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LCoS SLM&E f#1% 2%,

Resolution: 1520 x 1152
Array Size: 17.6 x10.7 mm
Pixel Pitch: 9.2 ¥ 9.2 pum

455 nm

S3Z2nm

635 nm

783 nm

1024 nm

1550 nm

*Diffraction efficiency of silicon backplane.
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2 51 891920%x1152

Fill Factor: 95. 7%
Diffraction Efficiency*: 88%
Controller: HDMI 8/12-hit

Wodel P1920
B ms 400 — 800 nm
2ms 400 — 300 nm
12ms 400 — B00 nm
19 ms 00 — 1300 him
2 ms E00 - 1300 nm
Fms =0 — 1650 nm

Performnanceyaries as afunction of waselength and pixelvalue.
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LCoS SLM 28z 542 512x512 meadowlark optics

Resolution: 512 %512 Fill Factor: 383.4-100%

Array Size:  7.68 x 7.68 mm Diffraction Efficiency*: 61 - 95%

Pixel Pitch: 15 x15 um Controller: PCle 8-hit, PCle 16-hit, D% 16-hit
hocle IWlo e hlodel

PS12/PDWB12  HSPS1Z/HSPDMS1Z ODPS12/00PDNGLZ2

405 nim L) 2 ms/S33.3ms N A 3ms/S4ms TED

532 nm LY Fi 33.3ms /45 ms 7ms /10 ms 35msf45ms 450 — 850 nm
635 nm B 33.3ms /45 ms 12ms /167 ms 4dms/5ms 450 — 850 nm
785 nm AS10 555 /B80ms 17.2ms/22.2ms 45msf55ms G0-1300nm
1084 nm AS10 B6.7 f 100 ms 10ms /16 7ms Sms/ Grms 800 — 1320 nrm
1550 nim A2 100/ 130 ms 20msf 25.5ms s/ Fms B0 — 1680 nrm

*Diffraction efficiency of silicon backplane.
Performance varies as afunction of waselength and pixelvalue.
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LCoS SLM =7 &8 1x12,288

1 x 12,282 Analog Spatial Light Modulator

Resolution: 1 x 12,2845 Fill Factor: 100%
Array Size; 19.66 x 19.66 mm Diffraction Efficiency*; 80 - 95%
Pitel Pitch: 1.6 pm x 19.66 mm Controller: FCle 16-hit
B ==~ e S
MWode HSP12
332 hm 4.3 1ms 450 —s50hm
£33 nm 2 ms 450 —s50hm
T3 nm a3 S 600 -1300nm
1064 nm 15 s 00— 1300 nm
1550 nm 0 ms ol —1EB0 nm

*Diffraction efficiency of silicon backplane.
Performance varies as afunction of wavelength and pixel value.
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IR « BHERE - /177 =k 1920 x 1152

High Resolution

new - High Speed High Power Low Phase Ripple

Tek . @ Ao Complete b Pos: 22.80ms MEASURE
+

AV 0.2%Phase
an Riﬂﬂk‘

I 5.00ms

as low as 0.2%

up to 714 Hz up to 15 GW/cm?
1920 x 1152

Analog SLM




SLM1920 x 1152
AR B>1.4ms

Unique Features:

meadowlark ptics

*High resolution
*High speed
*Pure analog phase control
*High first order efficiency
*High reflectivity
HDMI Controller

*High power handling

*Compact design

support high frame
. _ rates (up to 714 Hz)

-

» Wavelengths from 400 — 1650 nm PCle Controller to

T —
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SLM

Laser 2

Modulate the phase of a wavefront for
beamsteering

1D Beamsteering: essentially the SLM 1is a
programmable prism (1x12288 pixel SLM)
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2D & 3D Beamsteering: SLM can

simultaneously create multiple foci in a 3D o

volume (1920x1152, 512x512 SLM) L -
S

Applications: o

Laser communications

Optical Tweezing

Optogenetics
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プレゼンター
プレゼンテーションのノート
SLMs have the ability to steer light in 1D, 2D, and 3D. This provides a unique capability that micromirror arrays cannot compete with. Further, with a SLM you re-direct light to a focal point, whereas micromirror arrays block the majority of the light and reflect individual pixels through an optical system. Because most of the light is blocked instead of re-directed, micromirror arrays result in an inefficient use of light. SLMs are the only technology capable of simultaneous multi-spot beamsteering in a 3D volume. Our SLMs are unique over competing SLMs because of our high refresh rate, which leads to high temporal stability, as well as our high speed LC. 3D beamsteering is useful for a range of applications, which will be introduced in the slides to follow. 


Real Time Optogenetics in 3D

mouse not to scale
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Key concept: Use light to pick up and manipulate objects 10’s of nm to
10’s microns in diameter

Biological Research

Studies of Cell Properties
Bacterial studies (biofilms)
Tissue Engineering

Cellular biochemical signaling
Fundamental Physics
Materials Engineering

. °
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Assembling a permanent structure of
microscopic particles
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プレゼンター
プレゼンテーションのノート
Optical tweezing is not as popular as it once was. But there are still a range of biological studies underway. The problem with tweezing and biological samples is that the power on the object is quite high, so it is easy to damage the cells. Viability issues are significant. Bacteria seem to be quite resilient to high power, so they are popular for studies with tweezing. 
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Beam Expander

—

f=—-50mm

Fibre Laser

Collimator '

|
f SLM %

| Fourier Lens \||

A f="75mm ‘
Dichroic ‘ A
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F
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f= 60mm
I
g Tube Lens
Y f=100mm
Z-Axis
Darkfield .
—_ ]
stop -0 7 Filter
' 'hold
IR Blocking —mmmo
Filter T .
f=100mm

F-Axis

*r’j Y
_) Brightfield
[llumination
- Sample
r Slide
x40, 1.35NA
Olympus Objective
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* Daunting complexity limits progress

* No new therapeutics for psychiatric disorders since the 1970s
* Alzheimer's alone costs the nation

$203 billion (2013)

$1.2 trillion (2050)
* Perhaps a problem of tools for research

Patch Clamp fMRI

Pro: Signal to Noise Pro: non-invasive
Con: invasive, long term studies — p— Con: Resolution of few
impossible, challenging to map million neurons
neural circuits '



プレゼンター
プレゼンテーションのノート
Optogenetics is huge at the moment. The motivation is the lack of progress in understanding neurological disease. Traditionally neuroscientists have had two tools to understand neurological disease: the Patch Clamp, and the fMRI. The patch clamp allows for precise measurements of electrical activity of cells, and the ability to precisely determine interconnectivity of neural networks. However, it is highly invasive, damaging the tissue around the brain when trying to patch clamp cells, it doesn’t allow for long term studies, and it is difficult to draw conclusions only interrogating 2 cells at a time. The fMRI allows researchers to study blood flow to a few million neurons at a time, and it is non invasive. But it is hypothesized that there may be a simple building block replicated throughout the brain similar to fundamental structures in DNA, and that neurological disease may be an alteration to the physical structure or firing patterns of neural circuits in the brain. Traditional tools haven’t allowed neuroscientist to study the brain at the scales Optogenetics allows, which may account for the lack of progress in the last 45 years.

Optogenetics involves genetically modifying an animal such that electrical activity in the brain has a corresponding optical response if the cell is illuminated with an excitation source. There are two tools: Calcium imaging which is used to monitor the activity of neurons, and photoactivation which is used to either activate or suppress cell firing. Most work is done with 2P lasers so that penetration of the excitation can extend deeper into the brain, and so that axial confinement of excitation is localized to far less than the depth of one cell body. The SLM is used to create a 3D volume of focal points that illuminate individual cell bodies or structures such as dendrites. There are a wide range of experiments that can be run. But, for example, you may start an experiment by giving a mouse some visual or other sensory cues, then monitoring the response of the neurons in the brain using calcium imaging. When the neurons fire, through calcium imaging there is a fluorescence spike that you can record. So you can start to map sensory input to activity in the brain. Then you can use photoactivation to simulate the neurons in the brain, or silence neurons in the brain, and see how the mouse responds. This is a powerful tool for understanding neuroscience. 

People like our SLMs because of the temporal complexity of the experiments they can run. Our response time is fast (~333 Hz at 1064 nm), which is approaching the rate the neurons in the brain fire (~1kHz). Our SLMs allow for more realistic experiments. The hope is that progress will be made in understanding the cause of neurological disease to address problems such as Alzheimer's, and to develop new therapeutics which have stagnated due to a lack of tools to understand the brain. 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=dpC1WL0z0dOuKM&tbnid=8eI1UMGD6Y_tvM:&ved=0CAUQjRw&url=http://www.life.umd.edu/biology/sukharevlab/research.htm&ei=sq0LU8-BAaGqyAHkxIHwCg&bvm=bv.61725948,d.aWc&psig=AFQjCNGNngU_KxwEXpgMCoXCTZSODs4vYQ&ust=1393360659521329
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プレゼンター
プレゼンテーションのノート
At left is an entire zebrafish brain. Zebrafish are nice to work with because they are transparent. 

In the middle on the top shows the SLMs ability to create excitation patterns in a 3D volume.
Below is a mouse brain slice. The fluorescence is a focal point on a cell body. The cells blink when they fire, as shown at right in the purple and green graphs. You can see the large spikes, which correspond to action potentials in the brain. Simultaneous actions potentials between multiple neurons indicate a likelihood of interconnectivity of neurons in the brain. 

At the top on the right an experiment was done where a neural circuit was identified. The firing pattern was plotted as a function of neuron and time. The same firing pattern is shown to repeat again and again in the brain. Interesting. 
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SLM:

512x512 with ODP for speed, AP’s at 1kHz
1920x1152 for excitation volume

Ideally you would have both
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il | | o
u\mhulw _mpw (¢
By H
£ , e
meadouwlark ptics meadowlark  ptics

L 1B

meadowlark aptics

spatial light modulators

Stimulation
1,064 nm
excitation

L2 7 Hwp ‘
ASM

-] G2

ELMF: . Dichroic 1
d - GMAE
L3 £B L4 . Dichroic 2
& B F1 sCMOS
e I : Scan lens
F3 .; J
Tube lens
FMT1 F2
— ‘ Dichroic 3
Dichroic 4
Chjeclive

Packer, Adam M., et al. "Simultaneous all-optical manipulation and recording of neural

circuit activity with cellular resolution in vivo." Nature methods

Focal plane
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FERhEE: 512x512

Take objective back aperture to be 7.6 mm in diameter

Objective:
FOV = Field Number/magnification = 26.5/40 = 662 um
fopi= frupe/mag = 180 mm /40 = 4.5 mm

(0]

Excitation, 512x512 15 um pixel Pitch
Max steer angle: sin(0) = mA/d

A=488 um,d =15 um, m =1

0=1.86°

Max Displacement: d = tan(0)*f ==+ 146 pm
Excitation waist = 0.6 A/NA = 0.366 nm

512x512 spots within an area of 292 um x 292 um
Excite ~44% of the FOV
Diffraction Limited Foci

40x
NA =0.8

meadowlark aptics

spatial light modulators

17




FaEh#E: 512x512

Under-fill the objective with the image of the SLM (reduce the Effective Pixel Pitch )

Sacrifice the Effective NA
L2/L1=04
Effective Pixel Pitch =6 pm

Excitation, 512x512 6 um pixel Pitch

Max steer angle: sin(0) = mA/d

A=488 um, d=6 pm, m =1

0=4.66°

Max Displacement: d = tan(0)*f ==+ 367 um
Excitation waist = 0.6 A/NA = 0.915 pm

512x512 spots within an area of 734 um x 734 um
Excite 100% of the FOV
Foci are 2.5x wider

Trade between excitation confinement, and FOV...

How can we do better?

meadowlark aptics

spatial light modulators

40x
NA = 0.32
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1920x1152 pixel SLM, 9.2 um pixel pitch, 17.6 x 10.6 mm
6.7 um effective pixel pitch for 7.6 mm back aperture

Max steer angle: 6 =4.17°

Max Excitation Displacement: d = £ 328 pm
1152x1152 spots within an area of 656 pm x 656 pm
Excite ~99% of the FOV

Diffraction limited foci

40x
NA =0.8

meadowlark aptics

spatial light modulators
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IR N RAE—F, B 6%8E 1920x1152

* 10 Volt pixels
e Refresh Rate: 845 Hz

 Response Time: 7 ms at 1064 nm

*  Limited by 30 Hz HDMI Controller

* Replace with PCle controller to
enable high speed operation and
Overdrive

meadowlark aptics

spatial

light modulators
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Modulate the phase of an image in a microscope for:
Enhanced contrast (Darkfield, phase contrast, spiral phase)
Super-resolution imaging (double helix)

Extended depth of field imaging

SLM:
512x512 pixel SLM Ideally Polarization Independent SLM

SLM

Sample
Objective

Image
Plane
Imaging Lens
2n

Maurer, Christian, et al. "What spatial light modulators can do for optical microscopy Phase Pattern
Quirin, Sean, et al. "Simultaneous imaging of neural activity in three dimensions."

Relay Optics

Pavani, et al. "Three-dimensional, single-molecule fluorescence imaging beyond the diffraction limit by using a double-helix point spread function."

PSF(RGA MBI TUO=F LY

Standard PSF

DH-PSF

meadowlark aptics

spatial light modulators

50 pm

20 pm
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プレゼンター
プレゼンテーションのノート
In Optogenetics the SLM is placed in the excitation pathway of the microscope. In Point Spread Function Engineering (PSF Engineering) the SLM is placed in the imaging path of the microscope. This is harder. The excitation path is polarized, so there aren’t significant losses as a result of the SLM. The emission path (fluorescence emission) is usually photon starved, and un-polarized, making the SLM a bit lossy. All of these customers would prefer a polarization independent SLM. 

The idea of PSF engineering is that you can modify the point spread function of your microscope dynamically so that you can enable different imaging modalities without physically changing the microscope – you just change the phase pattern on the SLM. For example, if you have a transparent cell it may be impossible to see in brightfield imaging, but it really pops with a spiral phase. Likewise phase contrast, and darkfield imaging can be helpful. So it can be helpful to quickly change imaging modes by changing the phase pattern on the SLM. 

At the bottom on the right I show some images of the double helix PSF. This is a good imaging modality because it results in super resolution imaging, with the ability to track the z position of objects by looking at the tilt of the two lobes that each fluorescing object emits after passing through the SLM. This is what the Nobel prize was awarded for. 


PSF TV S= 7Y HELAT IR DH) meadowlrk optis

f=50mm f=S0mm

m I o %
-— o __] | j
Polarising /
Beamsplitter x40, 1.35NA
- ) Olympus Objective
S i —_—
ﬂjﬂg 1 Z-Axis
| Iris s

Tube Lens
f=120mm
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Modulate the phase and/or amplitude of spectral components

* Use a Grating to spatially separate spectral components

» Usediffraction or polarization rotation to provide amplitude modulation
» Selectively phase modulate spectral components

Applications:
Pulse compression (CARS Microscopy)

Scene Gene.ra.tors grafin
Laser machining

SLM:
1x12,288 pixel SLM

LCOS Array

AA

Amplitude Modulation _
through Polarization rotation grating

23



プレゼンター
プレゼンテーションのノート
Pulse shaping is popular, particularly for CARS for imaging specific chemical componds within a field of view. This hasn’t been a huge application, but a steady field. The idea is you use to the SLM to adjust the phase and/or amplitude of spectral components in a broadband source. It is useful for tuning excitation to look for specific biological markers. 
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Super-resolution Imaging
* Use a Gaussian beam to excite fluorescence
* Use a Laguerre Gauss beam to suppress fluorescence

SLM to maintain beam quality in the presence of aberrations.

Phase
Plate
]

SLM: —
i - —Tube
5 12X5 12 pixel SLM Depletion Laser —Emis:f:: to
1920x1152 pixel SLM "/\ AN Dot
———_
Dichromatic
Mirrors

Objective

STED 3D PSF
Fattern
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* Generally don’t need a SLM unless you are doing deep tissue imaging, then you need the

The Concept of Superresolution with STED Microscopy

Widefield Image

STED Microscope
Point-Spread Functions

Excitation STED
Pattern

-

Zero
Point

Saturated Effective
Depletion PSF

(b)
Figure 6 24



プレゼンター
プレゼンテーションのノート
STED is gaining popularity. The idea is that you have an excitation beam that is Gaussian, and a donut beam that is a depletion beam. The sum of the two is an excitation beam that is smaller than would otherwise be possible, enabling super-resolution imaging. It is popular because the power is relatively low, the enhancement in image quality is high, and it is fairly fast. You don’t need a SLM in a standard STED setup. However, more people are pushing toward deep tissue STED imaging, so a SLM is required to clean up aberrations. 
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Quantitative phase imaging

* SLMis placed in the Fourier plane of the image of the sample
* The phase of the image is manipulated 4 times allowing for quantitative
measurements of optical path difference in objects with weak differences in

refractive index

SLM:
512x512 SLM

meadowlark aptics

spatial light modulators

Halogen Lamp
Filarnent

d

Collector Lens 4

Field Diaphragm

APErture e = Condenser SLIM mUdUIE
eendar  Annulus Femmmmmm e
Lens
Specimen
Objective - [
i % Backfacal |

plane

Fourier

lens L,
Tube lens .

Mirror

Image y Fourier Beam LCPM )

plane I lensl, splitter

Phase rings

n/2 n Inf2
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プレゼンター
プレゼンテーションのノート
SLIM is gaining popularity. It allows for quantitative imaging of phase structures, and gives image enhancement for weak phase structures. 

http://phioptics.org/wp-content/uploads/SLIM_setup.png
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