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The physical shape of an ultrasound transducer has not been considered in previous studies of the photoacoustic saturation
effect, where a photoacoustic signal’s magnitude linearly increases as an absorption coefficient increases and it is finally saturated.
In this paper, the effect of a spherically focused ultrasound transducer on photoacoustic nonlinearity is investigated. The focused
ultrasound transducer’s spatial filtering effect on photoacoustic signals is analytically derived considering the combined concept
of a virtual point detector and Green function approach. The ultrasound transducer’s temporal response (i.e., transfer function)
effect on photoacoustic signals is considered by integrating photoacoustic signal values within the absorption area covered by a
spatial resolution of the ultrasound transducer. Results from the analytically derived expression show that the magnitude of
photoacoustic signals measured by a spherical focused ultrasound transducer shows a maximum at a specific absorption coefficient,
and decreases after that maximum point as an absorption coefficient is increased. The origin of this photoacoustic nonlinearity
is physically understood by comparing the ultrasound transducer’s transfer functions and photoacoustic resonance spectra. In
addition, this physical interpretation implies that the photoacoustic nonlinearity is strongly dependent on the irradiance distribution
inside an absorption medium.
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Fig. 1. Simple photoacoustic imaging configurations with spherically focused ultrasound transducers for (a) uniformly and exponentially decayed
irradiance and (b) radially decayed irradiance inside the absorbing medium. The gray hemispheres are the spherically focused ultrasound transducers.
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signals for configurations of Figs. 1(a) and 1(b), respectively.
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transfer function. The cut-off frequencies of the sinc-type ultrasound transfer function are (a) 10 MHz and (b) 15 MHz.
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