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1. Preface 
1.1 About this Manual 
Copyright © 2000, 2004 Bio-Rad Microscience Ltd 
All rights reserved. Customers may only copy this manual for their own use. 
Further copies of this manual may be obtained by quoting Part Number 9MRC50UM05. 

1.1.1 Document History 
Issue 
Number 

Date By Reason 

1 2000-09 DM LaserSharp 2000 (for MRC-1024) Software Reference Manual 

2 2004-04 EP Changed title to MRC-1024 (LaserSharp 2000) Operating Manual. Fully 
updated for LS2000 v5.2. Supercedes OS/2 Operating Manual and all 
Appendices. Updated for MRC-1024 ES. 

1.1.2 Associated Documents 
9MRC50UM03 MRC-1024MP User Information 
9MRC50UM04 MRC-1024MP External Detectors User Manual 
9MRC40UM02 MRC-1000UV Operating Manual  (hardware information still applies to MRC-
1024 UV) 

1.2 Contacting Bio-Rad 
Manufacturer's address: 

Bio-Rad Cell Science Division 
Bio-Rad Microscience Ltd 
Bio-Rad House 
Maylands Avenue 
Hertfordshire HP2 7TD 
United Kingdom 
Tel: +44 208 328 2500 
Fax: +44 208 328 2000 

Requests for service or queries about applications should be sent to your local Bio-Rad agent at the 
address shown at the end of this manual.  
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2. Warnings 
2.1 Software Copyright and Conditions 
The LaserSharp 2000 software described in this manual is supplied under a limited use licence 
agreement. 
The LaserSharp 2000 software is the sole and exclusive property of Bio-Rad. The customer undertakes 
not to copy any part of the software without written permission from Bio-Rad except for a back-up copy 
for security purposes. 
The software may only be used on the machine for which it was originally supplied. 
The customer agrees to protect the software from unauthorized use. 
The LaserSharp 2000 software will only be supported when run on a Bio-Rad recommended computer 
(at the time of purchase). 

2.2 Other Products referred to in this manual 
Windows NT is a registered trademark of Microsoft Corporation. 
The Trademarks of all fluorochromes and probes are recognised. 
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2.3 Laser Safety 
Note: These warnings apply to MRC-1024 systems with visible lasers only. If you have an MRC-
1024 MP or MRC-1024 UV system, refer to the relevant additional manuals for laser safety and 
labelling information (see section 1.1.2) 
Lasers are potentially hazardous to the eyes and skin and you should, for your own safety and that of 
your co-workers, read and comply with the following warnings and cautions. 
Occasional checks should be carried out no the system to ensure all labels are correctly in place- refer 
to section 9.14.4 
WARNINGS 
DO NOT LOOK DIRECTLY INTO OR EXPOSE SKIN TO A LASER BEAM. Bio-Rad cannot accept 
responsibility for failure to observe the above safety warning. 
THE USER MUST ENSURE THAT EACH POSITION OF THE MICROSCOPE TURRET CONTAINS 
AN OBJECTIVE LENS, THE ALIGNMENT PRISM OR A BLOCKING COVER. NO PORTS MUST BE 
LEFT OPEN. 
THIS CHECK MUST BE REPEATED BEFORE EACH USE OF THE INSTRUMENT AND BEFORE 
SWITCHING ON THE LASER. 
DO NOT OVERRIDE OR TAMPER WITH SAFETY INTERLOCKS. 
OBEY ALL WARNING LABELS 
 
Cautions 
Improper use of this equipment could damage the equipment. 
The system carries BRH recommended interlocks and warning labels. Ensure that all personnel 
read and follow these warnings. 
Housings should only be opened by Bio-Rad authorised technicians. 

2.3.1 Microscope Interface Specification 
The MRC-1024 attaches to the photo port of a conventional optical microscope. The optical microscope 
must meet the following criteria: 
(1) It must be impossible for laser light to be directed into the binocular viewer. 
(2) Bio-Rad staff are instructed not to proceed with the installation if this requirement cannot be 

met. 
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2.4 Electrical Safety 
WARNING: POTENTIALLY LETHAL VOLTAGES ARE PRESENT IN THE LASER HEAD AND 
CONTROL BOX WHEN THE POWER SUPPLY IS PLUGGED IN. 
Caution: Ensure that the electrical system earth (ground) is connected at all times during 
operation. 

2.5 Cooling 
WARNING: ENSURE THAT ALL LASER HEADS, POWER SUPPLIES AND COOLING UNITS 
RECEIVE ADEQUATE VENTILATION AS INDICATED BY THE LASER MANUFACTURER 
WHEN TURNING OFF THE LASER, ENSURE THAT THE MANUFACTURER’S SHUT-DOWN 
PROCEDURE, PARTICULARLY WITH REGARD TO COOLING THE LASER HEADS, ARE 
RIGOROUSLY FOLLOWED. 

2.6 System Management 
It is recommended that one person is given the job of System Manager. The System Manager should be 
responsible for understanding how to use and align the system, and configure the software. 
The System Manager should control access to the system, and should also keep any alignment tools 
safely out of the reach of unqualified personnel. 

2.7 Servicing 
There are no operator serviceable parts within the system, only a trained engineer should remove 
covers or try and gain access to any internal parts of the machine. 
If the system requires moving or servicing then a Bio-Rad authorised representative must carry out the 
work. If the system is used in an incorrect manner outside the scope of this manual then the 
performance and safety of the system can no longer be guaranteed. 
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3. Introduction 
Your MRC-1024 system was originally supplied with software based upon the IBM OS/2 operating 
system. Since then, the system has been upgraded to run LaserSharp 2000 MS Windows NT based 
operating software. This manual has been written entirely for the new software, and can entirely replace 
your previous copy of the "MRC-1024 Operating Manual" (document number 9MRC50UM01). 

3.1 Installation Checks 
The MRC-1024 system should be coupled to the microscope selected by the customer by a Bio-Rad 
engineer 
Note: The optical microscope must have a beam diverting system which prevents entry of laser 
light into the eyepieces. The user should consult the manual supplied by the microscope 
manufacturer in order to become familiar with the controls for the beam diversion and opening 
the path between the scan head and the specimen. 
There are unusual circumstances in which the user may need to perform some scan head mirror 
adjustments to ensure optimum performance. Adjustment keys are provided with the instrument for this 
purpose only. 
We strongly suggest that these keys are only made accessible to people who have had adequate 
training and understand the issues at hand. 
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3.2 How to Use this Manual 
This manual is available in Portable Document Format (.PDF) and is best viewed electronically 
by using the bookmark pane to view the various headings and sub headings. Instead of providing 
an index, please use the 'Search/ Find' functions in your PDF reader software to locate instances of a 
particular phrase or keyword. 
This manual has been written so that a new user can immediately begin at the Software Overview 
chapter, and move on to the Basic Tutorials. The tutorials will make the user familiar with basic image 
acquisition, performing a Z series and making a projection, multi-channel imaging and some 
fundamental aspects of the software. It is also intended to encourage deeper understanding and 
confident navigation through the available options. 
When the basic tutorials are completed, the user should gain more knowledge about the software from 
the Software GUI Reference chapter. Later, the advanced tutorials can be tried. 
The next chapter explains how to optimize optical performance and give information on laser and filter 
options and sample preparation. 
Finally, technical information and maintenance instructions are provided 

3.2.1 Symbols and conventions 
<Enter> indicates the identification of a specific key on the computer keyboard. 
File|Open... indicates a menu title on the menu bar followed by a menu item choice within that menu. 
Drop-down menus: When you click on a menu title a drop-down menu appears. 
Dropdown boxes: Click on the down arrow to select an option from a dropdown menu. This can also 
be an option in a drop-down menu, which produces a second menu. 
Pop-up menus: These context sensitive menus offer functionality relevant to the mouse position.  They 
are accessed by right-clicking. 
Radio buttons: You only select one button from a choice 
Spin box  : Click on the left or right arrow to move the slider left or right. Alternatively, you can enter a 
value directly in the box provided alongside the slider or grab the slider with the mouse. 
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4. Software Overview 
The LaserSharp software is run under Windows NT4.0TM operating system. Unlike the OS/2 version it is 
a unified application which controls acquisition and provides functionality for processing and analysis of 
images and data. The following text should be read by all users before attempting to use the system. 

4.1 User Interface 
The user interface has been designed to be used with a minimum screen resolution of 1280 x 1024 
pixels.  It should be noted that under Windows NT it is possible to run this application with dual monitors 
(provided that the appropriate graphics adaptor is installed).  

4.2 Main Menu and Tool Bar 
The main menu bar and tool bars will initially appear in the top left hand corner as below: 

 

 
But they can be repositioned in almost any way desired by clicking and dragging the double vertical bar 
at the left of each toolbar: 
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4.3 Instrument Control Panel 
On the right hand side of the screen, the instrument control panel will be displayed. This panel controls 
the scanning, the detectors and the focus motor. 

 

Mixer Optic 

Livescan 
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4.4 Image Viewer 
Unlike the OS/2 version it is possible to display more than one image acquisition window at any one time 
and because LaserSharp 2000 is a unified application an image that has been acquired into a window 
can immediately be processed or operated upon.  

                      
Each image display window has its own display controls in the toolbar and where that window contains a 
multi-image view an animation slider control appears below the image. 

4.4.1 Pop up menu 
Image processing and analysis functions are accessed by right clicking on the image to show a pop-up 
menu, e.g.: 
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4.5 The Experiment Browser / Folder Paradigm 
Perhaps the biggest difference between LaserSharp 2000 and Lasersharp for OS/2 is in the way 
associated files are automatically arranged in a hierarchical folder structure.   
Just as in any application using an MDI (Multi-Document-Interface) it is necessary to create a holder for 
your data prior to acquiring that data. Using Microsoft Word as an example, you press the New 
(document) button to create a new document before commencing typing.  In LaserSharp 2000 you have 
to press the New Experiment button to create a new image display window before you commence 
scanning. Of course, if you wish to rescan over a previously collected live image, then you simply press 
the scan button. 
To aid you organising your data, images that are created from the raw data are stored in automatically 
created and named sub-folders on disk.  For example, if you have named an experiment �Sample A� 
then a folder will be created called �Sample A� and your raw data will be placed in a file (called 'SampleA 
raw.pic') within a sub-folder. 
The Experiment Browser allows you to see your open experiments and their respective sub-folders.  
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4.6 Methods 
In LaserSharp 2000, the system workflow is always based around user defined methods. 
A Method is a pre stored set up, which when selected will load a set of pre determined operating 
parameters to the system so that reproducible image conditions can be applied to similar samples. 
Methods can be, and are, created by users to reflect specific sample requirements and then stored for 
future use. 

Before you can collect an image, you must first load a METHOD. The last method used in your 
previous session will be the default Method loaded on your next login session 
Methods consist of one or more SETTINGS. Settings can be one of two types: 

4.6.1 Simultaneous Settings 

Have icons representing a coloured stack of rectangles (e.g. ). All active channels of data are 
acquired at the same time. 

4.6.2 Sequential Settings 

Have icons representing a single coloured rectangle (e.g. ). Only one channel of data can be 
acquired at a time. 

4.7 Mixers 

To display the Mixer control dialog press the button. 
The Mixer controls enable the additive combination or subtraction of multiple detectors into one data 
channel. This can be used for real time spectral correction (RTSC). 
The Mixer window is also where Photon Counting and Low Signal modes are enabled/ disabled for PMT 
channels. 
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4.8 Viewing and Changing the System Optics  
Control of the optical system set up is achieved through the Optics/Filter setup configuration screen. To 

show this screen press the �Optic� button in the Microscope control panel ( ) 
This screen gives a quick graphical view of the system�s optical setup and allows you to change 
emission filters and laser lines. 
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5. Basic Tutorials 
5.1 Introduction 
These tutorials will guide you through every step of some common procedures. Once you have 
completed them all, you will be well on the way to becoming a proficient user of the system. If required, 
Bio-Rad may be able to provide training classes also; please contact your local representative. 
Screen shots of the software and figures have been kept to a minimum in this section, to keep the 
tutorials short and concise. Refer to the "Software GUI Reference" chapter of this manual for diagrams 
and further explanations of the various windows, menus and buttons. 

5.1.1 Test Samples 
Three test samples are supplied with the MRC 1024 system. 
(1) A sample of paper stained with Safranin. This sample fluoresces over a very large range of 

wavelengths and also reflects light. It is therefore ideal for initial exploration into image 
collection. 

(2) A slide bearing five circular scored marks. Each of the four outside regions contain beads which 
fluoresce either blue, green, red or far red and are excited by UV, blue, green/yellow and red 
light respectively.  The central region contains a mixture of all four coloured heads. 

Note: The blue fluorescent beads are only excited by UV or MP light, and will 
therefore not fluoresce with visible light. This sample may be used for practising 
simultaneous or sequential imaging of more than one fluorescent substance. 

(3) A preparation of 210 nm fluorescent spheres. These are excited by blue light and fluoresce 
green. They are close to the limit of resolution of light, and can only be properly imaged using 
relatively high power oil immersion lenses (e.g. 60x 1.4 N.A.) and making use of the hardware 
zoom facility of the MRC-1024 imaging system. They also provide a sensitive test for vibration. 

We suggest you use the Safranin-stained paper test sample throughout the tutorials (unless otherwise 
indicated) and also while gaining familiarity with the system. We suggest that you use a low powered 10 
X objective lens while working through this tutorial. Whilst the Numerical Aperture is not large enough to 
produce thin optical sections, it does have a long working distance.  Thus, you are less likely to bring the 
lens and the coverslip into contact by accident when manipulating the position of the stage. You can use 
lenses of greater power with greater numerical apertures once you are familiar with the working 
distance. 
In this session of the tutorial we shall assume that the optical alignment procedure has already been 
carried out during system installation, and that the system is set up for simultaneous Red/Green/Far 
Red fluorescence imaging (i.e. with the trichroic (T1) in filter block position 1 and 560DRLP (T2A) in 
position 2 for Krypton/Argon laser). There will be different filter blocks supplied with different laser 
configurations. If, for some reason, it is necessary to align or change the filter blocks before use, you 
should first read the sections on changing filters and optical alignment 
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5.1.2 General Points to Note 
To achieve the best confocal performance; take note of the following: 

•  Optical alignment is critical to the performance. 

•  The sample must be suitably prepared for imaging, i.e. suitably sustained, mounted in a non-
fluorescing medium, cleared if appropriate and contain anti-fade agents for fixed preparations. 

•  Different fluorochromes need different excitation lines and different emission filters. Different 
samples require different gain settings on the PMT to display the signal. 

•  The laser should always be used in 'Normal' mode (not 'Standby' or 'Low') when imaging. If a laser 
standby kit is fitted, the laser should be set to 'Low' and it will automatically switch to Normal when 
scanning is in progress, provided this facility is set up in the software 

•  Use the lowest laser intensity, i.e. highest neutral density filter possible should be used for 
fluorescence imaging. (This is normally equivalent to 3% or 10% transmission). 

•  The filter blocks in the scan head must be appropriate to the sample. If a preset Method is selected, 
the correct filter block combination is displayed on the optics window  

•  As a rule of thumb use the largest numerical aperture objective lens available at any given 
magnification to achieve the best spatial resolution and optical sectioning. There are special 
circumstances when this may not be possible due to the lens immersion medium and its working 
distance. 

•  A larger iris (confocal aperture) allows more light to enter the photomultiplier, but reduces the optical 
sectioning (especially true with higher numerical aperture lenses which are capable of producing very 
thin optical sections). 

•  Try to match the refractive index of the specimen/mounting medium to that of the lens immersion 
medium. Failure to do so will cause distortion of specimen features due to spherical aberrations.  If 
you use the Setup/User/Lens feature, you can enter all the Refractive Index information required for 
the software to make automatic corrections. 

•  Avoid saturation (large areas of peak brightness) when collecting an image. 

•  Always try to use the correct laser and PMT adjustments during image collection rather than process 
the digitised image afterwards. 

•  Do not move the laser/fibre assembly once it has been set up by a Bio-Rad engineer. 

•  Safety - ALWAYS stop scanning before removing a filter block from the scan head. 
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5.2 Switching on the System 
Note 
Some of the following instructions apply specifically to simple (i.e. single visible laser) systems. 
Users of dual laser systems should refer to the individual laser manufacturer's operating 
manual. 
(1) Make sure that the mains supply is connected to the equipment. 

WARNING 
AVOID ELECTRICAL SURGES FROM OTHER EQUIPMENT EITHER ATTACHED TO 
THE SYSTEM OR IN THE VICINITY. IF POSSIBLE, USE A CLEAN ISOLATED MAINS 
SUPPLY TO AVOID THIS AND TO AVOID THE POSSIBILITY OF EARTH LOOPS. 

(2) If you have a conventional epi-fluorescence lamp attached to the host microscope, switch this 
on before anything else. 

(3) Switch the Laser power supply on. Then turn the key on the laser power supply(s) to the ON 
position.  In the case of Kr/Ar air-cooled lasers, you will hear the power supply fan start up, and 
a red light will be lit on the side of the laser. DO NOT SWITCH OFF AND ON AGAIN QUICKLY. 

(4) Ensure that the laser power switch(es), on the side of the laser housing(s), is set to 'Normal'. If 
you have a Laser Standby device fitted leave this switch set to 'Low'. 

(5) Switch on the computer and monitor. Wait until the Windows NT desktop is displayed. 
(6) Switch on the Tower Controller. 
(7) Ensure that the scan head power lights are lit on the front panel. 
Note: If the tower controller is switched off, leave it for at least ten seconds before switching on 
again. 
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5.3 Starting the Software 
To start the software connected to an instrument you can either: 
! Double click the LaserSharp 2000 icon: 

 
! Select the 'LaserSharp 2000' Windows Start menu entry: 

 
The software will initially prompt you to Login. 
The system will be supplied with the "Default user"�s password set to �1�. This will allow "system" access 
level; meaning you can reconfigure anything. If you are an ordinary user you may have your own user 
name and password. 

 
Once you have successfully logged in the system will proceed with an initialisation phase during which 
firmware is �downloaded� to microprocessors distributed around the system and system communication 
protocols are checked. This process may take some minutes to complete. 
If any of the controls read 'failed' the Tower Controller has probably not been switched on. In this case 
exit LaserSharp, turn on the Tower Controller and start up LaserSharp again. 

5.3.1 Emulation Mode 
If you wish to use the Processing functions only (i.e. no live imaging) then choose the 'LaserSharp 2000 
Emulation' shortcut or start menu entry instead (e.g. below). This will be faster because no interactions 
with Motor controls or Hardware is necessary. 
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5.4 Practice with the Control Panels 
(1) Using the mouse, explore the Control Panel microscope section. Try clicking on these controls: 

a. Speed � change the slider 
b. Objective � select various objectives from the list. 
c. Zoom - change the slider 
d. Collection filter � select direct, Kalman and accumulate. Increase the number of scan 

�N� when using Kalman or accumulate. Return to �STOP� for manual termination of 
scan 

(2) With the �Sim� button depressed, change the laser power slider in PMT 1,2,3 
(3) Do the same with the IRIS and GAIN control in each PMT 
(4) Select a single colour setting button, and again change the controls 
(5) Press the Optic button � the window that is opened shows the optical path of the MRC-1024 

scan head (it does not include the transmission detector). At certain points you will see boxes 
which allow selection of: 

a. Neutral Density (laser power) � select 10% (if you look at the laser power on the control 
panel this will have also changed to the same power). Reduce to 3% 

b. Excitation Filter �pull down the excitation filters you can see all the options, you will find 
all lines (default), and single line selections. Select a sequential setting from the top left 
hand icons � the excitation filter will probably have changed, as sequential imaging is 
normally done with only one laser line. Change back to �Sim� and it will probably return 
to "All lines". 

c. Filter block 1 � tells you what filter block you need for this method � usually T1 
d. Filter block 2 - the T2A is the usual block. Remember you still need to physically insert 

the correct dichroic filter block into the scan head. 
e. In front of the icon for each PMT you will see the emission filter selection lists � look at 

the options in each pull down. If you select a new filter you will hear the filter wheels in 
the scan head move. PMT 1 has the most filters as it is the prime detector and can be 
used for green or red imaging. 

(6) Close the optics window 
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5.5 Basic Image Acquisition 

5.5.1 Sequential Mode 
(1) Mount the paper sample under the microscope and select a low power objective lens, e.g. 10 x 

Plan Apo. The coverslip and objective lens should be dust and grease free. 
(2) Find a region of the paper for imaging using the microscope binocular eyepieces and 

conventional epi-fluorescence illumination. 
The epi-fluorescence image should be parfocal with the confocal fluorescence image (if not, then the 
scan head may not be correctly positioned relative to the microscope) 
(3) Open the confocal light path. On some systems this is done by swinging the trinocular head to 

one side (e.g. Nikon Optiphot).  On others a sliding prism is moved to one side using a push rod 
or circular click-stop knob. 

Bio-Rad will not attach a scan head to a microscope which has not been made laser safe. Please refer 
to the manual supplied by the microscope manufacturer to become familiar with how the beam is 
diverted. 
(4) Click on the Methods heading and select Triple Labelling e.g. FlTC/TxRed/CY5, and load it. If 

you have 3 PMTs, this will allow simultaneous 3 colour imaging. If you have 2 PMTs, this will 
allow sequential 3 colour imaging. This will automatically set all the motorised filters appropriate 
for green/red/far red imaging, and open a new live experiment viewer window for you. 

A method consists of settings, each with its own name, and which when selected will set up the 
instrument for specific fluorochrome or imaging requirements. All the settings within one Method should 
ideally use the same pair of filter blocks in the scan head. 
(5) If they have not already been selected correctly when loaded in the method, in the Control 

Panel, Select 512x512 box size, set the speed to 488lps (x1), the collection filter to Direct, 
objective to 10x, and Zoom to 1.0. 

Note that with the simultaneous triple labelling setting the images are displayed in the 4 panes as Red, 
Green, Blue colour tables and a merge. Remember that on most systems, Blue represents the Far Red 
emission from a triple- labelled sample. Primary colours are chosen because the merge pane is then a 
truer representation. 
(6) Choose Setting "TxRed" or "Red" and set offset to 0, Gain to 1000 and Iris to 2.0. 
(7) Press the Optic window button and check that the correct filter blocks 1 and 2 are in the scan 

head 
(8) It is a good idea to start imaging with low laser intensity, e.g. 3%; this can be increased if 

necessary after having adjusted the gain and iris.         
When you select a setting; the appropriate excitation filter is chosen automatically, and the PMT controls 
for that colour are displayed in the control panel. 
(9) Click on the LiveScan button; the icon will flash and there will be a 'beeping' sound. Adjust the 

Gain until the image is bright enough to see easily. The image in pane 1 will appear in shades of 
red since the Look Up Table is representing Texas Red. If necessary, increase the % laser 
excitation after adjusting the gain. Do not saturate the image. 

(10) Select Setting "FlTC" or "Green". Adjust the Gain and Iris until the green image in pane 2 is 
acceptable.  

(11) Select Setting "CY5" or "FRed". Adjust the Gain and Iris until the far red (displayed in shades 
of blue) image in pane 3 is acceptable. 
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5.5.2 Simultaneous Mode 
(1) If you wish to perform simultaneous triple label imaging, select Setting Sim (its icon should be a 

stack of colours). Now all three PMTs are displayed on tabs in the control panel (only in 3 PMT 
systems). 

By default, the top left pane displays the red image, the top right the green image, and bottom left the 
blue (far red) image. The right-hand bottom merge pane shows all three colours simultaneously 
(2) In the control panel, you will now see three tabs at the top of the PMT controls, one for each of red, 

green and far red. The controls are located one behind the other. Select each tab in turn and 
observe each set of controls. 

(3) Adjust the balance by adjusting the Gain and Iris for each PMT again. To get the same image 
brightness, you may find that you do not need such high values as in the sequential settings 
before, especially in channel 2. This is because of bleed through. 

(4) Select Methods�Save Settings to save all the gain, iris and laser parameters in all settings to 
the method, if you wish to use these settings next time 

5.5.3 Summary 
You have seen how to separately and simultaneously detect red, green and far red fluorescence by 
employing a pre-set-up 'Method' supplied with the software. 
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5.6 Optimizing Image Collection 
To be performed immediately after the previous Tutorial. 

5.6.1 Excitation and Detection 
Consulting the flow diagram below, to become familiar with the factors which affect the amount of light 
incident upon the specimen, and the detection parameters which affect the brightness and confocal 
section thickness represented on the image screen. 
You have control over most of these factors. They are all discussed in detail in section 8; only the laser 
intensity and PMT controls are described in this section. 

 
5.6.1.1 Laser Intensity 
The intensity of laser illumination will have a major effect on the brightness of the image. It is always 
best to image with the lowest laser intensity possible. There are normally six laser intensity positions 
which are expressed as percentages of total power output. High laser intensities will cause increased 
bleaching of the fluorescent specimen, and in general are not required for adequately prepared 
biological specimens. Refer to section 8.1.2 for a more detailed discussion of this subject. 
(1) Click on Setting TxRed and start scanning 
(2) Whilst scanning, click on different laser intensities and observe the effect on the image. Return 

to a laser intensity maximum of either 3% or 10% before continuing 
(3) Stop scanning 

5.6.1.2 Iris 
Refer to section 8.2.4 for a more detailed discussion of this subject. 
(1) Open the Iris incrementally and notice that as it is opened, more light enters the PMT. However, 

this is because the optical section thickness is increasing. 
(2) Reduce the Iris to 2.0 again 
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5.6.1.3 PMT (Dynamic Range) 
(1) Click on Image > LUTS > Reset to SETCOL 
(2) The parts which were black in the image will appear green, the parts which were white will 

appear red, and the parts in between will be greyscale (as below) 

 
Note: The red and green colour coding is nothing to do with the fluorescence emission colour. A look up 
table is a computer assigned colour table to show intensity as colour. In confocal imaging, colour as we 
see it is not detected, only signal intensity. In a digital imaging system the intensity can be collected over 
the resolution of the detector (for MRC-1024 this is 8 bit or 256 grey levels) meaning that the intensity in 
each pixel can be measured from 0 to 255. This should ideally match the darkest and brightest regions 
of the real sample. The SETCOL LUT has been composed to display pixels with no intensity (under 5 
grey levels as green) and pixels with maximum intensity (over 250 grey levels as red). The system can 
then be adjusted to sample the full intensity range of the sample within the available grey levels of the 
digital display. 
(3) Start scanning 
(4) Adjust the Gain and Offset controls incrementally (up and down arrows on spin box), by sliding 

(keep mouse button 1 pressed down) or by clicking in the right hand numerical box, entering a 
number and pressing <Enter>. We suggest that you initially use the incremental adjustment to 
prevent the sensitive PMTs from sudden voltage increase. 

(5) Adjust the Gain to change the amount of red displayed and the offset to adjust the green. Set 
these two controls until there is a very small amount of each colour within the focused paper 
fibres (note the empty gaps between them which should contain a lot of green anyway - note 
that with the fluorescent bead sample, the beads are more or less uniformly fluorescent, so 
there will not be any green showing within the beads, only between them). This is the optimum 
setting for the Gain and Offset controls for the current sample. The Offset setting will probably 
be between 0 and 5. 

(6) Stop scanning. 
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5.6.2 Scan Speed 
Take time to explore the scan speed. 
The 166lps scan speed takes approximately 3 seconds per 512 lines and produces less noise on the 
image. The 488lps, 1 second per 512 lines. Try changing the scan speed. Very fast collection rates are 
also available for Live Cell imaging. 

5.6.3 Kalman Averaging 
Even if the emitted fluorescence from the sample is dim, the image can be made suitably bright by 
increasing the gain. In this case the image may be noisy due to statistical variations in intensity from one 
image point (pixel) to the next. The Image Collection panel provides several choices of filters to 
overcome this random noise by averaging the signal collected over several frames. 
The various averaging modes are described in more detail in the Software GUI reference chapter. You 
should experiment with them on this simple example. In general, the best and most useful mode is 
Kalman filtering. Also, superb low noise images can be accumulated using photon counting, or 166lps 
scan speed in combination with the Low Sig mode set in the mixer. 
(1) Turn off SETCOL by selecting Image > LUTS > Reset to RGB Luts. This will default the pane 

1 image to the red colour when imaging is resumed 
(2) Start scanning. The image on the screen is now exploiting the full intensity range of 256 grey 

levels between black and white. 
(3) Click on the Kalman filter in the Image Collection panel and notice how the signal/noise ratio 

(granularity) improves with each scan. 
Note: You will see your image improve at this step, because you are improving signal to noise in the 
image. If you look a direct scan you will see that besides the image you see a speckle like background, 
this is noise. Fluorescent imaging is always low intensity imaging compared to bright field, so in any 
single short exposure not enough signal is being received to build a complete image. You can try to cure 
this by increasing the gain to collect more signal, but this will also increase the noise. Increasing the 
laser power will help but increases sample bleaching; opening the aperture will help but reduces the 
confocal resolution, so we increase image quality by collecting over time. You experience this with 
normal photography; a dull subject requires longer exposure. In a confocal if we collect over a longer 
time we average more signal and reduce the random noise. Kalman is an averaging filter that will collect 
a number of frames (based on time) and average the result which you see on the screen. Kalman is a 
“rolling” average so you see the result as you collect, the image improving the longer you sample. 
(within sensible limits; 8-10 scans are usually ample) 
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5.6.4 Optical Zoom 
The optical zoom factor can be varied from 1 (no zoom) to 999. At higher zoom factors, a smaller area 
of the sample is illuminated with the same laser intensity. Therefore, bleaching will be greater at high 
zoom than at low zoom (it increases as the square of the zoom factor). 
Each lens has a different resolving power. As the optical zoom is increased, the resolution can be 
improved up to a point, but it is only magnification (rather than resolution) which is increased. This is 
termed 'Empty Magnification'. 
For the maximum optimum zoom factor for each lens, refer to the following table. 

  Theoretical 
  Lateral (XY) Maximum 
 Pixel size at resolution useful 
Objective    Zoom 1, Box 1 (488/2*NA) Zoom 
Nikon    
Fluor 10 X/0.5 1.38 0.49 5.6 
Fluor 20 X/0.75 0.690 0.33 4.2 
Fluor 40 X/0.85 0.345 0.287 2.4 
Fluor 40 X/1.3 oil 0.345 0.188 3.6  
Fluor 100 X/1.3 oil 0.138 0.188 1.5 
Plan Apo 10 X/0.45 1.38 0.54 5.0 
Plan Apo 20 X/0.75 0.690 0.33 4.2 
Plan Apo 40 X/0.95 0.345 0.26 2.6  
Plan Apo 60 X/0.95 0.230 0.26 1.8 
Plan Apo 40 X/1.0 oil 0.345 0.24 2.8  
Plan Apo 60 X/1.4 oil 0.230 0.17 2.6 
Leica 
25 X/0.6 water 0.522 0.41 2.8 
50 X/1.0 water 0.276 0.24 2.2 

If you use high illumination intensity and high zoom, you will bleach out a rectangle on your sample. You 
can visualize this by returning to zoom 1 after doing so. 
If the zoom factor is greater than 1.0, the image may be panned electronically by clicking on the four pan 
arrows. This enables the area of sample to be positioned on the screen with more precision than is 
possible using the manual controls of the microscope stage. Try panning the image. If you are using the 
166lps scan speed, you will have to wait a few seconds before seeing the results. Notice that the field of 
view diagram is redrawn to show the position of the image within the objective field. Zooming out to a 
setting of 1.0, or clicking on the square at the centre of the Pan arrows, forces the scan to be centred in 
the field of the instrument. Return to zoom 1.0.  

5.6.5 Summary of Tutorial 
By manipulating the gain and offset in each PMT and using the SETCOL LUT, the full dynamic range of 
grey scales can be exploited. Opening the iris increases the amount of light detected but reduces optical 
sectioning. Kalman averaging can be used to reduce random noise from the image. 
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5.7 How to approach the tutorials with different lasers 
All lasers have their own characteristic excitation wavelength(s). Each laser configuration is supplied 
with a set of standard excitation filters, scan head filter blocks (always used in pairs) and emission filters 
(one set in front of each PMT). The tutorials have been written with the Krypton/Argon laser in mind. 
However, for users who have different laser combinations, the tutorial is still relevant - simply refer to the 
options below and substitute appropriate filter blocks as directed. For systems including a UV or MP 
laser, please refer to the relevant section in the UV or MP Users' manual. 

5.7.1 Filter Blocks 
 FILTER BLOCK NAME DESCRIPTION 
 VHS (510DCLP ext R) Reflects 457 and 488 
 A1 (527DRLP) Reflects 488 and 514 
 A2 (565DRLP) Splits Green to PMT2 and red to PMT1 
 T1 (Triple Dichroic) Reflects 488 + 568 + 647 
 T2A (560DRLP) Splits Green to PMT2 and red to PMT1 
 B1 Beamsplitter Reflects all wavelengths at 20%, transmits all >80% 
 SA2R (Snarf @ 514) 610DRSP  Contains emission filters 580/32 and 640/40 for Snarf 
 SK2R (Snarf @ 488) 605DRSP Contains emission filters 570/40 and 640/40 for Snarf 
 FF2R (Fluo-3 + Fura red) Contains emission filters 600LP and 530/40 for Fura red and 

Fluo-3  
 UBHS Reflects 351,363 and 488 
 INI 1 (380DCLP) Reflects UV lines 
 INI 2 (440DCLP) Splits Indo-1 violet into PMT2 and blue into PMT1 
 EG1  Reflects 488 + 543 
 E2 (560DRLP ext R) Splits Green and Blue into PMT2 and red into PMT1 
 OPEN -no filter Contains no filter - just keeps shutter open for single colour 

imaging 

5.7.2 Single Laser Systems  
5.7.2.1 Krypton/Argon laser 15mW or 60 mW 
EXCITATION FILTERS: 488, 568, 647, 488 + 568 OR ALL LINES 
FILTER BLOCKS: - T1, T2A, B1, OPEN  
EMISSION FILTERS: 

PMT1 - OPEN, 585LP, 605/32, OG515, 680/32 (2PMT Systems). 
PMT2 - OPEN, 522/35. BLUE REFLECTION. 
PMT3 - OPEN, 680/32. 

The tutorials have been written with the Krypton/Argon laser in mind, unless an AOTF is fitted (see 
overleaf) 
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5.7.2.1.1 Krypton/Argon AOTF Systems 
If the 15mW laser is attenuated by an Acousto-Optical Tuneable Filter (AOTF) instead of the normal 
filter wheels, there are some differences in using the software as follows: 
Firstly, when you create or edit a method in the wizard, for each detector, you will need to allocate which 
laser line you wish to associate with it, as the drop down list shown below. For the Tutorials this would 
be Kr/Ar[488] for PMT2, Kr/Ar[568] for PMT 1 and Kr/Ar[647] for PMT 3. 

 
Secondly, the laser section of the Optics diagram will appear as below: 

 
Instead of having separate limited controls for excitation filter and neutral density filter, there are three 
independent transmitted light intensity controls, one for each laser line, to a percent scale. Any of these 
controls can be set to "Off" or a specific value, with 1% resolution. 
Lastly, the laser section of the Control Panel will have 3 vertical tabs as below. When you select a 
detector tab, the laser line tab will automatically be brought to the forefront also (the laser line 
associated with the detector when you last created or edited the method). There is an independent 
slider and intensity value for each line. Any changes to any of the values will be represented in duplicate 
in the Optics diagram also (above). 

 
Warning: Be careful not to adjust laser power slider for laser lines you do not require; as otherwise you 
could switch on a line (e.g. 568nm to PMT 1) which would cause reflected light to pass the emission 
filter and enter the PMT. This warning applies especially to sequential settings. 
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5.7.2.2 Argon ion laser 25mW  
EXCITATION FILTERS: -  488, 514 nm OR ALL LINES 
FILTER BLOCKS: - A1, A2, VHS, B1, OPEN 
EMISSION FILTERS: 

PMT1 - OPEN, OG515, 580/32, 585LP, 680/32 (2PMT Systems).  
PMT2 - OPEN, 540/30, BLUE REFLECTION, 522/35. 
PMT3 - OPEN, 680/32 

Note: 
Argon ion lasers do not have a 568nm line or a 647nm line, so standard triple labelling is not 
possible. Double labelling is possible. 
In the tutorials, substitute T1 and T2A filter blocks with A1 and A2 for double labelling. When the 488nm 
excitation line is used, this is the only substitution required.  Where the tutorial uses the 568nm line, use 
the 514nm line instead. When the tutorial uses the 647nm line, there is no substitute with the Argon ion 
lasers. 
The Argon ion lasers do come equipped with a VHS (Violet High Sensitivity) filter block (which the 
Krypton/Argon system does not have). This can be used in Filter block position 1 (with OPEN block in 
position 2) when ever the 488 excitation line is used for highly efficient excitation and detection of  
Fluorescein -like fluorochromes. 
For reflection imaging use B1 in position 1 and the VHS filter block in position 2 as a substitute for T1. 

5.7.2.3 Argon ion laser 100mW 
EXCITATION FILTERS: -  457, 488, 514 nm OR ALL LINES 
FILTER BLOCKS: -  A1, A2, VHS, B1, OPEN 
EMISSION FILTERS: 

PMT1 - OPEN, OG515, 580/32, 585LP, 680/32 (2PMT Systems). 
PMT2 - OPEN, 540/30, BLUE REFLECTION, 522/35. 
PMT3 - OPEN, 680/32 

The 100mWatt laser has an extra 457nm line. This can be used in conjunction with the VHS and OPEN 
blocks for highly efficient excitation and detection of Lucifer Yellow and Chromomycin A3. 
Regarding the use of the tutorials, make the same filter block substitutions as for the 25mW Argon ion 
laser above 
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5.7.3 Dual Laser Systems 
There are various possibilities. The most common is an Argon ion laser and a Krypton/Argon laser or an 
Argon ion laser and a Green Helium Neon laser. 
In these applications, the Argon ion laser is used as a �work horse� for single labelled specimens, and 
the second laser is only switched on when the specimen demands it. 

5.7.3.1 Argon ion + Krypton/Argon 
EXCITATION FILTERS: -  457 (100mW), 488, 514, 488, 568, 647, 488 + 568 OR ALL LINES 
FILTER BLOCKS: - T1, A1, T2A, VHS, B1, OPEN 
EMISSION FILTERS: 

PMT1 - OPEN, 585LP, 605/32, OG515, 680/32 (2PMT Systems).  
PMT2 - OPEN, 522/35, BLUE REFLECTION. 
PMT3 - OPEN, 680/32 

Here, the Krypton/Argon laser is usually only switched on for efficient TRITC or Texas Red excitation, 
for triple labelling or for single CY5 (or red excited fluorochromes).  
Since both the Argon ion laser and Krypton/Argon laser have a 488nm line, it is not normally necessary 
to have the Krypton/Argon laser switched on (Unless the 457nm or 514 nm line is specifically required).  
If the Krypton/Argon laser is being used, then use exactly the same filter combinations as those in the 
tutorials. For the purposes of the tutorials, it is recommended that the Krypton/Argon laser only is 
switched ON and the filter blocks be used as directed. 

5.7.3.2 Argon Ion  + Green Helium Neon 
EXCITATION FILTERS: -  457(100mW), 488, 514, 543 OR ALL LINES 
FILTER BLOCKS: -EG1, T2A, VHS, B1, OPEN 
EMISSION FILTERS: 

PMT1 - OPEN, OG515, 580/32, OG570, 605/32, 680/32 (2PMT Systems). 
PMT2 - OPEN, 540/30, BLUE REFLECTION, 522/35. 
PMT3 - 680/32 

Here, the purpose of the Green HeNe 543nm line is to efficiently excite TRITC or Texas Red. Therefore, 
it is only switched on when the sample requires it. Users who regularly use red emitting fluorochromes 
will have the Green HeNe ON all the time. Again, standard triple labelling is not possible because there 
is no 647nm line. However, double labelling (i.e. FITC + Texas Red) is achieved by using the 488nm line 
from the Argon ion laser and the 543nm line from the Green HeNe laser. Thus, both lasers need to be 
ON for this application. The Green HeNe comes with a special EG1 filter block which is placed in filter 
block position 1 (in conjunction with T2A or A2 in position 2) especially for double labelling. All other filter 
blocks remain the same as for the Argon ion laser alone. 
In all the tutorials, have both lasers switched ON, and substitute EG1 for T1. 
For reflection imaging, substitute the VHS block for T1 (in position 2) 
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5.8 Manipulating the Mixer 
(1) Place the multicolour bead sample on the microscope stage, and using standard epi-

fluorescence and 20 X lens, focus on the central multicolour bead region in a position where 
both red and green 15mm beads are in the field of view - carefully change to a 60 X oil 
immersion lens and refocus. 

(2) Select Methods … Methods… and select a Triple Label method. 
(3) In the control panel choose SIM setting, Collection Filter Direct, and set N to STOP. 
(4) In the OPTIC graphic recheck All Lines and 3% Laser Intensity.  

Set the PMT1 Emission Filter to 605DF32 
Set the PMT2 Emission Filter to 522DF32 
Set the PMT3 Emission Filter to 680DF32 (on 3-PMT systems). 

(5) Close the Optics window 
(6) Click on the Mixer button in the Control Panel. In the mixer configuration window, Check that 

PMT 1 shows 100% in Pane 1 (this is red emission) PMT 2 shows 100% Pane 2 (this is green 
emission), PMT 3 shows 100% Pane 3 (this is far red emission). Leave the mixer window open. 

(7) Open the laser light path and start scanning. Refocus so the beads are round and at their 
brightest. (You may need to use some zoom to focus on the 1µm diameter far red-emitting 
beads in the 'blue' pane). 

(8) Click on the PMT tabs in the Control panel. If, having reduced PMT Gain, the images are still 
too saturated (there may be streaks across the screen), reduce the laser intensity to 1 % and 
increase the Gain as necessary. 

(9) You will notice that the red beads also show up on the 'Blue' channel along with the far red-
emitting beads (the merged pane will show these beads as purple). This is because the 
emission spectra of the two bead types overlap. An analogy with real fluorochromes would be, 
for instance, FITC bleed through into the Rhodamine or red detector. Therefore, we can say that 
there is bleed through from PMT1/Pane 2 (red) into PMT3/Pane 3 (blue), and we need to 
remove the PMT1 signal from the PMT3 image. 

 
(10) While scanning, in the mixer window, select the pane 3 tab. Turn on PMT 1 by clicking on the 

PMT Icon (a black line will connect PMT1 to the Pane3 display now showing connection 
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between both PMT 1 and 3. The slider for PMT1 will have gone to 100% ) reduce the PMT1 % 
initially back to ZERO ( mid point) and then to more and more negative values until the bleed 
through is removed from the blue image. Note that the brightness of the small far red beads is 
not affected. In the merged pane the colours will become more discrete as red green and blue. 

(11) The same principle can be used for removal of background or auto fluorescence. You will need 
to assess the colour of the unwanted fluorescence, that is, the PMT in which it is appearing, 
before you can perform the logical Mixer manipulation to remove it.  

(12) By default each Image Pane displays a different LUT. Pane 1 displays Red, Pane 2 Green and 
Pane 3 Blue. If desired, new LUTs can be used for imaging, selection from list of LUTs 
provided. 

5.8.1 Summary of Tutorial 
You should now be familiar with the use of the digital mixers and how they can be manipulated to 
remove bleed through, or to add signals together. If not, continue to make logical changes and observe 
the effects on the image until you are confident you understand it clearly. 
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5.9 Optical Sectioning 
You can now investigate the optical sectioning property of the confocal. 
The optimum setting for the iris diaphragm depends on the lens magnification, the lens numerical 
aperture (NA), and the wavelength of light. Pressing the 'Target Iris' buttons will choose this setting for 
you for each PMT. 
The thickness of an optical section will depend on several factors. Firstly, if the objective lens is low 
power, e.g. 10 X, it tends to have quite a low numerical aperture, e.g. 0.5. This limits the confocal 
sectioning ability of the system. However, with a high numerical aperture 60 X 1.4NA lens which has 
much better resolving power, it is the size of the confocal iris that sets the limit of the confocal sectioning 
ability. Refer to section 8.2.4 for a more detailed discussion of these subjects. 

5.9.1 Adjusting the Focus 
(1) Use the fluorescent paper sample and focus on it by conventional epifluorescence. 
(2) Open the microscope confocal light path 
(3) Load a Triple Labelling method 
(4) It is easier to work in single-pane mode for this. If you are in quad mode, double-click on the top 

left pane. You should now only see the red image. 
(5) Press the target iris buttons for all the detector tabs 
(6) Start scanning. Adjust the Gain to achieve an image of reasonable brightness as before. 
(7) Raise and lower the sample stage (for the upright microscopes) or the objective turret (inverted 

microscopes). Use the focus motor to do this (focus motor panel), or, if you wish to focus 
manually, make sure that the motor is switched OFF first. As the stage is lowered, the image 
will change and then go dark. At this point all regions of the sample are outside (below) the 
narrow depth of focus of the optical section. As the sample is raised again, first the top most 
regions are imaged and then, as the focal plane moves into in the sample, deeper optical 
sections are visualised. 

(8) At some level, image quality and intensity, deteriorate partly due to absorption of light in the 
upper sample regions, but also due to aberrations. The maximum depth in the sample at which 
images can be produced will vary from sample to sample and with the objective lens used. It is 
not unusual to section a distance greater than 100 microns into the sample. The maximum 
depth at which imaging is feasible will increase with good refractive index matching between the 
lens immersion medium and the sample, as well as the use of a suitable sample 'clearing' 
agent. It is imperative that you do not try to focus deeper into the sample that is allowed by the 
working distance of the lens. 

(9) When a satisfactory image is obtained of maximum brightness (focal point), stop scanning 
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5.9.2 Measuring the Sample Depth 
Check the depth of the interesting part of the specimen as follows: 
(1) Set the lens magnification you are using by clicking on the Objective entry in the Image 

Collection panel. 
It is imperative that the system user enters the details of the objective lenses and immersion media in 
the system. The system will perform mathematical corrections for refractive index changes between the 
lenses and the specimens. The magnification value is also necessary for subsequent length, area and 
volume measurements to be correct. 

YOU MUST SET THE CORRECT OBJECTIVE LENS BEFORE IMAGE COLLECTION. 

 
(2) Enter a Z 'Step' based on the objective lens numerical aperture. If you pressed the optimal iris 

button, the calculated Section thickness is indicated next to the Step value. 
(The recommendations are actually based on the z-sectioning ability of the objective, which is positively 
correlated with its numerical aperture. The Z-step value should be e.g. about 0.5µm for a 60 X 1.4NA 
lens and about 5µm for a 10 X 0.5NA lens. The default setting of the Z-Step can be altered with the 
objective lens menu) 
(3) Start scanning. Focus manually above the top of the region of interest. 
(4) Turn the focus motor ON by clicking on the appropriate selection at the top of the Focus Motor 

panel. Notice that the z position of the current imaging plane is now defined to be 0 microns. 
(5) Repeatedly click on the up arrow of the Position adjustment. Watch the position indicator 

change by the z-step, and hear the motor turning as this occurs. Continue until the first z level of 
interest is visible on the image monitor. 

(6) Click on the START button to record this position as the starting level. 
(7) Press the down arrow of the Position indicator to advance through the sample. Notice that the 

indicated value changes, and at the same time a blue platform will be seen to move within the 
diagram, indicating the relative depth within the sample. 

(8) Continue until the last focal level of interest is visible on the monitor, and click on the STOP 
button to record this position as the stopping level. Notice that the diagram is redrawn. Stop 
scanning immediately. 

(9) Since all the gains and offsets have already been adjusted, you should now be ready to collect a 
z-series. 
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5.9.3 Performing a Z-Series 

(1) Click on the �XY Images� button in the control panel (  ) The XY images window will open. 
(2) Enable the focus motor by selecting the �enabled� option in the focus motor tab. 
(3) The start, stop and step parameters that you have defined should already be displayed in the 

windows of this tab. The tab also displays the following information: 
! The total number of sections being acquired 
! The total number of images being acquired 
! The approximate disk space that the data will occupy 
! The estimated time required to complete all images 

(4) Press 'Start'. The z-series will now start and be saved automatically. 
(5) A Collection Information panel will inform you of the % progress of the z-series. The motor will 

advance the image plane by the specified z step after each section. As the series is collected 
you will be able to see each image on the screen. If you have set N to 6, the Kalman filter will 
continue to average each image for six scans. (Later on, you can try the accumulative filters and 
set N and F) 

When deciding on the number of sections to be collected, bear in mind the disk space requirement 
shown. The smallest step size likely to be used will be 0.2 or 0.3 microns, and then only when using an 
objective lens of approximately NA 1.4. A rule of thumb is that not more than 20 sections are generally 
required for a successful 3-D reconstruction. There are exceptions to this rule such as when imaging 
very large neurons which may be as deep as 100 microns. In these circumstances, it is not unheard of 
to take more than 100 sections. 
Note: If you made a mistake when you were setting up the z-series, or during series collection, 
you can interrupt the procedure by pressing Stop. All images collected up to this point can still 
be saved. 
If there is insufficient disk space for the number of sections chosen, a message will appear stating how 
much disk space you have and how much is required for the z-series you have chosen. If this happens, 
it is necessary to delete some files or copy them to another storage device to make room for new data. 
Note: You undertook this tutorial with the iris set at its optimal setting. If the iris was closed down beyond 
this setting, no real benefit is obtained. 
If the z-step is considerably larger than the section thickness, there may be empty spaces in the data 
set; this should be avoided. 
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5.9.4 Projecting a Single 3-D Projection 
This function allows you to view through your sections in 3-D. 
(1) After acquiring a z-stack, place the cursor over one of the panes and right click the right button 

on the mouse. A menu will appear. Select �New, Projection�.  
This opens the projection dialogue box (see below).  

 
The diagram on the left hand side of the dialogue box depicts a representation of the current projection 
that you are creating, and will change as you change the parameters you define. The projection can be 
viewed from a variety of different positions. 
(2) The default Single view is the �front� view (which represents a view of the whole z series from 

the first to last image in the series). Change this to �custom� 
(3) You can now rotate and tilt the Custom View projection (see below) to get an isometric 

projection view, as shown below. 
The slider underneath the projection preview rotates the projection about the y-axis. The projection can 
also be rotated by entering the angle of rotation (between –179° and +180° ) in the rotation window. 
The slider at the side rotates the projection about the x-axis. Similarly this can be defined by entering the 
angle of “tilt” in the tilt window. 
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The default settings are set to �maximum� (brightness) and �intensity� (projection). More advanced 
settings are discussed in the reference section. 
(4) Press OK.  A progress bar will appear, and then the projection will be displayed in a new image 

viewer. 
(5) If you wish to see a multi-colour merged projection, right click over the projection window and 

select New > Merge. Choose the LUTs you require in each pane and click OK (refer to section 
6.7.10 for more information) 

Y

X Z
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5.10 Collecting a Time Series 
If you wish to monitor changes in your sample you may wish to perform a time series. Time series may 
be of images from a single optical section (XYT), or of images from a complete Z series (XYZT, also 
known as 4D acquisition). A time series simply collects a series of images over time. First set up the 
system and ensure that you have a good image and that the optical section of interest is in focus. If you 
are interested in fast frame rates you may wish to consider reducing the number of lines scanned per 
frame or increase the speed. 
See also the advanced tutorial on TIMECOURSE imaging (section 7.6) which is a more flexible way of 
achieving many time series experiments. 

5.10.1 Collecting a Time Series 

(1) Click on the �XY Images� button (  ) and select the time series tab. 
(2) Tick the enabled tick box. 
(3) Set the number of cycles that you wish to collect (up to a maximum of 9999 cycles) by entering 

the desired number in the �number of cycles� window. Then enter the cycle time in the �cycle 
time� window - This determines the number of seconds that the system will leave between 
frames (up to a maximum of 4000). I.e. if you leave the cycle time to 0 then the system will scan 
as fast as possible 

(4) If you wish to do a Z series also, enable the focus motor by selecting the �enabled� option in the 
focus motor tab, and set up parameters as per section 5.9.3 

(5) Click the start button to collect the series 
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5.10.2 Playing Back Time Series 
When the time series has been collected, the files are automatically displayed as soon as collection has 
finished. The series can be viewed by moving the slider along the time points along the viewer window 
or by selecting one of the play back buttons in the viewer tool bar (rocking or looping). The speed of 
playback can be increased or decreased by clicking on the arrows next to the stop button. 
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5.11 Viewing Data Collected under Lasersharp for OS/2 
(1) Open a New Experiment (live) and scan into it briefly 
(2) Go to the Experiment Browser and right click on the Experiment 
(3) Click on or select Import. The files directory will be listed. 
(4) Click on the desired filename (.PIC extension) from the OS/2 
(5) The image will now appear in a new viewer (the below example is a triple colour transmission 

image) 
(6) Measurements and projections on the data will be calibrated 

 

5.11.1 Merge Pane 
A merge pane is not automatically provided. To create one for multi channel data, proceed as follows: 
(1) Right click any image of the set and select New > Merge. This displays the merge control box. 
(2) The files should have been automatically loaded into the merge control box. If each image 

represents a simple R,G,B image, then leave "RGB" selected, then click OK 
(3) This will then generate a separate merged 24bit image file. This can be saved. 

 
Note: Unlike Lasersharp for OS/2, the merge operator (or live pane for new experiments) does not take 
into account the brightness, contrast or gamma settings of the individual data panes 
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5.11.2 Viewing Properties 
The 'properties' option from the right click pop up menu on the image viewer will be greyed out, because 
OS/2 did not save the full range of properties that LaserSharp 2000 does for new data. 
However, you can view basic information by choosing "export" (section 6.8.2), then choose export to file 
type "text information file", and finally open the file in a text editor program. See the example below: 
 

General 

Data Location           C:\Experiments\Jim\XYZseriesa\100SIM 

 

File 1 

File Name               XYZseriesa_data.pic 

8.3 Name                XYZSER~1.PIC 

Size                    264140 bytes 

Created                 2004 Mar 29 11:27 [this is the import date, not the original] 
Modified                2004 Mar 29 11:27 

Total Dataset Size      264140 bytes 

Acquisition Type        XY scan 

Intensity Resolution    8 bits 

Number of Channels      1 

 

Calibration 

[this information is not read] 
 

Width 

 Box Resolution        512 pixels 

 Pixel Size            3.300 µm 

 Box Size              1.690 mm 

Height 

 Box Resolution        512 pixels 

 Pixel Size            3.300 µm 

 Box Size              1.690 mm 

 

Scanning and Method 

[this information is not read] 
 
To access further data, you can use the program 'biorinfo'  
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5.12 Transmission Imaging 
The transmitted light detector (TLD) is sited near the conventional transmission (bright field) microscope 
lamp. The lever on the top of the TLD is moved to determine whether you see a conventional 
transmission image down the eyepieces (lever straight) or a non-confocal diode image from the TLD. 
The TLD picks up laser light which passes through the specimen, and can be used with phase contrast 
or DIC lenses and accessories. You may find that when DIC has been optimized, quite high laser 
intensity is required to obtain reasonable image brightness. 
(1) Choose a stained sample (e.g. Haematoxylin and Eosin). 
(2) Ensure microscope condenser is set up correctly for Köhler illumination 
(3) Focus on the sample in bright field by conventional means. 
(4) Move the TLD lever to the left. 
The TLDs can be in one of two forms, triple or single channel. Refer to section 9.9 for more information. 

5.12.1 Triple Channel Transmission Detector 
The TLD contains three diodes, for simultaneous multi-colour imaging (each diode has a filter in front of 
it which means it can only be used with one laser line). 
Select a Triple Transmission method. If one does not exist, create one from the following guidelines: 
! One simultaneous setting and 3 sequential settings 
! Pane 1 = TLD 3 (488nm), Cyan colour look up table 
! Pane 2 = TLD 2 (568nm), Yellow colour look up table 
! Pane 3 = TLD 1 (647nm), Magenta colour look up table 
! Merge pane with look up tables as above 

Open the laser light path and start scanning in the simultaneous setting. Adjust the Gains and Offsets to 
optimize the brightness and contrast. 
You can also adjust the % from TLD1, 2 and 3 displayed in the Mixer configuration window if required.  
Use the Kalman Collection Filter to average the signal 
Note: It may be preferable to collect the transmission images and confocal images sequentially rather 
than simultaneously, since some DIC components may affect the quality of the confocal image. 

5.12.2 Single Channel Transmission Detector 
The TLD contains a single diode, which will pick up any laser wavelength. 
Select a Single or Triple Colour Transmission method. If one does not exist, create one from the 
following guidelines: 
! 1 or 3 sequential settings 
! Pane 1 = TLD 1 (488nm), Cyan colour look up table 
! Pane 2 = TLD 1 (568nm), Yellow colour look up table 
! Pane 3 = TLD 1 (647nm), Magenta colour look up table 
! Merge pane with look up tables as above 

Click on the Sequential exploration scan button to collect each channel in turn, a merged colour image 
will be displayed in the merge pane 
Optimise the signal for each of the sequential settings using the individual gains and offsets 
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5.13 Methods 

5.13.1 Factory Methods 
When a Confocal Imaging System is supplied new, Bio-Rad may have provide a set of Methods tailored 
to each system, to cover the most common range of imaging techniques. If at any stage you wish to 
return to this �default� set of Methods, please contact your local Bio-Rad Representative. 

5.13.2 Backing Up Your Own Methods 
If you wish, you may make a back up copy of all the Methods in use with Lasersharp 2000. This would 
be useful if, for example, some Methods were deleted unintentionally or altered by a less experienced 
User. To make a back up of all the Methods and user settings there are two techniques as follows: 

5.13.2.1 Compact Wizard 
(1) Close Lasersharp 2000 

(2) Run the utility C:\LaserSharpNT\CompactDBWizard.exe 

(3) Select Next. 

(4) Remain on automatic mode and select next. 

(5) Select finish. 

(6) The wizard will now create a backup of the database as: 
c:\LasersharpNT\database\XXXXXXXX.mdb 

In place of the series of X�s will be a string of numbers derived from the date in DDMMYYYY format. 

If this happens successfully you will see three ticks appear. In addition a log is provided. If the log 
reports any faults double check that LaserSharp 2000 is shut and return to step 2. If the wizard 
continues to give errors contact your local service representative. 

In addition the wizard will compact the original database in size.  

5.13.2.2 Copy Database File 
Alternatively you can just copy the file c:\LasersharpNT\database\lsmessages.mdb into a 
suitable directory such as C:\LasersharpNT\backup\[today’s date] 
To return to the back up copy at any time, proceed as follows: 

(1) Close Lasersharp 2000 

(2) Delete the current c:\LasersharpNT\database\lsmessages.mdb 

(3) Copy the file lsmessages.mdb from your backup directory into 
C:\LasersharpNT\database, renaming to lsmessages.mdb if necessary. 

(4) Run Lasersharp 2000 

5.13.3 Renaming, Moving and Copying Methods 
Please refer to section 6.5.2.3 
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5.13.4 Method Wizard 

 
The Methods window (above) shows a graphical representation of the methods and their settings on a 
per user basis. To edit an existing method select the method name in the list and press the Method 

Editor Wizard button .  To create a new method press the Method Create Wizard button .  
The Method Wizard will take you through the required steps to create a new Method or to edit an 
existing one as follows. You can press the 'Next' and 'Back' buttons at any time you go forwards or 
backwards through the various steps. 
The example given here is for a triple labelling method, but with a system that has only two PMTs. 

5.13.4.1 Step 1: Start method 

 
(1) Enter your chosen Method name. Try to keep this as short as possible to prevent problems. 
(2) Enter an optional text 'Description' 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 5-50 

 

5.13.4.2 Step 2: Screen layout 

 
(1) Choose the number of 'Panes' (including merge, if required) 
(2) If you wish to acquire more than one channel of data; 

•  choose the number of rows in which the panes will be arranged 

•  If you require a merge pane, assign it to the last pane by ticking the 'Merge' checkbox. 

5.13.4.3 Step 3: Setting Manager 

 
The setting manager allows you to create your settings. 
(1) If you require one or more simultaneous settings (i.e. more than one pane of data being 

acquired simultaneously), create the first now by pressing "New" simultaneous setting button 
Note: For various reasons it is best to do simultaneous settings first. You can do sequential afterwards 
(2) Choose the setting name and a customized icon colour, if required, in the window which opens 
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5.13.4.3.1 Optics Configuration 

 
Set up the instrument appropriately for the setting you desire in the following sequence. 
Note that in this example, as there are only two PMTs in the system, we can only acquire 2 channels 
together in the simultaneous setting. Chose Green (PMT 2) and Red (PMT 1) fluorescence. On systems 
with three PMTs, all three colours could be acquired together instead. 
(1) Activate the laser(s) to excite the fluorophores by clicking on the square laser buttons 
(2) Set an appropriate excitation filter for each activated laser (for AOTF systems, refer to section 

5.7.2.1.1 instead for this) 
(3) Select a power for each activated laser.  This can be adjusted later so don�t worry too much 

about the level set - use less rather than more. 
(4) Select an appropriate filter block pair to reflect the excitation light to the sample and the 

emission signal(s) into the chosen PMT(s) and turn on each PMT. Edit the name of the detector 
if desired. 

(5) Select a suitable emission filter for each PMT from the drop down. 
(6) For each detector, select the laser (or laser line for AOTF systems) which is causing the 

fluorescence (or transmission), from the drop down. This operation determines which laser 
control slider appears in the control panel together with the gain, iris and offset sliders. 
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5.13.4.3.2 Sim: Assign Detectors 

 
You now need to select which detectors will be shown in which panes in the Simultaneous setting 
If you do not wish to accept the default configuration shown on this screen, you can drag and drop the 
white detector icons from the right hand side, into the panes required. To remove a detector from a 
Pane, drag the white detector name icon from the pane to the Detectors list on the right hand side. 

5.13.4.3.3 Create Sequential Settings 
You will now return to the Setting Manager screen. 
If you wish to create sequential settings, on pressing the "New" Sequential setting button you will be 
prompted to assign that setting to one of the panes (normally you will probably want to accept the 
default) 

 
For this example, we will set the first sequential setting as Red fluorescence into Pane1 (the same as 
the simultaneous setting), the second as Green fluorescence into Pane2 (also the same as the 
simultaneous setting), and the third as Far Red fluorescence into Pane3. 
You will be presented with the optics diagram again for each sequential setting. If you have created a 
simultaneous setting already, some of the filter and detector settings for the sequential setting will 
default to the same values. You can change them if you wish. 
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5.13.4.4 Step 4: Define Merge 

 
If you do not wish to accept the default configuration shown on this screen, you can drag and drop the 
white detector names (of the live data panes) to and from the Merge Pane 

5.13.4.5 Step 5: Choose Look-Up Tables 

 
Apply the look up tables (LUTs) to the individual panes and to the merged pane by dragging and 
dropping the LUT names from the list on the right hand side, to the panes 
Press the 'Finish' button. Your method will now appear in the Methods menu and is ready for use. To 
edit the method use the Wizard and step through to the appropriate stage to make the change. 
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5.14 Shutdown Procedure 
Exit LaserSharp 2000 using either the single-click Exit icon at the top right of the application or select 
Exit from the File menu.  

 
Switch off the hardware by pressing the front panel of the controller. Check that the LED 
indicator on the scan head has gone out. 
Power to the System Controller, optical microscope and any ancillary equipment (e.g. printer) can now 
be turned off. 
At the end of a session the laser should be turned off using the key switch. The laser power supply 
should be left ON since this provides power for the laser cooling fan. The fan will run for approximately 5 
minutes until the laser head is cooled down. 
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6. Software GUI reference 
This chapter provides a reference to the LaserSharp 2000 software. 
The various components and modes of image acquisition are explained in the following sub-sections. 

6.1 Login Screen 

 
This window will appear on starting the software, and also if the 'Log Out' option is selected at any time. 
It is primarily used to set users 

6.1.1 Background Brightness 
Pressing the 'light bulb' icon at this stage controls the brightness of the application (and all Windows NT) 
windows. There are two states: normal or dimmed. Dimmed mode is provided for two reasons: 
(1) To reduce glare and eye strain when viewing the monitors in a darkened room 
(2) To reduce interference to external detectors (MP systems only) 
It is only the main software that is dimmed. This means that the actual image displayed in the viewer 
window retains its usual brightness. By dimming the software surrounding the typically dark image whilst 
retaining the image brightness it should be easier to see detail from within the image. It is because of 
this area selectiveness that this feature is better than just adjusting the brightness settings on your 
monitor. 

 

Dashboard 
lights button 
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6.2 Main Tool Bar 
 

6.2.1 Experiment/ File Operations 
The first group of buttons duplicates the options from the File menu on the main menu toolbar (see 
section 6.5.1 for more information). 

 New Experiment 
 Open Experiment 
 Save Experiment 
 Close Experiment 
 Print 

 Copy Image to Clipboard (see section 6.5.1.7) 

6.2.2 Full Screen   
The current image (or projection) can be displayed in �full screen� view mode by pressing this button. To 
return to �windowed� mode press the OK button which appears in the top left, or press <Escape>. 

6.2.3 Show/Hide Control Panel   
The Instrument Control Panel (see section 6.9) is shown or hidden entirely by toggling this button. 

6.2.4 Script Editor On   
The Script Editor window will be displayed (see section 6.12). This also makes the Script main menu 
options selectable (see section 6.5.6). To close the Script Editor window, click the Windows close 
(cross) icon on it. 

6.2.5 Operators 

 
This group of buttons duplicates the launching of some operators from the 'New' pop up menu in the 
experiment viewer. Refer to section 6.7 for more information. 
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6.2.6 Script Runner Buttons 
The Script runner consists of 6 shortcut buttons which are used to quickly run scripts without having to 
open the Script Editor window. 
Scripts to be run using this method must be .txt files stored in the LaserSharpNT\Scripts directory. 
To assign a script to a shortcut button on the toolbar, simply drop down the menu at the side of an 
existing button and select your script name from the list. Buttons not already allocated to scripts will 

display the following icon:  
Pressing the button will then run the script using the first 'sub' procedure 
To assign a custom icon to the button, place a .bmp icon of the same name as the script in the script 
folder. Once the button is assigned LaserSharp 2000 will use the icon.  Use an existing icon as a 
template for your own to make sure you have the correct file type for the icon; they can be easily edited 
in MS Paint. 
Note: LaserSharp 2000 assigns the scripts to the dropdown menus on initialisation, so if you place a 
script in the folder when you are running LaserSharp 2000 you will not be able to assign it to a button 
until you restart. 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-58 

 

6.2.7 Annotation (Overlay) Controls 

 
Annotations can be drawn on image viewers with these controls. Annotations should not be confused 
with ROIs (which are drawn using tools on the image viewer windows) 
Select an annotation simply by clicking over it with the left mouse button. However, having done this you 
must then click on the 'De-select' button above before you can select other annotations (or ROIs). 
Once an annotation is selected, pressing the 'Properties' button shown above will open a small window 
where the colour, text content and style can be changed. 

Press the Show/ Hide Annotations toolbar button on the image viewer toolbar ( ) to hide and show all 
the annotations 
Note: To export an image with the annotations, use the Copy to Clipboard main toolbar button, see 
section 6.5.1.7. 

6.3 Status Bar 
 

The first panel (not shown above) gives application information, such as whether the software is in 
emulation mode or not. 
The next three panels display information about the image viewer which is currently 'active' (blue title bar 
instead of grey) as follows: 
! Section number (Z section followed by time point, starting from 1) 
! X and Y co-ordinates of the mouse cursor, in pixels 
! Image intensity value (for each pane P1, P2 etc) at the mouse cursor, in grey levels 

The currently logged in username is displayed on the right hand side panel (e.g. 'Default user'). 

Properties 
of selected 

overlay 

Delete 
selected 
overlay 

De-select 
overlay 

Draw 
ellipsoidal 

overlay

Draw 
rectangular 

overlay

Add text 
overlay 

Add 
contrast 
wedge 

Add scale 
bar 
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6.4 Experiment Browser 
To aid you organising your data, images that are created from the raw data are stored in automatically 
created and named sub-folders on disk.  For example, if you have named an experiment �Sample A� 
then a folder will be created called �Sample A� and your raw data will be placed in a file (called 'SampleA 
raw.pic') within a sub-folder. 
If there is more than one channel of data and you have chosen to merge these channels then a sub-
folder called �Merge Pane' will be created.  A sub-folder will be created for each instance of each 
operation on the data set, e.g. 'LineProfile' below. 

 
The Experiment Browser allows you to see your open experiments and their respective sub-folders.  
Note that in each experiment there can only be one Raw Data set (opened by clicking once over the 
experiment name). 
Click once on the cross icon on the left of experiments to expand or collapse the view, in order to see 
what operators are present. Click again on these operators to open them. 
Right click over an experiment to view the options in the Pop-Up menu 
In the example above, two saved experiments "SingleXYscan" and "XYZseriesa" are shown, and below 
the live experiment is shown as "C:\Temp\untitled6" 
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6.4.1 Pop-Up Options 
6.4.1.1 Import 
Note: see also the Tutorial on Viewing Data collected from Lasersharp for OS/2 (section 5.11) 
PIC files can be imported from inside any experiment, or from any package that saves in the Bio-Rad 
PIC format, such as CoMOS, Lasersharp for OS/2, and so on. 
(1) Create a new experiment and briefly scan into it, or open an existing experiment (providing it is 

not saved on a read only medium) 
(2) Select the experiment in experiment browser  
(3) Right mouse click and select 'Import' 
(4) Locate the PIC filename. If it is part of a multi-channel XYT or XYZ series (or an XYZT series), 

all the PIC files of the data set must be together in the same directory. The filenames will display 
numbered suffixes. 

(5) Click OK. The PIC file will now be imported and opened in a viewer window. 
To save imported PIC files, you must associate them with the experiment when closing them in the 
same way as operators. 
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6.4.1.2 Print 
To print select file print or right mouse click on the image window and select “print”. From the print 
windows you can select the printer to print from. You will also be able to choose to print the selected 
image, all images including the merge or by choosing “images” you can select a subset of images. 
When choosing a sub set of images the z slices are numbered from 1, the time points are numbered 
from 1 and the channels are numbered from 1. For example in a 3 pane and merge method the merge 
is channel 4. 
You can then choose to print: 
Image � 1 Image per page 
Channel Montage � Prints all panes for a section on same page. Different sections are on different 
pages  
Image Montage � Prints all sections for a pane on same page. Different panes are on different pages 
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6.4.1.3 Export 
Exports a single image (including sections, if required, as separate files) to other file formats. 
Note: See also section 6.5.1.6 for the 'Batch Export' function on the File menu, to export more than one 
image 
Once in the Export window you can choose the file name and type as well as determining the file 
destination. 
If the experiment has multiple channels you will be asked if you wish to export all of the channels or just 
the channel you clicked on. It is also possible to export the merge by right mouse clicking upon the 
merge pane.  

 
6.4.1.3.1 Export file types 
! Audio-Video Interleaved File (.avi)  
! Bio-Rad Confocal Pic File (.pic) 
! Windows Bitmap File (.bmp) 
! Tagged-Image File (.tif) 
! Device-Independent Bitmap File (.dib) 
! JIF Image File (.jif) (note: uses lossy compression) 
! Joint Photographic Experts Group File (.jpg) (note: uses lossy compression) 
! Zsoft IBM PC Paintbrush File (.pcx) 
! Text Information File (.txt) 
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6.4.1.3.2 Additional Export Options 
For All Images: 
Image(s) � For single section images this box allows you to choose which pane is exported.  
For multiple section images it allows you to choose which images from the series to export. Enter image 
numbers and/or ranges separated by commas. For example 1, 3, 5-12. This allows images to be 
cropped. 
Use Standard Greyscale LUT checkbox- By default images are exported with the LUT shown in 
LaserSharp 2000 applied. Ticking this option will export the image(s) with a standard linear greyscale 
LUT instead. 
Note: To export an image with the annotations, use the Copy to Clipboard main toolbar button, see 
section 6.5.1.7. 
For BMP, TIF, DIB, JIF, JPG and PCX only: 
Additional destination file naming � When you export to PIC or AVI you get a single file containing all of 
the sections. When you export to one of the other image formats you get a number of images. The 
Additional destination file naming allows you to select the numbering method for these exported images. 
There are 5 numbering options: 
None (Only single file) � Exports the section you clicked on. 
Numbered from 0, as per source (i.e. export frames 6-10, new files numbered 5-9) 
Numbered from 1, as per source (i.e. export frames 6-10, new files numbered 6-10) 
Numbered from 0, as per destination (i.e. export frames 6-10, new files numbered 0-4) 
Numbered from 1, as per destination (i.e. export frames 6-10, new files numbered 1-5) 
For AVI Images only 
Rate � The playback rate in frames per second recorded in the AVI. Note that not all playback programs 
read this value. 
For PIC Images: 
Force data to 8-Bit � For images collected in 16-Bit you can reduce the Bit depth to 8-Bit when 
exporting. 
For Text File Information 
By default the image properties are written to the text file. Uncheck the “Write Properties Text File” 
check box to export the full list of the PIC header and notes settings. 
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6.4.1.4 Properties 
Displays information about the raw data of the currently selected experiment. The properties window is 
also accessible by right clicking over the experiment viewer. 
The Properties are not available on imported PIC files. 

6.4.1.4.1 General tab 

 
This section records the long filename of the PIC file, the equivalent DOS 8.3 filename on disk, file size, 
creation date, acquisition (scan) type, and number of channels / time points / Z sections. 

6.4.1.4.2 Calibration tab 

 
This section records the objective lens name and magnification, the box size in pixels and microns, and 
the pixel size in microns. Note that the Pixel size may differ between width and height, for example if the 
acquisition type is an XZ section. 
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6.4.1.4.3 Scanning tab 

 
This section records the scan frame rate, line frequency, pixel dwell time, zoom and pan position. It also 
records the collection filter. 
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6.4.1.4.4 Method tab 

 
This tree-like view records information on the method and its settings. In the example above, the 
method name is "rg", a simultaneous setting called "Sim" can be seen in the left panel, and two 
sequential settings "Red" and "Green" are in the right panel. For each setting, all the active detectors 
and lasers are listed, together with their associated parameters and filters. 
Note that there is no distinction between settings actually used to collect the data, and inactive settings 
(i.e. simultaneous or sequential acquisition). Also, the exact settings of the mixer (percentages from 
each detector in each pane) are not recorded. 
Note: "Black" in this section refers to the Offset of the detectors 
Note: All of the information recorded on a saved experiment here can usually be re-applied to the 
current live experiment automatically using the "restore method" feature (see section 6.8.4) 
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6.5 Main Menu Bar 

 

6.5.1 File Menu 

 
The File menu contains entries to: 

6.5.1.1 New Experiment   
Select this item from the menu or use the button on the application toolbar to create a new experiment.  
An image display window to suit the currently selected Method will be created. 

6.5.1.2 Open an existing Experiment   
Opens an existing experiment from disk. The experiment will appear in the experiment browser and the 
desired data can be opened from there. To open a particular component of the Experiment, simply 
single click the item in the Experiment Browser. 

6.5.1.3 Close a currently Open Experiment   
Closes the experiment - shuts all windows in the experiment and removes all entries in the Experiment 
Browser 
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6.5.1.4 Save an Experiment (As…)    
Saves an Experiment. 
You will be prompted for a name for the experiment, by default this will be set to your LaserSharp 2000 
user name followed by the date. If this file name is already taken then LaserSharp 2000 will append a 
number increasing with each experiment. For example, if you do not yet have a username and log in as 
the default, the first experiment created on the 10th of August 2001 will be called �Default user10-8-
2001�, the next will be called �Default user10-8-2001-1� and so on, 
If you wish to change this name simply type over the experiment name. 
The experiment will be saved in the current users default experiment folder. If you wish to change this 
hit the three dots to browse for an alternative existing folder. 
If you click the close icon of the image viewer without first having saved data manually, you will be 
prompted if you wish to save at this point also. 
Note: For live exploration, the image displayed on the screen is lost as soon as you begin the next scan 
unless you save it manually 
NOTE: Neither Bio-Rad nor their staff can be held responsible for customers data held on the computer.  It is the 
customer's responsibility to backup their data.  This is particularly important before an engineer visit.  Bio-Rad 
recommends that data is backed up on a regular basis, to removable media or a network.  Customers should 
remember that a computer could potentially crash at any time and data may not be recoverable. 

6.5.1.5 Delete Experiment 
Deletes a saved experiment from disk 
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6.5.1.6 Batch Export 
This allows you to export several images simultaneously into an alternative file on your network for use 
with other software packages. You will see the batch export wizard dialogue box open:  

 
Select the desired experiment from the source directory list or click on the browse box to bring up the 
windows file directory tree, and select the desired experiments. The �next� button will become active, 
click on this and a new dialogue box will open. Enter the desired location for the exported images or 
select the location using the browse option. Select the file type from the drop down menu under the file 
type selection box arrow. The help file contains more information on this function. 
Note: You can also export a single image with the Export operator (see section 6.4.1.3) 

6.5.1.7 Copy Displayed Image  
Copies the currently selected image as a bitmap to the clipboard, for transfer to other applications.  
Annotations and ROIs are included, if they are displayed on the image viewer. 
Note that you need to ensure the entire pane is visible (no scroll bars in the image viewer), and that the 
image viewer display size will become the size of the image copied to the clipboard. Normally therefore, 
press the 1:1 display zoom button on the image viewer before copying it to the clipboard, to make the 
copied image size the same as the box size. 
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6.5.1.8 Print an image   
Refer to section 6.4.1.2 for more information 

6.5.1.9 Log Out 
Logs out the current user and displays the Login dialog ready for the next user. You will be prompted to 
save the current image if you have not already done so 

6.5.1.10 A list of recently opened Experiments 
The eight most recently used experiments are shown for rapid access. 

6.5.1.11 Exit the application  
Exits LaserSharp 2000 
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6.5.2 Methods Menu 
Note: Refer to Tutorial on Methods, section 5.13, for more information on methods not included in this 
section 

 
This menu contains entries to Save Settings, load methods, edit an existing method or create a new 
method. 

6.5.2.1 Save Settings   
Saves the currently loaded method, including the current state of the PMT iris and gain, laser power 
level, optics and mixer settings, etc. 

6.5.2.2 Methods 
Opens the Methods window (below) 

 
The dialog shows a graphical representation of the methods and their settings on a per user basis. 
Right clicking over a method produces the following pop up menu: 
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6.5.2.2.1 Loading a Method 
To load a method, select the method that you wish to use and load it by clicking on the �load� icon or by 
using the popup menu, then selecting �load method�. 
Note: the objective lens used is saved in the method if you use the save settings option from the 
methods menu. When a user changes to a method with a different objective lens the software will do 
one of the following: 

1. Automatically change the objective lens display on control panel, to that stored in the method. 
2. Ignore the objective lens stored in the method. 
3. Prompt the user if they would like to change to the new objective lens.  

The default setting is to prompt the user, but this can be changed from the Tools¦User Setup menu 

6.5.2.2.2 Editing, Renaming or Creating a New Method 
To edit an existing method select the method name in the list and press the  Method Editor Wizard 

button or choose "Edit Method" from the pop up window 

To create a new method press the Method Creator Wizard button .  The Method Wizard will take 
you through the required steps to create a new Method or to edit an existing one. Refer to Tutorial in 
section 5.13.4 
You can also rename an existing method 
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6.5.2.3 Copying and Pasting Methods 
You can copy and paste methods (including to other users, if you are logged in with 'System' access 
rights.) 
In the figure below, all three Users with the three different User access levels are shown in the Methods 
Window � �Default user�, �Kate� and �Sam�. 

 

To copy Method �Triple Labelled� from User �Sam� to User �Kate�, proceed as follows: 

(1) Highlight the Method as shown above. 

(2) Click on the copy icon ( ) 
(3) Highlight �Kate� 

(4) Click on the Paste icon ( ) 

6.5.2.4 Recently Used Methods 
The last 10 methods used are also listed under the methods menu. Selecting one of these directly from 
this list will load that method automatically, without having to open the Methods window first. 
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6.5.3 Acquire menu 

 
Most of the functionality of the Acquire menu is replicated in the control panel with the collection buttons. 

 

6.5.3.1 LiveScan    
On pressing the live scan button the system will start scanning the galvanometers, and acquiring an 
image into all active panes of the live image viewer at the same time (depending on the setting in use).  
Whilst the system is scanning, most system parameters can be changed.  For example, detector gain 
and iris, laser power, optical or display zoom, and Setting. 

6.5.3.2 Sequential live scan    
The sequential live scan button automatically cycles through the sequential settings and updates the 
merge pane (if you have configured one) frame by frame.  This mode of scanning is useful when 
imaging samples which can only be imaged in sequential mode due to bleed through. 
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6.5.3.3 XY Images   
This is used for making automatic XYZ, XYZT or XYT collections. The XY Images dialog box can be 
altered as described below. Pressing 'Start' commences the acquisition. 
If you are currently in a simultaneous setting, it will be used for the collection. If you are in a sequential 
setting (and there is more than one sequential setting), the collection will cycle between the sequential 
settings in a similar way to Sequential live scan (above). 

6.5.3.3.1 Focus Motor Tab 

 
Check the 'Enabled' tick box if you wish to do a Z series (XYZ or XYZT). The Start, Stop and Step 
parameters will be the same as on the Focus Motor section of control panel. You can alter them here if 
you prefer. 

6.5.3.3.2 Time Series Tab 
The Time Series tab allows either an XYT series or an XYZT series to be acquired if the "Enabled" box 
is checked. 
Enter the number of cycles and the cycle time. 
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6.5.3.4 XZ (vertical section) Images  

 
The scan line (Y position) is selected using the spin buttons and slider, and will be displayed on the 
image in the colour specified by the radio button. 
If you are currently in a simultaneous setting, it will be used for the collection. If you are in a sequential 
setting (and there is more than one sequential setting), the collection will cycle between the sequential 
settings in a similar way to Sequential live scan (above). 
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6.5.3.5 Line Scan (XT) collection   
Will allow collection of up to 1024 lines 
The scan line (Y position) is selected using the spin button, and will be displayed on the image in the 
colour specified by the radio button. 
The time interval (ms) can be changed, but will be limited to certain values. By changing the speed 
slider (488Hz or 166Hz) on the control panel, the available values will change. 
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6.5.3.6 Timecourse  
Opens the Timecourse Control Window. Please refer to the Tutorial on Timecourse imaging, section 
7.6. 

6.5.3.7 Point Scan 
Before using this option, you must first draw a rectangular region of interest (ROI) - see section 6.6.3.2. 
Once you select this option, the galvanometers are made stationary positioned in the centre of the ROI, 
and the laser shutters are opened. Note that you may need to stop scanning if you wish to adjust which 
laser attenuation or wavelengths are required. 

6.5.3.8 Pixel Size 
This cannot be changed on the MRC-1024, and is always 8 bits per pixel 
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6.5.4 Image menu 
6.5.4.1 Adjust Contrast… 

 
The adjust contrast dialog allows you to change the brightness, contrast and gamma settings for the 
current pane. 
You can also load different look up tables from here, specific to each pane 
If you have written your own colour look up tables (including those created under OS/2), press the 'Load 
LUT�' button and select the .LUT extension file required from the file browser window which will open. 
Refer to the software help file for details of the .LUT file format if you wish to create your own. 
If you place .LUT files in the C:\LaserSharpNT\LUTs folder, they will always be listed on the right 
hand pane of this window, upon reboot. 
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6.5.4.2 LUTS 
You can load LUTs into all panes at the same from the preset list in this submenu. 

 
The options are: 
! Reset to SetCol 
! Reset to GreyScale 
! Reset to User default LUTs (As specified in the user setup) 
! Reset to Method LUT�s (As specified in method editor) 
! Reset to RGB (Red, Green and Blue) 
! Reset to BGR (Blue, Green and Red) 
! Reset to GRB (Green, Red and Blue) 

Although these defaults cover the majority of user preferences, users should still apply some thought to 
the LUTs they have selected when creating methods and in their user preferences.  
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6.5.5 Tools Menu 

 
The tools menu contains options for setting up the system configuration, user login details and access 
rights. 

6.5.5.1 System Setup 
The system setup dialog consists of three tabs. It controls global (not user specific) system settings. 
These can only be altered by LaserSharp 2000 System access level users. 

6.5.5.1.1 Scan System Tab 
The first tab is the scan system setup: 

 

6.5.5.1.1.1 Direction 
This controls inversion of the direction of scan in both axes to orient the image on the screen to be the 
same as that seen down the binocular eyepieces. 

6.5.5.1.1.2 Scale Factor  
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This determines the XY calibration of the system and will be set up at the time of installation.  Changing 
this will render measurements incorrect. 

6.5.5.1.1.3 Galvo Trim 

The 'Trim' button sets up the scan parameters of your galvanometers and should only be adjusted by 
your service representative. 

6.5.5.1.1.4 Maximum Size of Collection 
This controls the maximum amount of data (in MB) that may be collected in a single experiment. 
The recommended value is physical memory minus 30Mb. 
The default value is 100Mb (aimed at 128Mb RAM systems) 
The maximum value is 2048Mb 
Note: Physical memory is the figure which appears on the blue screen during Windows NT boot up, or 
the number under 'Physical Memory' Total in the Windows Task Manager. 
System Users may increase this limit to collect larger experiments than the recommendation, but this 
will cause the PC to use virtual memory (the Windows 'paging file'), and image viewer play back will be 
very slow. Provided that all other experiments are closed, this could be increased to at most: (Physical 
memory + Virtual memory � 100MB). Virtual memory is configurable in Windows, and is typically the 
same as Physical memory by default. 
Setting an even higher limit is likely to result in an error message once the experiment has been 
collected, and it may not be possible to play back or reopen the data afterwards. 

6.5.5.1.1.5 Warn User if Hard Disk Space is Less Than 
This controls the amount (in MB) that must be kept free on the drive where the temporary directory is 
located. LaserSharp 2000 checks the free space at the start of every experiment and will prevent 
scanning from starting if it drops below this level (hence, this is more than just a 'warning'!) 
This purpose is to ensure users do not scan if there is any chance that there will not be enough room to 
finish the experiment and re-save the data to a new location afterwards. 
The recommended value is therefore at least double the value of the “Maximum Size of Collection�. 
The default value is 1024Mb 
Irrespective of the limits set above, LaserSharp 2000 will not start an automated collection (Z or T 
series) if there is insufficient space in the temporary directory (eg C:\TEMP) to save it all in. 

6.5.5.1.1.6 Temporary Directory 
The location in which data (that cannot be held in RAM) is stored on disk, before the user has 
specifically requested to save an experiment to a specified location. 
If the PC has only one hard drive partition, leave the Temporary Directory at the default of C:\TEMP 
If the PC has a partition on the hard drive (or a second hard drive) proceed as follows: 
! Choose the drive letter with the largest available amount of free space expected in the future, or 

as required by the customer 
! Set the 'Temporary Directory' to the drive letter required, with folder name 'Temp' e.g. 

''D:\Temp" (other names are also acceptable, but do not choose a folder which will be used by 
other applications or to save data or LaserSharp 2000 experiments) 

Note: The above will prevent the C: drive filling up with temporary experiment data as a large 
collection is acquired 
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6.5.5.1.2 Microscope Motors Tab 
The second tab is for set up of the focus motor 

 
For Nikon, Olympus and Zeiss microscopes, the focus motor couples to the fine focus knobs. In the 
case of the Zeiss microscopes with MRC-1024 ES only, an 18:1 gear box is used to drive the coarse 
focus instead.  
The focusing drive motor has either 1000 (MRC-1024) or 2000 (MRC-1024 ES) steps (increments) per 
revolution. On most microscopes, this corresponds to a minimum step size of 0.10 or 0.05 microns 
respectively. 
Again, all of these settings will be made at installation and will only need changing if you change the 
microscope to which your system is attached. 
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6.5.5.1.3 Microscope Tab 
The Microscope 'Type' determines how the Z-Focus icon operates dependent upon the type of 
microscope you are using. 
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6.5.5.1.3.1 Laser Standby 

•  Supported lasers switch to standby (lower power) mode a certain time after scanning has 
stopped 

•  The low power icon next to the laser slider on the detector section of the control panel is used 
as an indication of when Laser Standby mode is activated (see below) 

•  A "Please wait for laser to warm up" message window will display if set to wait for laser to warm 
up after coming out of laser standby mode (instead of white scan icon �hanging� in versions prior 
to 4.2). 

•  Multi laser systems: If you have a laser with laser standby enabled, and that laser is not in use 
in the method (e.g. MP imaging), the laser is kept in standby mode whilst scanning 

To find out if this laser standby supporting hardware is fitted, check if there is a cable from the front of 
any ILT or ALC laser power supply boxes (near where the operating keys are located) running to an 
adaptor on the controller rear panel (Digital I/O connector). 
1. Ensure the toggle switch on the side of the connected Krypton Argon or Argon laser head is set to 

�Normal� or �Low� (not �High�) 
2. Enable the Laser Standby checkbox 
3. If there is no laser displayed in the list of �Selected Laser�, please contact Technical Support 
4. Set the value for Go to standby if idle for in minutes (The laser will switch to standby mode if the 

system has not scanned for this period, to preserve laser lifetime). 
5. Ensure the value for Standby off & scan after in seconds (If the laser is in standby mode when a 

scan is started, the software will switch out of standby mode and wait for this period before 
commencing scanning. 20 seconds is adequate time to reach stable output power. Until version 4.2 
or LaserSharp 2000, the minimum possible value for this setting was 1 minute) 

Recommendations 
Set the value for Go to standby if idle for is set to 10 minutes (The laser will switch to standby mode if 
the system has not scanned for this period, to preserve laser lifetime). 
Ensure the value for Standby off & scan after is set to 60 seconds (If the laser is in standby mode 
when a scan is started, the software will switch out of standby mode and wait for this period before 
commencing scanning. 1 minute is adequate time to reach stable output power in all cases) 
These parameters are configurable to the system administrator�s preference. Some examples: 

•  For long term Timecourse imaging (e.g. overnight), the recommendations above will ensure 
stable output power before each time point. 

•  For short term Timecourse imaging, if Go to standby if idle for is set to greater than the total 
experiment period, this will ensure the laser never goes into standby mode during the 
experiment. 

•  For intermittent sample location and non quantitive imaging, where fast response to the scan 
command is more important, set Standby off & scan after to 0 seconds. 
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6.5.5.1.4 Triggering Tab 
Select any of the 3 inputs by changing the drop down menus from "Disabled" to "Frame Trigger", then 
choose if triggering should be on high or low (TTL) level. The physical connection and specification of 
inputs is described in section 9.12.5. 
Triggering should only use one input. If you select more than one input to be active in the software, the 
triggering will be slowed down. 
Providing you have ALSO enabled triggering on the relevant tab of the 'XY Images', 'Linescan' or 
'Timecourse' control windows, when you press the button to commence the scan in the software, the 
scan will not actually start to occur until triggered. 

 

6.5.5.2 User Setup 
The User setup dialog allows authorised users to add or delete other users or to edit their access rights.  
There are three access levels; System, Read/Write and Read Only.  It is recommended that the 
appointed system manager has System rights, all authorised users should have Read/Write access (so 
that key system configurations cannot be accidentally modified) and that unauthorised users are give 
Read Only access.  Only users with System access can create, delete or edit other users or edit their 
access level. 
A default working directory can be assigned for each user so that their data is automatically saved in a 
known folder on the system. 
Check the �Close shutter between sections� to ensure that the beam is turned off between sections.  
Leave this option unchecked to achieve the fastest possible series acquisition. 
Refer to section 7.5.2 for more information 
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6.5.5.3 Objective Lens.. 

 
This opens the Objective Lens set up window (above). At the top, two buttons allow you to 'add' or 
'delete' objective lenses. Their labels will appear in the drop down list on the control panel. You can also 
edit existing lenses by selecting them in the list. 
Important Note : You must press the APPLY button to save any changes you make, including 
before pressing 'Ok' to exit this window 
6.5.5.3.1 Objective Lens Tab 
The 'Label' should be kept as short as possible as otherwise it may not all be visible on the control panel 
drop down selection box. It is advised to include the objective magnification and immersion media only. 
The Magnification value is used for calibration of measurements, and should ideally be exactly equal to 
the stated magnification on the lens. However, to account for small differences in real performance, it 
can be calibrated more accurately for each objective using a calibration slide. 
The numerical aperture should be set from the value written on the objective. Refer to section 8.2.3.3 for 
more information about the effect of NA on Z resolution. 
The default focus motor step size should be set to a convenient value for each lens. 
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6.5.5.3.2 Depth Correction Tab 
The Depth Correction tab, when the 'Enable correction' tickbox is checked, activates a correction 
algorithm to correct for axial geometric distortion caused by mismatching of refractive indices above and 
below the cover slip. 

 

6.5.5.3.2.1 Immersion Medium 
This refers to the medium between the lens and the specimen. There are some built-in media in the 
drop down box, or you can enter a custom value. Refer to section 8.2.2 for more information. 

6.5.5.3.2.2 Cover Slip 
If the lens is corrected for use with a coverslip, it will have written on it the coverslip thickness 0.17mm.  
If it is labelled with 0.17, the Cover Glass Refractive Index is that of glass, which is 1.525. However, if 
the lens is not intended to be used with a coverslip, this value should be set to 1.00. Such lenses are 
intended for material science applications. 
Coverslip thickness varies considerably. Users may wish to measure them with a micrometer before 
using them. 

6.5.5.3.2.3 Specimen 
The refractive index is difficult to calculate, but as a general rule most biological tissue can be 
considered to have the same refractive index as water i.e. 1.33. 
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6.5.6 Script Menu 

 
The script menu contains entries for editing and running scripts.  It is only available if the Script Editor 
window is open (press the Script Editor button on the main toolbar). 
These scripts are standard Microsoft Visual Basic Scripts (VB Script) and their documentation should be 
consulted for details of this programming language. Contact Bio-Rad for details of LaserSharp 2000 
specific commands. 
Scriptable functionality within LaserSharp 2000 which is available at release of V5.2 can be summarized 
as:   
Instrument Control  
 Start a scan series 
 Zoom, Pan 
 Box Size 
 Detector gain, iris, offset 
 Laser attenuation (power) 
 Setting selection (within given a method) 
 Z Motor position, move, switch on/off 
Application Access 
 Current scanned 2D images 
 Windowless image processing operation (yet to be fully implemented) 
Confocal data manipulation and access 
 Creation of multi-dimensional confocal image matrix 
 Initialise and allocate image buffers for image matrix 
 Access/manipulation of dimension information 
 Access/manipulation of Calibration information 
 Access/manipulation of individual 2D images and their individual pixels 
 Fast memory copy between 2D images 
Scriptable Status Bar 
 Write text to the status bar from within a script 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-90 

 

6.5.7 Window Menu 

 
The items in the windows menu are standard windows functions for closing or rearranging the layout of 
viewer windows within LaserSharp 2000. 

6.5.8 Help Menu 

 
6.5.8.1 Help topics 
Brings up the latest help file for LaserSharp 2000. You can search the help file index or for keywords 
also. 

6.5.8.2 Activate 
If a licensed software component is purchased, such as Multi-Phase Timecourse, an Activation Key will 
be supplied as part of the order placed with Bio-Rad. Once this code is entered, the component will be 
shown in the �Activated Options� list with a blue tick next to it (see example below) 
The following table list the types of permanent key: 

Types of Permanent Key Functionality 
None Multiphase 

Timecourse 
Spectra-

Sharp 
Single phase Timecourse / plot " " " 

Acquisition 
Multi phase Timecourse / plot No "* No 

Mean Graph No " No 

SpectraSharp (Spectral Re-assignment) N/A N/A " Processing 
Timecourse Playback No " No 

*Note: If upgrading to Multi Phase Timecourse for the first time on a system, a service visit will be 
required to set up the centre trim factor calibration for calibrated Zoom to ROI functionality 
In order to purchase one of the options, you need to obtain an activation key, for which the current 
�System Key� from your PC must be supplied to Bio-Rad. Keys will only work with one individual PC. 
Note: Every time you reinstall or simply start LaserSharp 2000, the System Key will differ. This is 
normal. 
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Product Activation 
window, with no keys 
entered 

 

 

 
 
 
 
 
 
 
Timecourse Multi-
Phase Activation Key 
entered 

 

6.5.8.2.1 Key Failures 
If a Key does not show a tick or cross next to it after entry, you may not have entered enough 
characters. Also check for leading or trailing spaces that may have been pasted in from the clipboard. 
Keys will become invalid (shown with red cross, see below) in the following cases. 
•  Replacing PC 
•  Resetting PC internal clock 
•  Replacing many hardware components on PC over lifetime of equipment 

If you know that one of these instances will occur in advance, you should obtain a replacement 
permanent key from Bio-Rad in advance. Otherwise, obtain a replacement key if appropriate. 
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6.5.8.3 About LaserSharp 
Brings up the version window so that you can tell which version of LaserSharp 2000 is currently running. 
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6.6 Image Viewer Window 
Image viewer windows can either be live (the system can scan and display data in them, and data can 
be processed) or saved (data can be processed only). There can be no more than one live window, but 
there can be an unlimited number of saved windows. 
Note: If saved experiments are opened from read-only locations such as CD-ROM, you will be able to 
view the data only, and not process it. 
You can resize image viewer windows by dragging the bottom left corner with the mouse. If the image 
data cannot all fit inside, horizontal and/or vertical scroll bars will appear. 
Viewer windows can be divided into the following sections, which are described in more detail below: 

•  Title Bar / Filename 

•  Toolbars 

•  Display panes 

•  Sliders 

 

6.6.1 Title Bar / Filename 
The directory location where the image data is saved, or will be saved. 
Image viewers can either be live or saved. The easiest way of finding the current live window, if there is 
more than one window visible, is to find the title bar which contains a location in the configured 
'Temporary Directory', which by default is 'C:\Temp\....'. 
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6.6.2 Image Display Panes 
Can be either single- or multi- pane mode. 
Double clicking the left mouse button over the required pane (or pressing the relevant toolbar button) 
toggles between these two states. 
In multi-pane mode, the position of the live and merge panes is as specified when the method was 
created, as is the number of rows in the display. Any pane can be selected by clicking the left mouse 
button once over it (or pressing the relevant toolbar buttons). The currently selected pane is shown by a 
very fine blue rectangle around the border. Once a pane is selected in this way, certain operations such 
as pressing the 'LUT' toolbar button will apply only to that pane. 
The most common multi-pane configuration (and numbering) is shown below: 

 
IMPORTANT: The display panes 1, 2 and 3 cannot be assumed to be the same as the PMT or 
transmission channels; although they often are. This is because the display panes are the result of 
output from the digital mixers. You can display PMT 1 (Red ch) in Pane 2 and PMT 2 (Green Ch) in 
Pane 1 or vice versa if you wish, as defined when the method was written. Also, the mixer window can 
be used AT ANY TIME to combine or subtract multiple channels in one pane, the result of this process 
is shown in the panes in real time. 
If your image display does not have a merge pane, you can always create a merged image viewer after 
you have acquired your data, separately. Alternatively, you can edit the method to add a merge pane. 
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6.6.3 Image Viewer Toolbar 
Each image display viewer houses its own set of controls 
Hint: If you right click in the area at the top, a pop up menu appears which allows you to customize the 
toolbar displays. 

6.6.3.1 Multi View Toolbar 

   Change LUT, Brightness, Contrast or Gamma (see section 6.8.5) 

  Set display size to 100% (only active if Fit to View mode is off) 

 Increase display zoom (only active if Fit to View mode is off) 

 Decrease display zoom (only active if Fit to View mode is off) 

 Toggle on/off 'Fit to View' mode. In this mode the display data will be resized so that it always 
fits inside the image viewer (no scroll bars). 

 Toggle between single and multi-pane view 

 Show montage display of data 

 Show / Hide Annotations 
Note: Other annotation controls are part of the main application tool bar, so are not described here 

 Start rocking animation of multi-image data set 

 Start looping animation of multi-image data set 

 Stop animation 

 Increase/decrease animation speed 
 
1, 2, 3, 4 Select Pane 1/2/3/4 (the same as clicking over the pane with the mouse) 

Note that the image can also be displayed in ‘full screen’ mode by pressing the  button on the main 
menu toolbar.  To return to ‘windowed’ mode press <Escape>.  
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6.6.3.2 Region of Interest Toolbar 
The Region of Interest (ROI) draw tools are an integrated part of the image viewer. 
ROIs are used to: 
! define the scan region for 'Zoom to ROI' mode in Multi-Phase Timecourse 
! define the scan point in 'Pointscan' mode 
! crop data 
! analyse data intensities with the histogram operator 
! analyse data with Timecourse 

You can draw up to 9 ROIs. They can be moved and resized afterwards.. A number will appear next to 
each ROI and they will all have a unique colour. The ROIs are common to all image panes so it does not 
matter which pane they are drawn in. 
It is possible to draw three types of shape 
! Rectangles 
! Ellipses 
! 'Poly-lines'. 

Rectangles and ellipses are drawn as follows: select the appropriate button, left click where you wish the 
top left corner of the ROI to be, hold down the mouse button and drag the mouse to where you want the 
bottom right corner to be, then release the mouse button. The pixel co-ordinates will appear when the 
ROI is selected. 
Poly-lines are drawn by selecting the polyline tool and clicking a series of points on the images which will 
be connected together. Simply double click when you have finished drawing the last point of the polyline 
and the first and last points will be connected together.  

 

* This icon will display a small red cross in the corner (  ) if the ROIs are currently hidden 
It you wish to delete an ROI simply click on it to select it and click the delete ROI button. To move an 
ROI simply select it and drag it to the new location. To delete all ROIs, click the delete all ROIs button. 

Draw new 
rectangular 

ROI 

Draw new 
ellipsoidal 

ROI 

Draw new 
polygon 

ROI 

Delete 
selected 
ROI 

Delete all 
ROIs

Show/ 
Hide 
ROIs* 

Copy 
ROIs 

Paste 
ROIs 
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The show/hide button toggles if ROIs are displayed on the image or hidden � note that this function 
toggles the display, it does not delete the ROIs. This function is useful because if you copy the image 
using the copy button on the main toolbar and paste it into another application the ROIs will also be 
pasted if they are currently being displayed. 
The copy and paste buttons on the ROI toolbar allow you to copy the ROIs from any saved image and 
paste them into the live experiment window so you can use exactly the same ROIs in the same locations 
as before.



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-98 

 

6.6.4 Image Viewer Sliders 
The slider at the bottom (and right hand side for XYZT) of multi-image files can be used to manually 
animate the images or move between different sections and time points (providing montage mode is not 
on) 
The small black pointers at the top and bottom of the sliders are used to set the extent of animations. 

 
The current section number is shown in the main status bar at the bottom of the application window, 
e.g.: 

 
The current X and Y pixel co-ordinate of the mouse cursor is also displayed in the main status bar. 

6.6.4.1 Z Series or Multi-View Projections 
The slider at the bottom controls the section number 

6.6.4.2 Time Series 
The slider at the bottom controls the time point 

6.6.4.3 XYZT Series 
The slider at the bottom controls the section number 
The slider on the right hand side controls the time point 

Z section 
slider 

Time point 
slider



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-99 

 

6.6.5 Montage Mode  
Montage displays multiple sections at once in a single pane (i.e. it replaces the section sliders), for the 
purposes of viewing at once, printing or exporting. Montage can only be produced once data has been 
acquired. 
If you have more than one channel, you have two choices as to how to produce your montage as 
follows: 

•  You can display all sections from each channel in the separate panes (recommended). In 
this case, ensure you are in multi pane mode, and set up the montage individually for each 
of the panes one after the other. 

•  You can display all channels AND all sections in one pane only. In this case, double click on 
the first pane so it is the only pane on display, before pressing the Montage icon 

After clicking on the Montage toolbar button, the form below will be displayed: 

 
'Show all channels' displays all panes of data in one montage (but still only within one pane of the 
display). 
To exit montage mode and return to normal, simply press the Montage icon again for each pane 
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6.7 Image Operators 
Image operators (or analysis and processing functions) are accessed via the pop up menu - simply right 
click on an image and select �New�. 

 
Most operators can also be selected from buttons on the main tool bar (where this is the case, the 
button icons are shown next to the titles below) 
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6.7.1 Arithmetic  
Allows arithmetic functions to be applied to the images. Operations can be applied within an image (I.e. 
add or subtract a certain value from all of the pixel values within and image), or between different 
images (for example, add one image to another image, or divide one image by another). 
The following operations are available: Add, Subtract, Multiply, Divide, Average, And, Or, Xor. 

 
Select the desired operation form the drop down 'Operation' menu. 
Define which images you wish to use by selecting �same image� or �different image�. �Same image� will 
perform the chosen operation on two panes within an experiment. �Different image� will allow you to 
select images in different experiments. If you select this option, an experiment browser will open 
allowing you to select the desired experiment and images from other folders. 
The �value� selection allows you to define a pixel value, which is then applied to a single pane by 
selecting one of the operations. 
Once the operation and images have been selected, click on the �Sections� tab and assign the correct 
pane to �first image� and �second image�. 
Finally click on �apply�. 
A new image window will open, displaying an image resulting from the defined operation.  
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In the following series of images the arithmetic operations are applied to two images. The images are of 
a projection of a Neurone dataset. The images are mostly the same but have some differences. 

Image A (Left)             Image B (Right) 

  
6.7.1.1 Add 
This algorithm that adds together the pixel values in two images, and then divides the total by two for 
display (this ensures that the resulting image does not contain any pixels that exceed the maximum 
brightness of 255). It also allows you to add a defined pixel value to all pixel values in an image. 

Image A added to Image B 

 
6.7.1.2 Subtract 
This algorithm subtracts one image from another, or subtracts a defined pixel value form all pixel values 
in an image. 

Image A minus (subtract) Image B 
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6.7.1.3 Multiply 
The multiply function multiplies one image by another, or multiplies every pixel in an image by a defined 
pixel value. 

Image A multiplied by Image B 

 
6.7.1.4 Divide 
The divide function divides one image by another, or divides every pixel in an image by a defined value. 

Image A divided by Image B 

 
6.7.1.5 Average 
Average displays the average intensities of the two images selected. 

Image A averaged with Image B 
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6.7.1.6 And 
Performs a bitwise logical AND between the selected images. Only bit values that are on/1 in both 
images will be on/1 in the result. 

1100 AND 1010 = 1000 
Image A bitwise AND Image B 

 
 

6.7.1.7 Or 
Performs a bitwise logical OR between the selected images. Bit values that are on/1 in either image will 
be on/1 in the result. 

1100 OR 1010 = 1110 
Image A bitwise OR Image B 
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6.7.1.8 Xor 
Performs a bitwise logical XOR between the selected images. Bit values that are on/1 in one image and 
off in the other image will be on/1 in the result. 

1011 XOR 1001 = 0010 
 

Image A bitwise XOR Image B 

 

6.7.2 Co-Localisation  
The co-localisation tools include: Co-localisation, colocalize map, scatter plot, segment and map. These 
allow analysis of the level of bleed through and co-localisation in an image.  
A separate co localisation user guide in the application help file describes the use of these operators. 
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6.7.3 CoLocalise Map 
The co-localise map operator allows you to perform the functions on the third tab of the co-localisation 
wizard, including: producing a coloured map or black and white overlay, and merging these with the 
original colours. The co-localisation map operator should ideally be run on the result of segmentation.  

 
The coefficient are then automatically produced and displayed in a window.  

 
The images produced will be saved in a sub folder within the experiment directory called colocalize map. 
Within this sub folder a file called �data.cmf� (co-localise map file) is used to store the information about 
the map including the coefficients. This file can be opened in programs such as notepad and looks like: 
[Colocalize Map Properties] 
Number Of Inputs=1 
Row of Images=1 
Column of Image1=1 
Column of Image2=2 
Colour Pair=Red/Green 
Map Type=Black/White 
Apply Mode=ROI 
ROI Number=2 
[Input Sources] 
Source=..\TRITC PropI glia cells 1_SegmentedImages.pic 
[Operator Data] 
Data File Path=TRITC PropI glia cells 1_ColocalizeMap.pic 
Merge File Path=TRITC PropI glia cells 1_Merge.pmf 
[Description] 
Description=Colocalize Map 
[Colocalize Coefficients] 
Pearson Correlation=0.791758 
Overlap Coefficient=0.886469 
Overlap Coefficient K1=1.179870 
Overlap Coefficient K2=0.666028 
Colocal Coefficient M1=0.914785 
Colocal Coefficient M2=0.902394 
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6.7.4 Crop 
If you have drawn rectangular regions of interest, you can crop the image in XY to these. You can also 
crop off time points, channels or Z sections in order to reduce the file size of your experiment. You do 
not need to crop all of the dimensions. 
There are four sections to the crop operator that may or may not be present depending on the 
experiment type: 
(1) Select ROI. This section is always present.  By default this option is set to the whole image but it 

will also let you crop to any of the rectangular ROIs already drawn on the image. Selection from 
the suitable options is made available via a pull down menu.  

The next three sections will be hidden if not appropriate for the data set. They all work by letting you 
select either 'All', 'single' image or a 'range'. 
(2) Channels. For 2 or 3 channel datasets this lets you crop the number of channels.  
(3) Stacks. For Time or Z series this lets you crop the range down.  
(4) 4D Stacks. For 4D acquisitions the stacks part lets you crop the Z dimension, this part then lets 

you crop the T dimensions.  
Crop selection form – showing all possible options 

 
When you press the OK button you will get a new image in the experiment folder called "Crop", which is 
stored in the .PIC file format. You can then apply all of the usual operators to this new image. 
As in all operators, the original image is not affected and remains 
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6.7.5 Histogram   
The Histogram operator shows a histogram of pixels in the image. The data from the histogram is saved 
in a file called data.hst in the histogram folder. 

6.7.5.1 The Set Up Window 
You will first be presented a window to select the operator range. 
Using the pull down menu it is possible to select either the whole image or any of the rectangular ROIs 
upon which to perform the histogram. 
The resolution box defines the class width along the x-axis, hence a resolution of 1 will plot a single bar 
against every pixel value, and a resolution of 10 will group together the counts of pixels with values 
between 0 and 9 and plot them as a single bar. 

 
Once all of the selections have been made, press the OK button to display the histogram in the graph 
window 
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6.7.5.2 The Graph Window 
Note: This graph window is also common to the line profile operator. 
The menu bar across the top of the graph displays the following tools. 

 
    A    B   C   D      E   F    G   H     I     J   K    L   M   N  O  P     Q       R 
 

A - Reset (returns to defaults, including zoom 100%) 
B  - Print 
C - Copy (for later pasting of CSV data into MS Excel, or a 
graphical bitmap) 
D - Properties (displays a parameter dialogue box) 
E - Legends (Add or Remove) 
F - Horizontal grid lines (Add or Remove) 
G - Vertical grid lines (Add or Remove) 
H - Trend lines (when in 2D line mode) 
I - 2D Bar 
J - 2D Line 
K - 2D Area 
L - 2D Step 
M - 3D Bar  
N - 3D Line 
O - 3D Area 
P - 3D Step 
Q - Zoom 
R - Change Colours (background, lines, grid etc) 

If the 'Zoom' button is depressed, you can zoom into parts of the graph by clicking over the graph with 
the left mouse button 
Providing you are in '2D Line' mode, pressing the 'Trend lines' button shows lines like the following 
example: 

 
            Maximum and Minimum values are shown as solid lines.  
            The mean value is shown as a dashed line. 
            Standard deviation from mean is shown as a dashed / dotted / dashed� line, 
            Regression trend is shown as a dotted line.  
For histogram only, at the bottom of the graph, the following are reported: 
! Minimum, Maximum and Mean intensities 
! Standard deviation (SD) 

Click on the cross in the top right hand corner of the window to close the histogram. A dialogue box will 
open asking you if you wish to associate the operation with the experiment. Choose �yes� or �no� to 
finally close the histogram. 

A     B     C    D         E    F    G             H    I      J     K    L    M    N    O     P         Q 
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6.7.6 Line Profile  
The line profile tool allows measurement of length, and a graph of intensity versus XY position. 

6.7.6.1 The Set Up Window 
The line thickness can be set to values greater than one (in pixels) to smooth noisy traces by averaging 
across the thickness of the line.  

Draw the start (and intermediate) line anchor point(s) by clicking once with the left mouse button, and 
double click to draw the end point and finish. You can remove the last point or all points, as required by 
pressing the buttons on the right hand side of the window. You can drag anchor points around after they 
have been created by left click the mouse and dragging them. 
It is often useful to see the cursor position as coordinate, and the intensity at every position. This is 
because structures can often be defined by their intensity in relation to their surroundings. To see X, Y, 
lntensity, as the mouse pointer is moved across the image, the X, Y, lntensity values are displayed in the 
status bar at the bottom of the screen. 
Calibration between pixels ("Off") and microns ("On") can be selected in the Calibration area radio 
button. 
Line colour and Chart Title can be changed. 
If a structure continues into the next optical section, press the arrow keys on the toolbar to move 
backwards and forwards through sections, Note that when you go backwards through the sections, the 
overlay remains on the image as a visual indication of what you have measured. 
To switch to a different pane press the "1", "2", "3" icons on the toolbar. 
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To change the display zoom, right click the mouse cursor whilst positioned alongside the toolbar icons 
at the top, and tick the "MultiView Toolbar" option. You can now use the same Fit to View or Zoom 
buttons as a normal experiment viewer window. 
To view the line definition data from the length measurement, look at the data table which should appear 
by default. This shows the length of each segment measured, as well as the cumulative length 
To view an intensity profile through the length measured, press the OK button 

6.7.6.2 The Graph Window 
A graph will appear showing positions along the length in microns or pixels (x-axis) and the intensity (y-
axis). 
You can return from the graph window back to the set up window by pressing the "Properties" icon 
( ), where you can alter the line points or views accordingly. 
The toolbar for the graph allows the display type, zoom, colours and trend lines to be set exactly as in 
the Histogram graph window - refer to section 6.7.5 for details of all these functions. 
Click on the cross in the top right hand corner of the window to close the line profile. A dialogue box will 
open asking you if you wish to associate the operation with the experiment. Choose �yes� or �no� to 
finally close it. 
The data from the line profile measurement is saved in a file called data.lpf in the lineprofile folder on 
disk. This can be imported into MS Excel provided semi-colon ";" is used as the CSV delimiter. 

6.7.7 TC Playback  
This option is only active for saved Timecourse experiments. 
It brings up the Timecourse control window. Pressing the Play icon on this window will then replot the 
live graph. 
You can move or add ROIs, and every time you press the Play button again, the live graph will be 
updated to the new ROI conditions. 
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6.7.8 Mean Graph 
The Multi-Phase Timecourse option must be activated to use this operator. 
Produces an intensity plot of series data. 
The vertical (intensity) axis can be shown either in terms of grey levels (0 to 255) or fractionally scaled 
grey levels (where 1 represents the highest value in the set); press the  button to toggle between the 
two options. 
The horizontal axis depends on the scan type, from the following options: 

! XYZ series: plots axial position or section number (press the  button to toggle between the 
two options) (this can be useful for observing intensity fall off with depth, prior to using the 
laserpowerwithdepth script to increase the laser power accordingly during acquisition) 

! Timecourse or XYT experiments: plots time or section number (press the  button to toggle 
between the two options. You must be in 2D point mode to see the time axis) 

If there are no ROIs drawn on the image, the intensity will be calculated from the entire frame average. 
If ROIs are drawn, their mean intensities will be shown separately. 

 

6.7.9 LiveGraph 
Opens the Timecourse Control Window. Please refer to the Tutorial on Timecourse imaging, section 
7.6. 
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6.7.10 Merge   

 
The merge operator can be used to merge up to three images.  At present, only images which have 
been acquired together or have been produced by the Projection operator can be merged.   
Merges images can be useful to view multiple channel information in one visualisation. If you have a 
merge pane in a method you use then it will perform the merge defined in the method. The merge 
operator will let you perform additional merges after the acquisition of an experiment. The �colour 
scheme� box lets you define the colours used for the merge. This will either be Red, Green and Blue or 
the look up tables defined in the list on the right (default).  
By default the list on the right will list the original look up tables. To changes these simply select the pull 
down arrow and change the LUT. If you only wish to merge a subset of the channels it is possible to 
remove a channel by selecting it and choosing �delete source�. 

6.7.10.1 Technical Description 
Takes up to 3 inputs (non-merge panes) of 8 bit data. For each pixel, uses the logical OR operator to 
produce a 24 bit merge, assigning any chosen colour look up table. 

•  Inputs are either 8 bit, or 16 bit which is then truncated to 8 bit. 
•  Output is 24 bit, stored on disk as a .PMF extension image file 

In order to avoid losing some data in the merged image, chose inputs without overlapping colour 
components. This means combinations of either Red, Green and Blue (primary colours). In addition if 
only two channels are being merged it is possible to use one primary colour and one of the secondary 
colours  Cyan, Magenta and Yellow (secondary colours) - see colour wheel below. 
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Magenta

Blue

Yellow

Green

Cyan

Red

 
E.g. Merge of red, green and blue PMT panes 
 Red component Green component Blue component 
 Bits Intensity Bits Intensity Bits Intensity
Pane 1 Input, P 00101100 44 00000000 0 00000000 0 
Pane 2 Input, Q 00000000 0 10111101 189 00000000 0 
Pane 3 Input, R 00000000 0 00000000 0 11000110 198 
Output: (P OR Q) OR R 00101100 44 10111101 189 11000110 198 
 
E.g. Merge of green PMT and grey transmission panes 

 Red component Green component Blue component 
 Bits Intensity Bits Intensity Bits Intensity 
Pane 1 Input, P 00000000 0 11100101 229 00000000 0 
Pane 2 Input, Q 01101100 108 01101100 108 01101100 108 
Output: P OR Q 01101100 108 11101101 237 01101100 108 
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6.7.11 Projection   
The projection operator allows either single or multiple views to be generated using a wide range of 
projection algorithms. 
The diagram on the left hand side of the dialogue box depicts a representation of the current projection 
that you are creating, and will change as you change the parameters you define. The projection can be 
viewed from a variety of different positions 

6.7.11.1 View tab 
Single View or Multiple View radio button 

 
6.7.11.1.1 Single View 
The Single View projection option can allow the user to quickly ascertain the optimal projection 
algorithm for a data set prior to generating a Multiple view (animated set) of projections later. 
There are six preset views available, shown in the drop down menu above. 
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Additionally, a Custom option is given where any angle of tilt or rotation can be selected as follows: 

Default View    Custom View 

                    
 
 
 
 
 
 
 
 
 
The slider underneath the projection preview rotates the projection about the y-axis (see below). The 
projection can also be rotated by typing in the angle of rotation (between �179° and +180°) 

 
 
 
 
 
 
The slider at the side rotates the projection about the x-axis. Similarly this can be defined by typing in 
the angle of �tilt�. 

 
 
 
 
 

Y

X 

X

Y Y

X Z 
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6.7.11.1.2 Multiple View 

 
On selecting Multiple View the extent of the tilt and rotation angles and the steps between the views can 
set individually. There is also a drop down list of projection sets. 
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6.7.11.2 Method tab 

 
In all of these projection modes imaginary lines (of sight) are traced through the data set and the 
intensity values of the voxels that lay on each of these lines are used to calculate the resultant single 
value for that projected line. 

6.7.11.2.1 Projection Method 
Maximum - Finds the brightest intensity �voxel� along the line of projection and ignores the rest. This is 
very well suited to the majority of confocal fluorescence data sets, particularly those that have very open 
structures e.g. Neurons, cytoskeletal labeling or surface labeling of cells. Maximum is the default setting 
for single pass projection mode. 
Minimum - Finds the lowest voxel intensity and ignores the rest. This can be used to good effect with 
negative labeling techniques such as imaging living cells in a medium containing FlTC-Dextran.  
Average - Calculates the mean of all voxel values along the line. Useful where a maximum brightness 
projection discards important information from the less bright regions of the data set. An average 
brightness projection will almost always produce a dimmer image than the equivalent Maximum 
brightness projection. This is because many zero or low brightness values will be included in the 
averaged values along the line. This can be partially compensated for by adjusting the Contrast in the 
image. 
Above threshold - Chooses the first voxel value to exceed the selected threshold. This can be useful 
for imaging an anterior (front) surface in a data set, which may not be the brightest feature along that 
line of sight. A more powerful method of imaging anterior surfaces or features is to use a Two Pass 
projection as described in the next section. 
Below threshold - Chooses the first voxel value to fall below the selected threshold. Again, useful for 
negative staining techniques where one wishes to image the anterior surface of a dark object in a bright 
surrounding medium. 
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6.7.11.2.2 Voxel Representation 
Once you have defined the desired projection method from the five techniques above, there are two 
ways in which to represent the calculated voxels. 
Intensity � This displays the actual intensity of each pixel, according to the method chosen. This is the 
default method of voxel representation. 
Depth � This feature uses a different algorithm to �grade� the pixel intensities according to their position 
in the z stack. In maximum mode, the top of the stack is displayed as the brightest intensity and the 
bottom is displayed as the dimmest intensity. The grading is reversed in �Minimum� mode, where the top 
of the stack is shown as dim and the bottom as the brightest. This gives an indication of the depth of the 
structures within the sample. For samples where only a small number of sections are collected, the 
change in intensity through depth may only be represented by a small number of grey levels. In these 
circumstances increasing the contrast and using a multiple colour look-up table will accentuate these 
differences. 

6.7.11.3 Source Data tab 

 
This tab is used to set the z-axis to xy-axes aspect ratio.  If the aspect ratio is set to a value greater than 
1.0 then a Z-fill value and method are required.  The Z-fill value determines the number of additional 
points which will be added between sections and the method offers the choice of either replicating the 
preceding value or using linear interpolation between adjacent values. 
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6.7.11.4 Two Pass Tab 
Brighter pixels always appear to be closer to the observer than darker pixels and so standard single 
pass projections can obscure sub-surface details or give false impressions of morphological features 
behind or in front of other features.  
Data segmentation can overcome this in the following way: If for instance there are some cells whose 
membranes are not very brightly stained but which are in a matrix containing brightly stained material, it 
may be desirable to view the cell membranes without them being obscured by the surrounding bright 
spots. A below threshold segmentation can be set based on the measurement intensity of a particular 
feature e.g. the cell membrane (using the LaserSharp � processing measurement functions ) in order 
for the project program to identify it. Then in order to visualize it the projection can be built to display the 
maximum brightness voxels within a certain depth of the membrane. Thus the data is �passed through� 
twice in order to display the required information. Hence the term �two pass projection�. In this way, the 
apparent opacity of some structures can be altered so that others may be visualized. 
Two pass projections are also of use for creating rotations over 180 degrees. If for example a 360 
degree maximum brightness projection is created of an object then the back 180 degrees will show the 
same features as the front 180 degrees because the brightest voxel through the dataset will be 
selected.  
The following projections are of a cluster of starch grains labeled with fluorescently labeled peptides 
attached to the surface. Note how in the simple projection the 180 degree view just looks like a mirror 
image of the 0 degree view, whereas in the two pass projection noticeable features such as the bright 
spot near the middle of the image can only been seen from one side.   

Simple Maximum brightness projection at 0 degrees (left) and 180 degrees (right) 
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Two pass maximum brightness projection at 0 degrees (left) and 180 degrees (right) 

  
The two pass projection above was configured with the following values: 

 
Using these values, the first pass through the dataset from any angle is simply to calculate the first voxel 
with a grey level above 25. The second pass will then find a voxel from 10 voxels in front of to 10 voxels 
behind the voxel selected in the first pass. The voxel in this range will be selected according to the 
projection method on the method tab (typically maximum brightness). 
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In summary single pass projections of confocal or Multi-photon datasets show structures as if they are 
mostly transparent. Although this allows features deep within a structure to be visualized it may not be 
easy to view the relative 3D structure. Two pass projections allow the data to be projected with a more 
opaque look. Although this more solid projection will sometimes obscure features the relative 3D 
structure is easier to comprehend 
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6.7.12 Seed Fill 

 
Seed Filling uses a simple algorithm to segment pixels (or voxels in 3-D) by the dual criteria of intensity 
and connectivity. A starting point (the seed voxel) is selected using the mouse pointer and the algorithm 
checks either all orthogonally adjacent (face connecting) voxels (as shown below), or all surrounding 
(edge connecting) voxels, to see whether or not they meet the intensity criterion set with the parameters 
in the dialog box.  
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If the voxel does meet this criterion then it is selected and written into a new data volume in a new 
window. Having been selected the same check is made on the new neighbouring voxels, and so on. In 
this way continuous structures can be separated from complex 3-D volumes. This process works 
particularly well for neuronal and vascular structures. A particularly useful 'by-product' of this operation is 
that the segmented structure's volume is directly measured (within the limits set by the contrast and 
signal/noise in the original image data). 
The starting point is selected simply by clicking in the image and this is reported on the left hand side of 
the dialog box. 
The intensity range can be set either by setting the upper and lower values manually, or by using the 
start voxels value and setting a range around that value. 

6.7.13 Segment 
Segment simply lets you select a range of grey levels to be selected for in each channel. In the example 
below the range from 53 to 255 grey levels has been selected for channel 1 and 47 to 255 grey levels 
for channel 2. The result of the operator will be a new image with all grey levels in channel 1 from and 
including 0 to 52 set to 0, and all grey levels in channel 2 from and including 0 to 46 set to 0. Note that 
the grey levels within the segmentation range will be unchanged. Segmentation therefore has several 
uses such as: 

•  As a precursor stage to performing co-localisation maps 
•  As a simple way to exclude low levels of signal  
•  If the top segmentation level is reduced it is a way to remove the areas with bright signal before 

using techniques such as contrast enhancement to increase the visibility of the lower levels of 
signal.  
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6.7.14 Smooth   
Applies algorithms to smooth the image. Can be useful to reduce noise or soften edges. 

 
Close-Up of typical original image (left) and smoothed image (right) with strength A, Kernel size 3 x 3 

6.7.14.1 Smooth Properties Window 
! If you wish to apply the Smooth operator to only one section or channel of a collection (e.g. to 

experiment with the result), choose the required image using the Section Selection and Pane 
Selection buttons, then select the required 'Apply to' radio button 

! Select the required Strength (A smoothes the least, C smoothes the most. The default is B) 
! Select the required Kernel Size (a larger Kernel takes longer and has a less localized effect. 

The default is 3 x 3) 
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! Press 'Apply' or 'OK' ('Apply' means the properties window will remain on display with the 

smoothed image, so you can change parameters and repeat if required)  
! The smoothed image will appear (large collections or Kernel sizes increase the processing time) 
! If you wish to change any of the Smooth criteria, go back to the properties window to change 

the parameters and repeat 
6.7.14.2 Saving to Disk 
When you close the Smoothed image window, you will be prompted if you wish to associate the 
operator with the experiment. Choose 'Yes' if you wish to save the Smoothed image. 
Smooth operator will appear on the Experiment Browser as below: 

 
Smoothed images are stored on disk in the Experiment folder as complete Bio-Rad format .PIC image 
files within a sub folder called 'Smooth' (beware of disk space used!). This folder also contains a system 
information file called 'data.SMT'. 

Section selection buttons 
Pane selection buttons 

Sample = entire 
collection of 

sections 

Channel = 
current pane 
only

Image = current pane 
and section only 
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6.7.14.3 Technical Description 
A 'Kernel' is invoked of configurable size (3 x 3, 5 x 5, 7 x 7 or 9 x 9) 
The Kernel is a matrix containing a pattern of fixed factors (depending on the smooth strength - see 
table following) 
Each pixel of the smoothed image is generated as follows: 
! Take the corresponding pixel of the original image, and its surrounding neighbours (depending 

on Kernel size) 
! Overlay the Kernel on the original image, with the current pixel in the centre of the Kernel 
! Multiply all the overlaid pixels from the original image by the factors in the Kernel and sum them 
! Divide the result by the sum of the factors in the Kernel 
! The result is the output intensity of pixel (i, j) in the Smoothed image 

Note: If you wish to use Kernels other than those inbuilt for other smooth algorithms, or to make use of 
other functions such as Sharpening, we recommend 'Image Pro Plus' or 'Laserpix' software. 

6.7.14.3.1 Table of Kernel Factors 

 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-128 

 

6.7.15 Reassignment 
To use Spectral Reassignment an optional activation key is required. It is noteworthy that whilst this 
does provide a powerful means to improve the quality and validity of images post acquisition, it is not a 
substitute for good experimental design.  Using well defined and spectrally separated fluorophores 
remains the best way to ensure that experiments produce useful results. 
It will work with any 2 or 3 channel image 

LaserSharp 2000 will then produce a new window with the Reassigned images. This may take anywhere 
from a couple of seconds to a couple of minutes depending on the image size and computer speed. The 
original data remains unaltered as well. 

6.7.15.1 Optimisation of reassignment 
In order to perform optimal reassignment it is simply a matter of maximising the signal to noise ratio and 
the contrast between channels. By doing this it is possible to clearly distinguish and separate spectrally 
overlapping fluorophores. 
The figure below clearly shows the distinction between the fluorophores despite their overlapping 
emission spectra. 

Scatter plot of Alexa 488 and GFP 

 
In situations where one fluorophore is significantly brighter than the other, the iris, gain and even 
spectral range can be altered to enable comparable signals to be collected. 
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6.7.15.2 Explanation of Spectral Reassignment 
Images are acquired into separate image planes (component images) and merged together to form a 
composite image.  Below, we see a typical example of a three pane image and the resulting merged 
image. 

From Left to right, Blue image 1 (DAPI), Green image 2 (FITC) and Red image 3 (Texas® Red). 

   

Merged image, showing significant amount of mixing between image panes. 

 
A fluorogram or scatter plot is a statistical chart that shows colour and intensity distribution of pixels in a 
pair of images. The scatter plot uses intensities of pixels in each of the two images as its two axes. 
Each pixel in the images will be located in the plot according to its intensities in both images and the 
spot representing it will be coloured with the corresponding mixed colour. 
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If a scatter plot is created for two spatially discrete fluorophores which exhibit no bleed through then you 
will see two lines on or very close to the axes of the scatter plot as shown below. 

Scatter plot between DAPI (Blue) and FITC (Green) 

 
Bright Green 
Dim Blue 

Dim Green 
Dim Blue 

Bright Green
Bright Blue 

Dim Green 
Bright Blue 

 
However, if there is bleed through between two of the collection channels, for a given intensity in one 
pane a fluorophore also has a detectable presence in the other channel. I.e. if the FITC bleeds through 
into the Texas Red®  channel by 20% then for a pixel intensity of 80 in the FITC channel the 
corresponding pixel in the Texas Red channel will have an intensity of 20. If the FITC intensity is 40 then 
the corresponding Texas Red channel will have an intensity of 10. The ratio of bleed through is 
proportional to the integrated area under the curve within the filter range on the emission profile curves. 
Traditionally, bleed through could be resolved by subtracting a percentage of signal in one channel from 
another channel (i.e. using the Bio-Rad digital mixers). Although this approach is sufficient for one-way 
bleed through, it cannot deal with two-way bleed through and may not be appropriate where levels of 
bleed through are high. When bleed through occurs the result is visible on the scatter plot as deviation 
from the plot axes as shown below 

Scatter plot between FITC (green) and Texas Red (red) 

 
Pure Fitc with 
bleed through 

Pure Texas 
Red with bleed 
through 

Co-localised 
Fitc and Texas 
Red 

 
The signal that bleeds into the Texas Red channel will be added to any real Texas Red signal present. 
This means that in addition to bleed through there may also be co localisation present. This is visible as 
the yellow mixture between the two pure fluorophores. 
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The process of spectral reassignment works on the basis that if the amount of bleed through can be 
calculated, it is possible to reassign it back to the correct pane and hence �bend� the deviation on the 
scatter plot back to the axis. To determine the levels of bleed through, the software produces reference 
lines as shown below. 

Scatter plot showing reference lines 

 
Pure FITC 
Reference line 

Pure Texas red 
Reference line 

 
The quite large deviation of these lines indicates that there is a large amount of bleed through. One 
potential solution to the problem is to re-acquire the images using a better filter combination. Where this 
is not possible (such as with the fluorescent proteins GFP and YFP), spectral reassignment can be 
applied. The white arrows indicate the movement towards the line necessary to return the pure 
fluorophore components to the axes in order to correct for the bleed through.  

6.7.15.3 Results of spectral reassignment 

From Left to right, Blue image 1 (DAPI), Green image 2 (FITC) and Red image 3 (Texas Red). 

   
Now that the bleed through from the FITC to the Texas Red has been reassigned and that the Texas 
Red looks red not orange. Now that the bleed through from the Texas Red to the FITC has been 
reassigned the FITC looks green not yellow. 
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The net affect of applying the spectral reassignment algorithm to an image is essentially to pull the 
pixels toward the axis of the scatter plot graph.  The effect of the spectral reassignment is more 
dramatically demonstrated when comparing the raw and spectrally reassigned merged images. 

FITC / Texas Red Scatter Plot Before (left) and after (right) reassignment 

  

Original merge (left) and new merge of reassigned images (right) 
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6.8 Other Pop Up Options 
Other image operators (not operators) are accessed via the pop up menu; 

 

6.8.1 Print 
Refer to section 6.4.1.2 for more information 

6.8.2 Export 
Exports file. This function can also be accessed from the experiment browser. 
Refer to section 6.4.1.3 for more information. 
Note: To import a file right click on an experiment folder in the Experiment Browser 

6.8.3 Properties 
Refer to section 6.4.1.4 for more information. 

6.8.4 Restore Method 
This option will only be available on saved experiments. 
It is possible to restore the method and settings used to collect a previously saved experiment.  
To do this: 
(1) Reopen a previously collected experiment 
(2) Right click on the experiment viewer. 
(3) Click on the �Restore Method� menu option.  
(4) LaserSharp 2000 will prompt to save any unopened experiments and then load the method 

and settings from the previous experiment.  
Limitations of the restore functionality: 
(1) The method to be restored must still exist and not have been significantly edited.  
(2) Only the PIC files created by LaserSharp 2000 Version 4.2 or later store enough details to be 

able to restore methods. 
(3) When the method is restored it is loaded with the method default settings. The settings for the 

channels part of control panel (Laser/Iris/Gain & Offset) are then restored from the PIC file. 
The microscope and focus motor parts of control panel are not restored from the experiment 
as these are unlikely to be appropriate. If a user wishes to use these values then they made 
be read from the properties of the saved experiment.  
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6.8.5 Colour Table 
This window may also be opened by pressing the �look-up table� button from the viewer tool bar. 

 
6.8.5.1 Look Up Table Section 
Select the desired look up table from the list on the right hand side of the window 
The look-up table simply displays the varying pixel intensities within an image as different colours. This 
allows you to display the images as colours which emulate the original dyes used to prepare the sample, 
or to provide an instant visual indication of changes in intensity. The original data is not altered by 
applying a look-up table/brightness/contrast/gamma, and can be displayed again by re-selecting the 
�grey� look-up table and applying to the image. 

6.8.5.2 Graphical Representation 
The graph shows the result of both the LUT selection and the Brightness, contrast and gamma settings. 
The X axis represents the original grey level in the pane and the Y axis represents to what brightness a 
grey level will be displayed. There may be up to three lines on the graph representing the relative 
proportions of red green and blue. In the example above if a pixel has a grey level of 255 then it will be 
represented with a red intensity of 255 and a green intensity of 128 producing bright orange.  

6.8.5.3 Brightness Contrast Gamma Section 

Brightness ( ), contrast ( ) and gamma ( ) are also adjusted using the controls 
in the look-up table window, simply select the desired parameter using the spin boxes. You can see 
what the effect on the graphical representation will be as you do this. Note that you can alter these 
values in the merge pane. 
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6.8.6 Orthg View 
This displays the orthogonal sections of a z series. The x-y view is depicted in the large window, the x-z 
view is shown below this and the y-z view is displayed to the right of the x-y window (see example 
below). 
Moving the cross-bars on the x-y pane with the mouse selects the section of the sample displayed in the 
remaining two panes, and vice versa. 
The example shows the orthogonal view of a reflection data set. As described the x-y, x-z and y-z views 
are shown. The sample in this case is a coin embossed with the letter �D�. 

 
 

YZ 

XY 

XZ 
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6.9 Instrument Control Panel 
This section describes the control panels on the right-hand side of the screen which are used to control 
the microscope. 
The Control panel is composed of four sections, each of which can be collapsed by pressing the small 
upward pointing arrow on the right hand side of its title bar (  ). These are: 
! Principal Button bar 
! Microscope 
! Channels 
! Focus motor 

The Control Panel can be shown or hidden using the  button on the main tool bar.  

6.9.1 Principal Button Bar 

 
In order from left to right; 

!   Exploration (a.k.a. Live scan)- refer to section 6.5.3.1 

!   Sequential Exploration (a.k.a. Multi channel exploration)- refer to section 6.5.3.2 

!   XY Series- refer to section 6.5.3.3 

!   XZ Series- refer to section 6.5.3.4 

!   Linescan (XT series)- refer to section 6.5.3.5 

!  Timecourse- opens the Timecourse control window- refer to section 6.5.3.6 

!  Optic- opens the Optic/Filter set up control window- refer to section 6.10 

!  Mixer- opens the Mixer control window- refer to section 6.11 
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6.9.2 Microscope Section  
At the top of this section, the currently loaded method name is shown in brackets (in the example below, 
this is "Photon Counting Green, Red, Far Red") 

 
6.9.2.1 Speed 
The scan speed has a range of possible settings. 

•  The vertical slider controls the frequency of the horizontal (line) galvanometer, and has only two 
possible values corresponding to 488 Hz (top) or 166 Hz (bottom). The pixel dwell time is 
approximately 3 times longer at 155 Hz compared to 488 Hz, which means that the image will be 
less noisy. 

•  The drop down box below the slider controls the frame rate (Normal, x2 or x4) of the vertical (frame) 
galvanometer. At x2 multiplier, the line galvo only scans every other line, and the image display is 
just the first line repeated. At x4 multiplier, the line galvo only scans one line in 4, and the image 
display has the first line repeated 3 times underneath. 

The 'lps' indicator (positioned between the slider and the drop down box) indicates the number of lines 
which will be displayed (but not necessarily scanned- see above) per second. 
From the above it is possible to work out the frame period (or frequency) by dividing the vertical box size 
(e.g. 512 pixels) by the 'lps' figure (or vice versa). 

Example: At the 'Normal' frame rate and 166Hz speed, the speed displayed will be 166lps, and 
so it takes about 512 / 166 = 3 seconds to acquire a 512 x 512 box size image. 
Example 2: At the 'x4' frame rate and 488Hz speed, the speed displayed will be 1952lps and so 
approximately 1952 / 512 = 4 frames are acquired per second at 512 x 512 box size, or 1952 / 
2128 = 16 frames per second at 256 x 256 box size. 

You need to stop scanning before you can change the speed. 
The speed selected is stored in the method when you select "Save Settings" from the Methods pull 
down menu. 
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6.9.2.2 Collection filter 
You do not need to stop scanning before you can change the collection filter. 

 
In the following sections: 

Pn is the new pixel value 
Pn-1 is the previous pixel value 
I is the input value 
n is the current frame number 
F is the factor               

Direct 
This is the default setting. The contents of the image window(s) is overwritten with the new data 
 Pn = I 
Kalman 
With this filter, the pixel values are calculated as follows: 
 Pn = I/n + Pn-1 (1 - 1/n) 
This filter enables a display of the average of all the frames since filtering was started. Full intensity is 
always maintained, but the signal to noise ratio increases with time. 
If collection is stopped and then started, the image is cleared before restarting. 
Accumulate 
In accumulate filter mode N frames are accumulated (added). The resultant values are scaled by 1/F. If 
F and N are set to the same value, the final result will be the same as using Kalman filtering. The image 
viewer is cleared automatically before starting. Accumulate can be used to produce brighter images. 
Accumulate can be set prior to the collection of a multi-image file like a z-series. Before doing this, it is 
worth checking that image saturation will not occur and that N is not set too high. Saturation occurs 
when so many pixels within a structure attain a value of 255 that the greyscale information is lost. To 
combine Accumulation with averaging, set a ratio of N:F where the greater N is, the better the 
averaging, and where the N:F ratio determines how many times brighter the eventual image will be 
compared to a single 'Direct' scan. For instance, if the original image needs to be 5 times brighter and 
averaged, N can be set to 30 and F to 6 so the image is averaged over 30 frames. Because the pixel 
values in each frame are divided by a factor of 6, the final image is 30:6 or 5 times the original intensity. 
Peak 
Works as Accumulate, except scanning stops automatically when saturation is reached. 
Intended to be used for accumulating low levels of signal, for instance when photon counting. Also 
useful in balancing the signal levels between channels when accumulating in a sequential acquisition. 
Factor (F) 
This value is only used by the Accumulate and Peak filters. It is described above. 
Number of scans (N) 
This is the number of scans to perform, and can only be set for Kalman or Accumulate filters. If it is set 
to 'Stop', then the instrument will continue scanning until manually stopped. 
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6.9.2.3 Objective 

 
This is the name of the objective lens on the microscope. This value is used to calculate XY and Z 
distances on images. Users must remember to change this value to match the lens being used in order 
to collect calibrated data. 
You need to stop scanning before you can change the objective 
The objective selected is stored in the method when you select "Save Settings" from the Methods pull 
down menu. 
To add, edit or re-calibrate the objective lenses, see the Objective Lens set up menu (section 6.5.5.3) 

6.9.2.4 Zoom 
Changing this value controls the amplitude of the angle through which the galvanometer 
mirrors scan, and hence the area of the sample that is scanned. It does not affect the 
scan speed or pixel dwell time. Zoom 1.0 represents the maximum scanned area. 
The range of the main slider control is from 1 to 10; however numbers from 10 to 999 
can be entered manually into the text box. 
This should not be confused with the "display zoom", which is controlled from the buttons 
on the image viewer window 
You do not need to stop scanning before you can change the zoom. 
The zoom selected is stored in the method when you select "Save Settings" from the 
Methods pull down menu. 

Note: This is a true optical zoom. An optimum value associated with each lens is provided in this 
manual. Exceeding this value will make the image bigger but with no further improvement in resolution 
(empty magnification). Moreover, any fluorochrome bleaching will be accelerated because a constant 
flux of laser light will be concentrated into a much smaller area. Of course, zooming can also be used to 
deliberately apply a high irradiation dose to a small area for applications such as FRAP or caged 
compound release. 

6.9.2.5 Pan 
Press the appropriate arrow to move the scanned area in the required direction.  The central button 
returns the scanned to region to the centre or �home� position. 
You do not need to stop scanning before you can pan, but you must have zoomed above 1 first. 
The pan position is not saved in the method 
The graphical representation to the right of the buttons indicates how much of the sample is being 
scanned. The outer circle is constant, and represents the full field of view of the objective lens. The 
black rectangular border represents the scan field of view at zoom 1. The solid blue rectangle 
represents the region that will be scanned. As the zoom factor is increased above 1.0 this rectangle will 
become smaller. 
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6.9.2.6 Box size 

 
The box size determines the resolution of the acquired image (and also the amount of disk or memory 
space taken up by it), and is measured in pixels. It can be selected from a drop down list, or a user 
defined box can be set by checking the �Define� box. The maximum size is 1280 x 1024.  
The size of the box in calibrated units (microns) is shown above, along with the XY size of one pixel 
(which depends on the objective and optical zoom). 
Changing the box size does not affect the physical dimensions of the scan area (unless you change the 
aspect ratio). 
Increasing the vertical height (number of lines) of the box size will increase the time taken to complete 
each frame, because more lines are scanned by the line galvo. 
Increasing the horizontal width (number of pixels) of the box size does not affect the speed of the line 
galvo or the time taken to complete a scan, but it will reduce the pixel dwell time. 
You need to stop scanning before you can change the box size. 
The box size selected is stored in the method when you select "Save Settings" from the Methods pull 
down menu. 
Note: In a microscope based system there is a physical limit to resolution which is based on the NA of the 
objective (i.e. NA 1.4 with 488nm light has a max XY resolution of 0.21um). In collecting the resolution 
information, we require the maximum pixel size to ideally be half this size of this value (Nyquist Theorem). 
Going beyond this gives no extra data. The box size and zoom can together allow you to match this physical 
value, without a data overload. It is easy to give larger display areas, but since they generally over-sample 
the data, you may end up with bigger files sizes and slower scan rates without any data advantage. Box 
sizes of 512 x 512 pixels are quite standard in microscopy. 
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6.9.3 Channels control 

 
The appearance of this panel is determined by the currently selected Method. 
You can adjust any of the controls on this panel without stopping the scan 

6.9.3.1 Setting Buttons 
Press the buttons to enter a setting (e.g. Sim, Red, Grn, Fred above). If there are two many settings to 
display at once, a left/right scroll arrow will appear. 

6.9.3.2 Laser Controls 
6.9.3.2.1 Laser Slider 
The Laser slider controls the intensity of laser light delivered to the sample.  
It moves in fixed steps (ND filters) with the laser name displayed above (except for AOTF systems, refer 
to section 5.7.2.1.1) 
Note: The laser with the MRC1024 is a normally Kr/Ar laser producing three individual wavelengths. 488nm, 
568nm and 648nm. Each will produce a maximum power of about 4 mWatts each. The power to the sample 
is controlled by the use of neutral density filters that reduce the light intensity. In general use, it is important 
to control this as too much power from the laser will increase the bleach rate of the dye. In using a 
simultaneous imaging method, the laser power is set to the same for each line used. In sequential imaging 
the power for each laser can be set for each of the individual PMT detectors. Initial laser setting for imaging 
should be set to 1% laser power 
6.9.3.2.2 Laser Lock Button 
Pressing this button will set the laser powers in all the other settings to the same as the value displayed, 
and then lock them together afterwards, so that adjusting the power in any of the locked settings has an 
effect across all of them. 
Pressing the button again will unlock the laser power control, but ONLY for the currently selected setting 
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6.9.3.2.3 Laser Standby Icon 

Supported lasers switch to standby (lower power) mode a certain time after scanning has stopped 
The low power icon next to the laser slider on the detector section of the control panel is used as an 
indication of when Laser Standby mode is activated (see below) 
A "Please wait for laser to warm up" message window will display if set to wait for laser to warm up after 
coming out of laser standby mode (instead of white scan icon �hanging� in versions prior to 4.2). 

Multi laser systems: If you have a laser with laser standby enabled, and that laser is not in use in the 
method (e.g. MP imaging), the laser is kept in standby mode whilst scanning 

  

Laser Standby OFF Laser Standby ON 
Refer to section 6.5.5.1.3.1 for more information on how to configure the laser standby feature 
 

6.9.3.3 Detector Controls 
If there is more than one detector in the setting, select the required detector from the tabs (the names of 
these tabs can be altered in the Method Editor, but the defaults are PMT 1/ PMT 2/ PMT 3/ Trans 1/ 
Trans 2/ Trans 3). 
Note: If you have external detector channels manually switched in to the PMT channels on an MRC-
1024 MP system, the detector controls will have no effect for those PMTs. The external detector PMT 
gain and offset are adjusted using the manual knob box instead. There is no iris on external detectors. 

6.9.3.3.1 Detector Lock Icon 
Pressing this button will set the laser powers in all the other settings to the same as the value displayed, 
and then lock them together afterwards, so that adjusting the power in any of the locked settings has an 
effect across all of them. 
Pressing the button again will unlock the laser power control, but ONLY for the currently selected setting 
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6.9.3.3.2 Iris 
The iris control allows the user to select an iris diameter from 0.7mm to 8mm, in 0.1mm steps. 
The iris is a continuously variable diameter diaphragm, which acts as a separate confocal aperture for 
each of for the scan head PMTs. 
The 'target iris' button underneath will set the iris for the selected PMT to the optimal value, which is as 
follows: 
! For confocal detection, calculated according to the formula given in section 8.2.6 
! For MP detection in the scan head PMTs, the maximum value of 8mm (note that the optimal 

section thickness is defined by the laser only). 
Note: The confocal aperture is the key component in allowing confocal detection to remove unwanted 
out of focus information coming back from the sample and thus form blur free high resolution optical 
sections. The iris is placed in the optical path at a point that represents the focus plane of the objective. 
At this position, it only allows light from the objective focal plane to pass through to the detector. Out of 
focus light comes from parts of the sample that are not in the focal plane and therefore will not pass 
through to the detector. 
Since the focus and resolution of the objective varies based on the light's wavelength, the aperture is 
designed so that its size may be varied to optimize for each wavelength. Because each basic spectral 
group (green, red and far red) is viewed by a separate detector, an aperture is used for each detector. In 
this way the best resolution can be set for each wavelength emitted from the sample. 

6.9.3.3.3 Gain 
The Gain control allows the user to select a value from 0 to 1500 in steps of 1. 
The gain is equal to the voltage applied across the PMT's dynode chain. Increasing the gain will produce 
a brighter image but will also increase noise in the image. This noise can be reduced by Kalman 
averaging as described previously.  If the gain is set too high, the image may be saturated, that is, too 
many pixels are at peak intensity. 
Every time the gain value is changed with the spin buttons, or whilst dragging the slider, there is a small 
time delay whilst the command is enacted. If you select the gain slider with the mouse (to give it the 
'focus'), you can then use the <Page Up> and <Page Down> keys to move the slider in large steps. This 
can be a faster way of making adjustments until the gain is approximately correct. 

6.9.3.3.4 Offset 
The Offset can be changed from -100 to +100 in steps of 1. The default value is 0. Under the 
Lasersharp for OS/2 software, the offset used to be referred to as "black level". 
The offset applies a DC offset on the electronic signal. It should normally be set to a value close to 0.  
Precise setting is best achieved using the SETCOL look-up table, as described in section 5.6.1.3. 
In some circumstances the offset can be used together with the gain control to enhance an image with 
low contrast.  An example of such an instance is in transmitted light imaging using phase contrast 
optics. The contrast mechanism of phase contrast imaging generates an image with positive and 
negative intensity deviations from a mid-grey background.  Caution should used when setting the offset - 
too high a setting will compress the effective dynamic range of the detectors and a too low a setting will 
exclude low intensity information from the image (clipping). 
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6.9.4 Focus motor Control 

 
The commands in this panel control the stepper motor which is attached to microscope. The Z-positions 
are specified in microns, and should correspond to the physical movement of the specimen (achieved 
by moving the stage or the objective turret, depending on microscope). 
Please note: Due to refractive index changes in the optical path, the distance moved on the focus motor 
panel may not be the same as the distance change of the point of focus. 
On most microscopes, the minimum step size attainable by the motor will be 0.10 (MRC-1024) or 0.05 
(MRC-1024 ES) microns respectively. 
For all microscopes, motor operation will be calibrated by Bio-Rad (sing the Tools menu) 

6.9.4.1 Off/ On 
This control determines whether the stepper motor coils are powered. None of the other commands in 
this panel have any effect upon z-position unless the motor coils are powered.  
You may notice that the fine focus control offers considerable resistance and becomes difficult to turn 
when the coils are powered. It is inadvisable to make a habit of turning the fine focus by hand when the 
motor is on, as this could lead to wear in the linkage between the motor and the focus knob. 
Whenever the motor is switched to from On to Off, the Position value is reset to zero. However, if a 
value of zero is entered while the focus motor is ON, the stage will move to the zero position relative to 
its current position. 

6.9.4.2 Position 
This value changes by an increment determined by the Z-step each time one of the arrows is pressed. 
An arbitrary z-position can also be entered directly. 
Whenever the motor is switched to from ON to OFF, the Position value is reset to zero. 
If a Bio-Rad joystick is connected to the controller, rotating the knob on the joystick moves the focus 
motor up and down like a "manual" control. The positon value in software automatically updates to take 
account of any such movement. 
Changing the position affects the graphical display to the right hand side. 

6.9.4.3 Step 
This value sets the distance from one Z-level to the next. 
A 'section thickness' recommendation will be displayed, provided the objective has been correctly set up 
in the software. This is based on the optical sectioning capability of the currently specified microscope 
objective, determined by its numerical aperture, and the iris setting. Pressing the Target Iris button will 
set the iris to one Airy diameter, thereby giving the optimal section thickness reading also. 
The recommendation is for a lower limit. As a rule of thumb, it is best to use a Z-step which is one-half 
the vertical spacing between the features to be resolved. 
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6.9.4.4 Start 
This determines the starting level for Z-series and Vertical sections. Clicking on the button loads the 
current position into the Z-Start value. 

6.9.4.5 Stop 
This determines the stopping level for Z-series and Vertical sections. Clicking on the button loads the 
current position into the Z-Stop value. 

6.9.4.6 Middle 
Pressing this button moves the focus to the mid point between the Start and Stop positions. 
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6.10 Optics Panel ('Filter Setup') 
The optics panel gives a graphical representation of the system's current configuration and allows this to 
be modified as desired. Filters and laser power settings can be freely changed whilst the system is 
scanning. 
The laser power values are duplicated here and on the detector section of the Control Panel. Changing 
the value here will also change the value on the detector section of the control panel, and vice versa. 
If a laser or detector is greyed out, you cannot alter any settings for it. This is because that detector or 
laser is not defined in the method. 
The example below shows a 2 laser system. 
Note: If you have AOTF attenuation of a Krypton/Argon laser, refer to section 5.7.2.1.1 for special 
information on the Optics Panel laser controls. 
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Neutral density 
filter wheel

Excitation filter 
wheel 

Setting selection buttons (duplicated from Control Panel)

Filter Block 1 
(advisory) 

Filter Block 2 
(advisory) 

Emission 
Filter 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-148 

 

6.11 Mixer Configuration 

 
At the top of this window the setting buttons are repeated (as in the main control panel), allowing you to 
switch between settings and see the different mixer configurations in each setting. 
There are three digital Mixers available in the system; 'Pane 1', 'Pane 2' and 'Pane 3'. The configuration 
of each can be viewed by first selecting the setting button required, then selecting the relevant pane 
tabs. 
Each mixer can only be in one mode: PMT, Photon Counting (PhC) or Transmitted Light Detector 
(TLD), which is controlled by the radio selection buttons. You cannot mix combinations of TLD, PMT and 
PhC modes into one pane (although you CAN allocate different modes in different panes). 
To change the detector allocated to a Pane from one to another, first click on the icon of the new 
detector which you want to use in the pane. A horizontal line will appear to associate the detector, and 
the input will default to 100%. Now, you can switch off the previous detector, again by clicking on its icon 
to remove the horizontal line. 
The padlock icon on the top right hand corner of the Pane tabs, when pressed, locks the mixer 
configuration for that pane to be the same between settings. This helps to speed up multi-phase 
Timecourse acquisition. 

The 'Low Signal' checkbox beside PMT detectors (  ), when checked, means that when scanning at 
166Hz line frequency, the signal collected per pixel is not downscaled for display. The end result is 
approximately x3 increase in signal; however the disadvantage of this method is that if you change line 
frequency, the image will dim again due to the reduced pixel dwell time. 
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The mixers are particularly useful for real time bleed through (spectral) correction.  The schematic 
below shows an example of how the mixers would be set to correct for optical bleed through of FITC 
into PMT2. In Mixer A, a fraction of the FITC (green) signal is subtracted from the red signal. This is 
explained further in one of the Tutorials. 

 
Note that on MRC-1024 MP systems with external detectors, a manual switchbox controls whether each 
"PMT" shown in the mixer is actually connected to a PMT in the scan head, or in the external detectors. 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 6-150 

 

6.12 Script Editor Window 
 

 
 

Create new 
script 

Open saved script 

Save script 

Insert script 

Run 
procedure 
name 
specified in 
box to right 

Go to first 
occurrence 
of string 
specified in 
box to right 
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7. Advanced Tutorials 
7.1 Photon Counting 
Fast photon counting is a facility which can be used for gaining high-quality images from samples with a 
very low fluorescence signal. Moreover, the result can be truly quantitative. 

7.1.1 Exercise 
(1) Choose a sample which has structure but very weak fluorescence. For example, you could 

remove some of your cheek cells with a swab on to a slide. Add a small drop of water and a 
coverslip. 

(2) Focus on the cells with normal transmitted light and view the image with conventional 
epifluorescence to assess the auto fluorescent signal level. It is probably very low compared 
with a stained sample. 

(3) The colour of the fluorescence will depend on which PMT you use for photon counting. If the 
fluorescence is green or yellow/green, use the filter block pair B1 and Open in the scan head to 
send all the signal to PMT 1 

(4) Select a method which uses PMT 1 
(5) Open the Optic window in the control panel � change excitation to 488nm, ND 10%, Filter block 

1 to B1, Filter block 2 to OPEN, Emission filter on PMT 1 to OG515. Close window 
(6) Open the Mixer configuration window and choose mixer mode PhC (Photon Counting) for PMT 

1 
(7) Tick the 'Low signal' box for PMT 1 
(8) Select Peak collection filter from the control panel 
(9) The gain of the PMT should ideally be set at the point which provides highest signal to 

background ratio (and also provides a flat response curve). Set the gain to 1000V. 
(10) Start scanning. The image may not be visible at first, but it will eventually appear. The system 

will stop scanning when the image reaches maximum intensity. 
(11) You may need to repeat the scan at different gains to get the brightest image. 
(12) Save the image 
(13) Set Mixer Mode back to 'PMT', keeping all other settings the same. 
(14) Scan as before and save this image. 
(15) Compare the photon counting image with the non-photon counting image 
(16) Having designed a suitable method for photon counting with a particular sample type, you can, 

of course, save this for future use by selecting Methods…Save Settings 
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7.1.2 General Information 
When imaging a well labelled immuno-fluorescence sample (one which can be easily viewed under 
conventional epi-fluorescence without the need for dark adaptation), approximately 200 photons will 
arrive at the detector during a typical pixel dwell time. However, this number could be as low as 10 
photons or less in the case of very weak fluorescence and as high as 1,000 in the case of the very 
brightest fluorescence.  
The figure below shows how the signal from the PMT might appear when exposed to a normal light level 
(horizontal axis is time). This signal is normally sampled using an analogue to digital converter (ADC).  

 
The figure below shows the same signal when the PMT is exposed to a low light level such as would be 
seen from a weakly fluorescent sample. 

 
If one were to integrate the low light level signal (i.e. using the Accumulate filter) then the low level noise 
would be integrated as well as the 'true' signal - this can be seen in the example image below as a high 
'background' resulting in reduced contrast. 

 
In the photon counting image, the background can be seen to much darker - hence higher contrast. This 
has been achieved by the use of a discriminator level being set (shown as the horizontal red line in the 
figure above) which effectively rejects all signals beneath a certain level. 
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Single photons are effectively detected and counted provided that the rate is not too high. 

 
The benefits of photon counting are as follows: 

•  Increases signal to noise ratio compared to the analog detection mode (higher contrast) 

•  Very good intensity linearity (at low light levels) 

•  Extremely high operating stability (insensitive to variations in temperature) 

•  Elimination of dark current counts from intermediate dynode surfaces 

•  Elimination of amplifier (analogue) noise 

•  Elimination of DC leakage currents 

The tutorial exercise demonstrated how noise is discriminated against and not accumulated in the 
image. The offset affects the image, i.e. whether the signal is counted as a photon or not.  
There is a fixed discriminator (high or low) threshold of about 1.4 volts for photon counting, and a signal 
above the threshold is recognised as a count.  Changing the tube voltage varies the height of the pulses 
from the tubes, giving you a way of adjusting the photon counting sensitivity.  
An important point is to remember to turn on low-sig, because otherwise the count is divided down. 
Provided that you activate low signal mode when you turn on photon counting mode then one grey level 
equals one photon. 
The image will always be faint because the weighting is normally only 1 grey level per photon.  Some 
type of contrast stretch via the LUTs is recommended (e.g. 12band.lut), or use the accumulate to peak 
function. 
If there are too many photons entering the PMT, the photon counter will saturate. This can be seen 
because increasing the laser power will no longer increase the image intensity on screen, and a line 
profile across a saturated area would show a horizontal line. 
Provided that fluorescence fading is not a significant factor, an image obtained by photon counting is 
truly quantitative, that is, the final pixel intensity divided by N scans accumulated = the number of 
photons emitted per scan. It is recommended that users try photon counting when imaging becomes 
moderately difficult so they can see the advantage for themselves. 
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Figure 1 MRC 1024 Circuit Representation 

At low light levels the PMT generates discrete pulses that correspond to individual photons. With the 
MRC 1024 these pulses are about 20ns wide and peak at about 4V. 

4V

20ns  

At normal light levels the PMT integrates these pulses into a continuous waveform, but the task at low 
light levels is to distinguish these individual pulses on a quantitative basis.  
To determine what constitutes a photon pulse the input signal is sampled by a Discriminator which 
generates an output when the amplitude of the pulse lies between two defined levels. 
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V2V1

Discriminator Output

Probability

Amplitude

min max

Optimum Tube Voltage

Pulse Height Probability Distribution  

The discriminator voltages used are a result of setting the PMT voltage to an optimum level as shown 
above. The photon count design uses a single comparitor in the discriminator to detect the lower valid 
point of the photon pulse. This generates a more usable single pulse that extends for the width of the 
photon pulse. 

V1

Discriminator Output
 

As light levels increase the pulses come closer together, eventually overlapping each other. This is 
called "Piling-Up" 

4V
 

The difficulty then becomes to gauge how many pulses are piled-up on each other. At low count rates 
the accuracy can be assumed to be quite high, but as photon rate increases the accuracy of the count 
must decrease because it is more likely that photon pulses could be coincident.  
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7.2 Reflection Imaging 
Although originally conceived as an instrument for biomedical fluorescence microscopy, the MRC-1024 
confocal imaging system has found increasing application as a tool for reflection microscopy both for 
biological and for materials research. The strong rejection of light reflection from regions outside a 
narrow depth of field enables excellent images to be obtained of samples which in normal microscopy 
would be considered to have too low a reflectivity when compared with the surrounding flare. 
Many samples can be examined in reflection without preparation. With samples such as bone, hair, 
intact leaves and other plant tissue, there may be an intense reflection from the surface which prevents 
satisfactory imaging of internal structure. The reflection is due to the strong refractive index change at 
the surface. It will be found that much improved results can be obtained if an immersion fluid is used 
(water or oil) to match refractive indices between the objective lens and the sample.  
More recent work with the MRC-1024 system has extended its application to samples prepared for 
reflection imaging. Excellent results have been obtained on samples labelled with immuno-gold, on 
samples prepared by Peroxidase staining and on silver enhanced, e.g. Golgi preparations. 

7.2.1 Anti-reflection optics 
With reflection imaging, a small white spot may appear near the centre of the image. This is due to a 
weak reflection from the surface of the scan head eyepiece which is picked up by the photomultiplier 
tube. The MRC-1024 has a standard correction for this which is called the 'blue reflection' emission 
filter, which can be used simultaneously with green fluorescence. For reflection imaging with other laser 
lines, please consult your Bio-Rad representative for optical filter combinations. 
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7.3 Collecting an XT Section 
XT data collection can collect up to 1024 lines at the selected line scan rate. This mode of collection is 
particularly useful for observing calcium signals across cells. 

(1) Click on the �Line scan� button (  ) to display the line scan window. Define the line that you 
wish to scan. This can be done by typing in the line number or by using the arrows to scroll 
though the lines. 

(2) Enter the total number of line scans required in the �number of lines� window � this must be a 
number between 1 and 1024. 

(3) Enter the frequency at which the lines need to be scanned by moving the speed slider in the 
control panel. Choose a colour for the line (select from red, green or blue) and click the �start� 
button. 

The data are displayed as a single image made up of the consecutive line scans. (I.e. the more lines 
you scan, the longer the image will be). 

7.4 Collecting a Vertical Section 
A vertical section (or XZ section) allows you to choose a line through a feature of interest from your 
normal XY image. That line is scanned repeatedly as the focus motor is moving thus producing a cross-
section profile through the feature.                      
(1) A vertical section can be accomplished by setting Z start to a focal plane above the feature of 

interest and setting Z stop to below the feature of interest. This ensures that the entire feature is 
sectioned. Kalman averaging can be set if required. 

(2) Press the XZ button (  ) 
(3) If you are currently in a simultaneous setting, it will be used for the collection. If you are in a 

sequential setting (and there is more than one sequential setting), the collection will cycle 
between the sequential settings in a similar way to Sequential live scan (above). 

(4) Define the vertical section required by moving the slider across the slider or by typing the x co-
ordinates of the desired section directly into the 'Scan Line'. A line representing this section will 
appear on the image display pane. Choose a colour for this line by selecting one of the colours 
in the scan line colour areas. 

(5) Click on the �start� button to start scanning 
(6) After collection, the data will be correctly calibrated, so that if you do a Line Profile 

measurement (for example), measurements will be correct for any line position. 
The size of the iris diaphragm is just as important with XZ sections as with XY sections. Refer to the 
notes on iris diaphragms 
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7.5 Multi-User Facility 

7.5.1 Access Levels Description 
There are three login access levels; System, Read/Write and Read Only. It is recommended that at 
least one appointed system manager has System rights, and all authorised confocal users should have 
Read/Write access (so that key system configurations cannot be accidentally modified). 
Only users with System access can create, delete or edit other users or edit their access level. 

7.5.1.1.1 Read/Write 
A named user does not have rights to create other users or access their methods. However, they may 
create, edit or delete their own personal methods, and acquire data from the CLSM 

7.5.1.1.2 Read Only 
Allows a user to access the LaserSharp 2000 software without being connected to an instrument. This 
means that existing images can be imported, opened and analysed, but no new ones can be acquired. 

7.5.1.1.3 System 
Able to perform the following tasks: 
(1) create, edit or delete other Users and change access levels 
(2) create, edit or delete the set of Methods assigned to any user account 
(3) copy Methods between Users 
(4) create new users (when the System user creates new users, all of the System user's methods 

are copied to the new user so that they have an initial set of methods) 
(5) alter the system settings 
(6) acquire data from the CLSM 
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7.5.2 Creating a New User 
Note: You can also follow this process to Edit an existing user with the Edit User button 
(1) Ensure you are logged in to LaserSharp 2000 with 'System' access rights. The new user you 

create will inherit a copy of all the Methods which are currently associated with this login. 
(2) Select the �User set up � option from the 'Tools' menu. The user Setup window will open. 
(3) Press the �New user� button 

 
You should see the �user properties� window, defaulting to the 'User Details' tab (below). 

 
(4) Enter a user name, and password for the new user. Retype the password to confirm your 

choice. Passwords must be contiguous alpha numeric and may consist of a single digit only if 
desired. 

(5) Choose the level of access required by the new user from the categories explained previously 
(6) Select the 'File Options' tab and define the directory in which the user's files will be stored by 

default. You can choose to change the folder in which you save images every time that you 
save them if you wish. Bio-Rad recommends that initially users create a folder 
C:\Experiments\UserName and set the default directory to that. This ensures that users do 
not get their experiments mixed up with those of other users. 

A 
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(7) If desired, default look up tables may be defined at this stage by selecting them from the drop 

down menus in this window. 
(8) Select the 'System Options' tab. 

 
Note: the objective lens used is saved in the method if you use the save settings 
option from the methods menu. When a user changes to a method with a different 
objective lens the software will do one of the following: 

! Automatically change the objective lens display on control panel, to that stored in the 
method. 

! Ignore the objective lens stored in the method. 
! Ask the user if they would like to change to the new objective lens.  

The default setting is to 'Ask' the user, but this can be changed here 
(9) If desired, the default viewer size can be selected (for a new experiment) 
(10) Check the �Close shutter between sections� to ensure that the beam is turned off between 

sections (Or, Leave this option unchecked to achieve the fastest possible series acquisition). 
(11) Select OK to close the window and update the system with your default settings. 
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7.5.3 System Usage Log File 
Logs are now generated for recording which users are logged in to the software. 
The first file, datalog.dat, is generated and added to while the software is running, once per minute.  The 
file is closed each time it is added to, so if LaserSharp 2000 crashes, the login details will be correct up 
to the last minute. 
When LaserSharp 2000 is started, it opens the datalog.dat file, reads the data and records how long 
each person was logged in for to the file datalog.csv.  After this the datalog.log file will be cleared.  
The file is by default stored in C:\LasersharpNT, but may be moved to the database directory if 
required. 

 

Datalog.csv Sample File (Viewed in MS Excel) 

User name 

Login time 

Logout time

Minutes logged in 
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7.6 Timecourse 

7.6.1 Introduction 
TimeCourse has been designed to allow users to investigate kinetic events, whether they are slow or 
fast, using a confocal imaging system. Thus it provides users with the opportunity to combine the power 
of optical sectioning with suitable acquisition and image processing tools. 
TimeCourse has been developed for use particularly as a tool in ionic physiology experiments, in which 
fluorescence properties of an indicator dye may change in response to changes in the concentration of 
a particular ion. The software will also prove invaluable in virtually any other situation where 
fluorescence changes need to be visualised and quantitated on a time scale of milliseconds to hours. 
There are generally four kinds of time course experiment, with the nature of the experiment being 
generally related to the chosen probe or fluorochrome. All three of these conventional kinetic 
experimental schemes are accommodated. Let us look at each in turn: 
! In single wavelength measurements, one laser line and one detector are used, so that each 

measurement is made from a single image. In addition to the kinetic fluorescence information, 
transmission information can be displayed simultaneously if desired. An example of this would 
be the use of the fluorescent calcium indicator Fluo-3 to measure qualitative calcium changes in 
cells. (The determinations are generally regarded as qualitative rather than quantitative because 
of the lack of a fluorescence reference point). 

! In emission ratioing, the sample is excited by one laser line. The emitted light is separated into 
two wavelength bands which are directed to separate photomultipliers, so that a pair of images 
are scanned and therefore collected simultaneously for each measurement or time point.  An 
example of this would be the use of the ratiometric calcium chelator Indo-1, to produce ratio 
images of calcium changes. Unlike single wavelength dyes, ratio emission probes generally 
lend themselves well to data calibration. 

! In excitation ratioing, the sample is excited alternately by two lasers.  The entire emission is 
directed to one detector, so that each measurement consists of a pair of images scanned in 
rapid succession. An example of this type of experiment is the determination of calibrated 
changes in intracellular pH using the H+ indicator BCECF. 

! Photo bleaching and FLASH experiments such as FRAP (Fluorescence recovery after Photo 
bleaching). The bleaching can be achieved using the same laser as the imaging, or a different 
laser, such as a high power UV laser, if available 

Multi-Phase Timecourse is a software activation key protected option that is highly recommended. It is 
required for all the sections in this tutorial (including photo bleaching experiments, variable time 
sampling XYT series, and re-measurement of studies that you have already collected) except the first 
two. Refer to the Help�Activation window to ascertain if this option is enabled, and please contact Bio-
Rad if you require it. 
Timecourse can only be used for XYT acquisition (not linescan). It can be used in conjunction with 
external triggering (see next tutorial). 
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7.6.2 Live Plot 
Live plot enables you to plot in real time the mean and/or sum of intensities within regions of interest. 
This can be used for single wavelength measurements. It also allows emission ratioing. 
To use Live Plot take the following steps: 
(1) If you do not have the Multi-Phase Timecourse option activated, make sure you have loaded a 

method which has no more than one simultaneous setting. Otherwise, you will not be able to 
start recording. 

(2) Use livescan to get an image in the setting you require 
(3) Draw the regions that you wish to plot (it is not possible to illuminate on the MRC-1024) using 

the ROI draw tools (section 6.6.3.2). You can either draw rectangles, ellipses or poly-lines. 
(4) Open the Timecourse & Patterned Illumination window 
(5) In the 'ROIs' tab, select the regions you wish to plot (with the checkboxes) and choose the type 

of calculation you wish to perform. This can be a sum, mean or ratio calculation of any of the 
panes. 

Mean: calculates mean intensity of al pixels in the ROI 
Sum: calculates sum of intensity of all pixels in the ROI 
Ratio: calculates the ratio of the same ROI in different panes, e.g. Pane 1:Pane2. 

The Panes column on the right hand side allows you to specify from which panes you would like 
to collect data 

 
(6) In the 'TimeCourse' tab, choose the number of cycles and the cycle time in seconds that you 

wish to collect data over. The maximum cycle time is 4000s. The maximum of number of 
cycles is 9999. 

(7) When you are ready, press the Record button (this button will be greyed out if you have not 
drawn any ROIs, or if you have multiple simultaneous settings in your method, but do not have 
the Multi-Phase Timecourse option activated) 

(8) You can Stop or Pause the collection by clicking the appropriate buttons in the control panel. 
The live graph will appear and update as you perform the time series in a new window similar 
to the example overleaf. Each ROI will be allocated a different colour. 
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The vertical (intensity) axis can be shown either in terms of grey levels (0 to 255) or fractionally scaled 
grey levels (where 1 represents the highest value in the set);  press the  button to toggle between the 
two options. 

The horizontal axis plots time or section number (press the  button to toggle between the two 
options) 
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7.6.2.1 Opening Data in Other Applications 
The data is saved like any other operator in the experiment directory under the path 'experiment\raw 
data\Livegraph\data.lgf' 
The file is a CSV file with details of the ROIs used, the plot type and the data values actually plotted.  
The file can be opened simply in notepad.  The format of the intensity data lines is: 

TimePoint=;TimeElapsedFromStart; ROI1Pane1; ROI1Pane2; ROI2Pane1; etc… 
 
An example is: 

[Live Graph Info] 
Number of ROIs=4 
Number of Cycles=100 
[Live Graph Type] 
ROI 1=Mean  1 
ROI 2=Mean  1 
ROI 3=Ratio  1/ 3 
ROI 4=Mean  3 
[Data] 
1= 149.6203125  194.569008065564  32.1573567289118  54.6331328594861   
2= 149.26171875  191.53981256611  27.9914942694442  54.3545653362493   
3= …….. 

 
To open in Microsoft Excel: 
(1) Open Excel, select file open, choose �any file� type and find the data.lgf 
(2) The Text Import wizard will open. If you wish to crop off the ROI information and just plot the 

actual intensity data, start the import at row X. The data starts on the row under the line saying 
[Data]. When ready hit next. 

(3) Choose semi-colon delimited, and hit finish. 
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7.6.3 Ratio Plotting versus Ratiometric 
Ratio plotting uses an ROI in two panes and produces a single graph showing changes between the 
panes. Although only a single graph the changes are relatively easy to see and can be seen in real time. 
Ratio-metric images take two panes and perform the ratioing on a pixel by pixel basis. The result is 
therefore a whole new image.  
Ratio-metric images are produced post acquisition and are usually harder to interpret change in.  

7.6.3.1 Ratio Experiments 
(1) Configure / Load a multiple pane method. This could be a multiple setting/phase method or a 

single-phase method.  
(2) Set up the imaging parameters as required.  
(3) Draw ROIs around the areas that you wish to ratio (section 6.6.3.2). 
(4) Open the Time Course form and select the type of plotting you wish to use. For multiple pane 

method the option of ratio (Numerator pane / Denominator pane) is available.  
(5) Press the Record button to start the experiment 

7.6.3.2 Ratio-metric Imaging 
A useful technique for ratio experiments is to create a ratio-metric image. This is performed using the 
arithmetic operator as follows: 
(1) Open multi-pane experiment  
(2) Open the arithmetic operator by right mouse clicking on the image and selecting �New > 

Arithmetic� or selecting the arithmetic button from the toolbar.  
(3) Choose divide as the operation and same image as the second operator.  
(4) Choose the sections to calculate on the second tab.  
(5) On the mixers tab choose which image to divide by which. 
(6) Press OK to produce the image. 
The resultant image is usually very dark due to the low ratio numbers. A work around to make the 
changes easier to see if to export the arithmetic as a PIC file and then import it. Once imported it is 
possible to change the BCG or LUT values. The gamma01 LUT gives a good enhancement to these 
images.  
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7.6.4 Playback / Re-Analysis 
Any Timecourse experiment can be re-plotted using playback, provided the Multi-Phase Timecourse 
option has been activated 
This allows you to move or add ROIs, in order to adjust for changing conditions during experiments, or 
to analyse more than the maximum of 9 regions of interest at a time. 
To use playback: 
(1) Save your Timecourse experiment, if you have not already done so 
(2) Open a previously saved Timecourse experiment.  
(3) If required, move, add or delete ROIs (section 6.6.3.2). 
(4) Right mouse click on the experiment and select �New > TCPlayback� or select the 

�TCPlayback� button from the toolbar (  ). This will automatically open the Time Course 
window and graph. 

(5) Select your plotting options and hit the play button (  ) on the Timecourse control window to 
replot the graph 

(6) ROIs and plotting techniques can be readjusted and then the play button pressed to re-plot the 
graph each time 

7.6.5 Looping 
Provided the Multi-Phase Timecourse option has been activated, enter a number above the default of 1 
in the "Loops" box at the top will repeat the entire experiment the specified number of times 

7.6.6 Background Correction and Intensity Calibration 
Using the optional "Image Pro Plus" software package from Bio-Rad, a set of additional macro options 
are available which allow you to open Bio-Rad PIC files from Timecourse (and any other) LaserSharp 
2000 experiment. You can then perform background correction and intensity correction on your data, 
together with an extended range of image manipulation and analysis tools. 
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7.6.7 Multi Phase Timecourse and Zoom to ROI 
The Multi-Phase tool is an upgrade which allows you to construct experiments comprised of two or more 
�phases.� Each phase is a simultaneous setting, as originally created in the Method Wizard. One can 
also perform time series collections with variable time sampling using Multi-Phase. 
A simple example which will be described in this section of the tutorial is a FRAP (Fluorescence 
Recovery After Photo bleaching) experiment in which there are usually at least three phases: a primary 
observation phase, a photo bleaching event, and a secondary observation recovery phase. All three 
phases can be tied together in one automatically executed experiment. 
In the zoom to ROI phase, the scan region will be changed so that the beam is directed over a smaller 
part of the image, just like it had been zoomed and panned in the control panel. This has two effects: 
! The flash is confined to a defined rectangular region 
! The light intensity (photons per second per volume) is amplified. If the flash region is 1/4 the 

height and 1/4 the width of the measurement region, then the flash laser beam will be directed 
into 1/16 the area, and hence the light intensity will be amplified by this factor. 

Zoom to ROI can also be used for Flash photolysis uncaging of caged compounds. In these 
experiments a "caged" messenger molecule is employed in which a nitrogen-containing moiety is 
covalently attached, rendering the molecule biologically inactive. UV light is used to cause chemical 
photolysis of the caging group to release the active form of the messenger. Most typically, caged second 
messengers such as caged cAMP are loaded into cells, and released intracellularly. However, it is also 
feasible to release caged primary messengers, such as caged glutamate, extracellularly. In either case, 
the effects of the release upon another intracellular messenger can be monitored with visible light. The 
most common strategy is to use a visibly-excited indicator such as Fluo-3 to monitor the calcium 
response. In this case, we might release the cage with the 351 nm laser line of beam path 3 at full 
power (e.g. ND 100%), and measure calcium with the 488 nm line of beam path 1, highly attenuated 
(e.g. ND 0.3%). 

Note: If Multi-Phase Timecourse is not activated on your system, the Record button (  ) will remain 
greyed out and cannot be selected 
To performing a FRAP experiment using the Zoom to ROI function, proceed as follows: 

7.6.7.1 Define a Multi-Phase Method 

(1) Start the methods editor and create a method 

(2) Start creating a method as you would usually and create one simultaneous setting 

(3) After you have returned to �Step3: Settings Manager�, copy the simultaneous setting that you 
have just created by pressing the 'Copy' button twice 

You can create from 1 to 4 simultaneous settings, although the typical FRAP configuration is 3 settings. 
Copied settings will have exactly the same filter and laser set-up as the original.  

(4) If you wish to edit any of the simultaneous settings simply select them in the pull down and click 
'Edit'. Most users prefer to rename the settings to something more intuitive. E.g. 

! 'Sim1' to �Pre� for pre-bleach phase 
! 'Sim2' to �Bleach� for bleach phase 
! 'Sim3' to �Recovery� for recovery phase 

Note: If when you edit a setting you are just renaming it you can press the enter key three 
times to quickly run through the editor. 

(5) Finish the wizard and load your method 
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7.6.7.2 Set Up Mixer 
(1) Open the mixer configuration window 

(2) Choose the 'Pane 1' tab, and press the padlock icon on the top right (  ) 
This will speed up the Timecourse experiment, because the software will not attempt to reconfigure the 
mixers between each phase (setting). 
(3) Repeat above step for all other Panes 
Note: For maximum speed between phases, also ensure that the 'Close shutters between sections' 
option in the User set up (section 7.5.2) is NOT checked. 

7.6.7.3 Set Up Control Panel 
(1) Switch to the initial prebleach phase 
(2) Scan the primary reference image, and set up laser power / iris / gain / offset as normal 
(3) Choose the required scan speed, e.g. 488Hz frequency for fastest speed, use x2 or x4 multiplier 

to enhance speed further. Note also that smaller box heights will ensure each frame is scanned 
faster, although resolution is lost. 

(4) Press the padlock icons next to the laser and detector. Once the settings are locked, all settings 
that use the same PMT or laser will have the same value and keep in sync. This means that the 
recovery imaging will be with the same parameters as the pre-bleach imaging.  
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(5) Switch to the bleaching phase and unlock the laser and detector. As you do this the values for 

'Pre' and 'Recovery' will remain locked together but 'Bleach' can now be adjusted separately. 
Increase the laser power to the bleaching setting e.g. 100% 

 
(6) If the PMT is likely to saturate during the bleaching phase, turn the gain down. 

Tip: If you have turned the laser from 10% to 100% then divide the gain value by 10 and a good 
starting point. By carefully setting this value it is possible to see the sample bleaching during the 
bleaching phase and adjust your experiments accordingly.  
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7.6.7.4 Set Up Timecourse 
(1) Open the Time Course form and move to the TimeCourse tab. Set the number of cycles and 

the cycle time for each of the settings. E.g.: 
Sim1 �Pre�:  4 Cycles with 2 second cycle time 
Sim2 �Bleach�: 6 Cycles with 0 second time delay 
Sim3 �Recovery�: 20 Cycles with 0 second time delay 

Note: If you do not know how many cycles will be required in advance, if you enter a large 
number (e.g. 99), you can always advance to the next phase at the end of any frame during the 
experiment by manually pressing the 'Fast Forward' icon 

 
(2) Go to the methods pull down menu and select �save settings�. At this stage all of the laser & 

PMT settings, the status of the padlock icons and the number of time points & cycle time per 
setting are all saved so that next time you return to the method they do not need to be 
reconfigured 
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7.6.7.5 Start Experiment 
(1) Draw a rectangular ROI around the one area that you wish to photo bleach (section 6.6.3.2). 
(2) In the 'ROIs' tab of the Timecourse window, choose the type of plot that you wish to perform. 

The default of mean is appropriate for this example. 

 
(3) Move to 'Bleach' phase and select the �ROI Zoom� tab of the TimeCourse window. All of the 

rectangular ROIs will be listed here. Select the Radio button next to the ROI that you wish to 
zoom to for that phase.  

 
Note: If you accidentally enable the zoom for the wrong phase you can de-select this by double clicking 
the radio button.   
Because the system is zoomed and panned to the actual region the laser power will be concentrated 
and bleaching will occur much quicker than normal. You can only bleach one region, and it must be 
rectangular.  

(4) Press the "Record" button (  ) to start the experiment running.  
LaserSharp 2000 will now run through all of the settings in order for the predefined number of phases 
and perform the plot that you selected. A progress bar appears at the bottom of the Timecourse form. 
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You can skip to the next phase by pressing the 'Fast Forward' icon (  ), pause (  ) or stop the 
whole experiment using the buttons on the Time Course window. The effects of these buttons will take 
place at the end of the current frame.  
You can enter a Note and the press 'Apply' button whilst the experiment is in progress, and then a 
window of different Notes will appear giving the exact time at which you pressed the button. This can be 
useful to record events such as manual interaction with the sample, refocusing etc. 
The graph window will be shown during and after the experiment. At the distinction between phases, a 
dashed white vertical line will be shown on the live plot graph (as in example below): 
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7.7 Acquisition Synchronised With External Events (Triggering) 
There may be applications where the synchronisation of image acquisition with an external event, such 
as completion of micro-injection, is required. 

7.7.1 Connections 
You will need to connect to the 25 way 'internal functions' D connector on the rear of the controller. The 
connector contains data lines for direct control of image acquisition by external stimuli. These lines can 
be read by the LaserSharp 2000 software. 
The triggering signal should be 0-5 V TTL (Transistor Transistor Logic) compatible, such that <0.4 V is 
off (low) and >2V is on (high), trigger is LEVEL (not edge) 

Pin 11 Digital Ground 
Pin 7 Digital Input 1 
Pin 20 Digital Input 2 
Pin 8 Digital Input 3 

7.7.2 Software Configuration 
(1) Go to the Tools > System Setup window and choose the 'Triggering tab' (refer to section 

6.5.5.1.4). 
(2) Select input 1 (or 2 or 3) by changing the drop down menu from "Disabled" to "Frame Trigger", 

then choose if triggering should be on high or low (TTL) level. 
Note: Triggering should only use one input. If you select more than one input to be active in the 
software, only the first active input will be used, and the triggering may also be slowed down. 
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7.7.3 Scanning 
(1) Enabled triggering on the relevant tab of the 'XY Images', 'Timecourse' or 'Linescan' window 

(see example below) 

 
(2) Unless you are doing a Linescan (XT), choose the Trigger method from the following options: 

! Select 'Trigger Once' if you wish the series to continue through to the end after initial 
triggering.  

! Selecting 'Trigger Every Phase' in Timecourse will require a frame trigger to commence 
each phase. 

! Selecting 'Trigger Every Time' will have the following effect: 
XYZ �A frame trigger is needed to start every frame of the Z-series. 
XYT �A frame trigger signal is needed to start each frame of the time series. 
XYZT �A frame trigger signal is needed to start each Z-series (within the time series) 

(3) When you press the 'Start' button, the scan will not actually commence until triggered 
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7.7.4 Notes 
(1) The trigger line activated will be polled by the software at best approx every 15ms, but it could 

sometimes be up to 200ms, depending on application and operating system load at the time. 
Reduce the number of applications and processes running in Windows NT and disconnect 
network cables, to minimize this time. 

(2) The time between ACTIVE trigger, shutter ON and scan START has been minimized as much 
as is possible by Bio-Rad 

(3) For all systems except UV/MP systems with fast shutters, the shutter is closed whilst waiting for 
trigger to go active, then on active trigger the shutter opens and scanning starts. 

(4) For UV/MP systems with fast shutters, the SAFETY SHUTTER is OPEN whilst waiting for the 
trigger, then on active trigger, the appropriate fast shutter(s) open and scanner starts. 

(5) If the user specific 'Close shutter between sections' option is checked (section 7.5.2), the fast 
shutter (if present) or safety shutter (if no fast shutter) closes between sections. Otherwise, 
shutters are left OPEN between sections (except in XYZT, where at the end of each Z series 
the shutter is always closed). 

(6) The trigger pulse should be at least 200ms in duration, but less than the frame duration 
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8. Optimisation of Optical Performance 
The optical performance of a MRC-1024 system will depend to a greater or lesser extent on the 
following. 
Consult the flow diagram below to become familiar with the direct parameters which 

! affect the amount of light incident upon the specimen (excitation), and 
! affect the brightness represented on the image screen (detection). 

You have control over most of these factors. 

 
In addition, the following parameters come into play: 

•  Using the best objective lens and clean optics 
•  Optical alignment of the system is critical 
•  Good sample preparation and choice of fluorochromes is also critical 

It is expected that many users will work through the tutorials immediately after installation or service of 
the system, when it will have been optimally aligned. It is unusual for a user to need to re-align the 
system, but in case this need arises the sections 'Changing Filter blocks' and 'Optical Alignment' which 
relate to these simple but important procedures should be carefully followed. A badly aligned confocal 
imaging system can give very strange results. The optical sectioning performance will be much worse 
than expected and image contrast very poor. 
Sample preparation is discussed in more detail in the section of this chapter 'Sample Preparation 
Suggestions for Confocal Imaging'. Paper stained with Safranin and the mixed colour fluorescent beads 
give intense emission, so this is not something that need concern us with these samples. However, 
even here, the user should be alert to the effect on image contrast of using too high a laser intensity. 
If the system is aligned and the sample well prepared, there are principally three factors which may 
affect image quality. These are the choice of objective lens, good refractive index matching between the 
immersion medium and the sample, and the size of variable iris diaphragm. Each of these factors is 
discussed in the following sub-sections. 
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8.1 Excitation Parameters 

8.1.1 Alignment and Focusing 
These will greatly affect the amount of light to the specimen. The performance of any optical system is 
only as good as its alignment. It is recommended that the user thoroughly reads the optical alignment 
sections. 

8.1.2 Laser Intensity 
Depending upon the laser supplied with the confocal system there may be a toggle control on the laser 
unit to allow the power of the laser to be switched from Low or Standby, to Norm. This applies to the 
following lasers: 25 mW Argon lon, 100 mW Argon lon, 15 mW Krypton Argon lon 
In all three cases the switch is provided so that Low can be selected by the user if it is anticipated that 
the laser may not be required for long periods. It is anticipated that selecting Low when the system is not 
scanning for a period, will increase the usable lifetime of the laser. 
Additionally your laser may be fitted with a Laser Standby device. This operates by automatically 
switching the laser power from Low to Norm during scanning (data acquisition) and then returning the 
laser to the lower power directly after the scan. If your system has been supplied with a Laser Standby 
device, the power switch should be left in the Low or Standby position during normal operation. If for any 
reason the user wishes to select Norm power continuously this can be done by switching the switch. 
If your system has not been supplied with a Laser Standby kit then the switch should always be in the 
Norm position during data acquisition, to ensure optimal laser stability. 
The power output of the laser at source is normally too great for most applications. The intensity can be 
varied using the motorised neutral density filter wheel which is positioned close to the laser body. 
It is important to note that high laser intensities directed on to the specimen may result in lower image 
quality than expected when high numerical aperture lenses are employed. The reason for this is that 
some fluorochromes saturate at high power densities of excitation. This effectively sets an upper limit on 
the amount of excitation power that should be used. Any further increase in the excitation intensity will 
therefore provide no further increase in fluorescence, only an increase in the bleaching rate. It is often 
better to image in fluorescence at low incident intensity and to integrate the image over several frames 
to remove random noise, for example by Kalman averaging during data collection. 
As a very simplistic rule of thumb, a fluorescent sample should be imaged with a laser intensity of 10% 
or lower, with a high NA lens. 

8.1.3 Excitation Filter selection 
Ensure that the excitation filter selects the correct illumination wavelength(s) for the fluorochrome(s) in 
use with the specimen. This is set automatically if a preset method is chosen. 

8.1.4 Filter Block 1 Selection 
Make sure that the correct filter block 1 is in position for the required fluorescence or reflection 
application. 
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8.2 Detection Parameters 

8.2.1 Intensity of Fluorescence/ Reflection 
Different concentrations of fluorochrome, different kinds of fluorochrome and different specimens will all 
produce different intensities. Refer to section 8.6 for further information. 

8.2.2 Refractive index matching 
If the lens immersion medium and the sample have different refractive indices, the excitation and 
emission light paths will be bent through different angles between the two different media resulting in x, 
y and z distortion of the sample (or spherical aberration). This means e.g. that when vertically sectioning 
through a sphere, the result will either be elongated or squashed. As a guideline, the refractive index of 
standard immersion oil is about 1.515, glass 1.525, water is 1.33, glycerol is 1.473 air is 1 and most 
'cleared biological tissue is taken as being approximately the same as water. The mounting medium 
chosen should thus have a refractive index as close to the lens immersion medium as possible from 
non-distorted images. 
In addition, if the lens immersion medium and the sample have different refractive indices, light 
transmission will be reduced due to reflections. 
The user is encouraged to experiment with the immersion lenses of all kinds as well as different 
mounting media to obtain the best refractive index matching (and therefore lowest spherical aberration 
in the preparation. Performing vertical sections through fluorescent spheres is one test for spherical 
aberration. The user can set a correction factor from the Objective lens set up window (section 6.5.5.3) 
 

Medium  Refractive Index 
Air 1.00 
Water       1.333 
Glycerol  1.473 
Oil        1.515 to 1.517 
Glass      1.525 
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8.2.3 Objective Lens 
For the best results with the standard visible light MRC-1024, planapochromatic lenses with a high 
numerical aperture should be used. These are corrected for three colours and are designed to collect 
the maximum amount of light from the specimen 
Objective lenses should have the following properties if possible: 
! High NA / magnification ratio. 

Note that an objective lens magnification greater than 60 X generally does not give a higher NA, i.e. the 
limit is 1.4. Increased magnification can be achieved using the optical zoom facility available on the 
MRC-1024. 
! Flat field, (i.e. Plan) 
! Good achromatic correction (i.e. apo) 
! Long working distance relative to the NA 
! Good transmission at required wavelengths 

8.2.3.1 Chromatic Correction 
Achromat lenses are colour corrected at only two wavelengths. The preferred lenses are Apochromat 
lenses which are corrected at three wavelengths. 

8.2.3.2 Magnification 
Higher magnification lenses normally increase the amount of light collected from the specimen, because 
the same intensity beam is scanning over a smaller area. However, this will partly depend on the 
numerical aperture of the lens, the component parts inside the lens structure and how far open the iris 
diaphragm is. 

8.2.3.3 Numerical Aperture (NA) 
Numerical Aperture (NA) is written on the side of the lens, e.g. a Nikon 60x Plan Apo lens has an NA of 
1.40. 
An objective lens with a higher numerical aperture will collect more light from the specimen due to it 
having a larger acceptance angle. The collection efficiency will depend on the NA and how much light is 
absorbed by the glass in the objective lens. 
Note: The larger the numerical aperture, the better the spatial resolution and optical sectioning. 
Use an objective lens with the highest NA possible for any given magnification. 
As is well known the performance of any optical system depends on the numerical aperture (NA) of the 
objective lens. The larger the numerical aperture, the better also is the spatial resolution of the system. 
A generally accepted expression for the spatial (lateral) resolution is 0.6 x (wavelength)/NA. 
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8.2.3.3.1 Optical Section Thickness 
The optical section thickness is determined by the objective lens numerical aperture (NA) and other 
factors. The higher the NA, the thinner the optical section. 
When optical sectioning, set the iris to its optimal size, in order to get the optimal section thickness. 

8.2.3.3.1.1 Confocal Formula 
The confocal section thickness at any iris diameter is calculated according to a very complicated 
formula, and reported on the focus motor section of the control panel. Note that the section thickness 
depends on the iris diameter aswell as the numerical aperture. 
Note: If the refractive index is less than the numerical aperture of the objective then the calculation 
cannot be achieved � thus "NA" (not applicable) is reported in the software 
If the iris diameter is smaller than the optimal iris (section 8.2.6.1), the calculation uses the optimal iris 
value instead of the actual iris value. 

8.2.3.3.1.2 Multi-Photon Formula 
The Multi-Photon section thickness (for internal or external PMTs) is calculated according to the 
following formula, and reported on the focus motor section of the control panel. 
 0.532λex   *             1 
 √ 2                n - √ (n2 - NA2) 
Where: 

n = immersion media refractive index 
NA = objective lens numerical aperture 
λex  = excitation wavelength 



 

MRC-1024 LaserSharp 2000 Operating Manual  Page 8-182 

 

8.2.3.3.1.3 Confocal Z Resolution 
Z resolution is the "optimal" confocal section thickness. It is approximately inversely proportional to NA2, 
as can be seen from the following equations. 
For low NA lenses (0.1 -0.5): 
   11.2 λ / n   = 11.2 L 
Z resolution =   2 π (NA)2 
   

or for high NA lenses (0.6 - 1.4): 
 8λ                    
Z resolution =   ----------------------------------          = 8L 
            8 π n (sin2{sin-1(NA) / n}) 
where: 

L is the axial length of an optical unit 
λ is the wavelength 

 (converted by W B Amos from Born and Wolf 1983, and Sandison et al 1993). 

8.2.3.3.1.4 How is Z resolution measured? 
It is easy to imagine the confocal microscope as an optical microtome producing images from a narrow, 
clearly defined thickness of material. In practice the optical section does not have sharp boundaries. 
Consider the case of confocal imaging of a perfectly flat reflecting surface. When the surface is in the 
focal plane, the image intensity is maximal. As the surface is moved away from the focal plane, the 
collected intensity decreases. 
The optical section thickness is usually defined as the distance Z½, between the focus positions at which 
the collected intensity is 50% of the peak (in focus) value. In practice, experimental results for optical 
section thickness are not as good as theory suggests. This is because the theory assumes a perfectly 
transparent specimen and an ideal lens with perfectly flat field and no spherical or chromatic aberration. 
All these factors affect sectioning performance. 
The user should experiment with different lenses and assess their relative performance in confocal 
microscopy. In general, planapochromat lenses will give the best performance. Bio-Rad can advise on 
available experience with different lenses. Lenses are available which combine high NA with medium 
magnification (e.g. Nikon 60x, 1.4 NA or 40x, 1.3 NA). These lenses are to be preferred to lenses of 
higher magnification since when combined with the optical zoom capability of the MRC-1024, they give a 
wider magnification range at high NA than has formerly been available. For deep sectioning, the best 
performance will usually be obtained with a water or oil immersion lens. However, immersion lenses 
generally do not have a working distance greater than 170-220 µm. Beyond this, the lens and the 
coverslip will come into contact and damage may result. 
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8.2.4 Alignment and Focusing 
These will have an important effect on the amount of light collected from the specimen. This is because 
if the laser beam is not correctly aligned and focused to fill the whole of the back of the objective lens, 
then the laser spot size is larger and the image of poorer quality. If the specimen is out of focus, then 
the laser spot will not be focused on the specimen. This means inefficient illumination of the specimen 
and inefficient collection of the emitted light. 

8.2.5 Filter Block Selection 
Make sure that the correct filter blocks 1 and 2 are in position for the required fluorescence or reflection 
application. See section 8.3 for more information 

8.2.6 Iris Diaphragm Adjustment 
The size of the confocal aperture of each PMT in the MRC-1024 scan head is defined by an iris 
diaphragm. 
The larger the iris diaphragm, the more light can enter the PMT. However, this reduces the optical 
sectioning ability of the system. A compromise needs to be made between optical sectioning and signal 
intensity. This is dependent upon the objective lens magnification and numerical aperture (NA). 
The iris diaphragm can influence three properties of the system; 
! the degree of optical sectioning (a.k.a. Z resolution or confocality) 
! the XY spatial resolution, and 
! the amount of light entering the PMT (signal intensity) 

The first two properties are discussed in detail in the paper of Carlini and Wilson (1987). They consider 
the confocal imaging performance as a function of confocal aperture size measured relative to the 
Gaussian spot size of the focused laser beam (there is a virtual image of the confocal aperture at the 
sample plane). In brief, these workers show that as the aperture size is reduced, the optical sectioning 
property of the confocal optics is the first effect to appear in the image. Only when the size of the virtual 
image of the confocal aperture is considerably less than the Gaussian spot size is there any significant 
improvement in resolution. There is much discussion in the literature as to how great this improvement 
in resolution is. An approximate figure is x 0.7 of the normal, non-confocal resolution. However in most 
practical cases, the improvement in spatial resolution is difficult to separate from the parallel 
improvement in contrast caused by the improved optical sectioning of the system. 
If the iris diaphragm is open, the optical sectioning is worse than if the iris diaphragm is closed down. 
Between these limits, there is a graded effect. The optical sectioning tutorial in this manual encourages 
the user to try the effect of iris diaphragm adjustment on the image of the paper sample. 
A very important observation should be that the collected signal intensity also changes with the size of 
iris diaphragm. The larger the iris diaphragm, the stronger the collected signal. Thus the variability of 
aperture size gives the user the freedom to choose (where necessary) between very good sectioning 
and low detection sensitivity, and poorer sectioning at high detection sensitivity. At the smallest aperture 
size the signal may be very weak and the collected image noisy. Noise alone can be overcome by 
integrating the signal over an extended period of time using one of the filtering modes, e.g. Kalman or 
Exponential. 
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8.2.6.1 Optimal Iris Diameter 
The optimal iris diameter is based on a relation between wavelength, NA and magnification and 
represents the size of the diffraction limited point of light formed at the focus of the lens. 
This is the figure at which the depth of focus of the individual objective lens is optimized by the confocal 
aperture, giving the best optical section for a particular illumination wavelength. 
Opening the aperture greater than the optimal diameter will introduce more out of focus light and reduce 
resolution (especially in the Z direction), closing it will reduce the light intensity but will not increase axial 
resolution. 
Ideally the optimal iris should be used if possible, in order to give the highest axial resolution possible. 
In Lasersharp 2000 the calculation is made and the iris set by the pressing the 'target iris' button: 

Optimal Diameter = (AverageWavelength * SystemMagnification * ObjectiveMagnification) / N.A. 
Where; 

AverageWavelength ≈ (excitation wavelength + emission centre wavelength) / 2 
N.A. = Objective numerical aperture 
SystemMagnification = 53* 
*this only applies to infinity corrected microscopes or non-infinity corrected microscopes which 
do not have extra modules such as fluorescence attachments fitted (e.g. Nikon Optiphot, 
Diaphot). 

For an MRC-1024 system mounted on a Nikon Optiphot or Diaphot with both epifluorescence and DIC 
attachments, the appropriate theoretical optimum size differs from the above formula slightly due to the 
different system magnification factor (approx 1.25 for each attachment). Optimal diameters for a variety 
of lenses is given below in this case (Amos, 1995) 
 Objective  NA  Iris (mm) 

10x  0.45  1.1 
40x  1.3  1.6 
60x     1.4  2.0 
100x     1.4  3.4 

8.2.7 Emission Filter Selection 
It is extremely important to select the correct emission filters in order to detect the maximum emission 
from one or more fluorochromes. The nearer the emission filters are to the emission maxima of the 
fluorochrome(s) the more light will be collected. The emission filters can either be long-pass filters, 
which collect all light beyond a given wavelength e.g. 515LP, or band-pass filters which collect light 
between two given wavelengths e.g. 605DF32 (16nm either side of 605 nm) 
The lower cut-off for an emission filter should be well below the emission peak of the fluorochrome (if 
possible). When combinations of fluorochromes are used on one specimen, it is sometimes necessary 
to compromise maximal light collection in order to separate the emission spectra from one another and 
to prevent reflected laser light being detected. 
In most cases for fluorescence imaging, the shorter wavelengths are collected into PMT2, and longer 
wavelengths into PMTs 1 and 3 (if fitted). The emission filter sets are also designed to allow for 
reflection imaging. 
See sections 8.3 and 9.7 for more information 
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8.2.8 Detector Offset Adjustment 
This is used to adjust the level below which no signal is seen. This is actually done by applying an offset 
voltage to the PMT output. 
Why is the setting of the offset important? If the level is set too low, detail in the darker parts of the 
image will disappear entirely. It will generally be impossible to recover this information by processing the 
stored image, because the low intensity detail may have failed to register above zero grey levels after 
conversion from an analogue to digital. If the offset is set too high so that the image is grey when all light 
is excluded, the full intensity range of the digital image will not be exploited, so the intensities in the 
image will be poorly resolved. 
With more experience, you will be able to use the offset to offset high uniform intensities which occur in 
certain types of specimen. For example, there may be uniform non specific fluorescence, due to 
leakage of a fluorescent antibody into the medium surrounding the specimen. 
Similarly, if a transmission detector is fitted, the contrast can be improved in phase contrast or ordinary 
transmission images by manipulation of the offset and Gain controls. 

8.2.9 Detector Gain Adjustment 
The gain is used to control the output of the PMT by varying the high voltage input. It is used to control 
the intensity of the image. When properly adjusted, it ensures that the brightest regions in the image 
approach peak white, so that the grey levels are fully exploited. It is best to set the offset before 
adjusting the gain. 
When locating the specimen or trying to bring it into focus, set the gain to a high level. The user will 
probably see a noisy image of the specimen even when it is far from focus. As the specimen is brought 
into focus, the image will tend to saturate i.e. parts of it will reach peak white or a pixel intensity of 255. 
In this case, the gain should then be reduced. The correct setting for the gain is that at which only a few 
pixels reach peak white - see tutorial section. If the monitor has been adjusted under bright room lighting 
and then this is changed to semi-darkness, it is likely that the gain has been set far too low. This is 
because the images look bright even though they actually match the lower intensities on the test card. It 
is vital to readjust the monitor to avoid this error. Such images look quite good until they are analysed 
and found to contain only a small proportion of the possible range of grey levels. Their intensities are 
therefore poorly resolved. The intensities in the image can be analysed by plotting the intensity 
histograms or Line Intensity traces. 
It is often easier to use the lookup table (LUT) SETCOL which gives an indication of the underflow and 
overflow, i.e. the amount of peak white and peak black within the image (the use of SETCOL is 
described in the tutorial on Acquiring an Image). 
Note that high intensity peaks in noisy images may be reduced on averaging frames. It is best to avoid 
saturation when collecting an image. 
Note: It is always better to collect the images using the correct adjustments than to process the 
digitised image. 

8.2.10 Display Monitor Adjustment 
In order to be able to adjust the detection parameters, you must first make sure that the image monitor 
is adjusted correctly. To display the test card image, open the file named testcard.PIC, available from 
Bio-Rad. Then adjust the contrast and brightness on the monitor until you can distinguish all 16 intensity 
bands running from left to right across the bottom of the image. 
Note: The monitor display should occupy a square area on the screen (horizontal and vertical 
monitor adjustments). 
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8.3 Choosing Filters 

8.3.1 Fluorescence: Single labelling 
Determine the excitation peak of the fluorochrome. Choose from the available excitation line which is 
closest to it. This is the correct excitation filter. 
Choose a filter block which will reflect this to the specimen and place in position 1 in the Scan head (A1, 
T1, EG 1, Blor VHS) depending on your laser configuration. 
 
Argon ion A1 527LP -will reflect 488 and 514 only 
Kr/Ar T1 Trichroic -will reflect 488, 568 and 647 
Green HeNe EG1  -will reflect 488 and 543 

100 mW Argon ion VHS 510 LP -will reflect any wavelength 
   but at about 20% of the normal intensity. This is often 

put in position 1 for Live Cell Studies.  
 
Look at the emission peak of your fluorochrome and select the most suitable Long Pass or band pass 
filter with the proviso, that this filter should not permit the transmission of the excitation line, e.g. if you 
were using 514 line of the Argon laser, it would not be a good idea to select the OG515LP emission 
filter, because reflected 514nm light would pass through it into the PMT and would be visible on top of 
your fluorescence signal. 
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8.3.2 Fluorescence: Multi-labelling 
With samples labelled with more than one fluorochrome, images can be either obtained sequentially or 
simultaneously depending on the laser configuration. 
In this case, it is best to select a pair of filter blocks which can be used to split different colour 
fluorochromes into different PMTs. 
To do this, the Open block must be removed from position 2 in the Scan head, and replaced by one of 
the following: 
 
Argon ion A2 (565LP) -will reflect wavelengths below 565nm 
into PMT2 and transmit above 565nm to PMT1. 

Kr/Ar T2 (560LP) -will reflect wavelengths below 560nm into PMT2 and transmit 
above 560nm into PMT1. 

Green He NE T2 (560LP) -as above. 
 
So now, if you excite your green fluorochrome e.g. FITC with 488nm, its emission will be reflected into 
PMT2. 
If you excite your red fluorochrome e.g. TRITC with 514, 543 or 568, its emission will be transmitted into 
PMT1. 
Thus PMT2 becomes your 'green' PMT and PMT1, your 'red' PMT. 
If you excite simultaneously with 488 + 568 (or 514 or 543) you must select a Green emission filter for 
PMT2 which will not allow either 488 or 568 through i.e. 522DF35 and a red emission filter which will not 
allow 568 through i.e.585LP or 605DF32. 
The emission filters installed with the system will vary with the laser configuration to permit this 
possibility. 
With Krypton/Argon systems with 3 PMTs, and a sample stained with a far red emitting fluorochrome 
such as CY5, there is a fixed 640 short pass filter which splits red light from far red light such that red 
light is still transmitted into PMT1, but far red light is reflected into PMT3. Hence simultaneous imaging 
of green, red and far red fluorescence is possible. 
With Krypton Argon systems with 2 PMTs, red light and far red light are both transmitted into PMT1. It is 
therefore necessary to sequentially excite the red followed by far red fluorochrome with different 
emission filters in order to distinguish the true signal. 
The Pre-set methods are designed to do all of the above automatically. 

8.3.3 Reflection Imaging 
In this case, you need to select a filter block for position 1 which will reflect any of your laser lines down 
to the specimen. This will normally be B1. 
In position 2, you need to place a filter block which will divert the reflected light from the specimen into 
the BLUE REFLECTION filter which is situated in front of PMT2. To do this, you can use 
Krypton/Argon   T1 (in Position 2) 
Green HeNe       EG1 (in Position 2) 
Argon Ion         VHS (in Position 2) 
N.B. The Blue reflection filter is only intended for use with 488nm (blue) reflected light. 
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8.4 Aligning the Optical System 
Figure 9-5 shows a schematic diagram of the optical path in the MRC-1024 scan head and the position 
of external adjustment apertures for the mirrors. 
It is an important feature of the MRC-1024 system that the filter blocks incorporate a dichroic reflector to 
maximise fluorescence detection sensitivity. However, the placement of a removable element at this 
position in the optical system imposes severe requirements on the optical alignment of the system. The 
requirement of confocal optics is that the virtual image of the detector aperture (iris diaphragm) at the 
sample corresponds exactly with the position of the illuminating focused laser spot. 
To facilitate alignment when the filter blocks are changed, there are moveable mirrors in the optical path 
which can be safely and easily adjustable from outside of the scan head. There are a total of six mirrors 
within the scan head however, only four of these (three in a two PMT system) should normally never be 
adjusted by the user. The other mirrors are correctly set on installation and are inaccessible by the user. 
We strongly suggest that only trained users have access to the adjusting keys. 
The user adjustable mirrors are labelled M1, M4, M5 and M6 on the schematic diagram, Figure 9-5, and 
a more detailed representation of the three dimensional layout is give in Figure 9-6. M1 adjusts the 
alignment of the laser beam entering the optical microscope and ensures that it is correctly centred with 
the microscope objective lens. M4 centres the emission beam through the iris diaphragm in PMT1, and 
M5 centres the emission beam through the iris diaphragm in PMT2. There is normally no need to adjust 
M6. Image quality and brightness, is critically dependant on the alignment of the emission path mirrors. 
However once correctly adjusted, further adjustment should not be required. 

8.4.1 Recognizing the need for alignment 
If the scan head mirrors are out of alignment, it is normally due to one of the following: 
(1) Changing the filter block in position 1. Normally, a change of filter block does not cause a 

change in the alignment. However, when swapping between the Universal Polarizing beam 
splitter, B1 and any other filter block, e.g. T1 may cause a shift in the beam position due to 
change in filter/dichroic thickness. 

(2) Untrained manipulation of the scan head mirrors. This will affect resolution as well as signal 
brightness. It is therefore imperative that the alignment tools can only be accessed by persons 
who have read this section, or by the System Manager. Poor alignment is normally recognised 
by the user as a fall-off in image brightness, reduction in image quality and reduced resolution. 

To align the system, refer to section 9.13, Advanced User Information. 
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8.5 Maintenance of Optical Components 
The scan head should be operated in a room which is kept as dust free as possible. 

8.5.1 Filter Blocks 
All filter blocks when not in use should be placed in the protective case as supplied with the instrument. 
The filter block mounting positions in the scan head should never be left open as this may allow dust to 
enter the system. Users should handle the filter blocks only from the top and under no circumstances 
should users touch the optical components of the filter blocks with their fingers.  If the filter blocks do 
become dusty, the dust may be removed from filter block components by using an air puffer (not a 
solvent based one). However, users should not attempt to clean by mechanical action components 
within the filter blocks as this may result in the misalignment of the dichroic filters. If filter block 
components should come into contact with an undesirable substance, contact the nearest Bio-Rad 
service engineer who will arrange for the block to be cleaned. 

8.5.2 Objective Lenses 
Microscope objective lenses should also be kept dust and grease-free and should be kept in their 
protective cases when not in use. 
Objective lenses often become accidentally contaminated with inappropriate immersion oil or mounting 
medium. Should this occur, refer to the manufactures literature or contact the objective lens 
manufacturer for advice about cleaning with solvents. This is important, because the glue or mountant 
which holds the lens in place may dissolve in some solvents. Oil should be removed from oil immersion 
lenses after use. This is for two reasons: 
(1) Oil remaining on the lens can accumulate dust particles which reduce image quality. 
(2) Oil can harden on to the objective lens after a while which also reduces the imaging 

performance. 
Once most of the oil has been removed with clean tissue, a piece of lens tissue should be placed over 
the immersion end of the lens. A drop of recommended solvent should be administered, and the tissue 
gently drawn across the lens surface. This should be repeated (with a clean piece of lens tissue each 
time) as often as is necessary to attain total cleanliness. A magnifying lens or a dissecting microscope is 
useful for doing this. 

8.5.3 Coverslips 
Coverslips on top of specimens should also be kept dust and grease-free. Water or condensation 
should never be allowed to remain on the surface of the coverslip during imaging. In general, ethanol or 
acetone can be used to clean the surface of a coverslip once most of the water or oil has been removed 
with a tissue. Care should be taken however to ensure that the cleaning solvent does not contact any 
mounting medium or sealant which may dissolve in it. The lens tissue should be placed over the 
coverslip and a small drop of solvent placed on top. The lens tissue should be slowly drawn across the 
coverslip. This should be repeated (with clean lens tissue each time) until the coverslip is clean. 
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8.6 Sample Preparation For Fluorescence Confocal Imaging 
With conventional epifluorescence, fluorescence signals are detected from the whole depth of the 
sample simultaneously. This may result in bright total signal. It should be remembered that with confocal 
epi-detection, the fluorescence signal is being detected from the desired single optical section. Since 
most of the signal from the depth of the sample is rejected in order to achieve good optical sectioning, 
the resulting image is substantially weaker. 
Note: A sample which is low intensity in conventional fluorescence will be even lower intensity in 
confocal fluorescence. 

8.6.1 Choice of fluorochrome 
8.6.1.1 Single labelling 
Choose a fluorochrome which is both well excited by one of the available laser lines, and efficiently 
detected by the emission filters supplied. This manual includes a list of excitation and emission maxima 
of a selected list of fluorochromes and probes. Whilst this serves as a guide, it is always best to refer to 
the complete spectral properties of the dye. These are sometimes supplied by the manufacturer with the 
dye or maybe presented in the commercial catalogues. 

8.6.1.2 Fluorescence excitation and emission maxima 
A list of excitation and emission maxima of some commonly used fluorochromes is given below: 
 
Fluorochrome/ Probe  Excitation max    Emission max 
BODIPY-FL 503 512 
FITC 494 520 
CY3.18 550 565 
TRITC 554 576 
R-phycoerythin 480 578 
Lissamine rhodamine 570 590 
XRTIC 570 596 
Texas red 596 615 
Allo-phycocyanin 650 661 
CY5.18 650 670 
GFP 
 
Membrane Labelling: 
DiO 484 501 
Dil 547 565 
DiA 491 595 
DiQ 555 655 
 
Neuronal tracers: 
Lucifer Yellow 428 533 
 
Impermeant DNA stains: 
YOYO-1 491 
TOTO-1 514 
Thiazole 525 
 
Chromomycin A3 458 590 
Ethidium Bromide 510 595 
BOBO-3 570 602 
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Propidium lodide            494,536 617 
7-amino-actinomycin D         555 655 
TOTO-3                        642 660 
Acridine Orange               487 526 (DNA) 650(RNA) 
(methachromatic) 
 
Physiological indicators: 
pH                            439 
BCECF                         490 530 
SNARF-1 (ratiometric)         490 570 640 
 
Calcium:  
Fluo-3 506 526  
Calcium Green  506 533 
Calcium Crimson  590 611 
Fura Red  436-500 640 
Fura Red & Fluo-3  503 526 640 
(ratiometric) 
 
Magnesium:  
Magnesium 506 532  
Green 
 
Membrane potential:  
Di-8-ANEPPS 498 680  
DiOC2 (5)  579 603   
DiOC5, 6, 7 (3)  478 500-510 
DiSC2 (5) 651 671 
 
Mitochondria:  
Rhodamine 123 505 534  
JC-1 (ratiometric) 527 590 
 
One would use the 488nm line to excite FITC, the 514, 543 or 568nm line to excite Texas Red and the 
647nm line to excite CY5.Texas Red gives a red emission which can be collected in PMT1 using the 
605DF35 emission filter. FITC gives a green emission which can be detected in PMT2 using the 
522DF32 emission filter. Lastly, CY5 gives a far red emission which can be collected in PMT1 (for 
systems with two PMTs) and PMT3 (for systems with three PMTs) using the 680DF32 emission filter. 
Depending upon the excitation spectrum of the probe of choice, it may not matter if the dye excitation 
maxima and the laser line available is not exactly the same. This is because successful imaging may be 
possible by exciting the fluorochrome off peak. The closer the laser line is to the excitation maximum, 
the more efficient the excitation. Likewise, it is desirable (but not always possible) to collect the peak 
fluorescence of the emission spectrum. 

8.6.1.3 Multi-labelling 
Ideally, choose a combination of fluorochromes which are sufficiently well excited by the laser lines 
available, and whose emission spectra do not overlap with one another. In practice, there is usually 
some overlap. This can be overcome to a large extent by imaging sequentially instead of 
simultaneously, or by performing live bleed through correction with the digital mixers of the MRC-1024. 
An example of a successful combination of fluorochromes is Bodipy-FL, Texas Red and CY5, since the 
emission spectra of the three dyes do not overlap significantly, and they are appropriately excited by the 
three lines of the Krypton/Argon laser.  
With immunofluorescence, ensure that all antibodies are specific. If unwanted cross-reactivity occurs, 
the staining becomes extremely difficult to interpret, especially with regard to co-localization. 
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8.6.2 Autofluorescence 
Autofluorescence can be useful for some forms of imaging e.g. the 488 nm line excites skin, feathers, 
chitinous structures, crustacean muscle and plant cell walls. The green 514 nm line of the Argon ion 
laser gives strong stimulation of autofluorescence in chloroplasts. However, in the vast majority of 
cases, autofluorescence is a gremlin which reduces image clarity hence, rendering information 
extraction more difficult. 
Sometimes, autofluorescence can be removed by bleaching the specimen with potassium 
permanganate or other recommended agent, or reduced, by clearing the tissue with an agent such as 
methyl salicylate or methyl benzoate. The latter method renders the tissue more transparent, thus 
permitting optical sectioning at far greater depths than would otherwise be possible. 
Autofluorescence can also be circumvented by using a fluorochrome which emits at a totally different 
wavelength from the autofluorescent colour. 

8.6.3 Fixative for biology tissue 
There are basically two types of fixative: 
The cross-linking fixatives such as paraformaldehyde and Glutaraldehyde are normally used to preserve 
morphological structure and localisation of antigenic sites. However, they render the cells/tissues fairly 
Impermeable to fluorescent antibody molecules, and detergents such as Triton X or DMSO are required 
to make the membranes more permeable. 
The second type of fixative is known as 'precipitating', and includes the methanol/acetic acid and 
acetone groups of compounds. Whilst these render the tissue permeable to antibodies, they will 
precipitate the proteins, thus endangering the retention of antigentic site localisation. 
Sometimes a crosslinking fixative is applied first, in order to preserve the structure, and a precipitating 
fixative used afterwards to render the membranes permeable prior to staining. 
Note that Glutaraldehyde is highly fluorescent and may obscure fluorochrome staining. The use of 
NaBH4 can quench this fluorescence if required. 

8.6.4 Bleaching and anti-fade agents 
Light-induced damage to fluorochromes can occur largely (thought not entirely) due to the presence of 
molecular oxygen. The total extent of bleaching of the fluorochrome is in general less than in 
conventional microscopy. However the addition of an anti-fade agent (antioxidant) to the mounting 
medium appears to be even more important for laser scanning fluorescence than for conventional 
fluorescence.  
Various anti-fade reagents are available (e.g. p-phenylene-diamine, DABCO [Diazabicy clo-octane], 
Propylgallate Hydroquinone and Citifluor), but the most recently introduced reagent is called 
FluoroguardTM. 
FluoroguardTM is the first of many fluorescence-based reagents from Bio-Rad. 
Quantitative results show that Fluoroguard reduces photo-bleaching in an aqueous sodium fluorescein 
solution by greater than 95% i.e. it prolongs fluorescence by >20 fold and reduces photo-bleaching in a 
solution of DAPI stained DNA by greater than 85% i.e. prolongs fluorescence by greater than 6 fold 
compared to identical solutions substituting buffer for anti-fade.  Rhodamine derivatives Texas Red, 
AMCA, Propidium iodide and other dyes appear to be protected from photo-bleaching. 
Further information can be received by requesting Bulletin 2047 from your local Bio-Rad representative. 
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8.6.5 Mounting media 
Canada Balsam and certain epoxy resins fluoresce strongly. This defect may be put to advantage in 
confocal imaging of non-fluorescent specimens such as silicaceous shells and mineral grains, which 
appear in negative contrast. The same technique can be used in measurement of the thickness of live 
cells. Surrounding the cells in a weakly fluorescent medium permits x-z sectioning through the cell 
thickness with the cell section appearing dark against a bright background. 
Fluorochromes attached to large molecules like dextran are very useful for this purpose 
In the vast majority of situations, a non-fluorescing mounting medium is desirable. These may range 
from glycerol based media to PVA based media. The type of medium used will largely depend on 
whether the sample is aqueous or solvent based following fixation/clearing etc. 
Fluid mounts which are made with anti-fade solutions should be sealed with, for example, nail varnish. 
Media which solidify seem to have poor anti-fade properties, but are convenient to use with specimens 
resistant to photo-bleaching, e.g. those stained with acridine orange or Lucifer Yellow. Non-fluorescent 
media are available, e.g. Fluoromount (British Drug Houses) or Citifluor (Agar Scientific Ltd.)  
Using anti-fade with living specimens is much more of a problem because of the concommitant removal 
of oxygen. However, attempts are being made to use vitamin derivatives as live cell anti-fade agents. 
The success of these remains to be seen. 
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9. Technical Information 
9.1 What Is Confocal Imaging? 
The key feature of confocal imaging is that only what is in focus is detected. Out-of-focus regions of the 
sample appear black, and therefore do not contribute to the image. This will only happen when the 
illumination and detection are confined to the same spot in the specimen at any one time. If the spot is 
so small that its limits are set by diffraction, the resolution in a confocal imaging system is significantly 
greater than in a conventional microscope (see Wilson and Sheppard, 1984; Brakenhoff et al, 1979 - 
references listed in Appendix A). The lateral resolution may approach the theoretical optimum of 0.7 
times the conventional resolution. 
There are many possible forms of a confocal imaging system, but the epi-illumination design, shown in 
Figure 9-1, is particularly effective, since the same lens functions as both condenser and objective so 
there is no need for exact matching and co-orientation of two lenses. Light from an aperture is reflected 
into the rear of the objective lens and is focused on the specimen. Light returning from the specimen, as 
a result of either reflection or fluorescence, passes back through the lens and is focused on a second 
aperture, which allows a portion of the beam to pass to a detector such as a photomultiplier tube. 
A point-scanning confocal imaging system does not immediately produce a complete optical image of 
the specimen. To build up an image, it is necessary to scan the point probe over the field of view. This 
can be done either by scanning the specimen across the beam (stage scanning) or, as in the Bio-Rad 
MRC Series, scanning the beam over a fixed specimen (beam scanning). In the design shown in Figure 
9-2, the image is generated electronically from a signal derived from the photomultiplier tube output. 
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Figure 9-1 Confocal imaging system - epi-illumination design 

Although the confocal principle was originally described by Minsky in 1957, and its effectiveness was 
demonstrated by means of a non-electronic direct-vision design (Petran et al 1968) acceptance was 
slow until the arrival of lasers and electronic framestores. In recent years, instruments using a laser as 
light source have exceeded all previous performance in terms of resolution and sensitivity, particularly 
with fluorescent specimens. 
Laser scanning instruments present great advantages. Lasers of modest size provide more than 
adequate intensity for imaging. There are even facilities for using the beam to photobleach a chosen 
area on the image as well as for normal imaging. The use of a single scanning beam allows the 
formation of two or more simultaneous images, using different optical modes. Since the beam, passing 
over a specimen feature, affects all the detectors simultaneously, the reconstructed images show 
perfect registration with each other. 
The MRC-500 was the first commercially available system to allow simultaneous imaging of two 
different fluorescent stains. Non-confocal transmission imaging in phase contrast, DIC, polarising and all 
other conventional light microscope modes could also be performed. The MRC-600 retained all of these 
features but expanded the options available and increased the sensitivity. With the introduction of the 
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MRC-1000, three independent confocal PMTs were available (each with computer-controlled gain and 
offset) offering the simultaneous acquisition of multiple signal data with subsequent combined display. 
The PMTs are significantly more sensitive that those in a standard MRC-600. Now, the MRC-1024 
offers simultaneous three-colour detection and display with a single monitor for image display and user 
interface. All excitation and detection parameters are computer controlled. 

 

Figure 9-2 Confocal imaging system - beam scanning 

In many confocal imaging systems, the confocal apertures must be very small if they are placed in the 
normal real image plane of an objective as in Figure 9-1. Measurements by Carlini and Wilson (1987) 
with a 30 X objective lens show that best lateral resolution is not obtained until the aperture size is 
reduced below 10 µm. The use of such tiny apertures poses serious problems of alignment and light 
scattering. Moreover, it is necessary to substitute apertures of different sizes in the course of examining 
a specimen. A patented feature of Bio-Rad confocal systems is the use of infinity optics, i.e. parallel 
rather than focused, beams. Only �in focus� information returns as a parallel beam (out-of-focus 
information returns as convergent or divergent beams). Since the �in focus� parallel beam is not reduced 
(by a second lens) to a tiny point, the detector aperture need not be tiny either. This allows the use of iris 
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diaphragms as apertures, which, being of the order of millimetres in size, are easily aligned and varied 
in diameter (Figure 9-2). 
Scanning of the laser beam can pose the optical problem that, as the spot passes over the specimen, 
the beam should at all times fill the entire rear focal plane of the objective lens. Ideally, the beam must 
vary in angle but pass through a stationary spot in the rear focal plane. In some designs this is achieved 
by special mechanical arrangements and in others by the use of complex multi-element relay lenses. 
The Bio-Rad confocal system uses a design of great simplicity, in which the only moving parts are small, 
fast, galvanometer-driven mirrors, and no lenses (other than the eyepiece) or windows are present. 
Objective lenses are never 100% achromatic, but the performance is still highly achromatic with 
excellent transmission over a wide range of wavelengths. The MRC-1024 has dielectric-coated multi-
layer mirrors each of which efficiently reflects light at all the wavelengths which can be utilised. 
The principal determinant of sensitivity is the photomultiplier detector. The MRC-1024 incorporates 
PMTs with greatly enhanced sensitivity, at least twice that of the PMTs in the standard MRC-600. 
The confocal effect is greater the higher the numerical aperture of the objective lens. The exact 
relationship is complicated (see the equation later) but Z resolution is inversely proportional to the 
square of the numerical aperture (NA). It has been defined as the depth of focus (more exactly the 
distance in the Z direction between focal levels on either side of focus at which the intensity of the image 
falls to 1/2 maximum). The main practical significance of this is that Z resolution is in the order of 10 µm 
at NA 0.2 but falls rapidly to submicron levels above NA 0.6. As well as high NA, an objective for 
confocal imaging should have a flat field; even small curvature shows up badly when flat specimens are 
imaged. An ideal high-power lens for the MRC-1024 system with visible wavelengths is a 
planapochromat with NA 1.4, preferably of 60x magnification (oil immersion or water immersion 
depending on the specimen). Higher magnification (equivalent to using a 100x lens) can be reached by 
means of the zoom facility without loss of resolution. Use of the confocal system is not, however 
restricted to high magnifications. For low power work (even down to 1x) a lens should be chosen with 
the highest NA for any given magnification. 

9.2 Hardware overview 
The main part of the instrument is a scan head, which contains the optical scanning mechanism and up 
to three PMTs. The light source is, in the standard apparatus, an Argon lon or Krypton/Argon lon laser, 
although other laser sources are also available. The visible laser(s) is(are) coupled to the scan head via 
an optical fibre(s). 
The system consists of a laser (or a number of lasers) which contains (or is adjoined to) a neutral-
density filter wheel and an excitation filter wheel. The laser has a power supply and a fan. 
The scan head contains mirrors and wavelength selective reflectors which reflect the excitation 
wavelengths to the specimen via oscillating galvanometer mirrors. The light emitted from the specimen 
is sent via more wavelength-selective filters (dichroic reflectors and emission filters) through the iris 
diaphragm to the PMTs. Alternatively, laser light can be sent to the Transmitted Light Detector (TLD) for 
non-confocal imaging, phase/DlC etc. The signal from each detector has a Gain and Offset control, and 
is displayed on the image monitor via the Mixer board. 
The scan head incorporates an eyepiece which is lowered into the phototube of an upright microscope 
or mounted on its side to allow attachment to the side-port of an inverted microscope. Alternatively, the 
scan head may be mounted under an ant vibration table (sub-mount option) on Zeiss and Nikon inverted 
microscopes to achieve even better light transfer efficiency. While viewing a specimen, it is possible to 
use the microscope in the conventional way and then switch rapidly to confocal imaging. This can be 
useful for initially finding and focusing on the specimen. 
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Figure 9-3 MRC-1024 System Components 

Upright Microscope 

 
 
 

Inverted Microscope 
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Inverted Microscope Keller Port 
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Figure 9-4 Hardware connections 
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The scan head is controlled from the mouse-driven Laser Sharp 2000 software. A single large 
monitor displays both images and the user interface together. Data can also be fed into optical disk 
devices or other computers via a network. The computer can be made available as part of an 
independent workstation without the scan head. 
The Universal Twin Support Stand option allows conversion between upright and inverted 
microscopes (using the microscope cine port). For reasons of laser safety and alignment, this 
should not be performed without adequate training from Bio-Rad staff. 
The Tower Controller contains boards which control the electronic filters, the PMT voltages, the 
Mixer controls, the galvanometer settings and the scan head controls, the z-focus motor and the 
laser shutters. 
The computer contains a scan card which controls the scan, an image capture board and a 24-bit 
display board which enables simultaneous three-colour acquisition and display. The relationship 
between these is illustrated in the hardware connections diagram Figure 9-4 
Facilities are provided so that the software can control the focus (a z-axis stepping motor drives the 
focus in precise increments, which is essential for accurate optical sectioning and reconstruction). 
Each microscope type will require a specific calibration (by the Bio-Rad engineer) for this motor 
drive. 
Connections are provided so that the scanner can be triggered or controlled by external events such 
as electrical stimuli or, vice versa. 
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Figure 9-5 Scan head - controls and light path 
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Figure 9-6 Scan head - internal view 

Light from the laser passes through the scanner, as shown schematically in Figure 9-2. Most of the 
standard lasers are of the multiline type, allowing selection of one or more excitation lines by means 
of an excitation filter. 
The light is reflected by a beam splitter, which consists of a dichroic or trichroic reflector (for 
fluorescence imaging of fixed specimens) or a plane beam splitter for reflection and live cell 
imaging. The parallel beam from the laser then passes into the scanning unit, which contains two 
oscillating galvanometer-driven mirrors, generating the x and y scanning movements. The second 
mirror is placed at the eye point of the eyepiece (i.e. where the pupil of your eye would be located if 
you were looking down into the microscope). At this stage the beam is parallel but constantly 
changing in angle, so it is brought to a focus as a scanning spot, moving across the normal focal 
plane in the specimen. Light resulting from fluorescence or reflection in the specimen passes back 
through the scanning system, so the light precisely follows its original path, but in the reverse 
direction. A selected wavelength passes through the beam splitter to the photomultipliers. 
In this part of the pathway, the MRC system differs greatly from other confocal imaging systems. In 
more conventional focusing systems (Figure 9-1) each point in the specimen generates an Airy disk 
in the plane of the detector aperture. The MRC system, however, uses a parallel beam of light. 
Theoretically, this beam would form an Airy disk infinite in diameter at infinity. In order to produce an 
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Airy disk of detectable size, the beam path in the scan head is folded (using mirrors) and is 
approximately 1.4 meters long. The resulting Airy disk is approximately 2 mm in diameter and can 
easily be sampled by means of the aperture in an adjustable iris diaphragm. This large aperture is 
optically equivalent to the small aperture of a system of the focusing type. The advantage of having 
a variable aperture will be appreciated quickly by the user; with weakly fluorescent or feebly 
reflective specimens the aperture can be opened progressively until a sufficiently strong signal is 
obtained. The increase in signal is achieved at the cost of thicker optical sections but the 
compromise is often worthwhile, since it makes possible the imaging of many specimen features 
which are too faint to be imaged with an ideal confocal aperture. 
In visible light systems, electronically driven excitation filter and neutral density filter wheels are 
situated in the laser-to-fibre launcher, between the laser and the fibre optic launcher. They are 
controlled by the system software and allow the user to select laser excitation lines and laser 
intensity respectively. 
The practical layout of the components is shown in Figure 9-5. The Figure shows the right-hand side 
of the scan head, and Figure 9-6 shows the internal layout. A series of filter blocks are provided for 
different applications, and are inserted into positions 1 and 2 in the scan head. There are either two 
or three motorised emission filter wheels (depending on the number of PMTs in the scan head - one 
for each PMT) which allow the visualisation of different wavelength emissions from the specimen. 
Mirror M1 directs the beam obliquely across into the interior of the scan head, where it enters the 
scanning assembly. Part of the returning beam passes back through the filter block and is reflected 
by mirrors M2, M3 and M4 into the first photomultiplier (PMT1). The second filter block and mirror 
M5 reflect shorter wavelengths into a second photomultiplier (PMT2). In systems which have a third 
photomultiplier (PMT3) there is a fixed dichroic reflector (640SP) which transmits shorter 
wavelengths into PMT1 and transmits longer wavelengths via mirror M6 into PMT3. Outputs from 
different PMTs (or transmitted light detector, if fitted) can be imaged sequentially or simultaneously. 
The MRC-1024 also provides live bleed through correction and �on-line� merge facilities by mixing 
the various detector outputs using digital mixers. 
With the standard MRC-1024, filter blocks are provided for multiple fluorescence applications and 
confocal reflection imaging. 
All three PMTs, used in the manner described above, provide signals (either fluorescence or 
reflection) from which confocal images can be generated. 
As an option, another detector can be used to provide a powerful and versatile additional facility: 
non-confocal transmission imaging. If optical components of standard type are used (e.g. phase 
objective with an appropriately centred annulus in the condenser unit) the image generated in the 
system has all the characteristics of the conventional image. Phase contrast, bright field, dark field, 
DIC and polarising images may all be obtained. The discrimination compared with the corresponding 
conventional images can be improved because the offset and gain controls can be adjusted to give 
analogue baseline subtraction and high contrast. The transmission images are produced in perfect 
lateral registration with the confocal images, but they are not themselves confocal. 
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9.3 Mirrors 
The MRC-1024 has mirrors with a dielectric coating. This allows high efficiency reflectivity and 
excellent optical sensitivity. 

9.4 PMTs 
The MRC-1024 incorporates photomultipliers with enhanced sensitivity. Digital filtering is used to 
optimize the signal/noise for all scan conditions. 
There is also a fast photon counting mode with automatic setup which allows signal quantisation and 
the acquisition of high quality, full brightness images from extremely low signal intensities 
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9.5 Laser Options 
The MRC-1024 scanning system can be supplied with a wide range of laser, options to suit the 
different type of fluorochromes and therefore excitation wavelengths required. The systems can be 
configured with either one or two lasers with the fibre optics utilised for �visible� MRC systems and 
directly mounted lasers used for the MRC-1024 UV instruments. This discussion will mainly refer to 
the visible range of laser options for the MRC-1024. For a more in depth discussion of the options 
available with the MRC-1024 UV or MP, please refer to their dedicated user manuals. 
The MRC-1024 visible systems can be supplied with the following single and double laser 
configurations.  

9.5.1 Single laser configurations: 
Laser     Laser Lines 
Krypton/Argon    488nm (>3mW), 568nm (>3mW) 
& 
     647nm (>3mW) 
Krypton/Argon    488 nm (15mW, 568 nm (15mW) 
& 
     647nm (15mW) 
Argon Ion 25 mW   488 nm (10 mW), 514 (10 mW) 
Argon Ion 100 mW   457nm (~6mW), 488 nm (~40mW), 514 
     (~40 mW)  

9.5.2 Visible Dual Laser Combinations 
Laser 1    Laser 2 
Krypton/Argon 15 mW  Argon Ion 25 mW 
Krypton/Argon 15 mW  Argon Ion 100 mW 
Krypton/Argon 15 mW  Helium Neon Red 10 mW 
Krypton/Argon 15 mW  Helium Neon Green 1 mW 
Argon Ion 25 mW  Helium Neon Green 1 mW 
Argon Ion 100 mW  Helium Neon Green 1 mW 
 
Note: for the relationship of these laser lines to the excitation and emission maxima of some 
common fluorochromes see our interactive fluorochrome database on the web at: 
http://fluorescence.bio-rad.com 
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9.5.3 Krypton/Argon mixed gas laser 
The standard laser supplied with the MRC-1024 system is the 15 mW Krypton/Argon air cooled 
laser, although a higher power 60 mW laser is also available. It emits three strong lines in exact co-
alignment at 488 nm (blue), 568 nm (yellow) and 647 nm (red). The three lines can be selected 
using the excitation filter wheel. The Krypton/Argon system is particularly useful in double or triple 
labelling techniques, using such combinations as FITC and Texas Red or CY3 and CY5, or Bodipy-
FL, Texas Red and CY5, or FITC, Lissamine rhodamine and CY5. This makes possible 
simultaneous triple labelling using the 488nm, 568nm and 647nm lines together. A triple dichroic 
filter set is used for this application. When all three lines are used simultaneously, the laser light 
appears almost white in colour. 
Note: When the Krypton Argon laser is switched on, it may take a few minutes for the 647 nm 
(red) line to stabilise sufficiently for use. 
Make sure the laser power switch (on the side of the laser housing) is in the 'normal' position. To 
maximize laser longevity, this switch should be left on 'Standby' or 'Low' if the machine is not in use. 
If you have a Laser Standby device fitted and selected in software, this switch should instead be set 
to LOW all the time. 

9.5.4 Argon Ion Lasers 
Argon Ion lasers are supplied as either 25 mW or 100 mW. Typically these lasers are utilised with 
fluorochromes such as Fluorescein or Tx Red. Simultaneous double labelling is possible with this 
laser using the A1 & A2 filter blocks, though it is more challenging than in the case of the Krypton 
Argon laser due to the relative close proximity of the 488 and 514 nm laser excitation lines which 
may result in some emission signal bleed through into the detectors. If a 100 mW Argon laser is 
configured the 457nm line becomes available. This line is particularly suited for the excitation of 
probes such as Chromomycin A3 and Lucifer Yellow. 

9.5.5 Helium Neon Lasers 
Helium Neon lasers are supplied as single line lasers, that is that each laser produces a single line 
only. The green helium neon laser has a line at 543 nm, which is particularly suited for the excitation 
of fluorochromes such as, Propidium iodide, TRITC and CY3. The red helium neon laser has an 
excitation line at 633 nm. The use of this line is appropriate for such fluorochromes as CY5 if a 
Krypton/Argon ion laser is not available. 
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9.6 Laser Filters 

9.6.1 Motorised Neutral Density (N.D.) Filters 
Not wavelength-specific. 
Consist of pieces of glass with known optical densities. 
These are used to reduce the amount of light to the specimen. It is best to use the lowest laser 
intensity possible because of fluorescence saturation, bleaching and photo toxicity. There are six 
positions in the ND filter wheel accessed by a single mouse click on the % power arrow, with 
positions labelled 100%, 30%, 10%, 3%, 1% and 0.3%, which refer to the % laser power allowed 
through each neutral density filter. The filters supplied by Bio-Rad are detailed below. Different types 
of laser may have different neutral density filters installed. 

Optical Density  Filter transmission (%) 
0   100 
0.5   30 
1   10 
1.5   3 
2   1 
2.5   0.3 

9.6.2 Motorised Excitation Filters  
Very narrow band single or dual wavelength. They usually have a bandwidth of 10nm e.g.488DF10. 
These are to enable the selection of single or multiple excitation lines from the laser. If a pre-set 
Method has been chosen, the correct excitation filter is selected for the user automatically. 
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9.7 Types of Fluorescence Filter 
There are very few different types of filter employed in the system. A series of profiles showing 
typical filters are included here to help users understand which wavelengths will be reflected or 
transmitted by each filter type, and with roughly what efficiency. These are merely guideline profiles 
where the wavelength around which the filter is designed is referred to as Xnm, and the bandwidth 
(where appropriate) is referred to as Ynm. 

9.7.1 Beamsplitters 
Can be universal for a wide range of wavelengths (like the B1 filter block), and they can reflect and 
transmit all wavelengths with certain efficiencies. For instance, B1 will reflect all laser lines to the 
specimen with an efficiency of about 25%, but will transmit all wavelengths with greater than 80% 
efficiency. Hence, this filter is ideal for use with live cells where illumination intensity need not be 
high but where detection efficiency needs to be maximised. 

9.7.1.1 Chromatic dichroic beam splitters 
Usually LP (Long Pass) or SP (Short Pass); for instance, 527LP means that wavelengths below 
527nm are reflected and those above 527nm are transmitted. A 640SP means wavelengths above 
640nm are reflected and those below are transmitted. A typical Long Pass chromatic beam splitter 
(or dichroic) is profiled below 

 

Typical Long Pass chromatic beam splitter for xnmL P 

Sometimes the words dichroic, trichoic (triple dichroic) or polychroic are used to describe filters 
which reflect more than one narrow band pass; for instance, filter block T1 has the characteristic of 
reflecting 488DF10, 568DF10 and 647DF10 at very high efficiency (but will also reflect wavelengths 
close to either side of this band but with a very low efficiency). 
This filter will also transmit wavelengths between these narrow bands with good efficiency to the 
PMT detectors. A typical polychroic is profiled below 
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Typical polychroic for x1nm df ynm  ; x2nm dfynm  ; x3nm df ynm  polychroic 
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9.7.2 Emission Filters 
Emission filters can either be dielectric coated bandwidth, dielectric coated Long Pass or plain glass 
Long Pass. 

9.7.2.1 Bandwidth 
A typical example of a dielectric coated emission bandwidth filter is shown below 

 

Typical bandwidth emission filter for xnmDFynm 

9.7.2.2 Long Pass 
The profile of the Long Pass (dielectric) is similar to a chromatic dichroic beam splitter. 
A plain glass Long Pass (e.g. OG515) is typified below 

 

Typical glass filter for xnmOGLP 
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9.8 Filter Blocks 
The labelled cylindrical blocks placed in the scan head (two at a time) are designed either for 
general or specific use. These blocks normally have a dichroic or trichroic reflector which reflects the 
laser excitation light into the transfer optics but blocks transmission of these wavelengths to the 
detection optics. Blocks are placed in positions 1 and 2 of the scan head. They are designed to be 
used with certain excitation and emission filters in order to best excite and separate one signal from 
another. Refer to section 8.3 for additional information on filter blocks 
The standard MRC-1024 system is intended to be used with three filter block sets. The purpose and 
specification on these is listed below. These details may vary with the exact laser(s) configuration. 
Filter block combinations are specified by the standard Methods supplied with the MRC-1024. When 
you choose a Method, the required pair of filter blocks appears in the Method Control panel on the 
bottom right of the screen. If the specified blocks are not already in place, change the blocks (see 
"Changing Filter Blocks"). 
For a single Krypton/Argon laser, the standard filter blocks are: T1 (triple dichroic) & T2A (560 
DRLP). This combination is ideal for studies involving fluorophores such as FITC, Texas Red, and 
Cy5. The T1 block directs any of the laser lines (blue, yellow, red) to the sample and transmitted 
green, red, and far red emitted light to the PMTs. The T2A block contains a 560LP dichroic which 
divides the emission into green and longer wavelengths. 
The 640SP diverter (permanently installed in 3-PMT systems) divides the longer wavelength light 
into red and far red bands. This results in green fluorescence being reflected into PMT2, red 
fluorescence into PMT1 and far red into PMT3 (or transmitted into PMT1 in system with only two 
PMTs). 
B1 (beam splitter) & OPEN BLOCK. This combination is ideal for live cell work, for example with 
physiological indicators and membrane labels. The B1 block directs any of the laser lines to the 
sample, but at approximately 20% of the intensity of the T1 block. It is therefore ideal for live cell 
work to minimise illumination intensity whilst maximising fluorescence detection. It can, of course, be 
used as a universal beam splitter if the reduced illumination intensity is borne in mind. All emitted 
wavelengths are transmitted to the PMTs, with better than 80% efficiency. Only PMT1 is used, so as 
to obtain maximum sensitivity. 
B1 (beam splitter) & T1 (triple dichroic). This combination is useful for reflection imaging and 
simultaneous fluorescence with blue illumination. The B1 block directs any of the laser lines to the 
sample but at approximately 20% of the intensity of the T1 block. Reflected and fluorescent light is 
transmitted to the PMTs, with better than 80% efficiency. The T1 block (in position 2) directs the 
reflected blue light to PMT2. It transmits the fluorescence to PMTs 1 and 3. Notice that with these 
filter blocks, green fluorescence will be directed to PMT1, the "red" PMT. 
Other blocks used with different configurations are listed below. 
VHS - Violet excitation dichroic reflector, for using single fluorochromes. This is most useful in 
conjunction with the Argon ion lasers for the excitation of Lucifer yellow with the 457nm line from the 
100mw Argon laser. 
A1/A2- These filter blocks are used in conjunction with the Argon ion laser to allow the simultaneous 
imaging of fluorochromes such as FITC and Texas Red. 
e.g. This is a dual excitator used in conjunction with A2 to allow simultaneous imaging of FITC and 
Texas Red with Argon Ion Green HeNe laser combinations. 
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9.8.1 Changing Filter Blocks 
Caution: Do not touch the optical components in the filter block. Do not attempt to clean 
them. Contact your Bio-Rad engineer for advice. 
Ensure that the correct filter blocks are chosen for the fluorochromes used in the sample and that 
they are placed in the correct position. The name and position of the required filter blocks for any 
given setting is given at the bottom right hand corner of the LaserSharp Acquisition screen. 
Filter blocks are held in place with strong spring loaded retaining clips. To change filter block, the 
existing filter block must first be removed. However, before doing this it is good practice to ensure 
that the laser shutter is closed i.e. that the system is not scanning and the Menu bar in LaserSharp 
Acquisition is no longer flashing. 
Filter blocks are simply removed by squeezing the two sprung retaining catches and gently 
withdrawing the block from the scan head. Filter blocks are replaced by locating the long pin on the 
filter block with the corresponding hole in the scan head filter block mounting. Thus it is not possible 
to insert the block in the incorrect orientation. The retaining catches are again squeezed together 
and released when the filter block is firmly clicked into position. Note that the two filter block 
positions in the scan head are labelled 1 and 2. When the filter block is changed small changes in 
the beam alignment may occur. The user should check for this immediately after the removal and 
replacement of a filter block in position 1, and if alignment is required, follow the recommended 
procedure. 
Some materials are reflective, some fluorescent and some are both. It is therefore very important to 
have the correct filter blocks in position. 
Filter blocks normally used in position 1 will have a 1 in their name, e.g. A1, T1. Those intended for 
used in position 2 will have a 2 in their name, e.g. T2A, A2. However, some blocks can be used in 
either position to achieve different results. For instance, T1 can be put in position 2 (the T1 label will 
be upside down) so that the filter faces the return beam instead of the excitation beam. VHS can be 
used in positions 1 or 2 again dependent upon the application. 
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9.9 Transmitted Light Detector 
The transmitted light detector (TLD) is a detector that allows the collection of transmitted light from 
the sample. Images are formed by the absorption of the laser light by the sample in a similar way to 
the production of images in bright field microscopy. Typically the transmitted light detector is 
mounted directly next to the bright field lamp, between the lamp and the condenser. 
Transmission may be used to visualize stains such as those employed in histological studies as well 
as allowing the co-visualisation of fluorescent and transmission information for fluorescence vs. 
structure interpretations. 
The transmission detector can be supplied in one of two forms, either a single channel detector 
which allows 255 grey level detection or a three colour detector is available which uses a series of 
dichroic filters to separate the transmitted light from a Krypton/Argon laser in to its three component 
colours.  
The transmission detectors employ photodiodes to detect the transmitted scanned laser light.  In the 
case of the three colour detector dichroic reflectors are used to split the three Krypton/Argon lines 
into three photodiodes. 
The method of producing scanning transmission images is perhaps at first a little difficult to 
understand, since the light passes through the optical system in the reverse direction to that used for 
normal viewing of the bright field image. Consideration of the symmetrical and reciprocal nature of 
imaging systems in general will show that the two directions are equivalent, and the images so 
produced are of very high quality. The optical quality of the sub-stage condenser is significant, and 
well-corrected condensers of the Apochromatic type (as used for colour photomicrography) should 
be employed to achieve results of the best quality. Fortunately, most condensers supplied by 
microscope manufactures for use with more advanced techniques, such as Phase Contrast and 
Differential Interference Contrast, are indeed suitably corrected. The quality of the transmission 
images will crucially depend on the quality of the bright field illumination setup, therefore the 
microscope should be set up correctly for Köhler illumination (refer to the manual for your 
microscope). 
In most cases the transmitted light detector is used for simple bright-field imaging. However, good 
results have been obtained with the DIC (Differential Interference Contrast) or Nomarski techniques 
and with Phase Contrast imaging. Bio-Rad can advise on the suitability of any particular microscope 
system for this imaging mode. 
The transmission images produced in the scanning mode are not confocal, but instead, are the 
scanning equivalent of conventional bright field images normally available with the microscope 
system. However, the variable gain and offset controls, combined with the digital image-processing 
system enhances the quality obtained. In order to facilitate adjustment of contrast enhancement 
when working with transmission images, a special colour lookup table SETCOL is provided. 
The field of view is the same for the transmitted light and fluorescence images. This makes for rapid 
and exact comparison of the two types of image. The image merging is particularly useful in this 
respect. There is a short tutorial session on the use of the transmitted light detector. 
Where a transmission detector has been supplied, the system hardware file will reflect the number 
of channels available. In addition, the relevant methods will be provided in the Methods menu of 
LaserSharp 2000. 
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9.10 Focus Motor 
The motorised focus control is a 5-phase stepper motor drive controlled by the MRC-1024 software. 
The drive is coupled directly to the fine focus control on the optical microscope. The Control Panel 
includes an extra sub-panel from which the motor can be controlled. 
The focus motor drive connects via a friction cup to the fine focus control knob of the microscope, or 
a direct coupling. The motor resolution is 1000 steps per revolution (or 2000 steps on MRC-1024 
ES). The minimum step size will vary for different microscopes. On most microscopes, the minimum 
step size attainable by the motor will be 0.10 (MRC-1024) or 0.05 (MRC-1024 ES) microns 
respectively. 
The motor control sub-panel provides complete control of the microscope stage motion in Z. The 
software includes a correction for any 'backlash' in the mechanical movement of the stage and this 
may be set by the user with the Tools > System Setup menu.  
On installation, the motorised focus control should be mounted so that the drive shaft is horizontal 
and the friction cup is seated on the fine-focus drive of the microscope without introducing strain. 
There are no electrical adjustments needed on this system. 

9.10.1 Focus (Z-Axis) Calibration 
The software allows calibration of the motorised z-axis movement to suit a particular microscope 
drive. The system is supplied calibrated for the number of microns per revolution of the fine focus 
knob appropriate to the microscope. 

9.11 Motorized XY Stage 
If the required optional hardware is installed inside the controller, you can connect the Bio-Rad 
supplied Ludl or Marzhauser motorized XY stage to it, for fitting instead of the conventional manual 
microscope stage. 
Once LaserSharp 2000 has started up, you can then use the joystick to move the stage around. It is 
not possible to enter specific positions to move the stage to, or to control the stage using scripting. 
Note: the following line must be present in the lsrsharp.hw file to initialize a stage: 

xy_stage;3;c:\lasersharpNT\xyinit.dat 
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9.12 Tower Controller Connectors 
The rear panel of the Tower Controller contains the following rear panel connectors. Connectors not 
described here are not used. 

9.12.1 Mains Power Input 
To disconnect the system from the mains supply remove the mains cord from the tower controller 
IEC input connector. 
The main power switch on the front of the tower only places the system in a standby mode and does 
not isolate the system from the laboratory mains supply. If an LED is fitted on the front of the tower, 
next to the control switch, it shows red whenever the main input is on and green when the unit is 
also switched on. 
The power supply inside the tower is an AC supply in the range 100 V - 240 V, 50Hz - 60 Hz. No 
jumper setting changes are required to convert from 100 V to 240 V operation. 
The Tower Controller must have a good earth (ground) connection. 
Two safety fuses are incorporated next to the input connector. To access these, insert the blade of a 
screwdriver into the slot, press in, and rotate counter-clockwise. For safety reasons, it is crucial that 
only fuses of the correct rating should be used. 
The combined power requirement for the system and auxiliary mains is 10 Amps which is double 
fused (i.e. Live and Neutral). 

9.12.2 Auxiliary Outlets 
Five power outlets are provided, into which the computer, monitors and other external equipment 
may be plugged. 
Do not exceed the relevant power rating, 850 W (95-120 VAC operation) or 2100 W (190-240 VAC 
operation). These ratings are clearly indicated at the outlets. 

9.12.3 Grounding Terminals 
Four screw terminals are provided for earth (ground) connections required by some of the cables 

9.12.4 Serial 
This 9 way �D" connector provides the serial (RS-232) link to the computer. It must be connected 
pin-to-pin to the COM port connector on the back of the computer. These may be either 25 way or 9 
way formats. 
A 25 to 9 way adapter may be used to attach the cable to a 25 way connector. 
Pin    Function               Pin  Function  
1       Carrier Detect (1 ) 6 nc 
2      Received Date   nc 
3      Transmitted Data  8 Clear to Send (1) 
4      Data Term Ready  9 nc 
5      GND 
Note: Pins 1 and 8 are connected together.  Only pins 2,3 and 5 are used. 
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9.12.5 Internal Functions 
This 25 way "D" connector provides access to many of the MRC-1024 internal control signals. In 
particular, the external inputs on pins 7, 20, 8, and 1 can be used for external synchronisation of the 
scan (refer to section 7.7) 
Pin Function(Note)  Pin Function(Note)  
1 Pixel Clock (1)  14 Scan Active (1) 
2 Frame Sync (1)  15 Line Sync (1) 
3 GND (analogue)  16 (unused) (1) 
4 Dual Channel (1)  17 Shutter (1) 
5 Laser 1 (1) (5)  18 Laser 2 (1) (5) 
6 Laser 3 (1 ) (6)  19 User output signal 
(1) 
7 Digital Input 1 (2) 20 Digital input 2 (2) 
8 Digital Input 3 (2) 21 Digital input 4 (2) 
9 OUT (6)   22 OUT (6) 
10 OUT (6)   23 OUT (6) 
11 GND (digital)  24 Ext Chan 1 (4) 
12 GND (analogue)  25 Ext Chan 2 (4) 
13  GND (analogue) 
 
Note (1)  TTL output. These should not be loaded by more than 5 TTL loads. 
Note (2)  TTL input. OFF is <0.4V, ON is >2.0V, range is 0 to 5V. 
Note (4)  Internally connected to the EXTERNAL I/P BNC connectors. 
Note (5)  Controlled in dual laser systems only. 
Note (6)  Reserved for future expansion. Do not connect. 

9.12.6 Scan Card 
Cables from the scan card (ISA or PCI based) are allocated to the computer via these two "D" 
connectors. The connectors and their matching cables are labelled SCANS and DIGITAL l/O 
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9.12.7 Future Functions 
This 25 way "D" connector is intended for future product developments. It can also be used to take 
advantage of the Tower Controller power supply. 
 

Pin    Usage     Pin  Usage 
1      +24 V     14 GND (+24V) 
2      +12 V     15 GND (+/-12 V)        
3 -12 V  16 GND (+5 V) 
4      +5V       17 GND (+5 V) 
5      nc        18 nc 
6      nc        19 nc 
7      nc        20 nc 
8      nc        21 nc 
9      nc        22 nc 
10     nc        23 nc 
11     nc        24 nc 
12     nc        25 nc 
13     nc 

9.12.8 Z Drive 
This 12 pin circular connector provides the control signals which operate the focus stepper motor. 

9.12.9 Scan Head 
Two 25 way "D" connectors, labelled GALVANOMETERS (GLAVOS for short) and POWER connect 
the Tower Controller to the MRC-1024 scan head. 

9.12.10 Transmission Detector 
This 15 way "D" connector connects the Tower Controller to the MRC-1024 optional transmission 
detector mounted on the microscope. The connection is unified for both the single or three channel 
detector. 

9.12.11 Laser 
The 15 way "D" connector(s) connects the Tower Controller to the MRC-1024 laser housing(s) 

9.12.12 Digital Video 
This connects to a 25 way "D" connector on the Video Input Subsystem (VIS) board in the PC 

9.12.13 Motorized XY Stage 
Connects to the optional Bio-Rad supplied Marzhauser or Ludl microscope stage. Hardware and 
power supplies must also be present inside the main controller. 

9.12.14 Joystick 
Connects to the optional Bio-Rad supplied joystick, which provides a manual knob to move the focus 
motor, and also controls the lateral position of the motorized XY stage, if fitted 
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9.13 Cleaning Equipment 
To remove dirt and dust from external surfaces (NOT optical surfaces) use a damp lint free cloth. 
For more difficult marks use small amounts of an anti static foam cleaner removed with a cloth. 

9.14 Advanced User Information 
ANY PROCEDURES OUTLINED IN THIS SECTION WILL HAVE ALREADY BEEN CARRIED OUT 
BY THE BIO-RAD TRAINED ENGINEER AT THE TIME OF INSTALLATION. ONLY USERS WHO 
HAVE BEEN SHOWN OR TRAINED IN THESE PROCEDURES SHOULD EVER ATTEMPT TO 
CARRY THEM OUT AT A LATER STAGE. 
The MRC-1024 confocal microscope system has been designed to require the minimum of 
maintenance and service. However, the system should be checked from time to time to confirm 
optimum operation. The checks are principally concerned with the laser(s) and the optical alignment 
of the system. Optical alignment should be regularly checked at intervals during system operation 
and a simple alignment checking and correction procedure is given in this manual. Before the laser 
is changed or the system is moved, a more comprehensive alignment procedure is required. This 
should be carried out by a Bio-Rad authorised engineer. 

9.14.1 Laser Alignment 
The operating parameters of the laser are recorded at the time of installation. The most important of 
these parameters is the anode current, which is a measure of the efficiency of the laser tube. Over 
the course of the lifetime of the laser the anode current will gradually increase, this may be corrected 
for by adjustment of the rear mirror of the laser until the anode current reaches a minimum value. 
This maximises laser efficiency and, consequently, operating lifetime. When measuring laser 
parameters the following points should be observed: 
1. Allow at least 30 minutes after switch-on for the laser to warm up. 
2. The anode current on the Krypton/Argon laser should be checked routinely e.g. once every two 
weeks. 
3. Use a millivoltmeter, set to the mV range, to monitor the anode current; 10 mV is equivalent to 1 A 
of anode current. Note the value of the anode current and the date of the adjustment. 
4. If the value has changed significantly, i.e. by 1A (10 mV), an adjustment to the rear mirror of the 
laser head may be required. The procedure is outlined in the laser manufacturer's operating manual 
which will have been supplied with the system. 

WARNING 

THIS ADJUSTMENT IS CRITICAL. IF IN ANY DOUBT AT ALL ABOUT CARRYING OUT THE 
ALIGNMENT PROCEDURE OR IN CASE OF SERIOUS PROBLEMS, CONTACT YOUR LOCAL 
BIO-RAD OFFICE. 
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9.14.2 Scan Head Mirrors Alignment 
If the scan head mirrors are out of alignment, it is normally due to one of the following: 
1. Changing the filter block in position 1. Normally, a 
change of filter block does not cause a change in the alignment. However, when swapping between 
the Universal Polarizing beam splitter, B1 and any other filter block, e.g. T1 may cause a shift in the 
beam position due to change in filter/dichroic thickness. 
2. Untrained manipulation of the scan head mirrors. 
This will affect resolution as well as signal brightness. It is therefore imperative that the alignment 
tools can only be accessed by persons who have read this section, or by the System Manager. Poor 
alignment is normally recognised by the user as a fall-off in image brightness, reduction in image 
quality and reduced resolution. 
The aim of the optical alignment procedure is to set up the correct excitation and emission beam 
paths within the instrument by adjusting mirrors M1, M4, M5 and M6. 

9.14.2.1 Excitation Path Alignment 
Rotate the objective lens turret to bring the Perspex alignment prism to the position of the 
microscope optical axis. The alignment prism allows direct observation of the excitation laser beam 
at the telecentric point of the microscope. 
Ensure both filter blocks are seated correctly 
With the shutter open (i.e. with the system scanning), it should be possible to observe the beam in 
the alignment prism. 
Change the neutral density filter to change the beam intensity until the intensity is comfortable to 
view. 
If the beam position is more than 1/8 beam width outside of the marked alignment prism ring then 
Mirror M1 should carefully be adjusted to bring the beam onto the optical axis of the microscope. 
Insert the adjustment key and make the necessary small adjustments to bring the beam central with 
the circle marked on the prism. There are two access holes for the X and Y axis adjustment of 
mirror M1 (see Figure 9-5). After this time the excitation path is aligned, and no further adjustments 
should be made. 

9.14.2.2 Emission Path Alignment 
To practice this procedure, it is possible to use either a reflective surface (like a coverslip with some 
dust on) or a fluorescent sample (like the Safranin-stained paper provided with the system). In either 
case, alignment can be performed with the standard filter blocks in position. With a reflective 
surface, proceed as follows: 
1. Insert an appropriate filter block pair in the scan head for sample used. For most fluorescent 
and reflective samples, this will be filter block T1 in position 1 and T2A in position 2. 
Swing the Perspex sighting prism on the objective lens turret into the optical path so that its vertical 
face is towards the front. Open the direct light path between scan head and objective lens (by 
swinging the binocular head or sliding the prism, depending on your microscope). 
2. Reduce laser intensity into the beam path using the motorised neutral density filter wheel 
(10% power). 
3. Initiate scanning by clicking on the laser icon on the control screen. 
Note: Check that the power and scanning indicator lights are both lit (front of scan head) 
4. Observe the position of the laser light spot in the sighting prism. If it is not centred, carefully 
adjust the two axes of mirror M1 using the alignment keys provided. If it is centred, there is no need 
to proceed further. Continue the adjustment until the spot is precisely centred. If no light is visible in 
the sighting prism, do not adjust M1. If this does happen, check the direct light path between the 
scan head and objective lens is open e.g. binocular eyepiece rotated out of position. If light still 
cannot be seen, check that the laser is turned on and the scan head power is on. These are the 
most common reasons for the system to appear not to be working. 
If in any doubt at all, contact your Bio-Rad engineer. 
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5.  Place the Safranin stained paper sample on the microscope stage. Use a high NA (>1.3) 
approximately 60x magnification oil immersion lens. Place a drop of the oil on top of the coverslip 
and raise the stage so that the tip of the lens just touches the oil. 
6. Close the Laser light path and focus on one particular paper fibre using conventional epi-
fluorescence. Open the laser light path again. 
7.  Choose an objective lens magnification of 60x in the Image Collection panel, Normal scan 
speed, Direct Filtering and 2.0 Zoom. Select the Method �triple labelling� and Setting 
�TxRed/FITC/CY5�. In the control panel, set the excitation filter to �All lines� with a Krypton/Argon 
laser (or with an Argon ion laser) and 3% intensity 
8.  Click on PMT. In PMT1, set Iris to 8.0, offset to 0 and Gain to 500 (you may need to alter 
this later). The emission filter should be set to 605DF32. Ensure that the laser path is open. 
9.  Select SETCOL LUT in all panes. 
10.  Start scanning. Initially, turn off the Z motor and focus gently by hand until you see some 
signal in your Pane 1 image. Stop scanning. Double-click on the image pane so that it is the only 
one displayed. Change the box size to 256x256 and start scanning again. Gently focus up and down 
to find the brightest part of your fibre. Remember that the lens only has a short working distance, so 
do not bring it into contact with the coverslip. To aid in finding the surface of most reflection you may 
find that increasing the scan speed to Fast or Fastest may be of advantage. 
10. If, having focused up and down, no signal is visible, increase the PMT1 Gain and repeat 
until the position of the brightest signal is found. This will be the position where most red is seen in 
the image using the SETCOL look up table. 
Reduce the intensity of the laser if necessary. If the image is totally red, it is saturated. The laser 
power should be reduced and the Gain adjusted until a small amount of red shows, and refocus to 
achieve maximum red. Switch on the focus motor, and using 0.1µm z-step, fine-focus to achieve the 
brightest image. When the brightest part is in focus carefully adjust M4 using the tools provided with 
the system. If the amount of red increases during this movement, manipulate the two adjusters until 
the greatest amount of red is seen. Check the focus again. 
11.  Gradually reduce the PMT1 iris diaphragm size. This will reduce the amount of signal to the 
PMT, so you may need to increase the gain to compensate. As the iris is reduced, perform fine 
adjustments of M4 until the iris is at its minimum and is showing the brightest possible signal. Now, 
mirror M4 is reflecting the red fluorescent component through the centre of the iris diaphragm into 
PMT1. Stop scanning. Double-click on the pane 1 image to return to quad mode. Double click on the 
Mixer B image so that this is the only one displayed. 
12.  At the control panel, set PMT2 Gain to 500, iris to 8.0 and Offset to 0. The emission filter 
should be set to 522DF35. Start scanning and proceed as described in steps 9 to 11, but instead of 
adjusting the short travel M4, adjust the longer travel M5. The mirror can be moved much more 
before a change of brightness is seen in the signal. When this procedure is complete, the system is 
optimally aligned. 
Although all filter block components are co-aligned during manufacture and checked during 
installation, it is good practice to check the alignment of M1 and M4 periodically, since another user 
may have not left the optics correctly aligned. 
With experience, the user will be able to change filter blocks and re-align the optical system very 
quickly indeed. However, alignment tools should be locked away from general user access. It is not, 
of course necessary always to use a paper test sample during re-alignment. Any sample that gives 
reasonably bright images is suitable provided the user is well practised in the correct procedure. 
Always remove the lens and gently clean it to remove dust and grease (or old oil), prior to checking 
the alignment 
Note: It is important that throughout the alignment procedure the adjustments are made on a 
region of the sample which is exactly in focus as imaged by the scanning system. Although 
the scanning system and direct (binocular) viewing system will have been set up on 
installation to be closely parfocal, it is not satisfactory to rely on focusing with binocular 
viewing for these alignment procedures. 
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9.14.3 Other Scan Head Alignments 
9.14.3.1 Adjustment of the focusing ring for telecentric illumination 
 The focusing ring is at the base of the scan head, where it attaches to the phototube of the 
microscope. It should be adjusted until the beam, as seen in the prism, appears stationary and 
circular. Care should be taken to ensure that the correct adjustment is made. A position should be 
found where there is a clear minimum in the movement of the beam, at which point the beam should 
flicker slightly, and its position should not change. To adjust the system�s parfocality the 
displacement between the scan head and the microscope should be changed. In the case of an 
upright system the overall height is fine adjusted either manually or using the motor (if supplied) on 
the twin support pillar. 

9.14.3.2 Rotating the Scan head 
This procedure is carried out when it is necessary to convert the confocal system between upright 
and inverted microscopes. Issues of laser safety and alignment require that any user attempting this 
has been thoroughly trained by a Bio-Rad engineer. If this is not the case, contact the Service 
Department at your local Bio-Rad office. 
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9.14.4 Laser Safety Labelling 
Note: These warnings apply to MRC-1024 systems with visible lasers only. If you have an 
MRC-1024 MP or MRC-1024 UV system, refer to the relevant additional manuals for laser 
safety and labelling information (see section 1.1.2) 
The MRC-1024 is labelled in accordance with CDRH or CE regulations. The user should note the 
positions of these labels and, from time to time, check that they are present and securely attached to 
the equipment. 
Label           Position 
MRC-1024 Identification Label   Rear Panel of Scan Head 
MRC-1024 Compliance Label   Rear Panel of Tower Controller 
Laser Compliance Label    Side Panel of Laser 
Laser Irradiation Label    Exit Port of Laser 
Aperture Label     Base of Scan head, next 
to Eyepiece Lens 
Warning Label     Top of Laser Housing 
Warning Label     Front Panel of Scan Head 
 

9.14.4.1 CDRH Labels 
CDRH Standard Labels for Scan Head 
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CDRH Laser Label Layout for visible Laser 
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9.14.4.2 CE Labels 
CE Standard Labels for Scan head 
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CE Laser Label Layout for Visible Laser 

 
 

9.14.5 System Calibration 
The system will be calibrated at installation and should not require alteration.  If you are concerned 
about system calibration contact your local service representative 
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