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1 ABSTRACT 

 
A microfluidic test target has been created for the 

calibration and baselining of both a photoacoustic and 
ultrasonic imaging system. The design stemmed from a 
standard optical test pattern using line pair per millimeter to 
quantify the imaging systems resolution. This pattern was 
then converted to a fluidic design. Micro fabricated by means 
of soft lithography, a 3D microfluidic test target device was 
created and implanted into a silicone based rubber, with 
increasing thickness from 1, 3, and 5mm. Target contains 
line pairs with spacing ranging from 56-1670μm. Ultrasonic 
and photoacoustic imaging of these targets were done 
viewing the image quality losses as a function of depth.  A 
modulation transfer function (MTF) was used to baseline the 
system. This granted the ability to quantifiably characterize 
an ultrasonic / photoacoustic systems allowing for variation 
of the systems metrics for different applications. This test 
target allows for both axial and lateral resolution to be 
considered now when imaging. 
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2 INTRODUCTION  
Photoacoustic imaging involves the use of optics (typically a 
high power pulsed laser) and acoustics (ultrasonics 
frequency ranges >1MHz) to image a targeted object [1]. 
Individually, these modalities, being optical and ultrasonic, 
imaging can be quantified in terms of their system 
performance taking into factors such as image quality, lateral 
resolution, signal to noise ratio, etc. Traditionally, this is 
done by imaging a test target pattern or structure. Test targets 
contain an array of lines, dots, or other patterns in which the 
imaging system views in order to allow for determination of 
system’s imaging characteristics such as resolution, 
distortion, and/or color/grayscale. For optical imaging a 
simple paper colored pattern is sufficient. For acoustical 
imaging the test target must have micro features that have 

different acoustic impedance for imaging. This can be a 
simple air/material interface similar to that of a mold. 
Examples of optical and acoustical imaging of a test target 
can be seen in [2]. However, for photoacoustic imaging, the 
test target must have an optical absorption contrast material 
(i.e. a colored dye) and thus must have a depth dimension 
aspect to it, something in which current test targets lack. 
Typical imaging target consist of bulk tissue materials in 
which layer thickness are imaged as shown in [3] [4]. In vivo 
systems utilize blood within the body for imaging and often 
require contrast agents [5].  
The test targets created here utilize microfabrication 
techniques to create three dimensional microfluidic patterns 
for both axial and lateral resolution testing of ultrasonic and 
photoacoustic imaging systems. Figure 1 shows the finished 
test targets create.  
 

 

Figure 1:  Microfluidic test targets with varying thicknesses 
ranging from 1, 3, and 5 mm deep. Fluidic channel height 

of 60μm.  

3 DEVICE DESIGN  
3.1 MICROFLUIDIC TEST TARGET 

Microfluidic targets allow for a number of advantages as 
compared to traditional testing metrology. For instance, the 
fluidic channels have a depth dimension associated with 
them which can be imaged creating a 3D image of a target 
area. Based upon the 1951 USAF test target, a series of line 
pairs per millimeter were designed and connected using a 
fluidic channel, 150μm wide. These line pairs ranged from 
0.3 line pairs per mm (LP/mm) to 10 LP/mm. The design 
can be seen in Figure 2. The feature size of the channels 
ranges 56μm - 1670 μm per channel. The underlying 
principle for these targets is that by capturing the image of 
these line pairs, (i.e. the black and white boundary between 
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the channels and the material) at different LP/mm, a series 
of image analysis techniques can be implemented to 
determine and quantify the performance of the imaging 
system. This testing, while standard in many optical 
imaging modalities, has yet to be utilized in an ultrasonic or  
photoacoustic setting.  
 

 
Figure 2: Microfluidic test target design with grid of line 

pairs per millimeter.  

3.2 ACOUSTIC MATERIAL PROPERTIES  
The acoustic material properties played a large role in the 

design of this microfluidic test target. For the photoacoustic 
imaging, an aqueous solution needed to be selected that 
would satisfy the following conditions. First, it needed to be 
of a certain color that would allow for the optical absorption 
of the imaging wavelength. In this case an infrared light was 
used as the light source allowing for absorption in the dark 
red color spectrum. The second condition was that the 
solution needed to maintain it liquidity and not dry out over 
time. Due to the high porosity of the PDMS the fluid is 
essentially always exposed to air, thus prone to drying out. 
The fluid created for this system was a glycerin-dye based 
mixture which remains liquid over time. 

As both ultrasonic and photoacoustic imaging techniques 
receive an ultrasonic signal it proved useful in testing to 
know the materials’ acoustic properties. This helped with the 
clarification of a number of phenomena ranging from 
reflectance and transmittance of the signal and the optimal 
timing at which the receiver can expect to see the signal. 
Table 1 shows both the speed of sound and acoustic 
impedance measured using the ultrasonic material 
characterization technique as shown in [6].  
 

Acoustic Material Properties  
Material  Speed of Sound 

(m/s) 
Acoustic Impedance 

(MRayl)  
Glycerin  1920 2.42 
PDMS  1018 1.04 
Glass Tile 5591 12.47 
Quartz Slide  5570 12.30 

Table 1: Ultrasonic properties of materials used in the 
creation of the microfluidic test target.  

The calculation for both acoustic impedance and 
compressional velocity can be seen in equation [1], [2], as 
shown by et al Kramer. 

 𝑣𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙 = (𝑑𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙
𝑡

)     [1] 
 
Where, 𝑣𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙  is the speed of sound through the 
material under characterization, d is the length of the test 
material, and t is the time in which the sound travels 
through the material.  

Z = (𝑣𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙
𝜌

)   [2] 

 
Where, Z is the acoustic impedance and ρ is the density of 
the material under investigation.  

 
4 DEVICE FABRICATION 

Microfluidic test targets were created through means of 
traditional soft lithography [7] as seen in Figure 3. A) First, 
Silicon wafers are treated through a HF bath for 5-7 minutes 
to remove all organic particulate on the wafers surface.  The 
wafers are then cleaned using an acetone, methanol, Di water 
rinse and Nitrogen gas drying.  This is then put through a 
dehydration bake for 5 minutes at 100°C to remove any 
remaining liquid. B) The wafers are coated in SU-8 
photoresist through means of spin coating. In this case the 
spin recipe was set to yield feature size 60μm deep.  
Following this, the wafers are put through a soft bake. C&D) 
The photomask containing the test target design, is then 
placed over the wafer and “etched” by means of UV light, or 
photolithography, etching the channels.  E) The wafer is then 
post baked for 20 minutes and then developed using SU-8 
developer for 15 minutes.  Fully developed wafers can then 
be treated for 1 hour with hexamethyldisilazane (HDMS) 
(Sigma Aldrich, Saint Louis, MO, USA). F) Patterned water 
are then be coated with PDMS created using a 10:1 mix ratio 
(Sylgard 184, Dow Corning).  G) After 1 hour of curing 
under 110°C and a 508 mm Hg vacuum, the PDMS is then 
torn from the silicon and plasma bonded using a plasma 
cleaner PDC-32G (Harrick Plasma, Ithaca, NY, USA) to the 
substrate or in this case quartz, glass, and/or a PDMS layer. 
A mixture of dye and glycerin are passively pumped through 
the device using a vacuum chamber of 558.8 mmHg. The 
devices are then sealed by dripping a small amount of 
uncured PDMS over each inlet hole and allowing for it to 
cure. 
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 Figure 3: Microfluidic soft lithography fabrication method. 
 

5 RESULTS 
The targets were first imaged ultrasonically using a 
scanning acoustic microscope (Sonoscan Inc, Elk Grove 
Village, IL). At first a 50MHz transducer was used to image 
the surface design of the target at a water/PDMS interface. 
The results of which can be seen in figure 4.  
 Experimentation then proceeded to image the 1, 3, 
5mm test targets ultrasonically to see the image degradation 
as a function of PDMS thickness, or target depth. Figure 5 
shows the image results of the test targets imaged using a 
30MHz transducer. It should be noted that the focal length 
of the transducer was 0.5” and that the height of the 
transducer was optimized to the maximum received signal 
strength which is was at the focal length. The scanning 
technique was a mechanical x-y translation across a 1” by 
1” area using a pulse echo style. 
 

 
Figure 4: High resolution test target imaged at surface using 

a 50MHz transducer with a color filter added for clarity.  

 

Figure 5: Microfluidic test targets imaged at various depths 
using a 30MHz transducer A) The surface of the PDMS 
(i.e. Depth of 0 mm) B). 1.0 mm C) 3.0 mm D) 5.0 mm  

To quantify the images seen here a modulation transfer 
function (MTF) was used. The modulation transfer function 
looks at the magnitude of the response of the imaging 
system to sinusoid of different spatial frequencies. In this 
case it was the line pairs seen in the test target. Ultimately 
the MTF of an image allows for the resolution and contrast 
of the system to be defined [8]. An MTF curve illustrate the 
relationship between the image resolution as a function of 
the spatial frequency, which when viewed in terms of the 
test target, relate to the increase in line pairs per millimeter. 
As such when increasing the spatial frequency there is a 
nonlinear inverse relation to the MTF value. For initial 
testing the largest line pair set of each test target, of varying 
depths, was analyzed as a function of resolution and 
contrast. The results of the ultrasonically imaged test targets 
are shown in Figure 6. The ideal curve, being a black and 

A) B)

C) D)

3.0 mm 
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white line pair of perfect clarity was added as a base line. 
As shown, 1, 3 mm depth show a decrease in system 
performance. 5mm however was so poor that the contrast 
had to be modified thus effecting the results making it 
above the ideal.  

 

 Figure 6: Microfluidic test targets imaged at various depths 
using a 30MHz transducer A) The surface of the PDMS 
(i.e. Depth of 0 mm) B). 1.0 mm C) 3.0 mm D) 5.0 mm  

A test target for photoacoustic imaging was created using a 
flesh toned dye PDMS test target and a quartz slide. Here 
red dye fluid was pumped through. The sample can be seen 
in Figure 7a. A photoacoustic image was then taken using a 
Verasonic laser system operating at 330mJ pulsed and at a 
532nm wavelength light spectrum. The receiving ultrasonic 
transducer was a L22-8V (15MHz). Figure 7b.  

 

Figure 7: Microfluidic test targets imaged at using a 
photoacoustic modality A) Photoacoustic test target at a 

1.5mm depth B). The photoacoustic image C) the MTF of 
the image versus the ideal   

6 CONCLUSION 
This paper reports the development of a new test target used 
to measure the resolution imaging systems.  This test target 
demonstrates a new pathway to measuring the resolution for 
both photoacoustic and ultrasonic imaging systems, allowing 
for a measurement as a function of depth.  A microfluidic test 
target was designed according to Appendix F certification 
using CAD software. Both the substrate and the PDMS were 
characterized acoustically allowing for accurate analysis of 
the ultrasonic signal.  The target was then created in the 
cleanroom via traditional soft lithography techniques.  
Finally, this target was placed at three different depths, 1, 3, 
and 5 mm, allowing for depth tradeoffs to be observed.   
These targets were tested via both ultrasound and 
photoacoustic imaging techniques.  The images were 
processed using the MTF function and then characterized as 
a function of depth.  Results showed that as the depth 
increased in the targets contrast and resolution decreased 
consequentially.  This means that this test target is an 
accurate measurement tool to characterize and analyze both 
photoacoustic and ultrasonic imaging techniques quantifying 
both lateral and spatial resolution. 
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