Imaging in picosecond laser
ultrasonics with a custom parallel
detector

P Rottnaiam Applied—(ptics

http://op tingham.a




Introduction

Typical experiment setup
Moving to parallel detection
Custom detector
Experimental results
Conclusions



Laser pulse absorbed
Rapid local heating
Heating causes expansion

Expansion generates
sound wave

Pump Pulse

Different mechanisms for
detection

Reflectivity
Surface changes

Very large background with
small signal of interest

Difference in intensity due to
change in refractive index

Angle changes due to
surface distortion



Typical pump/probe setup

Time delay between pump and probe imposed by mechanical
scan of delay line mirror

Pump beam modulated by mechanical chopper
Pump and probe beams separated by polarisation optics

Pump Arm




Single photodiode detector
Lock-in amplifier with

reference from pump arm Mechanical Chopper
chopper

Sample is Chrome on Lock-in Amplifier
Silicon

2 regions of different
thickness one ~55nm the
other ~75nm

Interested in both regions Photodiode and Amplifier
and the transition between
them




3_ main components to
signals

Coincidence peak
Thermal relaxation
Acoustic Echoes

Signal is 5x10>>10°
times smaller than DC light
level
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Need another way to
demodulate the signal as
multiple lock-ins become
impractical

Need to capture many
photons for required SNR

10 SNR needs 1012 photons
per measurement point

Our approach is to use an
integrating detector to capture
many photons and a suitable
algorithm to demodulate the
signal

Phase stepping used to
demodulate signal

N steps per chopping cycle
Usually only 3 or 4 steps are

required for reconstruction of
amplitude and phase

Be careful if square wave
modulation is used



Custom detector




Changes to the optical setup

Chopper
I Pump Arm

Optical Delay iCyl Lens
/
Probe Arm &

Cyl Lens
Objective
—— Sample

Array Detector
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e Single trace 2 echoes can be seen
e After removing back ground 3 are visible
e Edges of array were not sufficiently illuminated
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« Transition clearly visible in first echoes
« Echoes times can be converted to a thickness
measurements if velocity is known
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Custom detector continued
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The single shot SNR of the single channel system is better
than the array detector as it captures more photons per
measurement point.

However due to capturing data in parallel our detector is
significantly faster over all.

The image on the transition taken wit the array is ~12
times faster than using single point detector even though
we are limited in speed by our ADC card

Speed increases of ~35 times are possible if a faster ADC
was available

2D images over large regions of coating can already be
taken in only a few hours.



We have developed a 64x1 linear array detector

Performance equalling that of single photodiode &
lock-in amplifier can be obtained

The parallel approach we have adopted reduces
experiment time by more than an order of magnitude,
with further reductions possible

Now possible to use picosecond ultrasonics to image
coating thickness over an extended area



e Thank you for your attention
e Any questions?
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