» \

A 2
h Btdge«'\f‘s\\/
vy Br
D KB N

100 Pentum4 |
POWER S '\ \/ bre 2 Duo
POWER 4 \ & niem 2
AMD K7
T & WER 7

POWER 3

Power Density (W/cm®)
°

0.01

10 10° 10° 10 10* 10° 100 10° 10°
Clock Frequency (Hz)

2011 (TRS . Techaoiogy Trends
‘Moore's Law” Enabled by

Transistor M1 Half Pach

Dimension Technology » 2000011 (085 MPUAS
X !

Prtresvobeyg 8 )y oy
e Ay ' LA 1| L | o] :
20007011 (00 MU Pt Cae Leg 474 20) [ L e L

Py oy bum 2011956 dn|
11 .

2 T %% | i o

© 2000001 ITRS MPU Phywc o Oute Lngs ) o
1 By cycie oo 20092 O L

repartitoning ’ reOrbetaTion ' electrocheomic
I o il la

Transistor Gate Technology
R Powerperformance Management
Enabled by "Equivalent Scaling”

hytwid agyregation

TV
=

_ 73 i 4

mnnsk ’ electro-optic : Gdoty

ot

Figwe 11 2011 ITRS=MPU High-performance ASIC Helf Pyrck end Gase Length Tremds
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Opportunities - Federal Agencies =

N\H ERA\N |nitiative
The

s tnsel” Stof

s GOl

o andin”

Thone

Preside

NEWSMAKER INTERVIEW: GEOFFREY LING

DARPA Aims to Rebuild Brains

it s to-do lis
goals are still wildly an

BRAIN pr
G

2013
10 MAY 25

=3
o sCIEN

DARPA (IARPA)
NSF
FDA
(DOE) ?

Interest, but Mixed Reactions

s actual

~EMILY UNDERWOOD

0: Wihy did DARPA get involved in the
et

y focused on our injured wasf-

www sciencemag.org  SCIENCE VOL342 29 NOVEMBER 2013

Q: Winy does SUBNETS focus on
deep brain stimulation (DBS)?
G

aging people o go -
disorders ke PTS

Q: For RAM, why did DARPA choose to focus
on memary, and what kinds of memory do

Downkadad from www.sciencemag.org on May 13, 2014

you hope ta restore?

s and gals want
o1 a

10 goback
go back because

¢ got good pro
&

Even some in the neuraseience commu-
nity expressed concern. “If this takes away
from any of the RG1s [individual invest
toe grants, that would noemally be funded by
the NIH, it would be bad™ s

randels Uivessity in
sachusetts, a formee president of the So
ety for Neuroscience, who had attended one
of the carly planning workshops for BAM.
“Right now the community 18 already so
steapped we're at a breaking pot
Whatever one’s initial eeaction to the new
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ees, and potentially physicians, would ben-
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BRAIN RESEARCH THROUGH
ADVANCING INNOVATIVE
NEUROTECHNOLOGIES are
service marks of the U.S.
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Services (HHS).
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Cal-BRAIN

Eligible Areas

Examples* of Research Areas Eligible for Support
In model systems and humans, with the potential to scale to highly parallel measurements.

Projects supported by this seed grant program may include, but are not restricted to, those that develop:

sensors of nerve cell electrical or chemical activity, either biologically or nano-material based
e micro- and nano-scale, biocompatible devices for transmitting sensor signals or for targeted therapeutic stimulation
e new modalities for brain activity imaging

e tracers to enhance current brain activity imaging technologies

new technologies for neural prosthetics (e.g., motor control, memory, addiction control

*Since a goal of Cal-BRAIN is to determine the most promising neurotechnologies, this list is illustrative, and not exhaustive.

Seed Grant Program
2014415 Application Guidelines

Cal-BRAIN October 20, 2014

Mandatory Letter of Intent (LOI) Deadline November 24, 2014 5:00 PM PT

Full Application Submission Deadline December 15, 2014 5:00 PM PT

Notification of Awards January 26, 2015

Award Start Date February 1, 2015 or soon thereafter

Maximum Award Size $120,000 total, including IDC
Cal-BRAIN:  [Maximum Award Period 12 months

Ralph | Greenspan, |

Cal - BRAIN (the Califoe
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Interdisciplinary Instrumentation =

-

pigeon cerebellum by Santiago Ramoén y Cajal, 1899 '
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Hard problem!
106, kHz, ym, 3D, ...

Requires all of our skills*
Biology
Computing
Engineering
Physical Sciences

Plus
Clinical / Medical
Neuroscience

DOE has unique ability to
systems-engineer science-
based technology

LBNL has unique ability to
collaborate, interdisciplinate
(and execute)
Now have a group of *these
people working together



