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Microscope Internal Glass-Air Interfaces
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Figure 3.1 Microscope cross section
[Source: Olympus Corporation, Japan]

Figure 3.2 Sequentially captured frames from an un-regulated light source

An important consideration of the light source is its spectral characteristics as this
varies between systems and is also dependent on selected illumination levels. Bright field
microscope lamp housings are fitted with tungsten halogen lamps. The brightness is

controlled by varying the applied voltage from the power supply and as shown in Figure 3.3
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the illumination spectrum changes are dependent on the level setting of the lamp, from
warm (higher red component) to cooler (higher blue component). Figure 3.4 shows the
difference in images obtained with differing colour temperature illumination. There are two
common power ratings for the lamp 30W and 100W. The 100W light box is able to produce
spectra which while still unbalanced toward the infrared end of the spectrum contains more
blue light, which is more suitable for imaging due to the frequency response of digital

camera equipment.
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Figure 3.3 Tungsten lamp emission spectrum
[Source: Olympus Corporation, Japan]

Figure 3.4 Images captured using different bulb colour temperatures
The image to the left shows was captured with high intensity setting the image on

the right a low intensity setting.
Computer controlled voltage regulators are available that offer control of the light

source. As these devices are voltage regulators only and do not directly measure light
reaching the camera, or the effect of the changing colour balance has, these devices offer
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3.4 Resolution
One of the ultimate concerns for imaging systems is the achievable spatial
resolution. Resolution has to be considered for both vertical and lateral directions. A
common way to explain what is meant by resolution is the use of airy patterns as shown in
Figure 3.5. The maximum resolution according to the Rayleigh criterion is where two points
are resolved when the first minimum (zero crossing) of one Airy disk is aligned with the central
maximum of the second Airy disk [122]. The theoretical equations used to calculate the

resolution are shown in Equations 3.1-3.3.
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Figure 3.5 Airy Patterns

[Source: Olympus, Japan]
R = A/2NAyy;,cs .(3.1)
R =0.61.4/ NAyy,opse .(3.2)
R = ]221 /(NAObjecn've + NACandenser) (33)

Where R the Rayleigh Resolution Limit is defined as the smallest distance that can be
resolved between two objects, where two objects can be seen to be separated from each

other. NA the numerical aperture. 1 the wavelength of light in Nanometers.

The reasons for differences in the equations is the consideration of differing
theoretical phenomenon by optical physicists, and the fact the ultimate resolution may also
be effected by the specimen contrast and other characteristics. An of example typical
resolving resolutions for a selected range of Nikon lenses is shown in Table 3.1.
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placed in the image plane of the microscope objective, whose lateral magnification is M.
Using this equation, depth of field dix and wavelength 4, must be expressed in similar units.

Table 3.2 shows example depth of fields for given objective lenses.

Depth of Field Ranges

Figure 3.6 Depth of field
[Source: Nikon Corporation, Japan]

Magnification | Numerical | Depth of | Image
Aperture Field Depth
(Wm) (Hm)
4x 0.1 55.5 0.13
10x 0.25 8.5 0.8
20x 0.4 5.8 3.8
40x 0.65 1 12.8
60x 0.85 0.4 29.8
100x 0.95 0.19 80

Table 3.2 Depth of field examples
[Source: Nikon Corporation, Japan]

There is a requirement to re-focus the microscope both each time a new slide is
placed on the microscope and when looking at different locations of the specimen.
Variations of the thickness of the glass slide, specimen and physical construction of the
microscope cause variations outside the depth of field range of the objective as shown in
Table 3.2. As the depth of field falls with increasing NA, focus is particularly a concern for
applications requiring high magnification objectives and greater resolutions.

Due to physical tolerance in the manufacture of the microscopes specimen stages it
is common to have a +5um linear gradient across the stage surface from one end of the
specimen to another [124]. The glass slide thickness can vary for example by +127um
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Figure 3.7 Robotic Stages.
[Source: Prior Scientific Ltd, UK]
H101, H138 are robotic stage units for use on a upright bright field microscopes holding 1
and 8 slides respectively. H112, H116 and H105 are robotic stage units used for

examination of larger specimens such as semiconductor wafers.

The control of the Z focus has two primary considerations, speed and accuracy
(resolution and repeatability). Most modern microscopes can be fitted with a motor
controlled focus device either as an option from the manufacturer or from a third party
supplier. These controllers replicate the control of the Z Focus of the microscope as it
would be operated manually by the user, and act directly on the focus mechanism. These
motorised devices are suitable for slow and control of the focus position to approximately
+0.5um where the inaccuracy is caused mainly by the coupling of the motorised focus
controller to the focus mechanism of the microscope. For some applications such as optical
sectioning, using high Numerical Aperture (NA) oil emersion lenses where there is a
requirement to capture multiple successive optical sections with inter-section differences
down to 100um for the highest NA lenses, it can be advantageous to attach high precision
focusing devices for fine and rapid movement. Such a device is the Pifoc-Piezo focus unit
(PI, Germany), as shown Figure 3.8. This device is fitted between the objective and the
turret as illustrated in Figure 3.1. On certain microscopes the limited clearance between the
lens turret and the stage present a physical opposition in doing this. The successful
attachment provides the system with a focus control accurate to +£20nm with a settle time of
approximately 30ms. The primary reason for fitting a microscope with an automated Z
stage (except when required for optical sectioning) is to provide an auto-focus mechanism.

The automatic focus system used must be suited to the specimen under review. Different
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automatic focus methods are used dependent on the application requirements and
specimen characteristics as explained within this report for image capture for 3D
reconstruction and automated DNA image Ploidy in Chapters 5 and 6.

The systems designed for the image capture for this study, considering commercial
requirements are able to control both traditional manufacturers provided Z focus controllers
and aftermarket systems including the Piezo device mentioned above.

Figure 3.8 Pifoc Piezo unit
[Source: Physik Instrumente, (Germany)]

3.6.2 Other Modes Of Automation

The four main microscope manufacturers Zeiss, Leica, Nikon and Olympus all offer
fully robotic bright field microscopes with automation of condenser assembly, filter
arrangement and lens turret. For bright field microscopy applications with the exception of
dynamic telepathology, the user and automated systems benefit very little from automation
outside of the two mechanisms mentioned here of X-Y and Z control. Increased automation
is required for applications requiring specialised light source arrangements such as

fluorescence.

3.6.3 Imaging Constraints When Using Automation

The resolution provided by robotic stages is typically slightly lower than the optical
resolution of the objective lens used, this results in a tiling effect being visible if the image is
reviewed at the original resolution and if images are places adjacent to each other.
Algorithms can be considered that improve this and automatically re-align data the captured
images, the need for this is dependent on the final use for the captured images.
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