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光學顯微鏡



顯微鏡的分類
正立顯微鏡：觀察組織切片
倒立顯微鏡：觀察培養活細胞
實體顯微鏡：解剖及立體定位





觀察法的顯微鏡分類
明視野 (bright field) ：一般光學組織切片
暗視野 (dark field) ：小動物如線蟲及纖毛鞭毛結構



偏光 (polarized light) ：堅硬的結晶結構等
位相差 (phase contrast) ：一般培養活細胞
微分干涉 (differential interference contrast, DIC) ：活體卵細胞及線蟲等
螢光 (fluorescence) ：一般螢光染色標示或活體螢光如GFP等



照明光源路徑:

1.穿透光照明：一般光學組織切片，薄具透光性；對比與染色
2. 反射照明：解剖及實體顯微鏡，螢光顯微鏡；表面光源反射



The typical diameters/wall thicknesses of blood vessel for humans and mice are given in 

micrometers. The smallest capillaries have diameters of a very few micrometers and a wall 

thickness of about one micrometer (μm).





Cryostat sectioning



物鏡

• 開口值 /NA

• 消色差

• 工作距離

• 色帶

• 蓋玻片厚度





Lens: 
Most important part of 
Microscope 



開口值 (NA)
• 開口值越大，鏡頭聚光能力越強，
解析能力越強．





• Correction efficiency ( UV – VIS – IR )

• N. A.

• Type ( What’s CS Objectives ? ) -

Quality

PL-APO ( Delta, HCS )

PL-Fluotar

N Plan

C Plan

Air, Water, Oil ( Imm )

Cover slip thickness 

correction ? 

Chamber Type ?



The Best Lens:
Apochromat



The Best Lens:
Apochromat



介質的種類 • 乾式物鏡

• 油鏡

• 水鏡



• Measurements & artifacts: Message

• Refractive index mismatch drastically reduces 

resolution and leads to significant loss of intensity 

in fluorescence

• 15µm cover slip deviation approximately kills 

half of the resolution and intensity



• Observation and optical 

setup

Micro objective

Immersion

Cover slip

Sample

The last 3 optical elements are usually added by the user !







LAB-TEK® II 

CHAMBERED COVERGLASS

NUNC FLASKETTE®  

CHAMBER SLIDE/FLASKS 







可修正蓋玻片的物鏡
•開口值物鏡需要可調整蓋玻片厚度，以取得最佳影
像．(0.11-0.23mm)             Depression slide

使用0.17mm 蓋玻片不使用蓋玻片蓋玻片厚度無關



凱勒照明調整目的:達到最均勻的照明

• 將標本焦距與視野光圈調至同時清晰可見．



聚光鏡 : 決定影像的解晰度與對比的工具



聚光鏡的調整: 一般而言聚光鏡的開口值
約為物鏡開口值的70%-

80%



位相差顯微鏡 (Phase Contrast)



位相差的配件
• 位相差專用物鏡

• 位相差環

• 萬用聚光鏡

• 調整用目鏡



位相差的原理



位相差的調整
• 將每一倍率物鏡的亮環及
暗環調整為重疊．



微分干涉顯微鏡



微分干涉顯微鏡的配件

• 萬物聚光鏡

• 微分干涉錂鏡

• 起偏鏡

• 檢偏鏡



微分干涉位相差的比較

位相差 微分干涉

對比方式 以標本厚度轉換
成對比

以厚度變化轉換成對
比

對比的調整 無法調整 以錂鏡調整

影像的特性 以明暗度表現 以立體感及明暗表現

解析度 比微分干涉差 高

合適的標本 細微構造

標本厚度10μm

細微構造，外觀．
標本厚度數百μm

容器 可使用塑膠類 不可使用塑膠類



微分干涉及位相差的實例



微分干涉及位相差的實例



螢光顯微鏡
(Fluorescence microscope)

A fluorescence microscope is an optical microscope that uses fluorescence instead 
of, or in addition to, scattering, reflection, and attenuation or absorption, to study 

the properties of organic or inorganic substances.

https://en.wikipedia.org/wiki/Optical_microscope
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Scattering
https://en.wikipedia.org/wiki/Reflection_(physics)
https://en.wikipedia.org/wiki/Attenuation
https://en.wikipedia.org/wiki/Absorption_(electromagnetic_radiation)
https://en.wikipedia.org/wiki/Inorganic


An upright fluorescence 

microscope (Olympus BX61) 

with the fluorescence filter 

cube turret above the objective 

lenses, coupled with a digital 

camera.

Fluorescence microscope

Schematic of a fluorescence microscope.





Fluorescence microscopy requires intense, near-monochromatic, illumination which 

some widespread light sources, like halogen lamps cannot provide.[4] Four main types 

of light source are used, including xenon arc lamps or mercury-vapor lamps with 

an excitation filter, lasers, supercontinuum sources, and high-power LEDs.

Light sources

Mercury Arc Lamp

https://en.wikipedia.org/wiki/Halogen_lamp
https://en.wikipedia.org/wiki/Fluorescence_microscope#cite_note-4
https://en.wikipedia.org/wiki/Xenon_arc_lamp
https://en.wikipedia.org/wiki/Mercury-vapor_lamp
https://en.wikipedia.org/wiki/Excitation_filter
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Supercontinuum
https://en.wikipedia.org/wiki/LED


Sample preparation

1. Many fluorescent stains have been designed for a range of biological molecules. Some of 

these are small molecules which are intrinsically fluorescent and bind a biological molecule 

of interest. Major examples of these are nucleic acid stains such 

as DAPI and Hoechst (excited by UV wavelength light).

2. Immunofluorescence is a technique which uses the highly specific binding of 

an antibody to its antigen in order to label specific proteins or other molecules within the 

cell. A sample is treated with a primary antibody specific for the molecule of interest. A 

fluorophore can be directly conjugated to the primary antibody. Alternatively a secondary 

antibody, conjugated to a fluorophore, which binds specifically to the first antibody can be 

used.

https://en.wikipedia.org/wiki/Nucleic_acid
https://en.wikipedia.org/wiki/DAPI
https://en.wikipedia.org/wiki/Hoechst_stain
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Secondary_antibody


Green Fluorescent Protein (GFP) 
is a protein composed of 238 amino acid residues 

(26.9 kDa) that exhibits bright 

green fluorescence when exposed to light in the 

blue to ultraviolet range. Similar proteins that also 

fluoresce green are found in many marine 

organisms, but the label GFP traditionally refers 

to this particular protein, which was first isolated 

from the jellyfish Aequorea victoria and is 

sometimes called—when such precision is 

required—avGFP.

Scientists Roger Y. Tsien, Osamu Shimomura, 

and Martin Chalfie were awarded the 2008 Nobel 

Prize in Chemistry on 10 October 2008 for their 

discovery and development of the green 

fluorescent protein.

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Atomic_mass_unit
https://en.wikipedia.org/wiki/Fluorescence
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Jellyfish
https://en.wikipedia.org/wiki/Aequorea_victoria
https://en.wikipedia.org/wiki/Roger_Y._Tsien
https://en.wikipedia.org/wiki/Osamu_Shimomura
https://en.wikipedia.org/wiki/Martin_Chalfie
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
















常見的抗退劑
• P-phenylenediamine

• DABCO

• N-propylgallate

• 2-mercaptoethylamine

Figure 1. Immunofluorescence imaging of a human keratinocyte stained with FITC-labeled 

antibodies without (top) and with (bottom) PromoFluor Antifade Reagent at different excitations 

intervals (5, 10, 15, 20, 25 seconds).  PromoFluor Antifade Reagent



VECTASHIELD®  Vibrnce Antifade Mounting Medium 

VECTASHIELD®  PLUS Antifade Mounting Medium with DAPI

from Vector Laboratories



Thank you for your attention


