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substrate of the sample.

The laser beam, which is modulated by the master function generator,
illuminates the sample and induces fluerescence from both fingerprint and

Y

The ICCD captures the fluorescence emissions from the sample and the
gain of the ICCD is modulated by the slave function generator,

y

The fluorescence signals and gain signal meet at the intensifier of the
ICCD and a frequency mixing process happens.

204

205 Yes

Is the frequency of the
modulated laser beam unequal to that of the modulated
gain of the ICCD?.

v

The laser and ICCD gain are
modulated at different frequencies.
Heterodyne signal is resulted from
the frequency mixing process.

Y

Apply heterodyne assisted phase-
resolved method to suppress the
substrate fluorescence.

(

206

FIG. 2

207

>

Y

The laser and ICCD gain are
modulated at the same frequency.
Homodyne signal is resulted from
the frequency mixing process.

i

Apply homodyne assisted phase-

resolved method to suppress the
substrate fluorescence.
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exposure time,

CCD camera of the ICCD exposes to the heterodyne signal during the

301

\

signal.

Length of exposure time is set to the same as the period of the heterodyne |_~302

l

Image signals that only consist of DC components of the heterodyne
signal are generated from the CCD camera.

303

Y

| signal.

Length of exposure time is set to be half of the period of the heterodyne | _,—304

y

Image signals that consist of both DC and AC components of the
heterodyne signal are generated from the CCD camera.

y

Image signals are processed using image subtraction process to remove 306
the DC component, leaving behind the AC component.

308

Is the lifetime of the
fingerprint fluorescence shorter than that of the
substrate?

307
No

310

H J’ Yes

N

Substrate image is suppressed by
adjusting the phase difference between
the modulated laser beam and the
modulated gain of the ICCD to 7z out-of-
phase with the substrate fluorescence.

Substrate image is suppressed by
adjusting the phase difference between
the modulated laser beam and the
modulaied gain of the ICCD equal to the
phase shift of the substrate fluorescence.

Y

y

A clear fingerprint 309 A clear fingerprint 311
Cmage is obtamed)f image is obtained.

FIG. 3
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Exposure function

Image signal
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Exposure function

Image signal
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CCD camera of the ICCD exposes o the homodyne signal during the
exposure time and generate image signals that contain both AC and DC _—501
components,

y

Apply even-step phase shifting method to obtain the DC component. A
full phase cycle is divided into even steps, a number which is equivalent | — 50
to the number of phases. The number of phases is then set and the
number of image signals is averaged.

‘f
Apply image subtraction process — subiract the averaged image result
from the original homodyne image signal to remove the DC component, [/ 503
leaving behind the AC component.

504

Is the lifetime of the
fingerprint fluorescence shorter than that of the
substrate?

505 Yes 507
v N
Substrate image is suppressed by Substrate image is suppressed by
adjusting the phase difference between adjusting the phase difference between
the modulated laser beam and the the modulated laser beam and the
modulated gain of the ICCD to 37/2 out- modulated gain of the ICCD to 7/2 out-
of-phase with the substrate fluorescence. of-phase with the substrate fluorescence,

X
A clear fingerprint 506 A clear fingerprint 508
Gmage is obtaineaf image is obtained. ~

FIG. 5
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