diSPIM and iSPIM User Manual

April 14, 2015

Contents

2.1
22
23

24

2.5

2.6
2.7

Attach the SPIM assembly to the microscope frame . . . . . . .. ... ... ... ....

Attach the scanners . . . . . . . . . . . .. e R
Attachthecameras . . . . .. . . ... ... . ... ..... \ 6

1 Overview
2 SPIM Assembly @

2.3.1 Cameraorientation . . . . . ... .......... q -7
Insert the objectives . . . . . . . ... ... ... .... | Q. .. 7
2.4.1 Withpre-2015piezos . . . . . .. ... ... 9% : e .. T
242 With2015piezos . . . . . ... ... ... ¥e. . - o 9
Care of piezo objective movers 4 . QL 10
Tiger Controller . . . . . ... ... ... ... L . N 12
Connectingcables . . . . ... ... ... ) \ 13
2.7.1 Tiger Controller. . . . . . .. .. 13
2.7.2  Programmable Logic Card (or 13
2.7.3  Light Path A Component 13

2.7.4 Light Path B Componen ﬁ@ i 14

275 Cameras. . . . .. 14

2.8 Laser and Fiber Installatio 14
2.9 Install filters, Filter cubes a rs .. .¢ 14
2.9.1 How to adjust the mirror cubes . . 14

3 The Micro-Manger diSPIM Plugin 15
3.1 Plugin Overview . ... ... LR o B 15
3.2 Before Running the Plugin . . . 15
33 DevicesTab . . .. ... ... 16
34 AcquisitionTab . . . . . . 17
3.4.1 Setting the 3D 17

3.4.2 Time Points . ’ 17
3.4.3 Data Savi 17

344 SPIM % ....................................... 18

345 Acqui%ton ....................................... 18

34.6 MultiplePositions (XY) . . . . . o e 18

347 Channels . . . . . . e 18

3.4.8 Volume Settings . . . . . . . ... 19

349 Advanced Timing Settings . . . . . . . . . . . ... 19
34.10 Easy Timing Mode . . . . . . . . . . e 20

35 SetupTabs . . . . . oL e 20
3.5.1 Tab-specific joystick, sheet, and camera controls . . . . .. ... ... ... ... ... 20



3.5.2 Imaging center and calibration display . . . . . . . . . ... ... Lo 21

3.5.3 Position display and sheet control . . . . . . . ... Lo 21

3.5.4 Setting piezo vs. slice calibration . . . . . . . ... L Lo 21

3.6 NavigationTab . . . . . . . . L 22

3.7 SettingsTab . . . . ... e 24

3.8 DataAnalysisTab . . . . . . . . . . 24

4 Set the Stage Limits 24
4.1 Settheupper Zstage limits . . . . . . . . . . .. L 25
4.2 Setthe XY stage limits . . . . . . . . . . L 25
4.3 Setthe lower Z stage upper limit . . . . . . . . . ... L 26
4.4  Setthe lower Z stage lower limit . . . . . . . . . ... 26

5 diSPIM Alignment 26
5.1 OVEIrVIEW . . . . o o o e e e e @ 26

5.2 Ideal final alignment . . . . . . . .. ... 27
5.3 Beam position and angle: what affects what? . . . .. ... ... ... ) .- . . 27
54 Coarse Alignment . . . . . . . ... e 3 ce 27
54.1 Co-align the SPIM objectives . . . . . .. 7, " 28

5.4.2  Check rotation of cameras and scanners . g b 28

5.4.3 Check course scanner alignment . . . 28

5.4.4  Adjust dichroic mirror tilt 28

5.4.5 Check scanner beam centering . . . 5 & 28

5.5 Finealignment . ... ... ..... . . . 29
5.5.1 Co-align the SPIM objecti ; 29

5.5.2  Adjust dichroic mirror til 29

5.5.3  Adjust imaging mirr 29

5.5.4 Check collimator foc 31

5.5.5 Adjust scanner. 31

5.5.6  Check scanne 31

5.577 Check camera til . . . . . . . 32

5.5.8 Establish ¢ p location® . <0, . 32
5.5.9 Align bottom objective with dbjecti 32
5.5.10 Repeat steps 5.5.1 to 5.544 a 33
5.5.11 Cross calibrate piezoand Sea 33

5.6 Aligning the scanners ep %’ﬂ : 33
5.6.1 Overview . . 33

5.6.2 Remove the s 34

5.6.3 Check fogbea limation 34

5.6.4 Cent%@m atthe back focalplane . . . . .. ... ... ... ... ... ... 35

5.6.5 Cent egnicro-mirroronthebeam . . . . . .. ..o o oL 35

5.6.6 collimatorangle . . . . . . . . . ... 37

5.6.7 the beam at the image plane . . . . . . . .. ... ... ... 37
5.6.Qpeat until centered . . . . . . ... L 38

5.6.9 eplace the scanner on the microscope . . . . . .. ... ... ... ... ... .. 38

6 Locating and Imaging Biological Samples 38
7 Troubleshooting 38



1 Overview

AST’s single plane illumination microscope (SPIM) systems utilize modular mounting and optical components
to allow several SPIM variations and operation on various inverted microscope platforms. Common to all
systems is an objective mounting arrangement that places two objectives perpendicular to one another. One
objective is used to project a light sheet to illuminate the sample and the other objective views emission from
the illuminated sample. On dual (diSPIM) systems the two objectives alternately change roles in order to record
two perpendicular views of the same object.

The SPIM microscope may be mounted on any number of inverted microscope platforms. Most commonly
the SPIM is attached to ASI’s modular inverted microscope on a RAMM frame as shown in Figure 1. Adapter
brackets are available for several commercial inverted microscopes; the specific microscope mounting bracket
will accept the SPIM-MOUNTto which the SPIM microscope assembly attaches.! The following microscopes
are already supported, and other SPIM brackets can be designed on request:

e Leica DMI-6000

e Nikon TE-300, Ti 30

e Olympus IX-71/81, IX-73/83

e Zeiss Axio-Observer
The rest of this document will concentrate on the fithctionjjalignment and of the diSPIM micro-
scope. In a few cases we may explicitly discuss opera the lower-side mi ope focus and camera, which

will be different on platforms other than the RA fra

2 SPIM Assembly O

The steps in this section are demo ted 1n the following Sideo: https://www.youtube.com/
watch?v=TAgbr6IrTqw.
o

2.1 Attach the SPI @ bly to theanickgscope frame

The SPIM assembly is shipped separately
mount assembly has two vertical arms on
frame to the SPIM-MOUNT. Slide.th
the bolts provided (M8 thread with 1
be careful not to rest it on the pi
and rest it on the arm and tube o protect the piezos.

Once you have the SPIM assembly attached to the microscope frame, the next step is to add the scanners

and cameras to the tub@‘lsing the C-mount adapters.

2.2 Attach l‘@nners

Locate the scanner tube lenses, C-mount adapters, and scanners. Attach the scanners to the C-mount adapters
as shown in Figure 3. Attach the tube lens assemblies to the lower MIM-CUBE-II’s using a 2 mm Allen wrench
to secure the three set screws to the adapter ring. Insert the C-mount adapter with scanner attached into the tube
lens fitting and secure with the set screws”. Be sure the scanner assembly is aligned parallel / perpendicular to
the MIM-CUBE-I1.

assembled. The RAMM frame stand or the microscope
@ where 2 dowel pins each (total of 4) connect the microscope

tive movers (where the objectives will go) but instead tip it backwards

Because the brackets utilize the transmitted light pillar mounting connections attaching the SPIM precludes use of the transmitted light
optics.

20n some early systems the scanner tube lenses were fixed to the frame, similar to the camera tubes. This is no longer recommended.
Some hardware changes may be required to retrofit to the recommended configuration with the scanners fixed to the filter cube; contact ASI
for details.



Figure 1: Typical %i%diSPIM system on RAMM frame showing major components. 1) SPIM-MOUNT,
2) SPIM-RAM ), arm mount (RAQ-0046), 4) piezo objective mover APZOBJ-200 or similar, 5) MIM
inverted micro% with LS-50M stage, 6) CDZ-1000 centering stage,’" 7) LS-50M stage, 8) MIM-CUBE-II
w/ mirror, 9) MIM=-CUBE-II w/ fluorescence filters, 10) C60-TUBE _ B imaging tube lens, 11) C60-TUBE 160
scanner tube lens, 12) SOmm extension tube, 13) MM-SCAN 1M light sheet scanner, 14) MS-2500 XY stage.
T On the RAMM frame we prefer to use a solid block for stability instead of the CDZ-1000, and instead
co-align the lower objective with the SPIM objectives using the lateral adjusters on the lower objective.
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Figure 3: Scanner assembly: a) Scanner attached to C-mount adapter with tube lens assembly ready to be
installed. b) Tube lens assembly is attached to lower cubes on the microscope. ¢) Scanner attached at C-mount
with poor alignment; d) better alignment.

d)



Figure 5: Scanners and Hama ash4 cameras installed in conventional orientation.

[ )

The scanners should be atta N—; that the fiber connectors are facing upwards and in toward the center
at a 45 degree angle as shown res 3, 4, and 6. Be sure all of the set screws on the lens tubes, cubes,
and C-mounts that hold thegscan are snug and the that scanners cannot wiggle around on the mount. After
firmly securing the C- t@ythe scanner, tilt adjustment is made by rotating the C-mount in the lens tube and
securing with the set s or the C-mount.

2.3 Attacg meras

The camera tube lenses are fastened to the SPIM-MOUNT with a pair of ring clamps that clamp the tube lenses
to the frame. The end of the lens tubes should come to within about Imm from the mirror cube on the SPIM
arm. This allows the entire objective pair assembly to be moved up and down for focus without needing to
move the cameras. When the objectives are lowered into position for viewing a sample, the camera tube lenses
assembly can be adjusted so that the tube lenses are centered on the mirror cube. Two M8 Allen head bolts hold
the lens tube support arms to the frame. By loosening those bolts it is possible to adjust the position of the lens
tubes to be centered on the mirror cube.



2.3.1 Camera orientation 0

The user has a choice of camera orientation. Although othe s are possible, oufi@onvéntion® is to have
the image of the illuminating sheet laser beam appear horizéntal Wi e laser comy the right objective
appearing as coming from the right side of the left-side image and vise v & opposite objective.*
Figure 7 shows the Micro-manger MultiCam image €f the light"sheet laserseite a dye solution when the

cameras are positioned as recommended.
For the
laser to appear horizontally, the cameras neg 5 at 45° fro tical. Figures 4, 5, and 6 respectively

show Andor Zyla, Hamamatsu Flash4, Ed ge cameras o e conventional way.

asily slide out of the arm for easy exchange and cleaning of
objectives. The linear adjuster is fixed insge @ being moved by the piezo, improving speed slightly. Finally,

the bushings include teflon glides © k nug.
Refer to the appropriate secti n‘ your objectives.

2.4.1 With pre-2015 piezos

to make space, and su tly returning the bushings to the desired position. However, to lessen mechanical
stresses on the pie ors, we now recommend assembling the objective with bushing and piezo objective
mover (and lag; juster if present) separately from the microscope and then attaching it to the SPIM arm

At one point we recor@cj‘screwing in the objectives one at a time, retracting the objective bushings fully
t

mount. This objective bushings do not need to be retracted beyond their normal travel, nor do you risk
damaging the objective threads as you begin screwing it in slightly off-axis.

Begin by removing one SPIM arm, intact, from the arm mount so you can access the screws connecting
the piezo objective mover to the arm mount. It does not matter which side you remove. On the arm that you
will remove, detach the electrical connector to the scanner along with its fiber optic cable. Loosen the three set

3which is consistent with the Nature Protocols paper at doi:10.1038/nprot.2014.172

“Depending on the sample aspect ratio it may be faster to rotate the cameras by 90°. Attaining maximum imaging speed depends on
how the camera is rotated relative to the size and shape of the sample being imaged. Camera readout on sSCMOS cameras is generally by
row, alternating from the center of the image outward.



Figure 7: Laser beams seen by cameras in conventional orientation. The green image is e left-side

camera and shows the beam from the right-side scanner ent from the right an ally stiking the
coverslip where it stops. The red image is from the righté8i a, shows t rom the left-side
scanner on the same

though the alignment:
t the camera mirrors need

Figure 8: Removing the SPIM arm and piezo objective mover from the SPIM arm mount. a) Close-up view of
the screws holding the lower cube and rest of SPIM arm to the arm mount (yellow arrow) and also the screws
holding the piezo objective mover to the SPIM arm mount (red arrows), b) Separating the SPIM arm from the
mount, ¢) loosening or removing the screws holding the piezo objective mover to the SPIM arm mount.



Figure 9: Three orthogonal objective adjustors. a) Left objective focus bushing, b) Right objective focus bush-
ing, c) Lateral objective adjustment screw. The vertical objective position adjuster (d) is used mainly to lower the
objective when changing lenses. Its effects are similar to the left objective focus bushing, and hence redundant.

marked with a yellow arrow in Figure 8a). After loosening the set screws you may need to pulls n the
SPIM arm to disengage the support dowel between the lower cube and the arm mount. Note tha M arm
is heavy. Gently set it aside.
Next remove the piezo objective mover (APZOBJ) from the@PIM arm mount as shown in‘Bigure 8c. Loosen
the four screws made accessible by removing the SPIM aui; t the screws * with red arrows in
afa

screws around the ring connecting the arm mount to the bottom cube (labels 3 and 9 in Figure 1@0 rew
1

Figure 8a. It is possible to fully remove the piezo obje ed to it from the arm
mount, but usually it is sufficient to simply loosen bjective into the bushing
on the loosened piezo objective mover. Make sure the
between the objective bushings and the piezo or mou

ings (RAO-0004 and RAO-0023)
ut snug fashion. Newer objective

s retrofitted with judicious use of Teflon
vided with early SPIM systems. The gap
d be about 5\mm on both sides (about 2\mm

bushings have Teflon glides to keep th
(plumber’s) tape. ASI no longer re
between the objective bushings
if you have the lock nut installeg

If needed, now is the tinie
of the diSPIM that was left 1
Z stage).

Re-attach the piezo objective mover

o
e objectiv thelother side of the diSPIM. It is easy to access the side

aow that mLQ\ e'other side is removed (if needed you can raise the upper
]

ctives by screwing it into the SPIM arm mounting plate.

Finally, reattach the SPIM arm to the a
With everything reassemble; ectives aligned (co-focused) “by eye” as best as possible using
the bushings and the objective a own in Figure 9. For two Nikon 40x NAO.8 3.5 mm WD objectives,

the gap between objectives is mm. Use the adjustors shown in Figure 9 to move the objectives into
position until they are visu‘ly S etric from the front of the microscope and aligned forward and backward

as well, as shown in Fi l(b

We recommend avause of the vertical objective position screw (Figure 9d) after the objectives have
been aligned by ey, e vertical adjuster screw is not loose but also not so tight that the lateral adjustment
is impossible. Bec e lateral and vertical position adjusters are coupled you may need to work the screws
against each o%

In further adjistments we will move the objective focus bushings on both sides to focus and manipulate the
right objective laterally using the lateral objective screw (Figure 9c).

2.4.2 With 2015 piezos

Inserting the objectives is significantly easier with the 2015 piezo mounting scheme. The piezo actuators and
everything attached to them slide in and out of the SPIM arm mount (RAO-0046) using a dovetail mechanism.
A new lateral fine adjuster sits between the piezo objective mover and the SPIM arm mount. The objectives are



ominal spacing
etween objective

Figure 10: Close-up view ofhe

brought into co-focus in 3-dimensional spac ogonal adj ents: the lateral adjuster and screwing
or unscrewing the two objective bushings i ezo top plate.

To remove the piezos from the SPIM ar t, first looser& w on the bottom of the arm mount;
it is the center screw of the 3 on the si SPIM arm me@figasishown in Figure 11. This set screw secures
the dovetail joint in place. Once 4@ et s is loosened, @ bwer (male) side of the dovetail slides out of
the arm with a firm pull. Oncegthe @ ail is separated.it is,easy to insert, remove, or clean the objective (see

Figure 12). Both sides of t
one side.
Upon re-insertion, the dovetail will “click”\ ition and then the set screw should be tightened.
With the objectives inserted and ever eassembled, get the two objectives aligned (co-focused) “by
eye” as best as possible using the bush'@ th sides and the lateral adjuster. When aligned, the objectives
n

hanism, though it may only be necessary to remove
[ )

will be symmetric when viewed from t the microscope and aligned forward and backward as well, as
shown in Figure 10.

2.5 Care of piezo ohjectivé movers

The piezo objective mOyers .e the most failure-prone component of the diSPIM system. It appears that the
piezo actuators ca ged by external stresses, including as screwing the objective bushings in so far that
the piezo top plat ved mechanically (impossible with 2015 piezos or more recent; for older systems be
sure to follow l%tructions in Section 2.4.1), crashing into the sample chamber, or resting the SPIM assembly
on top of the piez@ objective movers when assembling the microscope. As a general rule, be careful not to apply
external mechanical force on the piezos.

During normal use the piezos are also stressed electronically. Because the electronic stress scales quadrati-
cally with applied voltage, being in the extreme negative position (near the sample) wears out the piezo faster
than using the piezo near the center position. Of course electronic stresses are part of normal operation, but if
the diSPIM is not being used for a long period of time then we recommend either turning off the Tiger con-
troller or else using the MC <axis>- command to disable the piezo axes (this reduces the applied voltage to
even less than the center position). In Micro-Manager this can be done easily using the “MotorOnOff” prop-

10



| adjuster screw

Figure 12: 2015 piezo objective mover with lateral adjuster.
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Figure 13: Tiger Controller

erty of the piezo stages, setting its value to be “On” in the S -Startup conﬁgura et and “Off” in
the System-Shutdown preset (see the Micro-Manager Con n @Guide). Th turning off Micro-
Manager suffices to put the piezos in a good long-term cared for pr € expect most piezo
objective movers to last much longer than the one-yeagwa erlod

As of December 2014 we recommend 150 um -tr: 1€Z0 ob]ectlv increased flexure width,
which reduces the tendency for side-to-side vibration of iezo top pl sponse to other vibrations (e.g.
from the camera fans or imperfect isolation 0
2.6 Tiger Controller
The motion components of the oscope are C ed by ASI’s modular Tiger controller. The
controller should be located nea scope such that al es reach and so that the indicator lights on the

face of the control units ca

A typical diSPIM controlle ains the ﬁll ngimodules:

TG/COM
Communications card with USB cgnn@ ost computer. Supports four-axis joystick/knob pod.

X/Y

Two-axis XY stage card. Adso supports a dimmable LED illuminator.

e /7%

Two-axis card q@focus (F) and lower microscope focus control (Z). May also have an LED illuminator.

MICRO-MIRR

Four-axis micro-mirror controller card. Controls two standard light sheet scanners, or a single scanner with
anti-striping micromirrors. Control logic for synchronizing the light sheet, camera triggers, and piezo motion
resides on processor in this unit.

TTL /PLC

TTL buffer card or Programmable Logic card outputs lasers and camera control signals.

12



PIEZO P

P-axis objective piezo positioner card.

PIEZO Q

Q-axis objective piezo positioner card.

2.7 Connecting cables

Cables to all components are labeled. On the diSPIM there are identical cameras scanners and piezos on both
sides so it is important to keep straight which cables go where so that the control software can work as intended.

Install all motion control cables to the appropriate Tiger controller module. Be careful d Z/F
cables are not interchanged. Check serial numbers on the piezo objective movers and contr@lle e-plates to

be sure to connect the cables to the correct controller module.
Connect the Tiger USB connection to the host computer. 0

2.7.2 Programmable Logic Card (or TTL) Card &s
e
S:

2.7.1 Tiger Controller
As a safety precaution power off the Tiger controller when connecting or disconnecting cables. @

The Programmable Logic Card, or PLC, was introduc 5 and is uge TL control of the cameras
and lasers. It’s outputs should be connected as fo
1. Path A camera trigger (right-side ca w
2. Path B camera trigger (left-side damera *
3. Not connected (high to indi h acquisition) 0
Laser side select d% o

Laser #1 on/off

()
Laser #2 on/off \
Laser #3 on/off
@ 6
Laser #4 on/off \
Which lasers are #1-4 does no
specified in software. In Micro-V

el A

, because the mapping between PLC output and a user-defined label is
anager, define presets using the property “OutputChannel” of the PLogic

device (a shutter). ®
If you have a TTL%(non-upgraded systems shipped in 2014 or earlier), CAMO and CAM1 are for
camera triggers of@ and B respectively. LSRO is for the laser on/off control, and LSR1 corresponds to the
laser side seleof” L nd LSR1 may be connected differently if you have a non-standard laser configuration;
contact AST if eed more information.
2.7.3 Light Path A Component Connections

e Left-side scanner is connected to cable end marked BA .’

e Right-side imaging piezo P is connected to the P-axis Piezo card.

o Right side camera Trigger is connected to PLC #1 (CAM 0 on the TTL card).

SBefore March 2014 other cables and scanner orientations were used. Contact ASI for new cables.

13



2.7.4 Light Path B Component Connections
e Right-side scanner is connected to the cable end marked DC.
o Left-side imaging piezo Q is connected to the Q-axis Piezo card.

o Left-side camera Trigger is connected to PLC #2 (CAM 1 on the TTL card).

2.7.5 Cameras

Install the camera cards in the host computer according to the manufacturer’s instructions, taking care to install
any appropriate drivers along the way. In some cases, drivers need to be copied into the Micro-Manager install
directory, consult the Micro-Manager wiki or manufacturer’s instructions for details.

Connect the camera data cables to the camera cards in the computer. The camera trigger cables should be

connected as described. \

2.8 Laser and Fiber Installation

There are many possible laser configurations that are theoretically supported. A bare-bone ach uses a
single fiber coupled laser which is split with a fiber splitter ftto gwo outputs for th anners. In this
configuration both output fibers have light simultaneously. nexs act as imperdect shutters (~0.1% trans-

mission) when steered to their blanking position.

More commonly, users have a laser merge modulefwith dualoutputs whic of multiple laser lines
and includes a routing switch that will direct the laser utone of tw . The outputs on the TTL
or PLC cards control the lasers. For a single-coldfisetup, ¢@nnect the TTIRlasenon/off control to LSR 0 and the

fiber-switching signal to LSR 1 on the TTL g gontrol of multiple laser lines, the PLC card is required.
Generally PLC outputs #5-#8 are connectef @ respective las ontrols and #4 is connected to the

fiber-switching input. c
2.9 Install filters, Filter Mirrors

Dichroic mirrors, emission exeitation filters s gstalled in the C60-D-CUBE for each SPIM arm.
Similarly, install the right & % ors for the tubes in the appropriate cubes. Details are shown in
Figure 14.

Remove the two thumbscrews the ho t dovetail mount, C60-DOVE-II, in place. Give a slight

Remove the dovetail mount sectiof fr M-CUBE-II’s covers as shown in Figure 14b. After installing
the filters and/or mirrors accor manufacturer directions, reinstall the internal cube on the dovetail
and then reinstall assembled a e dovetail mounts, with their appropriate filter cubes or mirrors, on the
microscope. Be sure the three k atic adjusters engage their seats. Press the three magnet buttons to engage
the hold-down magnets. lge the thumbscrews and lightly tighten them.

tug and twist so the magnets holding ﬁ; place will release the cover assembly from the cube body.

2.9.1 How to ad@ irror cubes
The kinematicfadjusters are used during alignment to tilt the mirrors in the MIM-CUBE-II’s, both for camera
mirrors and dich mirrors. You will have best results if you follow these steps.

1. Loosen the thumb screws several turns. Do not manipulate the adjustment screws while the
thumb screws are engaged; doing so can strip the adjustment screws.

2. Grasp the cube body a apply modest pressure to the center of the adjustable face with your thumb to
firmly push the kinematic adjusters into their seats. See Figure 23. You may need to tighten the screws
slightly so that the adjustment screws “catch”.

3. Turn the three adjustment screws as necessary to steer the mirror using a 3/32” Allen driver.

14
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Figure 14: a) Internal filter cube, C60-D-CUBE, shown disassembled and ready for filters. Use the bronze
spacer behind the dichroic mirror if using 1 mm thick mirrors. It is very easy to warp mirrors. Barely tighten
the mirror retaining clip screws. b) Cube installed on the C60-DOVE-II adjustable cube dovetail mount. There
are two set screws on the dovetail mount. One has a small cam end that engages a slot in the internal cube.
Align the filter cube slot with this screw and tighten until the cam engages the slot. The cam will alloWg the cube
to be moved slightly up and down. Place in the neutral position and tighten the nylon-tipped set sc&hold
the cube in place. ¢) Right angle mirror installed on dovetail mount. b

4. When where desired, lightly snug down the thumb screws
face. Slight movement may occur depending on the o

d only then release yo e on the cube
tightness in which¥gou tighten the thumb

ts. 0

Micro-Manager comes with a plugin provididg 4 ich facilitat, i ent and use of the diSPIM system.

Micro-Manager is a free and open-sourc re package wi pabilities available at https://micro-

manager.org/. If you are not familiar it i v&rea ing the User Guide and Configuration

Guide before proceeding. Micro-mas nually beij ved. If you discover problems there is an
elp > Report m.

easy way to report it to the devel€ @

The diSPIM plugin is al ” unctional bu centinually being improved; accessing new features
is as simple as installing the i i ightly builds are usually functional and include the
latest improvements to the p anager; a major release happens every quarter). If you

contact the plugin authors.

encounter problems or have feature request:

3.1 Plugin Overview °

In the main Micro-Manager wi x: can open the plugin under Pluginst Device Control > ASI diSPIM.
Keep the main Micro-Manager accessible; the plugin generally does not duplicate functionality already
provided there. The plugigghas different tabbed panels for accessing different plugin features for performing

various tasks. ®

The GUI remembe@t of its settings from run to run. Some settings are stored on the Tiger controller
(e.g. sheet sizes). ore mid-November 2014 some settings were only stored when the plugin was closed
before Micro-Man

3.2 Before Running the Plugin

Before running the diSPIM plugin, you should create or load a Micro-Manager hardware configuration with all
the relevant devices. In the Hardware Configuration Wizard (Tools>Hardware Configuration Wizard) add the
Tiger controller (ASITiger > TigerCommHub) and then load all of its peripherals (with the possible exception
of the LED shutter). Add the cameras, including creating two devices for the two SPIM cameras for diSPIM
systems.

15



ASI diSPIM Contra = =
MNavigati
avigation % Stage:
Setup Path A
Setup Path B Lower Z Drive: :ZSiage:Z:SZ -
Acquisition
Data Analysis | Upper (SPIM) Z Drive: | Z5tage:F:32 -
Devices : }
Settings PLogic Card: PLogiciE:36 + |
Helj - =
Lower Camera: \BottomCam ~ |
Multi Camera: :MulﬁCam -

Imaging Path A

Imaging Path B

Scanner: Scanner:AB:33 | Scanner:CD:i33 « |

Imaging Piezo: .PiezoSiBge:P:Sﬂi = .Piezostage:Q:SS -

N Imaging Path B highlighted
ey e — R e— a (checkered component

W Piezo A
) Mote: plugin must be restarted for some changes to take full effect.
W Piezo B

Figure 15: Device tab @ o
For diSPIM, you should also create a Multi Camera 9nstance (i the Hardw. uration Wizard, use
S 3

€
Utilities > Multi Camera). You should assign the progerti ItiCam-Physi€a era 1”7 and “MultiCam-
ecial “Syste guration group with preset

Physical Camera 2” to the two cameras, ideally usin,
name “Startup” as described in the Micro-managegywiki 4

3.3 Devices Tab O

Here you assign Micro-Manager ﬁoles within t &1 his is required before using most of
the plugin’s features, but is youdwill en ed to re-visit b if you change hardware configurations in
Micro-Manager or if you launeh ﬁ n without t evi@s loaded, thus causing the plugin’s settings to be
overwritten.

For diSPIM mounted o g SI inverted
work, depending on support in Micro-Mana t for that linear stage.

“Path A” and “Path B” refer to the t ths as noted in Section 2.7 and shown in the figure of the
plugin’s Device tab for reference. Theg8cal micro-mirror) and illumination piezo will be one one side of
the physical microscope, and th % 1 and camera will be on the opposite side. For the scanners
and piezos care must be taken tO; e plugin device assignment with the physical hardware. For ASI’s
typical controller configuration @ Path A” you should select the scanner with axes A and B (usually the left
scanner), imaging piezo asgaxis P#usually right piezo), and the camera which is connected to the right side of
the physical microscop h%lower (inverted) Z drive is axis Z, and the upper Z drive (on which the SPIM
assembly rides) is axis igure 15 shows a typical way the Device Tab would be filled out; this is a typical
diSPIM configura Xcept no bottom camera is used.

For single-gided GSPIM) you can leave the “Path B” devices blank.

Support fo PIM cameras must be added to the plugin code on a case-by case basis.® Please contact the
plugin authors with requests to add support for other cameras. Currently the supported cameras are:

pe frames the “Lower Z Drive” device may partially

e Andor sCMOS cameras. Use the AndorSDK3 adapter. The bit depth defaults to 12-bit but if you want
different the best fix is to add an assignment in Micro-Manager’s “System” group “Startup” preset (see
the Configuration Guide).

5The main reason why arbitrary cameras cannot be used is that the SPIM cameras are TTL-triggered during SPIM acquisition but
triggered by Micro-Manager during alignment. Thus, the plugin has to know how to switch the cameras between internal trigger mode and
external trigger mode, and thus the relevant properties need to be hard-coded into the plugin. Hopefully in the future there will be a camera
API call in Micro-Manager to change triggering modes.
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Figure 16: The acquisition tab of the diSPIM plugin with advanced timing settingsd ed.

o Hamamatsu Flash 4. Use the HamamatsuHam deyice“adapter. Trigger p
best fix is to add an assignment in Micro-Manag€r’s¢'Systém” group “

tion Guide).

e PCO Edge. Use the PCO_Camera ad Vy PixelRatedefaults to slow, but for fast frame rates
you probably want the "fast scan"; ﬁ fix"1s to add an nt in Micro-Manager’s “System”
group “Startup” preset (see the figuration Guide). *

3.4 Acquisition Tab %
In the Acquisition tab, sho Y 6, you set Beters for the SPIM acquisition and initiate acqui-

sition. This panel is analog@ e Multi-Dgacquiist window in Micro-Manager, except that the positions
of the imaged volume are not ified here. ab the joystick and wheels are not functional by default,
although a check box is present to enable t ystick settings as on the Navigation panel.

3.4.1 Setting the 3D ROI 0\6

Use the Setup tabs to specify t erslice position. The number of slices per volume and the slice step size
determine how far on each side center position is imaged.

Use Micro-Manager’s fual mechanism to specify the ROI of the two SPIM cameras. Documentation in the
Micro-manager User’s c®

3.4.2 Time P 'n@

Here you speci number of time points and the interval between them.” The amount of time for the entire
acquisition (all time points) is displayed. If the checkbox is left unchecked then only a single time point will be
collected.

ults to negative; the
eset (see the Configura-

3.4.3 Data Saving Settings

Here specify where and how the data is saved.

"The plugin actually triggers separate single-volume acquisitions in the controller. It is technically possible but not currently imple-
mented to use the controller to set up repeated acquisitions.
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e Separate viewer / file for each time point: performs a separate Micro-Manager acquisition for each time
point, implying a separate viewer window and separate file. In general it is better to let Micro-Manager
save all time points to a single file. Currently a bug prevents proper operation with separate viewers if
“Hide viewer” is also selected.

e Hide viewer: suppresses the Micro-Manager viewer. Note that hiding the viewer is cosmetic only, it does
not improve the computer’s ability to stream acquisition data to disk because the data collection runs in
its own thread.

e Save while acquiring: saves the data to disk; if unchecked then data will be saved in RAM and the user
will have the option to save it later. Obviously, for large acquisitions the data must be saved to disk

directly.
3.4.4 SPIM Mode \
Currently several modes are supported:

e Synchronous piezo/slice scan: standard use, the piezo and sheet move together throug th

e Slice scan only: suppresses movement of piezo but still es the light sheet. It 1 r characteriz-
ing light sheet thickness.
e No piezo or slice scan: neither the piezo nor lig ves. It is usef cterizing vibration in

the system.

Other modes will be added in the future, for example usi e XY stage\&mple through a stationary

light sheet. O
3.4.5 Acquire Button
Obvious function. Click it dun% ion to abort. atus string informs you which time point is

being acquired.

3.4.6 Multiple Positions

If the box is checked, the plugin will use anager’s position list to acquire volumes and multiple lo-
cations. For each time point, each posi 51ted once. See the section “Position List Dialog” of Micro-
Manager’s User’s guide for more (htal ing the position list.

3.4.7 Channels

The channels feature is pafterned after that of Micro-Manager’s Multi-D Acquisition (documentation in the
User’s Guide). It is fiimonly used to take volumes with different colors. Using the channels feature
requires creating a resets which contain all the settings for that channel. Selecting that group in the
pull-down menu a@] the desired presets.

Simple pe channel switching is implemented and is the only choice unless a Programmable Logic
Card (PLC) is present in the controller; this mode is generic and can be used with any Micro-Manager group.
PLC-based channel switching is hardware-based, requiring extra setup time but then no delay during acquisition.
Using the PLC, channel switching is possible on both a per-volume and per-slice basis. In this case the channel
group must contain the property “Output Channel” which is used to select the correct laser to trigger; other
properties in the channel group, if any, are ignored.
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3.4.8 Volume Settings

These settings determine Use the parameters in the “Volume Settings” group to set up the stacks collected as
follows.

e Number of sides: 2 for diSPIM, 1 for single-sided.
e First side: which of Path A or Path B goes first.

e Delay before side: wait period after initiating the side (moving the illumination objective into position
and the imaging piezo to its start position) before beginning stack acquisition.

e Slices per volume: number of frames to acquire on each side.

e Slice step size: increment of imaging piezo (and light sheet will follow) for each slice, i.e.the Zsstack step
size.

e Minimize slice period: when checked the plugin will go as fast as possible.

e Slice period: requested period of each slice, if not minimized. 0

e Sample exposure: requested illumination time. Curre lighited to half-integef§yalue$ in milliseconds

ROI and settings above.

e Use advanced timing settings: when che wﬁontroller timingysettings can be edited directly in a
pop-up window. Use this if you want @ values that @ in computes.
e volume, and&o a

o

with integer steps. @
e Calculate slice timing: calculates and populategfthe, conttoller’s timim$ s based on the current
t

—_

The time required for acquiring each slice

tions” box in the upper left.®
3.49 Advanced Timing %

quisition is displayed in the “Dura-

The detailed controller timi gs are hi ault but can be changed if the “Use advanced timing
settings” box is checked. See ’s TG-100 cumentation for timing diagrams and further details.

The advanced timing settings have c nce to controller settings (see TG-1000 SPIM documenta-
tion) as follows: a

e Delay before scan: time b & egins (gives piezo stages time to move/settle before sheet acquisition
is started). (NV X)

e Line scans per slice: @low many one-way beam scans per slice. (NR X)

)
e Line scan period@for one sweep of the beam (SAF <axis>)

e Delay begr sefr delay before laser trigger is fired. (NV R)

e Laser du : duration of the laser trigger. (RT R)
e Delay before camera: delay before camera trigger is fired. (NV T)

e Camera duration: duration of camera trigger. (RT T). In current version of the plugin, the camera
exposure is set to this value as well for edge triggering, or set to 1 ms for overlap/synchronous mode.”

8The actual time of the stack (and also the slice period) may be slightly longer due to the firmware implementation details.
°In the future we would like to utilize level triggering as well.
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Figure 17: The Setup panel of the4iSPIM plugin. 0

By default the controller’s timing settings are not di accessible; ipst ecify the “Slice period [ms]”
%ﬁ

&

3.4.10 Easy Timing Mode

and “Laser exposure [ms]” in the Volume Settings. Us button ce timing” to automatically
i epends on t t and readout time of the cameras,
sing the mai Manager window. Any extra time

in the slice is placed before the camera allow maximum ti 1piezo settling. The values computed
by the easy timing mode are shown in 1ming settin n b€ subsequently modified manually.

i ode uses is d@d here for the curious. Only one line scan per

era readout time, any extra delay time, then camera reset time,

time, the 1 ’ for the first 0.25 ms and last 0.25 ms of the scan

scan is ljgni crements of 1 msthen the laser exposure time must be

a half-integer number of millisé€onds). An empisicaliscanner delay according to its Bessel filter is included (so
the scan signal is shifted slightly earlier). rounded to the nearest 0.25 ms except the camera readout
and reset times which are always “roun the next multiple of 0.25 ms. Camera reset and readout times
are computed according to manufdetu information and the ROI; they try to account for worst-case
jitter. The camera readout time 0df the “Overlap” on “Synchronous” mode of the cameras is used.

3.5 Setup Tabs °

There are two setup tal@lsr each optical path. This tab is essential during diSPIM alignment, and it is also
used to set the cen itiOn of the imaging piezo (by extension the center of the imaged 3D volume). If you
have a single-side M) system then ignore the second tab.

3.5.1 Tab-specific joystick, sheet, and camera controls

Each setup tab has an independent set of joystick/wheel controls, beam controls, and camera control. These
settings belong to the tab; e.g. the joystick settings can be separately specified for the two different Setup
tabs. The joystick settings become active when switching to the tab. The beams settings on this panel will
be automatically set on changing to this tab if the “Change settings on tab activate” box is selected, otherwise
the beam settings will remain the same as they were before switching tabs. The beam control uses the scanner
“blanking” feature, so it assumes that both scanners have input light (e.g. a passive splitter between the laser and
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the scanner). Unless the “No change” option is selected, the camera will automatically be set to the specified
camera when the tab is selected.
Similar controls exist on the Navigation tab.

3.5.2 Imaging center and calibration display

The center position for the imaging piezo is shown and can be changed on the top line of the right side. When
the “Set” button is clicked, the current imaging piezo position is selected as the new center. This setting is
crucial for acquisitions, but can be ignored during alignment.

The up and down arrows in the far upper right of the Setup tab move the piezo and slice together according
to the calibration relationship. The amount of piezo travel per button click is set just to the left of the arrow
buttons. This is useful for checking whether the calibration relationship is correct, and also for moving through
an actual object of interest to make sure that acquisition settings are correct.

3.5.3 Position display and sheet control \

The position of the slice is shown, along with the positions of both the imaging and illuminat s. You
can enter a specific position for the axis to move to using the white-background text entry bo
For single-sided operation there is no piezo stage on the i ination side. For di the illumination

piezo has a special "home" position where it goes while bei r illuminati II"that the imaging
piezo will be moving along with the slice position). The i i piezo will a ically go to this home
position when the tab is selected if the “Go home on t

The sheet width and offset affect the sheet dimens

area. The “+” and “-” buttons change the value iffgsmall
changes.

3.5.4 Setting piezo vs. slice calibra

er position of the illuminated
unts; the slider: asier to use for making large

After alignment is complete the er moyement in the s rection needs to be cross-calibrated with the
imaging piezo. During volume , they will movet@gether through the sample to create a stack of

images. @
]

Both the piezo objective and micw- i ased scanners have decent intrinsic linearity, so it suf-

fices to identify two distinct 16eations where t o 1s focused on the light sheet and compute a linear re-
lationship between the scanner position a g piezo. The plugin identifies these as “Calibration Start
Position” and “Calibration End Position’™ er these two special positions are set using the red-bordered
button, click the green-bordered butto “2-point” (originally “Compute pizeo vs.slice calibration”) to
populate the slope and offset o ibggtion relationship. The computed values can be manually tweaked if
desired. The slope and offset wi sed during acquisition along with the (piezo’s) imaging center position to
move the piezo and sheet toget ugh the sample while the image stack is acquired.

During normal operatih the offset will drift slightly, however the slope will remain relatively constant.
Clicking on the green- @ button labeled “Offset” will adjust the calibration offset without changing the

slope. The new cali
click it.
The reco

ffset is based on the current position, so the beam should be in focus when you

procedure to set the calibration start and end positions is as follows:

1. Introduce @fluorescent dye or bead sample where the sheet can be easily visualized, in particular whether
the imaging piezo is in focus.

2. Make sure the upper Z stage and illumination piezo are in good positions.

3. Move the imaging piezo to what will be approximately one end of the image. For example, if you are
imaging an object that is 50 um across (and the imaging center is close to zero), move the imaging piezo
to 25 um. You can do that by manually entering the imaging piezo’s position.

101t does not matter which of the two points is “start” and which is “end”.
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4. Use a joystick knob to move the scanner’s slice position until the beam is in focus. In a dye solution this
is easiest when the sheet is turned off, or with a bead slide it is easiest when the sheet is turned on.

5. Click the red-bordered “Set” button under “Calibration Start Position”.

6. Move the imaging piezo to the other end of the imaging piezo’s normal range, e.g. —25 yum for this
example.

7. Use the joystick knob to move the scanner’s slice position again until the beam is in focus.
8. Click the red-bordered “Set” button under “Calibration End Position”.

9. Click the “Go to” buttons for both start and stop to make sure that the imaging piezo and scanner’s slice
position are correct (i.e. beam in focus) at both points.

10. Click the green-bordered “Compute piezo vs.slice calibration” button to compute the slope an set of
the calibration relationship.

11. Check the computed calibration using the up and down arrows in the upper right of the &b (you
may need to increase the increment before doing this).
3.6 Navigation Tab % Q:
e the i g

all ten diSPIM axes.

The Navigation tab (Figure 18) allows the user to eagily vi

The position of all available axes are visible. By de

tions the ed once per second; see the
Settings tab to enable/disable updates and changé&ihe up interval.
Below the tab names there is a “quick gl@ee™ i ation of poditiong to avoid needing to return to the
e 0

Navigation tab just to make sure an axis is d @ @ OWS:

e Gray = no device 6
Green = centered o
o
o

a

W chang

Orange = near center

Red = far from center \

Pink = making sheet (scanner only

Black = beam turned off

C’x )

Like the Setup tab, there ar ific joystick, beam, and camera controls. See Section 3.5.1 for details.
You can enter a specific positi the axis to move to using the white-background text entry boxes to the
immediate right of the curr@ht position.

The white-backgro ex’entry boxes between the
and “+” buttons wi
A button is proydedyto move each axis to the zero position. It is very useful to move the upper and lower Z
axes to the im% sition, then use the “Set 0” button to set that position as zero so it can be easily returned
there with a singlgfbutton click.
Finally, clicking the “Halt!” button will send a command to the Tiger controller to stop the movement of all
axes; this is useful mainly if a crash is about to happen.

@ 9 @ 9

and “+” buttons specifies an increment that the
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Figure 19: The Settings panel of the diSPIM plugin.
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Figure 20: The Data Analysis panel ofgthe diSPIM plugin. o

3.7 Settings Tab & @

The Settings tab (Figure 19) contains various settings elonging elsewhefe:

The micro-mirror drive card has adjustable sel o filters to preteepthe filter from being driven near
its mechanical resonance (usually > 2 kHz). Seiti usually acceptable, and in general
the shorter the scan period (and faster framg

The camera triggering mode is spegi Tamamatsu Flash4 cameras there is the
possibility to have consecutive triggers i infage capture; this is termed respectively

“Overlap” and “Synchronous” b 6 man
also reset to begin the subsequent € ,® time is reduced and it allows for faster camera
ailable with_the &Edge, however, a new exposure can begin shortly

frame rates.!! The same mof
after the readout starts whi efer to as “Rse rlap”.

3.8 Data Analysis Tab \
In the future we would like to include t% o manipulate the acquired data including registration of the two
views and joint deconvolution i diSPIM plugin. At present the Data analysis tab (Figure 20) allows

exporting the acquired data to t required by the MIPAV GenerateFusion plugin and Fiji’s Multiview
Registration plugin. In the latt , the XML file that would normally be generated in the “Define Dataset”
sub-plugin is performed dlﬂnidata export.

Also in this tab t e“Some buttons to access commonly-used Image] commands. They are simply
shortcuts to the I ands, so they operate on the top-most image window.

4 Set th&age Limits

When first setting up your microscope you should set the limit magnets on the motorized stages to prevent
crashes that can break coverslips or worse. This is especially important when using the 24 mm x 50 mmcoverslip
chamber, where there is not much lateral travel room and the coverslip glass is easily broken. Although the TG-
1000 firmware supports software-defined limits, setting hardware limits using the provided magnets is the most

11 N . ~ .
tfmme ~ tglobal — readout with OVGFIaP mode, tframe ~ tglohal - Ztreadout otherwise
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foolproof way to prevent crashes.!> The limit magnets move with the stage body; when the magnet passes the
Hall effect sensors affixed in the stage body the firmware detects a limit condition and stops the stage.

There are several methods of seeing whether the stage is at a limit. One method is to continually query the
limit condition over serial, e.g. using the RS [axis]- command; the controller will reply with U or L for
upper or lower limit respectively. Some programs, such as Advanced Serial Port Monitor, allow sending such
a command repeatedly for easy monitoring. Another method is to watch the LED of the corresponding drive
card on the controller front panel; the LED will flash rapidly when one of its axes is at a limit. Third, a feature
is planned for the new version of ASI Tiger Console where an audible beep can be heard when the axis is at a
limit.

4.1 Set the upper Z stage limits

limit to set, and also the most difficult. For the typical Nikon 40x SPIM objectives, the objectives mally
sit approximately 0.3 mm above the cover slip, so the limit must be set within 0.3 mm accuracy

needed range while preventing a crash. To set the lower limit of the upper stage:
@nt marker)

The lower limit of the upper Z stage (the LS-50 that raises and lowers the SPIM assembly) is the mos iimportant

1. Prepare a coverslip with a feature on the upper surface (e.g. make a small dot with
and place it in the sample holder.

2. Use the lower objective to focus on the top surface ip (e.g. foc t) If you cannot
focus on the top coverslip surface, the limit magnet'is bab set too comser ly and you can move
it upwards.

3. Gradually lower the SPIM assembly (e. g tick or kno ropriately in the Micro-manger
diSPIM plugin Navigation tab) until rg overshp, carefully for the moment that the
objectives touch the coverslip by noti hange in focus i om camera.

the LS-50, very easily acce he limit cond ached. There is a range of a few mm over
which the limit condition { ; adjust so that th onet is on top end of that range, i.e. where the
controller reports a li but moving ifSlighfly higher takes it out of limit condition.

4. While monitoring the limit conditiong(see*Section 4), il ea priate limit magnet (the top one on

5. Check that the hard t stops them propriately by moving a mm or so up and then back
down the same amount (€.g. by issuin, th 10000 command followed by R F=—10000 or dialing
back and forth with a control knob) a e should stop itself slightly short of the prior position, with
the objectives nearly touchlng t f the sample holder (get the position by issuing the command

W F before and after the

4.2 Set the XY stage li

It is also important to se
sample holder, which

glgﬁts of the XY stage to prevent the objectives from crashing into the sides of the
rb objective alignment. To set the limits of the XY stage:

assembly lowered down to its limit position as set in the prior sequence. When the
d too far the objectives will crash into the sides of the sample chamber.

XY stag%

2. Move the stage (e.g. with the joystick) until the objectives are just about to crash (or barely crashing)
into the side of the sample chamber. Query the appropriate limit status of the appropriate axis (e.g. RS X-
or RS Y-) and move the limit magnet until the limit condition is barely reached. You may need to turn
the limit magnets around so the “dots” are facing each other. Repeat for all 4 limits.

3. For all of the four directions, check that the hardware limits stop the motion before the objectives crash
into the sample holder using the joystick with the fast speed setting.

12 An alternative approach to setting the limit magnets is to use the software-defined limits accessed using the SL and SU commands.
Although software-defined limits persist when the controller is powered down, they will be lost if the firmware needs to be updated or reset.
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4.3 Set the lower Z stage upper limit

This step prevents the lower Z stage from damaging itself, which can happen in the lower LS-50 motorized stage
is lowered so much that the attached objective mount crashes the cube that is attached to the LS-50.

This step does not apply to SPIM systems mounted on non-ASI inverted microscopes. For ASI inverted
microscopes this limit magnet is generally set during factory assembly.

To set the upper limit'3 of the lower Z stage:

1. Gradually lower the lower objective (e.g. using the joystick wheel) until there is a few millimeters of
space between the cube mounted to the side of the lower stage and the lower objective holder.

2. While continuously monitoring the limit condition (e.g. RS Z-), move the appropriate limit magnet (the
top one on the LS-50) until the limit condition is reached. Adjust so that the magnet is on the top end of
the range. If needed, the magnet can be flipped around so that the set screw doesn’t attach in the region
where the magnet track is expanded.

3. Check that the limit stops the motion appropriately by moving a mm or so up and then b own the
same amount (e.g. by issuing the R Z=10000 command followed by R Z2=-10000 jective
should stop itself slightly short of the prior position, well before a crash could occur.

O

inverted objective) is
it to prevent crashing the

4.4 Set the lower Z stage lower limit

This step is less critical because the lower Z stage (th
unlikely to be moved around much, but it is still rec

objective into the bottom of the sample chamber., The [imi tween the focus point of the
lower objective in the sample and where it touch typically 1 —3 mm depending
on the working distance of the lower object

This step does not apply to SPIM syste microscopes.

To set the lower limit'* of the lowe

1. Raise the SPIM assembly
won’t break the coverslip.

2. Gradually raise the la
upwards, being pushet

stick wheel) until the sample holder begins to move

tch the sample holder from the side to see its vertical
movement. Lower the objective until holder is stationary again.

3. While continuously monitoring t ndition (e.g. RS Z-), move the appropriate limit magnet (the
bottom one on the LS-50) uatil %\ ndition is reached. Adjust so that the magnet is on the bottom
end of the range. If needSdt et can be flipped around so that the set screw doesn’t attach in the

region where the magnet is‘€xpanded.

4. Check that the limitgfops motion appropriately by moving a mm or so up and then back down the
same amount (e. igsuing the R Z=10000 command followed by R Z=-10000). The objective
should stop itselfiélightly short of the prior position, but still very close to the bottom of the sample

holder. z
lignment

S5 diSPI

5.1 Overview

Before acquiring data the optical paths of the diSPIM must be aligned. This is the trickiest thing for new diSPIM
users to learn. If the system is not disturbed then the alignment can last for months. Changing objectives,
crashes, filter changes, and so forth will usually require at least partial realignment.

3recall that the positive direction is always away the sample for ASI controllers
lrecall that the negative direction is always towards the sample for ASI controllers
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Adjustment Position? Angle? Comments

Tilt of dichroic mirror Some Yes Position effect variest
Tilt of mirror in camera cube Yes No
Position of upper Z stage No No Angle varies if scanners are

not connected to dichroic cubes

Table 1: How alignment adjustments affect the beam position and angle. {{The dichroic tilt affects the angle at
which the beam enters the back focal plane as well as the beam position at the back focal plane. It is possible to
compensate by adjusting the scan center but we usually adjust the camera mirrors to compensate ins

to be made, and you will adjust the same thing multiple times as you spiral inward to the alignment.
First do a coarse mechanical alignment step using your eye and le mechanical tools the cameras

imaging a solution of dye and finally a coverslip with beads n on the perfect aligment.

The scanners are aligned at the factory and are likely t uit 0 use withox@ adjustment. One of
the first checks is to verify that they are indeed not terribly mis-aligned before pr, with other steps. If the
scanners fail this initial check, they should be remo ligned on the g the methods described
in Section 5.6. V

5.2 Ideal final alignment

Think of the process of aligning the diSPIM as a giant inward spiral. There are lots of diffe &ments
gf%

Below follows a suggested alignment . However, i &whi good alignment by following some
other means that is OK. Here are cteristics of the final l@ ent you are looking for, which apply to both

optical paths of the diSPIM:
@

. beam waist centered o aging camera

. beam/sheet plane coincident with i §cus plane near the center of the piezo travel
. beam perpendicular to camefa, ﬁ%
\iew

. sheet centered in camera

1. epi spot centered on g

A L B W

. sheet centers in cent%of camera’s field of view (i.e. co-alignment of SPIM objectives with bottom

objective) Q °
5.3 Beam po nd angle: what affects what?

We are conceﬁl getting both the beam position and angle correct in the sample. Fortunately, the adjust-
ments to do so mostly “orthogonal” or independent of each other. The following table can be derived by
understanding the lens system from the fiber input of the scanner to the sample and then through the imaging
path to the corresponding camera on the opposite side of the microscope. Table 1 shows how various “knobs”
affect the beam position and angle.

5.4 Coarse Alignment

The following coarse alignment steps are done by eye so that the beams are easily found in the SPIM cameras
for the fine alignment.
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Figure 21: Scanner mirror and iris diaphragm are imaged by the laser on a target in the far-field of the objective.
The emerging beam is adjusted to be centered leaving the objective.

5.4.1 Co-align the SPIM objectives \
Double-check that the SPIM objectives are approximately aligned as described in Section 2.4.1. @

5.4.2 Check rotation of cameras and scanners 0

Verify that the cameras and scanners are parallel/perpendic e SPIM arm cube best as possible by
eye. Adjust the angles of the devices at their C-mounts as > careful sig g parallel surfaces
you can be sure the scanners and cameras are aligned st of the SPI t better than 1 degree
of rotation. In the long run this will save time having o alignment step, I.

N\

aser beams; appropriate eye protection.
4b) and place the square alignment target shown in Figure

s¢an mirror is n flected (turn the controller off to be sure),
er spot is hittin' arget. If the laser spot is well within the first

29b over the cube opening. Be sur t
power on the laser, and observe
target ring, proceed to the ne D rwise proce c@mplete scanner alignment in Section 5.6.
Note that it is possible f anners to be i in a way that passes this simple test. If in doubt,
contact ASI for help. .\

Re-install the dichroic mirrors s0 be reflected into the objective. With upper Z stage (SPIM
objectives) raised, tilt the dichroigim in the adjustable cubes (items 9 in Figure 1) as described in Section
2.9.1 so that the laser exits the o @ es in a straight line. One trick is to use a 45° surface like a folded business
card or part of a C60-D-CUBE witlt'a piece of paper, as shown in Figure 21. Use the cube mirror adjusters to
adjust the tilt of the filt bias described in Section 2.9.1 so that the beam exits the objectives in a straight
line.! This is a course @ment only, you will return to adjusting the beam pointing using the cameras later.

5.4.3 Check course scanner alignment

Warning: be very careful with exj
Remove the dichroic filter cube assembly

5.4.4 Adjust dichroic mirror tilt

5.4.5 Check%&eam centering

Check the centeridg of the scanners since it is easy to do at this point. You should be able to “see” the extent of
the scanner mirror with the scanner iris fully open. See Figure 21. The center of the Gaussian beam, the center
of the iris aperture, and the center of the scan mirror should all be approximately concentric. In practice this
is hard to achieve perfectly. If you are not satisfied, proceed to Section 5.6 to improve the situation, or contact
ASI for assistance.

13This process only works when the scanners and lens tubes are hard-attached to the cubes and move up and down with the microscope.
If your scanners are fixed to the SPIM frame, then lower the objectives to the sample position before doing this step.

28



5.5 Fine alignment

For the rest of the alignment we will use the SPIM cameras. The following steps may need to be repeated several
times in an alternating fashion until the alignment is complete. It is recommended to first get each alignment
relatively close, proceed with the rest of the alignment steps, and then come back to each step to finish; in
other words go around the “alignment spiral” a few times not worrying about perfection at first. It is easiest to
perform the fine alignment in a dye solution (water with a dip of “Highlighter” pen works well, or a dye like
fluorescein). The final steps can also be performed with a 2D sample of fluorescent beads.

You will need Micro-Manager running to have a live view of the camera images. It is helpful to set a
relatively long exposure time for the cameras, e.g.100 ms. Launch Micro-Manager, the diSPIM plugin, and
configure the plugin as described in Sections 3.2 and 3.3. You will use the Navigation panel (Section 3.6)
extensively, as well as the two Setup panels (Section 3.5).

551 Co-align the SPIM objectives \

Use only three adjusters to manipulate the focus and relative beam positions, the two objective thre@s ings

for focus, and the lateral objective position adjuster. See Figure 9. Bring the beams into focuw maging
ctive

objective bushing threads. Alternate between adjusting the two bushings and only move half he focus at
a time (before alternating sides) to achieve convergence even ifdhere is a bit of play in t j bushings.

Overlay the images from both cameras using the MultiC regand move the Jateral adjustment to place
the red beam on the red spot, and green beam on gree Figiire 22 illustrat rocedure. Alternate
between the steering adjustment and focus adjustmentd If it s impossibl. uniform pencil beam,
realize that the desired parallel beam might tip it quit; TOm your curgen point. Go for uniform width
first, then focus. As a last resort, see section 5.5. rect is.

5.5.2 Adjust dichroic mirror tilt

Verify that the the piezos and scanner i r neutral pogsi ' everything at zero (use the MicroManger
diSPIM plugin Navigation tab). t the béam pointing te eams pointed exactly perpendicular to the
field of view and exactly in the i e. This was adjusted@pproximately previously in Section 5.4.4; now
adjust it based on the came @ the scan t’stop the beam down into a pencil beam. Use the

MIM-CUBE-II mirror adju Section 2.9.19fto"make the beam horizontal and in-focus the entire length.
Work with one beam at a time™¥#1s not import\ the imaging piezo is exactly at 0 at first, you will return

joystick knob) to make sure that the comes in and out of focus uniformly. It may be helpful to use
a LUT (false-color heat map) o mera view to aid in judging uniformity. If the iris is fully opened
to create a pronounced beam the waist position will remain unchanged as you focus and defocus
using the imaging piezo. Adju irror adjustors until the beam plane is coincident with the image plane;

Figure 23 shows which adj@tment screws to use.

After the tilt with r@t’the image plane is correct, then adjust the mirror tilt to get the beam horizontal.
The grid overlay 1 n Overlay plugin in Micro-Manager (Plugins > Acquisition Tools > Pattern Over-
lay) can be help u\'@widing reference lines. Confirm that the tilt adjustment did not tilt the beam relative to
the image pla 1gure 23 for which adjustment screws to use.

to step 5.5.1 again after this step.
Check that the beam plane is coinci he image plane by adjusting the imaging piezo (e.g. using the
1

5.5.3 Adjust imaging mirrors

Using the mirror adjusters on the two camera mirror cubes, move the epi spot to the center of the camera image.
The two sides should overlap in the center. See Figure 22e) & f). You may need to repeat this step again
several times as other adjustments slightly disturb this. The crosshair overlay in the Pattern Overlay plugin in
Micro-Manager (Plugins> Acquisition Tools > Pattern Overlay) can be helpful by marking the center of the
image.

29



d) e)

Figure 22: Co-aligning objectives. a) starting out with
Look at red beam only with scanner iris closed dow

screws on the scanner’s dichroic mirror holder (Sgction to make th

in focus along the beam. Adjust imaging objecti W focus as neges

make changes to the beam steering adjusters % en iri observe the beam waist. d) Switch to
e pen de. e) Now turn both beams on again

the other beam and repeat the alignmenggof 3
ingythe he spotfand green beam to green spot. Notice
near the epi-§p om the opposite-side beam. You can use this

and use the lateral objective adjuster t
when everything is in focus, the
or example, in a)¥the red beam is well focused. If you adjust the
Mbeam waist slightly to the right, closer to the red

very well aligned. b)
il beam.” Use adjustment
am straight horizontally and
y 10 keep the beam in focus as you

effect to aid in co-focusing the o

Figure 23: Adjusting the mirror steering screws. Use adjuster A alone, or B and C in tandem, to tilt beam in/out
of focus plane. Use adjusters B or C alone, or in opposition, to tip beam horizontally to align parallel with the
edge of the camera image.
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Figure 24: Focusing the fiber collimator to get smallest epi-illumination spot.

5.5.4 Check collimator focus

Open the iris completely to see the focus point; we want that to be in the center of the image. Equivalently, this
corresponds to a maximum epi-spot intensity. Insert the fiber collimator focus tool in the opening side of
the collimator and engage the lip on the lens mount. Turning the tool should change the focus§ei ong the
beam (if needed, slightly loosen the retaining set-screw on the opposite side). Only small m(é should be

needed. See Figure 24. Adjust it so that the beam focus is at thegenter of the image.
The lens assembly can slip entirely out of the collimator if you loosen the set'Serew without the tool
11i

engaged; if that happens you will have to unscrew the fi from the sc sing to put it back

together. 16
5.5.5 Adjust scanner slice position offset V
Usually it is possible to get the objectives o ediwith the piez r'their centered or O position. If you
have achieved this you can skip the remaind is step.
jective th
use

If it seems impossible to get the t s co-focused ezo positions near 0, you have two
options: use a non-zero piezo of’ T non-zero sci e position offset. If the sample of interest
occupies most of the piezo range; ater is viable. HoweVer, using a piezo offset is a simpler approach.
In either case start with the g %ﬁngs move dle position that remains fixed.

Using a piezo offset is st @ ward: an oOff: be computed automatically by the piezo-scanner cross-
calibration explained in Secti@ A1 Simpgf ill'only need to use start and end points of the calibration
curve that are not symmetric about 0. ﬂ

To use a scanner slice position offset, zo-scanner cross-calibration explained in Section 5.5.11 will
make the offset appear during imaging hould compensate for the offset by moving the imaging mirrors
(Section 5.5.3) so that in the mi * ange the epi-spot is centered in the epi camera. Do this by setting
the piezo to 0, moving the slic itio® until the beam is in focus, then adjusting the imaging mirror. Repeat
for the other side. This should so that the epi spot is overlaid with the beam focus.

o
5.5.6 Check scanne ®

Generate a sheet t@smg the Micro-Manger plugin “Sheet” check box (Navigation or Setup tabs). Adjust
the width of thgfSh fill most of the camera field of view. In a dye solution both edges of the sheet should be
well focused n e beam waist. Alternatively, you can move the stationary beam from one side of the sheet
to the other using the Navigation panel of the plugin. If the focus is not uniform, then the entire scanner needs
to be twisted slightly around its optical axis (loosening set screws and then re-tightening afterward) so that both
edges can be equally well-focused. See Figure 25. Check both scanners. If you have to twist one of them, return
to the start of the fine alignment.

16Tf you do this, make note of the rotational position of the collimator and screw it back the same way. In any case, you might disturb the
factory alignment of the scanner so you will probably need to go through the full scanner re-alignment as described in Section 5.6.
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Figure 25: Tilted light sheet (a) corrected (b) by twisting the scanner appropriately on its C-mount.

\
&
>

e ne of light corresponding
m of the ch e light sheets are are barely

ounter the govesslip: With the light sheets focuses
pear paralle @ 2 odge of the camera field.

Figure 26: Converging light sheets in dye striking the
to each sheet. Here the objectives are very clos the
crossing each other before they disappear when
across the width of the sheet, the epi-beam

5.5.7 Check camera tilt

p that the scanner is tilted correctly, any remaining
djust the camera until it is and then return to the start

5.5.8 Establish coverslip locaiti

Slowly lower the objective pair ye solution until the coverslip becomes apparent where the fluorescent
beam stops. See Figure 7, TheWbjectives will touch the bottom of the chamber very near the point where
the two beams meet i@mer of the camera image. Set the Upper SPIM Z-drive coordinate value to zero
somewhere near or sli ove this point. In the future, when changing samples you can use the Navigation

tab to move the mi 5 or 30 millimeters and then quickly get back to the coverslip by pressing the “Go
To 0” button. c

5.5.9 Align bottom objective with SPIM objectives

Locate the image of the laser spots/sheet where it intersects the coverslip in the bottom camera. Bring the laser
spots to the center of the camera image by adjusting either the CDZ-1000 XY translator that holds the entire
SPIM microscope, or use the bottom-side objective adjuster to center the image (RAMM systems). For larger
adjustments, you can add shims between the SPIM mount and the CDZ replacement block for front to back
adjustments and shift the dovetail on the LS-50 mount for side to side adjustments. Focus the lower objective
and set the coordinate for the coverslip as zero in the Micro-Manger Navigation window. When using the
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Figure 27: Bottom camera aligned to the centered light sheets shown in Figure 26.
compared to the bottom camera image. Setting appropriate Z-references helps in this regard.

bottom objective for sample spotting, it is useful to know the relative positions of the light sheets in Qld Z

5.5.11 Cross calibrate piezo and scanner movement

5.5.10 Repeat steps 5.5.1 to 5.5.4 at least once :0

This process can be accomplished with a either the focused dye, or with a she®tibeam using a field of

fluorescently labeled objects such as beads on a coverslip, fluorescent s'h the users sample.
We will describe the process using dye as a natural pro i m the previou wever, when imaging
real samples, you may wish to verify this calibration s ly often (and red edded), in which case you can
use fluorescent objects in the sample preparation as tar cts rather efocused beam waist described
here.

Use the diSPIM control “Setup Path A’ M a focuse the dye solution. Set the manual
controls so that the left knob control the acing Piezo” and t b controls the “Sheet Beam, Slice
Position.” Follow the instructions in S@ctiom 354 to calibrat annef movement in the slice axis with the
piezo movement.

5.6 Aligning the sca rate fro croscope

Most users will never o do th will need to do it infrequently. It is possible
to make things worse instead of better if yo ow what you are doing.

5.6.1 Overview Y

The scanners (MM SCAN-1M to steer the input light beam in the sample. Light sheets are created
by simply scanning the beam v idly.

We want ensure that thg scanfi€r beam is centered in both the image plane and also the objective’s back
focal plane at the micrgsmirrqm's rest position. Being centered at the back focal plane implies the beam is be
parallel to the optical a@r these steps we align each scanner separate from the microscope without driving
the micro-mirror, 1ng the position of the beam through the system.

You shouldfhe ed to remove the PCB with the micro-mirror on it. The micro-mirror itself is very
delicate, and c% damaged by handling (ESD events) and also mechanically (e.g. blowing on it will detach
the mirror).

The following materials are required, all included in the scanner alignment kit (SCN-ALIGN-K).

1. collimator adjustment tool
2. spacer tube, 160 mm length (no lens)

3. circular witness targets (Figure 29a has a printable one)
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5.6.2
1.
2.

5.6.3

. Remove the scanner from the S

. Remove both sides of the

. If needed, attach the @ c cable. Py

. Turn on the light source and verify

. If needed, connect a gbe

/— C-MOUNT

—¥ FOLD MIRROR
ettt T %
| N I \
Tt ! 3
+ i 3
} | ‘m \\
L
B Ny
P P
=y
oy I ADJUSTABLE MIRROR

Micro-Mirror SCANNER

FIBER OPTIC
COLLIMATOR

Figure 28: Labeled diagram of internal parts of AS#S Fiber-Coupled Lase@g

Remove the scanner from the microscope

Make sure the controller is powered down and théft remove the electri connector.

Optionally disconnect the fiber optic cab

tached 160 mm tube lens module
-EXT-TUBE-15).

)ly together wit

(C60-TUBE-160 attached via C MOUNT) and Spacer (

by looseningrews on both sides. Set the cover and screws
o

aside.

eam exits the tube lens module. Warning: be very
careful with exposed laser wear appropriate eye protection; use low laser

power settings. a 6

e.g.the 160 mm tube lens module with C-mount adapter that you removed
blbalong with the scanner )

Check for beam colli

from the SPIM a

. Shine a bea the scanner on a far-away surface (e.g.10 m away) and make sure the spot size is
small, i.eqr the same size as it appears on a near surface. You should be able to project a tight
2 mm b r a long distance.

. If the beam is diverging, an adjustment needs to be made. This adjustment does not need to be perfect

now, as it will be adjusted on the microscope using the SPIM cameras as described in Section 5.5.4. If
you need to make this adjustment:

(a) Loosen the collimator set screw.

(b) Insert the special adjuster tool into the hole and position so that the eccentric tip fits into an internal
groove.
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(a) Round target. Cut at one of the outer three (b) Square target. Fits on a cube ing)lac cover.
lines to fit the outside of a tube lens, the inside
of a tube lens, and the inside of the scanner C-
mount respectively. o
Figure 29: Witness target ignment.

(c) While observing the beam on a far s h moves the achromat colli-
mation lens slightly) to make the b he adjustment is not threaded,

5.6.4 Center the beam at the b,

Other methods are possible, buige

1. Add a spacer tube to @ i rox. 160 mm from the tube lens module; this is the
back focal plane of the OBjéctive.!” Sec pacer tube so it is concentric with the 160 mm tube lens
module. See Figure 30.

2. Tape a witness target on the‘nd%chr tube (e.g. Figure 29a, cut appropriately), at the back focal

plane of the objective.

3. As shown in Figure 31, @ e beam on the witness target by tilting the adjustable mirror of the
scanner.'® The tilt of,the P@B with the main scanning micro-mirror should have minimal impact on the
beam position in a* focal plane; do not adjust it now. It is easiest to judge the exact beam center if
the iris is closed

q—r

4. If signific n@ﬁcations are made, re-check step 5.6.3.

5.6.5 Center the micro-mirror on the beam

1. Unscrew the 160 mm tube lens and tube lens adapter so that the scanner is by itself, with the female
C-mount exposed. Open the iris fully.

7We most often use two 75 mm spacer tubes together with an additional 15 mm spacer tube with target attached to the inset rim, giving
a total distance of 161 mm. A discrepancy of a few mm is tolerable.
I81f an anti-stripping micro-mirror is installed, tilt the PCB it is mounted on.
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Figure 31: Adjustable mirror tilted correctly so that beam is centered in the back focal plane of the objective.
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(a) Beam not centered on micro-mirror. (b) Beam centered on micro-mirror.

Figure 32: Views of scanner beam without tube lens, projected on surface about 5 feet awa\

structure of the micro-mirror, with some pattern around the outside.

2. Shine the beam on a wall, ceiling, or other surface a few meters from the scanner. Lc@mular

3. Push the PCB with the main micro-mirror laterally until #i€ bgam is centered on thg cirélar micro-mirror
structure. If it is screwed down too firmly, simply lo hment scremb ut make sure they
d result.

are tight again afterward. Figure 32b shows the d
4. If the lateral range of the PCB is too small (c ned by the scre d holes in the PCB) then the

holes can be slightly enlarged using a smadl file. ly this wil been done during production at
ASI if necessary. O

5.6.6 Adjust the collimator angle

mator threads. We are working o roved collimator this adjustment can be done during assembly,
but in the meantime the follg ent can be (afid is being made during assembly as of mid-2014).
After centering the micro- ir1S. Ideally the central point of light remaining is in the
center of the micro-mirror. Howweser, it can happe e point is not in the center of the micro-mirror. In that
case, unscrew the collimator slightly (no memeyth 60°) and watch the point move. Find the thread position
where it is best centered, and use Loctite d % reads to hold the collimator threads in that position.

Unfortunately we have discovere%le collimator’s ﬁb(:,”&or may be slightly off-axis from the colli-

5.6.7 Center the beam at the

Next, the beam must be center the image plane by tilting the PCB with the scanning micro-mirror. One
method is to center the beggn at base of the C-mount threads, which is very close to the focus point. You can
do this using a witness t igserted the C-mount threads, then adjusting the micro-mirror tilt as described in
Step 3 below. This is s in Figure 33. However, it is even easier to use the following approach:

1. Make surg theftilgfof the adjustable mirror (or anti-stripping micro-mirror) is correct (Section 5.6.4).

2. Add the m tube lens and witness target to the end of it. Note that the spacer tube used to adjust the
tilt of the adjustable mirror is not present here. The beam position on the witness target at this location is
affected by both the adjustable mirror and the PCB tilt, so do not change the adjustable mirror tilt now.

3. Center the beam on the witness target by slightly tilting the PCB with the main scanning micro-mirror.
This is done using the 4 screws that hold the PCB to the scanner body, working against a thin piece of
elastomer between the micro-mirror package and the scanner. The micro-mirror package should be snug
against the elastomer, but make sure that the PCB is not being bent by tightening of the screws. Some
interplay with the beam position on the micro-mirror is possible.
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¢ beam in t?e&gﬁlane at the scanner C-mount.

Figure 33: Micro-mirror PCB tilted corre

ctly to'e
5.6.8 Repeat until centered 0

Repeat steps 5.6.4, 5.6.7, and 5. least once to make S@' the interactions between adjustments didn’t
throw things off. When the micro is properly adjusted;" 1t may be fixed in place with five minute epoxy.
This is in general a good ide p nt the micr, rfrom slipping out of adjustment. During factory

assembly epoxy is applied % Cro-mirroga nail polish on the screws.

5.6.9 Replace the scanner on the micr \

1. Replace both sides of the scmn%e
2. If needed, replace the 160, ens module and C-mount adapter. The scanner should have the tube
lens attached.

3. If needed, remov
as a light shield
back apertu

? 1 iO mm spacer tube. Leave the 15 mm spacer on the end of the tube lens, it acts
sitions the lens of the 160 mm tube lens approximately one focal length from the
jective, for Nikon 40x objectives).

4. Put the nd tube lens module back on the microscope and tighten the support ring again so it is
firmly in pla€e on the SPIM assembly.

6 Locating and Imaging Biological Samples

7 Troubleshooting

If the system is not working, try to isolate the problem. Useful debugging steps are:

38



e Power cycle all the components, or the ones in question.

e Make sure each individual component can communicate with its own software. For example, if there
seems to be a problem with the cameras then make sure that the camera works with its own software.
For the Tiger controller, connect using a serial program like Advanced Serial Port Monitor and make sure
communication is OK by issuing the command WHO or others.
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