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Continuous Reflectivelnterface Feedback Focus (CRIFF) System

The CRIFF system provides for a very high level of focus stability, allowing a specimen to
remain accurately focused for hours at a time with drift €l The system compensates for
focus clanges caused by temperature variations as well as mechanical drifts of the microscope
mechanisms. The CRIFF system promises to be a solution to focus drifts that plagapsene
experiments at high magnification. The CRIFF system uses aaxisfflaserbeam reflected

from the sample cover slip. The reflected beam is obtained by using total internal reflection
from the cover slig sample interface on systems equipped with an objective lens with NA of
1.4 or more.

System Overview

The CRIFF system corsds of optical, electronic, and mechanical components. The optical
system injects a laser beam into the microscope, captures the beam reflected from the specimen
cover slip, and routes the reflected beam onto a postasitive detector (PSD). The sagn

from the PSD is conditioned by »
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The CRIFF laser and steering optics are located off to the side of the camera light path. The
laser is directed into the microscope via an adjustable steering mirror, angbtseparation

mirror, and a focusing lens. Ideally, the las®dule is focused on the steering mirror. This is
accomplished using the adjustable lens on the laser module. The separation mirror sends an off
axis beam toward the objective lens. The laser beam is refocused into the back aperture of the
objective e&ns using the focusing lens. This sets up a symmetric arrangement whereby the laser
beam will be focused first at the steering mirror, again at the back aperture of the objective, and
finally, the return beam will be focused at the PSD. Because of fhaxisfinjection, the
returned beam will be deflected onto the sensor by the separation mirror. When properly aligned,
changes in separation between the objective lens and the cover slip will result in changes in the
position of the returned beam on thelPS
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Figure 2: Block diagram of the servo control syste

The position of the returned beam is detected on thelaligahl photodiode of the PSD. An
amplifier conditions the position output. Figure 2 shows a block diagram of the servo system.
The output of the position amplifier is sent to the -BI®0 Zaxis drive controller. The
controller generates a motor drive signal b a:
valueo and the signal 0 bt aon toethee referercenvaltehtte P SD.
controller still monitors the stage positiamdetect ruraway conditions. The CRIFF system can
either be used with a motorizedaZzx i s f oc us, -2000 Pwzo ETopXASdgeh s P Z



Fluorescent Filter Considerations
The CRIFF system utilizes a 78fn laser injected into a photoport. Proper rageanent of the

light filters in the microscope is necessary for the system to function properly. The figure below

illustrates the basic light paths in a fluorescent microscope and the placement of filters and beam

splitters when used with the CRIFF system
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will not have the benefit of the blocking filter. The best solution to this probleoidabe to
have filter cube emission filters designed with a WB80window for the CRIFF laser light. ASI
can supply several filter sets that have been specially designed withrem7&hdow. Part
numbers and specifications are listed in Appendix I. ghiguality IR blocking filter is placed
t hrough

in frontofthe Gmo u n t

removi

ng the

to

the camera for observations instead.

cl ean
Laser safety at the microscope eyepieces must not be neglected.
port that does not direct 100% of thehlt to the camera, then ASI supplies Schott BG22 colored
glass safety filters for the eyepieces that will block the mf@0aser light.
emi ssi

Manual Control of the CRIFF System

The MS2000 controller provides an easy means to turn on and off the CRIFF laser astwell as
initiate the focus lock. The LCD display shows the status of the system. The figure below
shows the typical display. Be sure the disptayde DIP switches 1 and 2 located on the back of
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Character | State Name | Next State| Monitor Comment
I Idle L Sum Laser Off
L Laser_ON 1 Sum Laser ONi Align system for strong
Sum signal.
1 Cal_check_1 2 -- Move + 5em
2 Cal_check_2 3 -- Movei 5em
3 Cal_check_3 GorB -- Check PSD gain
G Cal_OK k or O Difference Ready to Lock
B Cal_Bad I Sum Check Alignment
k Locking K -
K Lock Gor O Difference
E Error GorO Sum Usually Outof-Range Error
@) Laser_OFF | or k Sum SerialUnlock andRelock
commands tur the laser off and on.
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Button Actions

On MFG2000 Zaxisonly systems, the® button is used to control the CRIFF system. On
MS-2000 XYZ systems, thelOME button is used to control the CRIFF system, @éutton is
used with the saveplosition buffer). The duration of the button press determines the action.

Function MFC-2000 Zaxis-only MS-2000 XYZ system

Advance to next CRIFF State | Press@ for two seconds. | PressHOME for six
seconds. (o@ for two
seconds Version 7.4+)

Initiate LOCK (toggles lock @ short press and release| PressHOME for two
on/off) seconds.

AHomeo System t|HOME shortpress and HOME short press and
zero. release release

Engage/Disengage Switch

If the system is locked, disengaging the drive will unlock the systemuntip theLaser_OFF
state. Reengaging the drive will cause the system to relock at the previously locked location.
(See theRELOCKcommand).

Engaging the LOCK for Normal Operation

You must first align the system. See the section below.

Once the sysim is aligned, use the following procedures to lock onto your sample.
a. Focus on your sample.
b. Advance CRIFF state fromle, to Laser-ON, t0 CAL_OK.
c. Toggle to theeOCK_ON state.

Once the LOCK is engaged, theaXis control knob on the controller caa bsed to manually
adjust the reference lock value. This allows manual focus adjustment of the locked system.



Laser Safety

The CRIFF systems are provided with & rmW 780nm neatinfrared laser. The laser is
adjusted to supply aboutmdW of power. It ismportant to follow eyesafety precautions when
aligning and using the system.

WARNING: The laser should never be viewed direttlifermanent eye damage could result.
The 780nm laser light looks dimly red to the naked eye, but it is actually intenseiyhiby
DO NOT BE FOOLED INTO COMPLACENCY BY THE BARELYVISIBLE BEAM!

Unless your microscope is equipped with 100% photo pdi® NOT USE THE
MICROSCOPE WITHOUT THE IR BLOCKING FILTERS IN THE EYEPIECES.

With TIRF systems, be sure you understand whee fARF laser can be seen in the eyepieces
and the interaction with the filter arrangement required for the CRIFF system.

Installation

Install the Zaxis drive or P2000 stage as described in its manual. Become familiar with the
functions of the Zaxis facus control system before installing the CRIFF optics.

The CRIFF module comes with the appropriate photoport adapter for your microscope. Install

the CRIFF module securely in the photoport. Orient the module so the adjustment screws are
accessible. Attzh the interface cable between the &0 controller and the CRIFF module.

If you can view through the eyepieces while sending light to the camera port with the CRIFF
module, then you do not have a 100% photo portyendmustinstall the IR blocking filters

provided into the eyepieces of the microscopdost microscope oculars have a place where the
filter can be mounted. Remove the microscop
lenses.

Alignment

During the alignment procedure you will needoe able to visualize the laser beam position and
focus. For the 788m laser most often used, the laser is barely visible to the naked eye. The
simplest way to visualize the beam is to interpose a piece of white paper and observe the
reflected laser bea off of the paper.Never look directly into the laser beam pdt For laser

safety, it is better to work in a wdit room rather than in a dark room. In the event of an
accidental exposure, the iris of your eye will reduce the amount of light thanhtamyour eye.

For some alignment steps, especially if working with light reflected from the air/glass interface,
you will need to dim the room lights in order to see the returned beam clearly enough to
complete the alignment steps. Be especially awhtke position of the laser beam exiting the
objective lens during these alignment steps, and be very careful.

Initial Alignment
1. Remove the sensor cover from the CRIFF module by removing the four flathead screws
on the cover.

2. Turn on the M&2000 contrder. Disengage the-drive with the switch. Powesn the
| aser using the buttons LKos cdoersntarnidb-@38 aa btohvee



interface. When the |laoseas itsheonf,ouyau schhoa
bottom line of the LCD diplay.

The figure below shows several of the mechanical adjusters on a CRIFF module with the
sensor cover removed.

TIR Angle

Steering Mirror:
Vertical Adjustment
| Horizontal Adjustment

.Begin with al/ adjusters in their o6neutr al
adjuster should be backed off until the screw arger pushes on the mirror assembly,
and the steering mirrordos horizont al and v

mirror holder parallel to the main body.

. The following initial adjustments in this step should already have been done at the
factory, but are presented here for completeness. With the separation mirror pulled out of
the way, the laser should be shining directly on the PSD photo detector. The pinhole over
the PSD photo detector provides a target upon which to observe the Aadjast the
horizontal and vertical steering mirror adjustors so the beam is centered on the pinhole.
The laser beam is not circular. The long axis should be oriented vertically, parallel to the
tip of the separation mirror. This is achieved by rotating laser in its holder, if
necessary, after loosening the laser mount screw. Using a piece of paper placed in the
laser beam, verify that the beam waist (best focus) of the laser is located near the steering
mirror. The position of the beam waist is@&ted by rotating the lens on the front of the

Laser Focus Laser Height Adij.




laser module in or out.

5. The first goal will be to center and
focus the injected laser beam in the

o Transparent
back aperture of the objective lens. tape on slide
a. Turn the objective turret to an as laser target
empty position and remove the
dust capf necessary. Centered &
b. Place a slide with a piece of focused
transparent tape over the laser spot

threaded opening to act as a
diffused target for the laser.

c. Leave the TIR angle adjuster
fully retracted and adjust the
Horizontal steering mirror so the laser is reflected into rtheroscope. You
should see the beam on the target as shown in the picture é®wavare of the
laser beam leaving the microscope. It is an eye hazard, especially when well
focused. Note how moving the TIR angle adjuster inward moves the laser spot
away from the center. Now adjust the laser height adjuster (first loosen the Laser
Mount screw) and observe how the beam moves orthogonal to the movement
when adjusting the TIR angle adjuster. Use the laser height adjuster and the TIR
angle adjuster to mevthe beam into the center of the objective mount opening.
Use the Vertical and Horizontal Steering mirror adjusters to optimize the quality
of the beam on the target. Note that the steering mirror adjusters will interact
somewhat with the laser heightjagter and the TIR Angle adjuster. Since the tip
of the separation mirror is on the optical axis, the centroid of the laser beam
reflected into the microscope will always be-afis a small amount. Hence, it
may not be possible to for the TIR Angle adgr to get the beam perfectly on
center. Observe the movement of the laser spot across the aperture as you
advance the TIR angle adjuster. Return the TIR adjuster so the beam is centered
(it should be nearly fully retracted).

d. Finally, use the Focus leradjuster to bring the laser to a sharp focus on the
target. Do this by loosening the focus clamp adjuster screw and sliding the screw
and lens assembly forward or backward to obtain best focus on the target.

6. Switch the turret to the desired objectiems. Now we want to obtain a returned beam
from a sample slide. The procedure will be similar whether you are using a reflective
cover slip, using a TIR objective, or using the natural reflection from the air/glass
interface with an air objective.

A simple alignment sample that will work with oil objectives of NAL< can be made
for dry TIR. Take a standard cover slip and smear a fine layer of samglea
fingerprint will do. Tape the cover slip to a microscope slide, sasigke against the
slide. Viewthe sample with any oil immersion objective using transmitted light. Any
objective with NA >1.0 will be able to achieve the TIR condition with the dry sample.
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