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Instrumentation for light microscopy @

Components of microscope: light sources, objectives, fluorescent filters,
cubes, principles of detection
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Microscopes
How to orientate in the broad spectrum of products?

Stereomicroscope

o Wide field microscope
Fluorescence microscope

.- TIRF system
Confocal microscope
Spinning disc
Multiphoton microscope
Superresolution microscope
Lightsheet microscope

Electron microscope
Other?

O
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Microscopes
How to orientate in the broad spectrum of products?

- Light microscopy instrumentation

- Contrast-enhancing techniques in optic
- Resolution and image formation in light microscopy

- Basics of fluorescence microscopy and immunolabeling
- Multi-dimensional laser confocal microscopy
- Introduction to live cell imaging Microscopy Methods in
- Spinning disc confocal microscopy Biomedicine

- Light Sheet microscopy

- Introduction to image deconvolution
- Fluorophores

- FRAP + FCS

- FRET, FLIM

- Superresolution in light microscopy: STORM, SIM, STED
- Computative high resolution methods

- Quantitative phase microscopy

- Image acquisition by two- photon microscopy

- Introduction to image processing

- Image analysis and visualization in 3D

- Preparation of digital photographic documentation for publication

- Optical projection tomography

- Advanced electron microscopy techniques

- Preparing samples for TEM

- Image formation in transmission electron microscope

- Methodology for correct microscopy Scanning electron microscopy



Microscopes
How to orientate in the broad spectrum of products?

Where to start?

http://www.zeiss.com/campus = http://zeiss-campus.magnet.fsu.edu/
or www.google.com - ,CARL ZEISS CAMPUS"
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relatively inexpensive switchable power supplies. The diverse spectral output afforded by LEDs makes it possible
to select an individual diode light source to supply the optimum excitation wavelength band for fluorophores
spanning the ultraviolet, visible, and near-infrared regions. This interactive tutorial explores how two dissimilar
doped semiconductors can produce light when a voltage is applied to the junction region between the materials.

W Contact Us | Carl Zeiss

e Education in Microscopy and Digital Imaging
) Light Emitting Diode Operation
ZEISS Home | Products | Applications | Support | Online Shop |  ZEISS International .

= ZEISS Campus Home
= Interactive Tutorials i A Whole World of
s Shecralmagng Microscopy Knowledge
= Spinning Disk Microscopy 1 i
— | MALECULAR EXPRESSIONS
# Optical Sectioning
» Superresolutior
s —
= Live-Cell Imaging The Carl Zeiss Microlmaging Online Campus website explores the fascinating world of Applications
" e optical microscopy and provides the necessary background to understand both the basic Confocal
= Fluorescent Protsins concepts and advanced principles o)
= Microscope Light Sources Objectives
* Digital Image Galleries Latest Interactive Tutorials Reference Library Filter Sets
i Fluorescent Dyes
= Applications Library Emission Fingerprinting - Superresolution Microscopy

P-doped Layer
8 Active Layer

N-doped Layer

Wavelength Selector

; ; Learn how lambda stacks are used in spectral Superresolution is an emerging technique that Workshops

= Reference Library imaging to generate emission fingerprints. holds significant promise for imaging. N I
superresolution Imaging Fluorescent Proteins Current Exhibits
Examine the basic principles of phatoactivated  Download the latest review articles on

l:l Iocalization microscopy (PALM) imaging fluorescent protein technology. Microscopy History ol ave Flash T |

D Interactive Flash Tutorial Instructions

LED lilumination Spinning Disk Confocal Microscopy
Explore the use of LED for rapid wavelength Spinning disk confocal micrascapy is excellent o The tutorial Initalizes with an animated Image of a ight-emiting diode SemiconduCtor In the pracess of generating orsen
SWItChing In flUrescence Mmicroscopy. for investigation of dynamics in iving cells. - light (535 nanormeters). A positve voltage has been applied to the p-doped layer, whereas a negative voltage Is appiied

More Tutorials > Visit the Reference Library > Op SO to the n-doped layer. Beneath the semiconductar is a miror sUbstrate to refiect emitted photons. To operate the tutarial,
Product Info - use the Wavelength Selector slider to alter the emission wavelength and the Voltage Output sider to adjust the
uo 0 junctian voltage and number of phatans being emitted

ﬁj Latest Review Articles
o o058 J

Photon-emitting diode p-n junctions are typically based on a mixture of Group Il and Group V elements, such

Superresolution Microscopy Introduction
as gallium, arsenic, phasphorous, indium, and aluminum. The relatively recent addition of silicon carbide and

New and exciting technigues have been intraduced that are now collectively

Spinning Disk Microscopy teme supemesTiution ficnscopyand fedhure hath lateral and aial gallium nitride to this semiconductor palstte has yielded biue-ermitting diodes, which can be combined with other
a0 RS RS 5. colors or secondary phosphors to produce LEDs that emit white light. The fundamental key to manipulating the
properties of LEDs is the electronic nature of the p-n junction between two different semiconductor materials

When dissimilar doped semiconductors are fused, the flow of current into the junction and the wavelength

Featured Gallery
characteristics of the emitted light are determined by the electronic character of each material. In general,

|§ Introduction to Aperture Correlation Microscopy
P = Aperture correlation combines the light efficiency of structured illurnination ™ current will readily flow in one direction across the junction, but not in the other, constituting the basic diode “




Microscopes
How to orientate in the broad spectrum of products?

Where to start?

=  ©Youlube Hledat

P Pl ¢ o0:11/1:18:26

Understanding the Light Microscope by Peter Evennett

Source:

https://www.youtube.com/watch?v=60_jgZtyR6U jan peychi (vPI-cBG)



Microscopes
History of microscopy

Carl Friedrich Zeiss Ernst Abbe Otto Schott August Kohler
(1816 - 1888) (1840 - 1905) (1851 - 1935) (1866 - 1948)

Carl Zeiss — since 1846 - more than 176 years experience in production of microscopes
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History of microscopy
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Carl Friedrich Zeiss Ernst Abbe Otto Schott August Kohler
(1816 - 1888) (1840 - 1905) (1851 - 1935) (1866 - 1948)

Carl Zeiss — since 1846

Leica — since 1849 Carl Kellner, 1865 Ernst Leitz, 1925 — Leica c@‘l +
Nikon — since 1917 (Nippon Kogaku Tokyo K.K.) many other
Nikon companies

Olympus — since 1919 (Olympus Corporation) OLYMPUS



Robert Koch

Physiology/Medicine

Allvar Gullstrand

Physiology/Medicine

1906 1911

1925

1952

Richard Adolf

Zsigmondy

Chemistry

In close collaboration
with ZEISS staff

Santiago Ramoén y
Cajal Camillo Golgi

Physiology/Medicine

Sir Paul M. Nurse

Leland H. Hartwell

Timothy Hunt

Physiology/Medicine

Craig C. Mello

Andrew Z. Fire
Physiology/Medicine

Manfred Christiane
Eigen Niisslein-
Chemistry Volhard
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Cornell
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1991
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Physics
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John E. Sulston
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Physiology/Medicine
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2008 2010

2011

36 Nobel laureates worldwide use ZEISS instruments
to achieve progress in science
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Chemistry
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Moser Edvard
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Physiology/Medicine
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Chemistry
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Physiology/Medicine
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Martin Chalfie

Roger Tsien
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Seeing beyond

2018

Arthur Ashkin
Gérard Mourou

Donna Strickland
Physics
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How to orientate in the broad spectrum of products?

Where to start?

What defines which microscope technique you need?

Stereomicroscope

Wide field microscope
Fluorescence microscope
TIRF system

Confocal microscope
Spinning disc

Multiphoton microscope
Superresolution microscope
Lightsheet microscope
Electron microscope
Other?
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Microscopes @

How to orientate in the broad spectrum of products?

Where to start?

What defines which microscope technique you need?

THE SAMPLE




Instrumentation for light microscopy
Microscope and its parts

The impressive capabilities of the modern
microscope can tempt workers to think it can
accomplish miracles. However, no amount of

optical sectioning or post-processing can
reconstruct a perfect picture from bad input.

(Scott Fraser, 1990)

Garbage In, Garbage Out.



Instrumentation for light microscopy
Microscope and its parts

- 0,17 mm cover glass
- No cover glass

- Petri dish, multiwell plates, LabTek, Nunc™ VE RY

- POC, POC-R

- Oth ' '
. Glass /Plastic??? IMPORTANT

Cover glasses, high performance,
D=0.17mm, box with 1000 pc. Size 18x18
mm?type 1 1/2 H as per ISO 8255-1 with
restricted thickness-related tolerance D=0.17
mm +/- 0.005 mm refractive index = 1.5255
+/- 0.0015, Abbe number = 56 +/-2
recommended for applications with high
numerical aperture objectives

Carl Zeiss Microscopy 21.03.2012 15



Instrumentation for light microscopy
Microscope and its parts

Sample




Instrumentation for light microscopy
Microscope and its parts

Stages
-  Manual
- routine work

- Motorized
Sample s - multiple positions

Microscope stage b Iy ] - tile scans

- more comfort at higher magnification



Instrumentation for light microscopy
Microscope and its parts

TL

Light sources

- transmitted light
- halogen
- LED

- ’
Light source ﬂ AI II

P

Sample

Microscope stage “ﬁ




Instrumentation for light microscopy

Microscope and its parts

Proper configuration of the microscope in
regards to illumination is possibly one of the most
misunderstood concepts in optical microscopy,
and is a critical parameter that must be fulfilled
in order to achieve optimum performance.

Sample
Microscope stage

Condenser —=
Aperture
Diaphragm

Condenser

Field
Diaphragm

Light source

_

TL

Condenser llluminating Cone Size and Shape versus Numerical Aperture

eees

NA =0.95 NA =0.65 NA =0.35 NA = 0.05

Optical Microscope Conjugate Image Planes

Focusing
Crosshairs

(Image Plane 3) o g

Iris Leaves
(Image Plane 1)



Microscopes
History of microscopy

August Kohler
(1866 - 1948)

Carl Friedrich Zeiss Ernst Abbe Otto Schott
(1816 - 1888) (1840 - 1905) (1851 - 1935)
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Instrumentation for light microscopy
Microscope and its parts

Obhjective
Sample
Microscope stage
Condenser —=
Aperture
Diaphragm
Condenser

Field
Diaphragm

Light source

F



Instrumentation for light microscopy ﬁ
Microscope and its parts

Microscope Objective Anatomy and Specifications

Nosepiece
Threads

Rear Lens

Manufacturer Decorative Element
Barrel
Objective Lens
Specifications Doublet
Immersion
Medium
Correction Movable
Collar Lens
Group
Magnification
Color Code
Meniscus
Lens
Front Lens Figure 1 Hemispherical

Assembly
Housing

Front Lens

Carl Zeiss Microscopy 21.03.2012 22



Instrumentation for light microscopy
Microscope and its parts

Objective Class:
Plan-Corrected
Fluorite

Magnification
Numerical Aperture
* Immersion Medium
Oil IWI Glyc
dj ustable over Glass
Correctlon (Korr.
* DIC Contrast Method

Cover Glass Thickness (mm)
ICS optics: oo

* Infinity Color Corrected S ﬁtsem

» Cover Glass Range: 0.15-

Mechanical
Correction Collar for

» Cover Glass Thickness Correction

« Different Immersion
» Different Temperature

« Adjusting an Iris Diaphragm

Figure 4

Carl Zeiss Microscopy

Deciphering Microscope Objective Specifications

Color of Writing:
Contrast Method

Standard [N
Pol / DIC
Pho123

Magnification
Color Code

1.0/11.25
2.5

CIE —

6.3 ]

10 ]
16/20/25/32 [N
40/50 [l

63 e

1001150 1

— Immersion Fluid

Ol C—
Water ]
Glycerin ]

Oil /Water / Glycerin [

21.03.2012

23



Instrumentation for light microscopy ﬁ

Microscope and its parts

What matters more when choosing an objective?

Magnification

1x [ 1:98

B 1o
16x/20x/25x/32x
40x / 50x

63X
100x / 150x

Carl Zeiss Microscopy

Numerical Aperture

—=sin &
c

NA=nxSIn «

n — Refractive Index

21.03.2012 24



Instrumentation for light microscopy @
Microscope and its parts

Effect of immersion oilon NA NA=n«xsina«a



Instrumentation for light microscopy @
Microscope and its parts

Effect of immersion oilon NA NA=nxsina«a

Dry objective I Oil objective
NA =1 xsin 72° : NA = 1,515 x sin 67°
=1x0,95 =1,515x 0,92
= 0,95 | =14
Coverglass

Mounting medium

Slide

Source:
Jan Peychl (MPI-CBG)




Instrumentation for light microscopy
Microscope and its parts

Ernst Abbe
(1840 - 1905)

‘——————_T
Resolution is the minimum separation distance
between two point objects that are clearly resolved.

A .
d = > NA NA =nxsin o

Carl Zeiss Microscopy 21.03.2012 27

n — Refractive Index



Instrumentation for light microscopy
Microscope and its parts

What matters more when choosing an objective?

Numerical Aperture

Resolution depends on NA
Light transmission of an objective depends on NA?

Depth of field of an objective is (approximately) inversely proportional to NA?

d= NA=nxsSin «

n — Refractive Index



Instrumentation for light microscopy
Microscope and its parts

Effect of immersion oil on NA
Possible combinations

Sample: fixed
in water (live cell)

Cover glass: no (1.000) or water dipping lens (1.330)
yes (1.515)

Immersion: no = air (1.000)
water (1.330)
silicon (1.406)
glycerol (1.456)
oil (1.515)

The relative refractive index of an optical medium 2 with respect to another reference
medium 1 (n21) is given by the ratio of speed of light in medium 1 to that in medium 2.
(wikipedia)

v
nay = —
(%)



Instrumentation for light microscopy
Microscope and its parts

Effect of immersion oil on NA
Possible combinations

Sample: fixed
in water (live cell)

Cover glass: no (1.000) or water dipping lens (1.330)
yes (1.515)

Immersion: no = air (1.000)
water (1.330)
silicon (1,406)
glycerol (1,456)
oil (1.515)

The relative refractive index of an optical medium 2 with respect to another reference
medium 1 (n21) is given by the ratio of speed of light in medium 1 to that in medium 2.
(wikipedia)

v
nay = —
(%)



Microscopes
History of microscopy

-

August Kohler
(1866 - 1948)

Otto Schott
(1851 - 1935)

Carl Friedrich Zeiss
(1816 - 1888)

31



Instrumentation for light microscopy
Microscope and its parts

Objective Class:
Plan-Corrected
Fluorite

Magnification
Numerical Aperture
* Immersion Medium
Oil IWI Glyc
dj ustable over Glass
Correctlon (Korr.
* DIC Contrast Method

Cover Glass Thickness (mm)
ICS optics: oo

* Infinity Color Corrected S ﬁtsem

» Cover Glass Range: 0.15-

Mechanical
Correction Collar for

» Cover Glass Thickness Correction

« Different Immersion
» Different Temperature

« Adjusting an Iris Diaphragm

Figure 4

Carl Zeiss Microscopy

Deciphering Microscope Objective Specifications

Color of Writing:
Contrast Method

Standard [N
Pol / DIC
Pho123

Magnification
Color Code

1.0/11.25
2.5

CIE —

6.3 ]

10 ]
16/20/25/32 [N
40/50 [l

63 e

1001150 1

— Immersion Fluid

Ol C—
Water ]
Glycerin ]

Oil /Water / Glycerin [

21.03.2012
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Instrumentation for light microscopy
Microscope and its parts

Microscope Objective Optical Correction Factors
10x Achromat 10x Fluorite 10x Apochromat

Lens
- Doublet Lens
Triplet
Lens
Triplet
Lens
Lens Doublet
Doublet ! Groups

Meniscus
Lens

Figure 2

Microscope Objective Correction for Optical Aberration

Objective Spherical Chromatic Field
Specification Aberration Aberration Curvature
Achromat 1 Color 2 Colors No
Plan Achromat 1 Color 2 Colors Yes
Fluorite 2-3 Colors 2-3 Colors No
Plan Fluorite 3-4 Colors 2-4 Colors Yes
Plan Apochromat 3-4 Colors 4-5 Colors Yes

Carl Zeiss Microscopy 21.03.2012 33



Instrumentation for light microscopy
Microscope and its parts

Spherical abberation Chromatic abberation Field curvature

Flimy

_ﬁh

Crow .,
"

'\-\.'\-qz
||
|

e,

_ r::?{"“"""ii.ﬂ.
— __'_-'_'_'.-_-::E:.-.-._: = . - |
}i------- “'"-.-""-‘ '*ﬂ

f| o= ' g =
#f’f S
il | M ’_F/ ) |
Achromatic dowublet F____..e'"*' & =R —
- N oo e
- o /
A - |
"o - ' /
e s P_-*"; /
e = Lews 5 CF,
e
L

= -,
1 Chrisnaliic herralion

all rays passing the glass all colors to the same as a spherical surface
in different places to the convergence point

same point

Carl Zeiss Microscopy 21.03.2012 34



Instrumentation for light microscopy
Microscope and its parts

CARL ZEISS APOCHROMATs are fully color corrected for
no longer only 3 — 4 spectral lines,
but for a full SPEC TRAL range!

40X oil iris

05

10

lllllllllllll

ERNST ABBEs
APOCHROMATE

A bit of history....
The apochromatic correction

was invented by Prof. Ernst
Abbe in 1886 at CARL ZEISS

Carl Zeiss Microscopy 21.03.2012 35



Instrumentation for light microscopy
Microscope and its parts

Objective Class:
Plan-Corrected
Fluorite

Magnification
Numerical Aperture
* Immersion Medium
Oil IWI Glyc
dj ustable over Glass
Correctlon (Korr.
* DIC Contrast Method

Cover Glass Thickness (mm)
ICS optics: oo

* Infinity Color Corrected S ﬁtsem

» Cover Glass Range: 0.15-

Mechanical
Correction Collar for

» Cover Glass Thickness Correction

« Different Immersion
» Different Temperature

« Adjusting an Iris Diaphragm

Figure 4

Carl Zeiss Microscopy

Deciphering Microscope Objective Specifications

Color of Writing:
Contrast Method

Standard [N
Pol / DIC
Pho123

Magnification
Color Code

1.0/11.25
2.5

CIE —

6.3 ]

10 ]
16/20/25/32 [N
40/50 [l

63 e

1001150 1

— Immersion Fluid

Ol C—
Water ]
Glycerin ]

Oil /Water / Glycerin [

21.03.2012
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Instrumentation for light microscopy
Microscope and its parts

OBJECTIVES

- Dry objectives

- Objectives corrected for 0,17 mm cover glass

- Objectives with correction collar

- Immersion objectives: oil, water, glycerol, silicon oil

- Dipping objectives
(electrophysiology applications)

- Life cell imaging objectives
(correction for different temperatures)

85)
9.4

- Special objectives
(clearing solutions etc.)

12.6

({5.6) mech.working distancel

[
1 N ject fi 1,14
Objert plane—" i Object field @146
B
39

Carl Zeiss Microscopy 21.03.2012 37



Instrumentation for light microscopy

Microscope and its parts

OBJECTIVES

http://www.zeiss.com/microscopy/
en_de/products/microscope-
components/objectives.html

Or search at
www.google.com
For
ZEISS objectives”

Carl Zeiss Microscopy

W1100x /125 0
oofi
e —
-
Objective Assistant
+ Italiano -+ Espafiol
& Print
Objective Assistant
[(Epdr Brochure: Objectives from Carl Zeiss (5 MB) | n u m E

- Objectives Text Search

Objective Class Magpnific. Contrast Method/Application options @ anp ) oR
A-Plan - 1.0 o H BrightField P Without Immersion P
LD A-Plan ;';5‘ 25x = |HD BrightField/DarkField = Water ";]
Achroplan/N-Achroplan =3 5x =l DIC Differential Interference Contrast (= SC =4
W Achroplan/W N-Achroplar 10x RL DIC Reflected Light DIC il
C-Achroplan X 20x F¥ HC DIC High Contrast DIC % Glycerine ¥

For multiple selection: hold [PC: ‘Ctri-key] [Mac: ‘Command*-key] down.
Search

- Description of Classes of Objectives
Objective Selection by Contrast Method/Application:

-+ Phase Contrast - PlasDIC Contrast - DIC Contrast - Fluorescence

M

I

- C-DIC Contrast - TIC Contrast

BN [ N\

- ApoTome - Microdissection - Confocal Microscopy
- - | -*; g -

21.03.2012 38




Instrumentation for light microscopy

Microscope and its parts

OBJECTIVES

http://www.zeiss.com/microscopy/
en_de/products/microscope-
components/objectives.html

Or search at
www.google.com
For
,ZEISS objectives®

Carl Zeiss Microscopy

Objsctive LD LTI
Plan-Apochromat
250 hmim Coir DIC
mzr

Bamkes

+ Price

as

057 at cover glass 0.17

a7

MITRTS

O, Glycerine and waler

‘Objective LD LCI Pian-Apochromat 25508 imm Comr DIC M2T

—

w1

.

Cjecthe LD LTI Plan-Apochiromat 256405 b Carr DIC W27 for oll,
waier oF glyoerine Immersion (D=0-0.17men) (WD=0.57mm 2t
D=0.17men) Incl imnersol 518 7 oller 20 ml

Machanical DImansions

Elomedical Applications

Al mezsures 1 o]

mech.
Deckglas = cover glass

CnjeTield = coject feid

Transmittancs curve

Transmittance [%]
«sms¥ ¥z ¥

Wavelangth [nm]

Pmmmmbpmbhm.mgmul&am
tyical only 2nd ot guarateed.

DAC gligar LCIPN 25005 Il
Item Numbsr: 426947-0000-000
DiC silider LTI PN 256080

(Companioliiy | | Basket

Aaptar vith optk DIC slider mount
b MumibSr: 424516-9040-000
Adzptar 30mem Wit opthes and DIC slider mount for adap

MEZT witn parfocal keng® of 45 mm

Mote: This kem IS no longer aciizhie

[
+ Price |

Compasmuy
Adaptar with opty DiIC slider mount

e MUmDST; 424516-9041-000

Adaph=r S0me Wi 0ptks 3nd DIC slider mount for adap

W27 Wi parfbcal lengh of 45mm

(Companioiiy | | Basiet

Objsctive heater 33738 1 (D)

Ttem Mumiber: 411850-8057-000

Cojectie hester 333351 (D) - wiE -

dl=. 33 M - M oofecthe dla. 35 M - femperE

+ Price | Compatioliiy | | Basiet

Tranemission grid L1 ApoToms for Axio imager
Ttem Number: 423554-0000-000
Transmizsion grid L1 ApaTome for Ak mager

mping via fromt

| Note: This Rem is o longer aiiabie

+ Frice | Compaiiiy
Transmission grid PL ApoToms
hem Wumibsr: 000000~ 1151-003
Transmission grid PL ApaTome far Adoplan 2
Mots: This Bem bs no longer Bzt
Compasiiiy

Transmission grid VL ApoToms
Ttem Number: B00000- 1151-004
Transmizslon grid VL ApoTome: far Arka Qosener and Adover 200

| Note: This Bem k= no longer aiiabie

‘Compasiliiy

Box of lans cieaning paper (300 shests)
e Humiber: 452575-0000-000
B O hees cheaning paper (300 shests)

* Price | Compatioliiy | | Basiet

| _ Immersion ghyarine ne=1.455, bottis 10 mi |

ham Mismihar

21.03.2012 39



Instrumentation for light microscopy
Microscope and its parts

P Which objective will you choose?

._

63x/1,4 oil immersion

100x/1,4 oil immersion

ZAEAINN
Kan-APOCHROMAT
100x /1.4 oilpic

= /0,17
|

Carl Zeiss Microscopy 21.03.2012 40
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Microscope and its parts

P Which objective will you choose?

._

63x/1,4 oil immersion

100x/1,4 oil immersion

Carl Zeiss Microscopy 21.03.2012 41



Instrumentation for light microscopy
Microscope and its parts

? Which objective will you choose?

.- 40x/1,4 oil immersion

63x/1,4 oil immersion

100x/1,4 oil immersion

Carl Zeiss Microscopy 21.03.2012 42



Instrumentation for light microscopy
Microscope and its parts

P Which objective will you choose?

.- 40x/1,4 oil immersion

(WD=0.13mm)

63x/1,4 oil immersion
(WD=0.19mm)

100x/1,4 oil immersion

AEINN
(WD=0.17mm)

Kan-APOCHROMAT
100x /1.4 oilpic

= /0,17
|

Carl Zeiss Microscopy 21.03.2012 43



Instrumentation for light microscopy
Microscope and its parts

Camera Tube

Observation
Tubes

Tube
Lens

Objective
Sample

Microscope stage

Condenser —=
Aperture
Diaphragm

Condenser

Field
Diaphragm

Light source

ﬁ

=
TL

- Standard
- Ergonomic tiltable
-  Photo tube

Eyepieces

- 10x, 16, 25x, other?

- Field of View

- Correction for diopters

Camera port

- 50/50%, 0/100%

- 20/80%

- Camera adapter
(1x, 0,63x, ??7)



Instrumentation for light microscopy
Microscope and its parts

@ Camera Tube
E
/

Observation _
Tubes

-
Tube |
Lens

Objective
Sample

Microscope stage

Condenser —=
Aperture
Diaphragm

Condenser

Field -
Diaphragm —==

Light source

—-—: f

=
TL

- Robust metal frame
- Ergonomic

Electronics

- Programmable buttons
- TFT display

- Remote control

- Motorized parts

- Connection the PC

- Synchronization

- Trigger IN/ OUT

- SAFETY

- other



Instrumentation for light microscopy
Microscope and its parts

Reflected Light Microscope Anatomy

‘A / '
Eyepiece ~ \!

Condenser
Field Aperture

Observation Diaphragm Diaphragm
Tubes
Vertical
Hluminator se=
Tube
Lens TungstenhHalogen
Lamphouse
Objective R
Stage e = ‘ Frame
- Figure 4
Stage Translation Control ==={u
Base\ Focus

Knob



Instrumentation for light microscopy
Microscope and its parts

tungsten-halogen lamp

Needed power
Color / Spectrum
Life time

Speed

Xenon XBO
Lamphouse
Anatomy

Spherical
" Reflector

D Lam
Shield b Aggnmpent
Lam -
Heat Sink

Microscope
llluminator
Mounting
Flange

Light sources

- TL: transmitted light
- halogen

Heat
Igniter

3 p g . W
\ \ g N = \
b Collector
Focus Control

Collector Xenon XBO 75 Lamp
Lens
= L E D System Figure 4

- RL: reflected light
- halogen / LED
- mercury burner - fluorescence
- metal halide - fluorescence
- Xenon - fluorescence
- laser - fluorescence LSM

Spectral Intensity [W/sr/nm/1000cd]

Spectral Intensity [W/sr/inm/1000cd]

0.04 -

0.02

0.15F

Parameters to consider:

Metal Halide Arc Lamp
Spectral Distribution

Metal Halide
—

Mercury
=

Figure 1

500
Wavelength (nm)

Figure 1

01F

0.05

400

XBO 75
Xenon Arc La

Spectral
Distribution

Visible Wavelengths

475

500 600 700

Wavelength (nm)

800 900 1000 1100
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Microscope and its parts

G Parameters to consider:
: - Needed power

- Color / Spectrum

- Life time

- Speed

1

7. Recycling loop 10. Zoom optics
8. Quasar detection unit 11. Airyscan detector
9. Emission filters

Light sources

- TL: transmitted light
- halogen
- LED

- RL: reflected light
- halogen / LED
- mercury burner - fluorescence
- metal halide - fluorescence
- Xenon - fluorescence T s i stors 2 it g s
- laser - fluorescence LSM |
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Microscope and its parts

8.

Q.

NGk~

Transmitted light source
TL field diaphragm
Condenser

TL aperture diaphragm
Stage

Specimen

Objective

Reflected light source
RL aperture diaphragm

10.RL field diaphragm
11. Reflector

12.Ocular
13.Camera adapter
14.Camera
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8.

Q.

NGk~

Transmitted light source
TL field diaphragm
Condenser

TL aperture diaphragm
Stage

Specimen

Objective

Reflected light source
RL aperture diaphragm

10.RL field diaphragm
11.Reflector

12.Ocular
13.Camera adapter
14.Camera
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Epi-Fluorescence Microscope Anatomy

N/
. // /3 Iube
G Condenser
Ryepisos S AN Field Aperture
Observation Diaphragm Diaphragm
Tubes HBO 100

Fluorescence

Fluorescent Dyes

and Proteins

Base
N

Filter
Cube
Turret ‘ ' 7’
5 FITC / GFP Fluorescence Filter Combination
Objective =
Dichromatic
Stage —3 Mirror
[
3
c
]
o
e
Stage Translation Control— §
2
E
g
m
=

l
—~——

450 550 650
Wavelength (Nanometers)

m
Filter

l—

—
=
.
iy
——
—
=
-

AL

Emission
Light

Fluorescence Filter Cube

Dichromatic
Mirror

Ex

Excitation Fliter
Light (b)

Figure 4

From
Source
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Microscope and its parts

Fluorescence Filter Cube

Emission
Light
Em Dichromatic

Filter Mirror Excitation filter

Source
Emission filter

Ex
Filter

Excitation
Light

BP = Band Pass 470/40 = light between 450 — 490 nm
LP = Long Pass LP 515 = light above 515 nm
SP = Short pass SP 515 = light bellow 515

From Dichroic beam splitter

Spectral Intensity [W/srinm/1000cd]

e
-
(=]

0.08 -

0.06 |-

o
S

o
o
o

o

Example

Filter set 38 HE Filter set 09

BP 470/40 450-490
FT 495 510
BP 525/50 LP 515

500 600 700 800

Wavelength (nm)
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Microscope and its parts

Fo A - i
vyl

Camera Assistant

Here you find appropriate
adaptors for Micro
Photography

Filter Assistant

Here you find fluorochromes
and proper filter sets for your
fluorencence microscope

[ Objective Assistant

Here you find objectives for

your favourite Contrast
Methods

http://www.zeiss.com/microscopy/en_de/product
s/microscope-components/filtersets-fluorescent-
dyes.html

Or search at
www.google.com
for
LZEISS filtersets”

Fluorescence Dye and Filter Database

=+ Overview Dyes

=+ Overview Filter Sets

=+ Interactive Fluorescence Dye and Filter Database
_'.

Frequently Asked Questions (FAQ)
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Filter Set 38 HE (452038-2201-000)

[ e —

100

90

40 4

Efficiency / Transmittance [3]

10+

Mote:

Additicnal components can influence efficiency.

59 possible dyes found:
H —

K& 35 190,00

600

t t
700 800

Wavelength [nm]

Filter Set
W |/ | Excitation
O [¥] Beam Splitter

B /] Emission

Plesse note that the given values are typical only and not guarantesd.

Sample Fluocrescent Dyes

5-FAM pH 2.0

Alexa 430

Alexa 488

Alexa Fluor 430 antibody conjugate pH 7.2
Alexa Fluor 488 hydrazide-water
Auramine O

BCECF pH 5.5

BO-PRO-1-DNA

BOBO-1-DNA

BOPRO-1

59 possible dyes found

O

Shaw total efficiency

38 HE

800

BP 470/40 (HE)

FT 495 (HE)

BP &

50 (HE)

Excitation

482 nm
431 nm
493 nm
431 nm
493 nm
431 nm
485 nm
482 nm
451 nm
482 nm

Emission

518 nm

540 nm

520 nm

540 nm

518 nm

501 nm

521 nm

482 nm

484 nm

482 nm

http://www.zeiss.com/microscopy/en_de/product
s/microscope-components/filtersets-fluorescent-
dyes.html

Or search at
www.google.com
for
LZEISS filtersets”

Microscopy Products Solutions Downloads

About Us

Campus Service & Support

Filtersets & Fluorescent Dyes
Fluorochromes and
proper filter sets

Fluorochromes and Proper Filter Sets for Your Fluorescence
Microscope

Visit our online shop to learn more about fluorescent dyes and filter sets for applications in microscopy.
> More

Ask your ZEISS > contact about Filtersets & Fluorescent Dyes now!



Instrumentation for light microscopy
Microscope and its parts

Other hardware parts
- Polarization: polarizer / analyzer
- Contrasting methods:
(phase contrast, modulation contrast, Differencial interference contrast, etc)
- Color filters
- Structure illumination
- Manipulation devices (micromanipulation, laser manipulation, etc.)

- Life cell imaging = incubation devices
- temperature control
- pH control (via CO,)
- O2 control (via N,)
- humidifier

- Antivibration table

- Other



Instrumentation for light microscopy
Microscope and its parts

Microscope design
- Stereo microscope
- Greenough design
- telescopic design
- ZOOm microscopes
- upright microscopes
- inverted microscopes
- Lightsheet microscopes
- other type of microscopes
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How to orient in the broad spectrum of products?

Microscope design
- stereomicroscope
- Greenough design
- telescopic design
- Z0OM Mmicroscopes
- upright microscopes
- inverted microscopes
- Lightsheet microscopes
- other type of microscopes




Instrumentation for light microscopy
How to orient in the broad spectrum of products?

Microscope design
- stereomicroscope
- Greenough design
- telescopic design
- Z0OM Mmicroscopes
- upright microscopes
- inverted microscopes
- Lightsheet microscopes
- other type of microscopes
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How to orient in the broad spectrum of products?

Superresolution

Scanning Electron

Scanning He-lon



Instrumentation for light microscopy
How to orientate in the broad spectrum of products?

Stereomicroscope Big field of view - large samples
Zoom microscope |:> Manipulation possible
Lightsheet microscope Long working distance

Lower resolution

Greenough Telescopic Zoom Lightsheet fluorescence
design design microscope microscope



Instrumentation for light microscopy
How to orientate in the broad spectrum of products?

Upright microscope
Inverted microscope
Confocal microscope
etc.

Small field of view
High resolution
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Microscope and its parts

S  QUESTION:

.— Upright microscope
or

Inverted microscope
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Microscope and its parts

A

Beam path ===
15—>»> <

1 Intermediate image
plane/phototube
Eyepiece
Intermediate image
plane/front port
Intermediate image
plane/base port
Switching beam path
between base port/front
port/vis. observation
Side port prisms
Tube lens
Analyzer
Reflector cube
Field diaphragm
Aperture stop
Filter slider
HBO lamp
HAL lamp
Field diaphragm
Polarizer
Aperture stop
Condenser
Objective




Instrumentation for light microscopy
Microscope and its parts

S  QUESTION:

.— Upright microscope
or

Inverted microscope
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Microscope and its parts

S  QUESTION:

.— Upright microscope
or

Fixed stage

Inverted microscope _ _
upright microscope
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Microscope and its parts

Epi-illumination Lightsheet illumination

f lllumination

lllumination
Light sheet

X
Detection | Detection

Objective lens z Objective lens

* |nherent optical sectioning capability of the illumination method
= No excitation of out-of-focus fluorescence

Figure from the PhD thesis of Jérg Ritter (2011), University of Bonn, Germany

Carl Zeiss Microscopy GmbH 10-Nov-25
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Microscope and its parts

Epi-illumination (e.g. LSM) Lightsheet illumination

Less photo-damage

= Long periods of observation
= Fast imaging

= Multiview imaging

Carl Zeiss Microscopy GmbH 10-Nov-25



Detection

Instrumentation for light microscopy
Microscope and its parts

LSFM
SPIM

lllumination beam path

» Horizontal Microscope needed

» Laser beam is shaped into a
Lightsheet using a cylindrical lens

= Scanning mirrors move the sheet
along the focal plane (y-direction)

Detection beam path

» Horizontal Microscope needed

= Decoupled from illumination
beam path

=  QOriented 90° to illumination
beam path

Carl Zeiss Microscopy GmbH

10-Nov-25




Instrumentation for light microscopy
Microscope and its parts

Detectors
- types of detectors

- eyes

- camera

- PMT, GaAsP, etc.
- parameters

- resolution

- speed

- sensitivity



Instrumentation for light microscopy @
Microscope and its parts

Anatomy of the Human Eye Accommodation of the Human Eye

Cornea -
Cornea —

Lens

s Ghlohs Retina Vjireous
o Detectors " Shape
- types of detectors '
Figure 1 ) eyes h?g:\llg
Vitreous Humor - camera
- PMT etc. 25 Centimeters

Figure 2



Instrumentation for light microscopy @

Microscope and its parts

Anatomy of the Human Eye

Choroid

Iris
Cornea— 4 AR . Visual

Lens

Agueous
umor

Detectors

- types of detectors
- eyes
- camera
- PMT etc.

Figure 1
Vitreous Humor

W

Accommodation of the Human Eye

Distant
Object
- Sclera
\
-t Optic
Cornea = =N grv 2
50 Meters Changes Vitreous

in Lens Retina , yumor

Nerve
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Microscope and its parts

3/5/6/12 Mpix USB 3.0 connection Special cameras
mono / color - universal
CCD / CMOS - fast




Instrumentation for light microscopy
Microscope and its parts - cameras

« CCD Charge Coupled Device

« BT CCD Back Thinned CCD

« EMCCD Electron Multiplication CCD

« BT EM CCD Back Thinned EMCCD

« CMOS Complementary Metal Oxide
Semiconductor

« sCMOS ,scientific CMOS*

- BSICMOS Back Side llluminated CMOS




Digital EM - CCD Cameras
EM - CCD Sensor Technology

EMCCD technology:
= Frame Transfer Architecture
= Charge amplification designed to
eliminate the effect
of read noise on imaging

= At short exposure times the
unavoidable read noise is the MOST
significant noise source for biological
imaging

= Produced in low volumes
QE from 50% up to 95% back tinned
Affected by smear effects

CZ Microscopy/Markus Cappellaro --- Sensor Technologies for Scientific Imagig -

> Sensor Areq

Readout Noise
created by signal
conversion and
amplification

> Frame-transfer A

JiIEEERREEE
TR

MNormal Clock Voltages Tragft

HEEEER
F x4

High Clock Voltages

Culput or Tensedulede=
Extended Multiplication Register

Clocking Noise

created by signal
amplification

Diagram by Photometrics
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Microscope and its parts - PMT

Photoelectric effect:
Photocathode

Dynodes Anode

Electron

+ - bright Pixel
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Microscope and its parts - PMT

PMT (Photo Multiplier Tube)
- Standard
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Microscope and its parts - PMT

PMT (Photo Multiplier Tube) e sy e
- Standard
- GaAsP

40

30

20 PMT

10

400 500 600 700
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PMT (Photo Multiplier Tube) e sy e

- Standard )
- GaAsP )
- Clever PMT: .
- Spectral )
- Spectral GaAsP o o o 0 o0 ooy o

400 500 600 700




Instrumentation for light microscopy
Microscope and its parts - PMT

PMT (Photo Multiplier Tube) e sy e

- Standard )
- GaAsP )
- Clever PMT: )
- Spectral .
- Spectral GaAsP o Lo o o v o1 oy e

- Spacial GaAsP (Airyscan)

Array detector

Spectral information
SIMULTANEOUSLY

(Lambda scan)
Spacial information

J i SIMULTANEOUSLY
(high resolution,
increased signal to noise ratio)
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Microscope and its parts

Detectors

- types of detectors
- eyes
- camera
- PMT etc.

- parameters CAMERA (wide-field) PMT (LSM)
- resolution low to high versatile

- speed all pixels in one shot point scanner
- sensitivity very high lower

Axiocam 0g Color

[
(=
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Presence



Instrumentation for light microscopy

Survey among researchers

THE SAMPLE

Sensitivity
(SNR)
24.0%

Resolution
inZ
24.7%

Maximum
Frame Rate
25.3%

Resolution
in XY
15. 1%



Instrumentation for light microscopy

Survey among researchers

BUT Sensitivity
(SNR)
24.0%

Resolution
inZ
24.7%

Resolution

Maximum
Frame Rate
25.3%

Resolution
in XY
15.1%
SNR Speed
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Presence



Instrumentation for light microscopy

Resolution

f Already NOW!!!

ZEISS LSM 990 with Airyscan 2

0808'

ZEISS Lightsheet.7
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Resolution
Already NOW!!!
and
New great ideas / techniques are coming!
SNR Speed

ZEISS LSM 990 with Airyscan 2 ZEISS Lightsheet.7
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Resolution

Already NOWI!!!

and
New great ideas / techniques are coming!

SNR

ZEISS Lightfield4D

ZEISS LSM 990 with Airyscan 2
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Resolution

BUT BE AWARE!!!
The SAMPLE is the most important part

SNR Speed

m

-

i oo

p— 'wi' o ZEISS Lightfield4D i a

ZEISS LSM 990 with Airyscan 2 ZEISS Lightsheet.7




Microscopes
How to orientate in the broad spectrum of products?

LOST?7?7?

http://www.zeiss.com/campus = http://zeiss-campus.magnet.fsu.edu/
or www.google.com - ,CARL ZEISS CAMPUS"

) ZEI5S Online Campus | Intexactive Tutorials | Light Emitting Dipdes - Mozilla Firefox:

) Carl Zeiss Microlmaging Online Campus | Education in Microscopy and Digital Imaging - Mozilla Firefox
Ble Edc Vew Hstory Bookmarks Tools Help

Fle Edt Yew Hstory Bookmarks Tols Help

| IR 2155 NET Germany - Carl Zeiss Microlma... | IR Carl Zeiss spol. s 0., Czechia | B Carl zeiss Microtmaging Orilne Campus | . | - | B ZE155 NET Germany - CarlZeiss Microlma. | R Carlzeiss spal. 5 ., Caschia | R 2155 Online Campus | Iteractive Ttori.. > | |
\(y [BR http:/fzeiss-campus.magnet. fsu.eduf MG B PaiE 3 & ) [ http:/fasiss-campus. magnet fsu.ecujtutorialsfleddliagr amfindes. bl MS M «

relatively inexpensive switchable power supplies. The diverse spectral output afforded by LEDs makes it possible
to select an individual diode light source to supply the optimum excitation wavelength band for fluorophores
spanning the ultraviolet, visible, and near-infrared regions. This interactive tutorial explores how two dissimilar
doped semiconductors can produce light when a voltage is applied to the junction region between the materials.

W Contact Us | Carl Zeiss

e Education in Microscopy and Digital Imaging
) Light Emitting Diode Operation
ZEISS Home | Products | Applications | Support | Online Shop |  ZEISS International .

= ZEISS Campus Home
= Interactive Tutorials i A Whole World of
s Shecralmagng Microscopy Knowledge
= Spinning Disk Microscopy 1 i
— | MALECULAR EXPRESSIONS
# Optical Sectioning
» Superresolutior
s —
= Live-Cell Imaging The Carl Zeiss Microlmaging Online Campus website explores the fascinating world of Applications
" e optical microscopy and provides the necessary background to understand both the basic Confocal
= Fluorescent Protsins concepts and advanced principles o)
= Microscope Light Sources Objectives
* Digital Image Galleries Latest Interactive Tutorials Reference Library Filter Sets
i Fluorescent Dyes
= Applications Library Emission Fingerprinting - Superresolution Microscopy

P-doped Layer
8 Active Layer

N-doped Layer

Wavelength Selector

; ; Learn how lambda stacks are used in spectral Superresolution is an emerging technique that Workshops

= Reference Library imaging to generate emission fingerprints. holds significant promise for imaging. N I
superresolution Imaging Fluorescent Proteins Current Exhibits
Examine the basic principles of phatoactivated  Download the latest review articles on

l:l Iocalization microscopy (PALM) imaging fluorescent protein technology. Microscopy History ol ave Flash T |

D Interactive Flash Tutorial Instructions

LED lilumination Spinning Disk Confocal Microscopy
Explore the use of LED for rapid wavelength Spinning disk confocal micrascapy is excellent o The tutorial Initalizes with an animated Image of a ight-emiting diode SemiconduCtor In the pracess of generating orsen
SWItChing In flUrescence Mmicroscopy. for investigation of dynamics in iving cells. - light (535 nanormeters). A positve voltage has been applied to the p-doped layer, whereas a negative voltage Is appiied

More Tutorials > Visit the Reference Library > Op SO to the n-doped layer. Beneath the semiconductar is a miror sUbstrate to refiect emitted photons. To operate the tutarial,
Product Info - use the Wavelength Selector slider to alter the emission wavelength and the Voltage Output sider to adjust the
uo 0 junctian voltage and number of phatans being emitted

ﬁj Latest Review Articles
o o058 J

Photon-emitting diode p-n junctions are typically based on a mixture of Group Il and Group V elements, such

Superresolution Microscopy Introduction
as gallium, arsenic, phasphorous, indium, and aluminum. The relatively recent addition of silicon carbide and

New and exciting technigues have been intraduced that are now collectively

Spinning Disk Microscopy teme supemesTiution ficnscopyand fedhure hath lateral and aial gallium nitride to this semiconductor palstte has yielded biue-ermitting diodes, which can be combined with other
a0 RS RS 5. colors or secondary phosphors to produce LEDs that emit white light. The fundamental key to manipulating the
properties of LEDs is the electronic nature of the p-n junction between two different semiconductor materials

When dissimilar doped semiconductors are fused, the flow of current into the junction and the wavelength

Featured Gallery
characteristics of the emitted light are determined by the electronic character of each material. In general,

|§ Introduction to Aperture Correlation Microscopy
P = Aperture correlation combines the light efficiency of structured illurnination ™ current will readily flow in one direction across the junction, but not in the other, constituting the basic diode “




Microscopes
How to orient in the broad spectrum of products?

B E News Sport  Weather Travel Culture /Autos TV  Radio More...

NEWS CcAMBRIDGESHIRE ,;M

Home QLW Africa Asia Europe Latin America Mid-East US&Canada Business Health Sci/Environment Tech Entertainment Video

England NorthernIreland Scotland Wales UK Politics Education
23 May 2013 Last updated at 15:11 GMT

In pictures: The Queen and Duke of Edinburgh in Cambridge

\

While there, she examined mouse eggs through a microscope. The laboratory is one of the world's leading research institutes dedicated to tackiing major problems
in human health and disease.




Microscopes
BUT before you need to know

Stereo microscope
o Wide field microscope

v

Fluorescence microscope LY
TIRF system

Confocal microscope
Spinning disc

Multiphoton microscope
Superresolution microscope
Lightsheet microscope
Electron microscope
Other?

O




Microscopy overview

Upright microscopes
Electrophysiology microscopes
Inverted microscopes
Stereomicroscopes

Z0oom microscopes

Confocal microscopes
Superresolution

Imaging systems

Laser microdissection

Electron microscopy

92



Microscopy overview @
YOU HAVE THE CHOICE = USE IT!!!

Upright microscopes — PrimoStar, AxioScope, Axiolmager
Electrophysiology microscopes — AxioExaminer ON LY WITH
Inverted microscopes — PrimoVert, AxioVert, AxioObserver
Stereomicroscopes — Stemi, SteREQO Discovery

Zoom microscopes — AxioZoom.V16

Confocal microscopes — Airyscan, LSM 980, 900, 980 NLO
Superresolution — ELYRA.7 — SMLM and LS We make it visible.
Imaging systems — Lightsheet.71, Spinning Disc, Apotome.2

Laser microdissection — PALM Microbeam, Microtweezers, Combi system

Electron microscopy — GeminiSEM, Sigma, MultiSEM, Merlin, EVO, Crossbeam, Orion

93
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Theory vs. Reality

THE SAMPLE

Resolution

SNR Speed



Instrumentation for light microscopy

Theory vs. Reality

THE SAMPLE

Dynamics

Resolution Speed

SNR Spectral



Light microscopy

Carl Friedrich Zeiss Ernst Abbe August Kohler
(1816 - 1888) (1840 - 1905) (1851 - 1935) (1866 - 1948)

http://www.zeiss.com/campus

Dr. Pavel Krist

Carl Zeiss, spol. s r.0. Ceska Republika
pavel.krist@zeiss.com
www.zeiss.com/microscopy/ We make it visible.
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