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Speckle reduction with phase-randomizing deformable mirror (DM)
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surface waves at 1.5 MHz.

Laser diode pulse —DM Inactive —

diffuser —image sensor.

Close-up of speckle, contrast
C;(104 ns) =~ 0.13/0.31 =~ 42%
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DM Inactive, surface Laser diode pulse —DM Inactive — Close-up of speckle, contrast

approximately planar. diffuser —image sensor. C;(104 ns) =~ 0.13/0.31 =~ 42%

DM Active, random Laser diode pulse —DM Active —
surface waves at 1.5 MHz. diffuser —image sensor.
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Speckle reduction with phase-randomizing deformable mirror (DM)
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DM Inactive, surface Laser diode pulse —DM Inactive — Close-up of speckle, contrast

approximately planar. diffuser —image sensor. C;(104 ns) =~ 0.13/0.31 =~ 42%
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DM Active, random Laser diode pulse —DM Active — Close-up of speckle, contrast
surface waves at 1.5 MHz. diffuser —image sensor. Ca(104 ns) =~ 0.08/0.54 =~ 15%
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Modelling of speckle reduction from speckle contrast only
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Modelling of speckle reduction from speckle contrast only
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B For pulse widths AT = 6ns,14ns,...129ns, calculate C;(AT) and CA(AT).



Modelling of speckle reduction from speckle contrast only
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B For pulse widths AT = 6ns,14ns,...129ns, calculate C;(AT) and CA(AT).
B Assume CA(AT) = C(AT) /\/N(AT)



Modelling of speckle reduction from speckle contrast only
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B For pulse widths AT = 6ns,14ns,...129ns, calculate C/(A T) and Ca(AT).
B Assume CAo(AT) = C(AT) /\/N(AT) or = CHAT)/CA(AT).



Modelling of speckle reduction from speckle contrast only
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B For pulse widths AT = 6ns,14ns,...129ns, calculate C/(A T) and Ca(AT).
B Assume CAo(AT) = C(AT) /\/N(AT) or = CHAT)/CA(AT).

B Model N(AT) somehow, e.g. as 1+ AT /7, and solve for unknown params.



Continuous time model for N(AT)

Speckle contrast C
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Assuming N(AT) = (AT /7) /(1 — e 2T/7).

N(AT)
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Aperture differences between DM Inactive and DM Active

AT = 22ns, DM Inactive,
Ri(AT) = 197 pixels.
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Aperture differences between DM Inactive and DM Active

AT = 22ns, DM Inactive, AT = 22ns, DM Active,
Ri(AT) = 197 pixels. RA(AT) = 489 pixels.
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AT = 22ns, DM Inactive,
Ri(AT) = 197 pixels.

AT = 22ns, DM Active,
RA(AT) = 489 pixels.
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Aperture differences between DM Inactive and DM Active
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B Speckle grain size o< 1/R so different radii result in different speckle contrast.
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Aperture differences between DM Inactive and DM Active
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B Speckle grain size o< 1/R so different radii result in different speckle contrast.

B Another model parameter needed to account for R;(AT) / Ra(AT) # 1.
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Spatial and continuous time model for N(AT)

Speckle contrast C
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Assuming N(AT) =k (AT/7) /(1 — e 2T/7).

N(AT)

6/9



DM to diffuser distance for decorrelation

10° 1 - L L - €€
= Ax(2) in6t=10ns (f=1.5 MHz, 6 =3.0°)
Ground glass I (1-10 um)
X > max: decorrelated
£
32
» ‘102 4
c
o
—

10t

z=2.03mm

Scan distance in 6t

10° \
/ z=0.20 mm

101 10° 10!
Diffuser distance z (mm)

Assuming 6t = AT /N(AT) =~ 10ns.



Conclusions

B N(AT)=x(AT/7)/(1—e AT/7)is a good fit to observed C?(AT)/CZ(AT).
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B 10 pm decorrelation distance in AT /N(AT) ~ 10ns is possible at z > 2mm.
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Conclusions

B N(AT)=x(AT/7)/(1—e AT/7)is a good fit to observed C?(AT)/CZ(AT).
B 10 pm decorrelation distance in AT /N(AT) ~ 10ns is possible at z > 2mm.

B DM frequency > 1.5 MHz not necessary for > 10 ns pulses.
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Thank you!

Feel free to contact me to discuss:

fshevlin@dyoptyka.com
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