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Continuous Reflective-Interface 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 <0.1 ɛm.  The system compensates for 

focus changes 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 plague time-lapse 

experiments at high magnification.  The CRIFF system uses an off-axis laser beam reflected 

from the sample cover slip.  The reflected beam is obtained by using total internal reflection 

from the cover slip ï sample interface on systems equipped with an objective lens with NA of 

1.4 or more. 

System Overview 

The CRIFF system consists 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 position-sensitive detector (PSD).  The signal 

from the PSD is conditioned by a 

ñposition amplifierò and used as the 

feedback signal for the MS-2000 or 

MFC-2000 Z-axis control.  The 

MS-2000 Z-axis controller changes 

the focal position of the microscope 

either with a servomotor or with a 

PZ-2000 piezo Z-axis stage. 

The CRIFF optical system is 

illustrated in Figure 1.  The optical 

components are enclosed in a small 

box that attaches to a photoport of 

the microscope.  The enclosure 

includes a C-mount coupler so the 

user can equip the microscope with 

a camera.  Right behind the 

C-mount there is a dichroic beam-

splitter that allows visible light from 

the sample to pass through to the 

camera but reflects the IR laser light 

that the system uses.  There is also 

provision for a barrier filter directly 

behind the C-mount to restrict light 

to the camera to only the desired 

wavelengths.  A laser clean-up filter 

can be provided in the focusing lens 

mount.  This filter is required to 

attenuate shorter wavelength light 

from the laser diode from getting through the blocking filter. 

Figure 1:  CRIFF Optical Arrangement 
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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, a right-angle separation 

mirror, and a focusing lens.  Ideally, the laser module 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 lens 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 the off-axis injection, 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 the PSD. 

The position of the returned beam is detected on the dual-lateral 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 MS-2000 Z-axis drive controller.  The 

controller generates a motor drive signal based upon the difference between a reference ñlock 

valueò and the signal obtained from the PSD.  When locked-on to the reference value, the 

controller still monitors the stage position to detect run-away conditions. The CRIFF system can 

either be used with a motorized Z-axis focus, or with ASIôs PZ-2000 Piezo Z-Top XY stage. 

 

Figure 2:  Block diagram of the servo control system 
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Fluorescent Filter Considerations 

The CRIFF system utilizes a 780 nm laser injected into a photoport.  Proper arrangement 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. 

 
 

The CRIFFôs 780 nm laser must be able to get to the objective lens.  This requires that the 

emission filter and the dichroic beam splitter in the microscopeôs filter cube allow the 780 nm 

laser light to pass.  Usually the filter cubeôs dichroic beam splitter has a long-pass characteristic 

that will pass the 780 nm light.  A good emission filter, on the other hand, is designed to block 

all light except the desired wavelength, so, in general, will not pass the 780 nm laser light.  To 

solve this problem, the emission filter should be removed from the filter cube and placed in the 

C-mount of the CRIFF unit.  With the emission filter removed from the filter cube, the eyepieces 
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will not have the benefit of the blocking filter.  The best solution to this problem would be to 

have filter cube emission filters designed with a 780 nm window for the CRIFF laser light.  ASI 

can supply several filter sets that have been specially designed with a 780 nm window.  Part 

numbers and specifications are listed in Appendix I.  A high quality IR blocking filter is placed 

in front of the C-mount to clean up leakage through the CRIFFôs dichroic splitter. 

Laser safety at the microscope eyepieces must not be neglected.  If the CRIFF is used on any 

port that does not direct 100% of the light to the camera, then ASI supplies Schott BG22 colored 

glass safety filters for the eyepieces that will block the 780 nm laser light.  In a TIRF system, 

removing the emission filter from the filter cube will expose the eyepieces to the TIRF laserôs 

wavelength as well.  Best practice is to interlock the TIRF laser to the eyepiece shutter and use 

the camera for observations instead. 

Manual Control of the CRIFF System 

The MS-2000 controller provides an easy means to turn on and off the CRIFF laser as well as to 

initiate the focus lock.  The LCD display shows the status of the system.  The figure below 

shows the typical display.  Be sure the display-mode DIP switches 1 and 2 located on the back of 

the controller are in the UP position if the display looks different than in the figure. 

On the Z-axis line, the ñEò indicates that the Z-driveôs 

clutch is engaged and the MS-2000 has control of the 

microscope Z-axis.  The ñKò indicates that the system is in a 

locked state using the ADC feedback. 

The fourth character on the bottom line shows the current 

CRIFF state.  The integer number in the center of the 

bottom line is a monitor of the position sensor amplifier.  Either a Sum or Difference monitor 

signal is shown, depending upon the CRIFF state.  The chart below shows the meaning of the 

various CRIFF states. 

Character State Name Next State Monitor  Comment 

I  Idle L Sum Laser Off 

L Laser_ON 1 Sum Laser ON ï Align system for strong 

Sum signal.  

1 Cal_check_1 2 -- Move + 5 ɛm 

2 Cal_check_2 3 -- Move ï 5 ɛm 

3 Cal_check_3 G or B -- 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 G or O Difference  

E Error G or O Sum Usually Out-of-Range Error 

O Laser_OFF I or k  Sum Serial Unlock  and Relock  

commands turn the laser off and on. 

X:  0.00005 mm :  

Y: - 0.00009 mm :   

Z:  0.00437 mm :  EK  

HRAL   2467 00:23:05  
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Button Actions 

On MFC-2000 Z-axis-only systems, the @ button is used to control the CRIFF system.  On 

MS-2000 XYZ systems, the HOME button is used to control the CRIFF system, (the @ button is 

used with the saved-position buffer).  The duration of the button press determines the action. 

 

Function MFC-2000 Z-axis-only MS-2000 XYZ system 

Advance to next CRIFF State Press @ for two seconds. Press HOME for six 

seconds.  (or @ for two 

seconds ï Version 7.4+) 

Initiate LOCK (toggles lock 

on/off) 

@ short press and release Press HOME for two 

seconds. 

ñHomeò System to coordinate 

zero. 

HOME short press and 

release 

HOME short press and 

release 

Engage/Disengage Switch 

If the system is locked, disengaging the drive will unlock the system and put it in the Laser_OFF 

state.  Re-engaging the drive will cause the system to relock at the previously locked location.  

(See the RELOCK command). 

Engaging the LOCK for Normal Operation 

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

Once the system is aligned, use the following procedures to lock onto your sample.   

a. Focus on your sample.   

b. Advance CRIFF state from Idle, to Laser-ON, to CAL_OK.   

c. Toggle to the LOCK_ON state. 

 

Once the LOCK is engaged, the Z-axis control knob on the controller can be used to manually 

adjust the reference lock value.  This allows manual focus adjustment of the locked system. 
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Laser Safety 

The CRIFF systems are provided with a < 5 mW 780 nm near-infrared laser.  The laser is 

adjusted to supply about 1 mW of power.  It is important to follow eye-safety precautions when 

aligning and using the system. 

 

WARNING:  The laser should never be viewed directly!   Permanent eye damage could result.  

The 780 nm laser light looks dimly red to the naked eye, but it is actually intensely bright!   

DO NOT BE FOOLED INTO COMPLACENCY BY THE BARELY-VISIBLE BEAM!   

Unless your microscope is equipped with 100% photo ports, DO NOT USE THE 

MICROSCOPE WITHOUT THE IR BLOCKING FILTERS IN THE EYEPIECES.   

With TIRF systems, be sure you understand when the TIRF laser can be seen in the eyepieces, 

and the interaction with the filter arrangement required for the CRIFF system. 

Installation 

Install the Z-axis drive or PZ-2000 stage as described in its manual.  Become familiar with the 

functions of the Z-axis focus 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.  Attach the interface cable between the MS-2000 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 port and you must install the IR blocking filters 

provided into the eyepieces of the microscope.  Most microscope oculars have a place where the 

filter can be mounted.  Remove the microscopeôs eyepieces and install the filters into both 

lenses. 

Alignment 

During the alignment procedure you will need to be able to visualize the laser beam position and 

focus.  For the 780 nm 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 beam off of the paper.  Never look directly into the laser beam path!   For laser 

safety, it is better to work in a well-lit 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 that can enter your 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 aware of the 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 MS-2000 controller.  Disengage the Z-drive with the switch.  Power-on the 

laser using the buttons as described above, or using the ñLKò command via the RS-232 
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interface.  When the laser is on, you should see an ñLò as the fourth character of the 

bottom line of the LCD display. 

The figure below shows several of the mechanical adjusters on a CRIFF module with the 

sensor cover removed. 

 

3. Begin with all adjusters in their óneutralô position:  the separation mirrorôs TIR Angle 
adjuster should be backed off until the screw no longer pushes on the mirror assembly, 

and the steering mirrorôs horizontal and vertical adjusters should be adjusted to hold the 

mirror holder parallel to the main body. 

4. 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 laser.  Adjust 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 the 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 adjusted by rotating the lens on the front of the 

Laser Focus Laser Height Adj. 

Steering Mirror:   
Vertical Adjustment 
Horizontal Adjustment 

Laser 
Mount 

TIR Angle 
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laser module in or out. 

5. The first goal will be to center and 

focus the injected laser beam in the 

back aperture of the objective lens.   

a. Turn the objective turret to an 

empty position and remove the 

dust cap if necessary.   

b. Place a slide with a piece of 

transparent tape over the 

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 the microscope.  You 

should see the beam on the target as shown in the picture above.  Be aware 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 move the 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 height adjuster 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 off-axis a small amount.  Hence, it 

may not be possible to for the TIR Angle adjuster 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 lens adjuster 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 objective lens.  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 NA < 1.4 can be made 

for dry TIR.  Take a standard cover slip and smear a fine layer of sample, e.g., a 

fingerprint will do.  Tape the cover slip to a microscope slide, sample-side against the 

slide.  View the 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.   

Transparent 
tape on slide 
as laser target 

Centered & 
focused 
laser spot 


















