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Confocal Microscopy

detector

pinhole

beamsplitter

Laser
confocal

Confocal Microscopy:

- much smaller background

- 3-D information

- slightly higher resolution

- but NO chemical sensitivity

objective

sample
focal plane
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Raman effect

- non-resonant excitation (Sokes) or annihilation (Anti-Sokes) of a
molecular vibration

- vibration energy determinesthe energy loss (gain) of the scattered
photon

- theoretical prediction 1923 by A. Snekal
- experimentally discovered 1928 by Sr Chandrasekhara Raman, Nobel Prize 1930
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Confocal Microscope + Raman Spectrometer

» take a complete Raman spectrum at every image pixel
« extract therelevant information (peak intensity, width, position etc.)

 displaythisinformation asimage

=>|maging with chemical sensitivity
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Main challenge in Raman microscopy: signal intensity

max.intensity: 1- 10 mW at the sample
ImW, 0.5um spot =>4x10° W/cm?

time: 128x128 pixel image, 1s/pixel integration time
=>16384s=45h !l

=>short integrationtimes needed (<100ms/ pixel !l!)
=>system must have highest efficiency
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Beam Path
Multi Mode RHber
Spectrometer
CCD
High efficiency
filter
Laser Sngle Mode
Hber
B Holographic

beam splitter

Z-stage piezo scanner
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Application Examples
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Sectral Imaging
Confocal Raman images of a silicon IC

Integral intensity Shift of peak S line Integral intensity
S Raman line @520/ cm 55-525/cm carbon @ 1355-1575/cm
Presence of silicon Sressvariationin the S Carbon contamination

All detected in one single scan.

Copyright WITec GmbH



High Resolution, High Speed Confocal Raman Imaging

Sectral Imaging

Semicristalline polypropylene film
Ratio of peaks at 809 and 841lincreases
as themolecular orientation
(crystallinity) increases
in isotactic polypropylenefilms
(Hendra et al. 1995)

Crystallinity mapped
on a sub-pum scale

25x 25 um, 180 x 180 pixel =>32400 spectra
50msintegration time/ pixel =>32min
532 nm,15mW, objective 100 x,NA=0,9
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Sectral Imaging
=>Depth Scan

Polymer/drug coating on a stent

Raman cross-sectional image

of acoating of adrug plus

polymer on astent.

Polymer (red),

amorphousdrug (green),
crystallinedrug (blue),

polymer + amorphous drug ( yellow).
100x 10 microns scan.
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Sectral Imaging

(living) epithelium cells of rat in physiological buffer

(RR1022virus transfect ed)
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Sectral Imaging
Cell with Crabon Nanotubes

Carbon nanotubes

Cell
\ G-Band

CH

stretching
band

Depth Scan
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Combination of Confocal RaRman and ARM
Vicker Indent in S

I0Onm

0 nm

indenting force: 50 mN
2,7 um diagonal, 210 nm depth

compressive

521/cm

50 /cm

tensile
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High Resolution, High Speed Confocal Raman Imaging

Sensitivity in Confocal Raman Measurements

What isthe minimum layer thicknessthat can be detected/ analysed?
How fast can we record the spectra?

Limit is given by: Laser power
Collection efficiency of objective (NA)
Throughput of microscope
Eficiency of grating/ spectrometer
Efficiency of detector (CCD)

Efficiency of CCD: Quantum efficiency (back-illuminated)
Dark current (good cooling)
Readout noise (good electronics)

Best cameras: ¢ 510 electronsneeded to get a detectable signal
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Eectron Multiplying CCD Technology

,hormal®“ QD

binning

>
readout readout amplifier
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Eectron Multiplying CCD Technology

,hormal“ QD
binning
>
readout readout amplifier
BV CCD
binning
readout
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Eectron Multiplying CCD Technology

,hormal“ QD BV QD
binning
>
readout readout amplifier
BV CCD
binning
readout
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Eectron Multiplying CCD Technology

,hormal“ QD
binning
>
readout readout amplifier
BV CCD
binning

readout

>

BV QD

Hectron multiplication by
impact ionisation in high
eledricfield

(avalanche effect)

clock voltage: 35-50V!

Gain per readout pixel:
1001to 1005

10043°*° =1000

Raise Signal above

read-out noise
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Standard CCD <=>EV CCD

,hormal“ BI-CCD EM CCD EM CCD
200 x 200 spedra
532 nm excitation
intengity in CH2
100x NA=0,9
36 ms/ spectrum 3.6 ms/ spectrum 36 ms/ spectrum
PMMA contamination

7.1nm PMMA + 4.2 nm contamination on glass
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Basis Analysis
glass
PMIMA contamination

7.1nm PMMA + 42 nm contamination on glass

glass

PMMA
contamination
(Paraffin)

200 x 200 =40000 spectra
100 x oil, NA=14

S0 um x 50 um

BM GCD gain: 245

‘ /ms/ spedrum =>5m 40 s/ image

Copyright WITec GmbH



High Resolution, High Speed Confocal Raman Imaging

Basis Analysis
PMMA
PMIMA contamination

7.1nm PMMA + 42 nm contamination on glass

glass

PMMA
contamination
(Paraffin)

200 x 200 =40000 spectra
100 x oil, NA=14

S0 um x 50 um

BM GCD gain: 245

‘ /ms/ spedrum =>5m 40 s/ image
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Basis Analysis
contamination

PMMA contamination

7.1nm PMMA + 42 nm contamination on glass

glass

PMMA
contamination
(Paraffin)

200 x 200 =40000 spectra
100 x oil, NA=14

S0 um x 50 um

BM GCD gain: 245

‘ /ms/ spedrum =>5m 40 s/ image
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Basis Analysis

PMMA contamination

7.1nm PMMA + 42 nm contamination on glass

glass

PMMA
contamination
(Paraffin)

200 x 200 =40000 spectra
100 x oil, NA=14

S0 um x 50 um

BM GCD gain: 245

‘ /ms/ spedrum =>5m 40 s/ image
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EM CCD
200 x 200 spectra
532 nm excitation
100x oil, NA=14
PMMA contamination
3.6ms/ spectrum
PMMA contamination

=>Total acquisition time
“ for 40000 spectra:

3 min. 25 sec.

7.1nm PMMA + 4.2 nm contamination on glass
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