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PhotoSound MoleculUs, 2022-06-23

Warning: PhotoSound MoleculUs is based on medical-class ArtUs ultrasound system, and
might be kitted with medical-class ultrasound probes, but NOT certified as a medical device.
MoleculUs is provided for preclinical research and development applications only.

This operation manual describes a dual-modality USPA MoleculUs system. The use of the
LEGION ADC is covered by a separate user manual. This manual may be changed without
notice. This manual may not be distributed without the explicit permission of PhotoSound
Technologies, Inc.

Abbreviations used in this manual:
e US =UltraSound,
e PA =PhotoAcoustics,
e RMB = Right Mouse Button.
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MoleculUs hardware
Parts
1. Assembled MoleculUs with 128 USPA channels or 128 USP and 128 PA channels,
includes:
a. LEGION ADC256 board
b. PAUS board installed on ]9 (ADC1-4) with a MoleculUS-type (QLC260) input
connector.
c. ArtUs US system
d. Ventilated housing with 2 fans installed inside.
2. ADC256 AC-DC power supply, Cinon TR70MA120, 12VDC 5.8A output (right-angle
connector).
3. ArtUs AC-DC power supply, XP Power AFM45US12, 12VDC 4A output (straight
connector).
a. Note: The ADC256 and ArtUs power supplies are NOT interchangeable, because
they have different central pin diameters.
b. Power supplies have IEC 320-C14 AC input connectors for use with country
specific power cords.
USB3, A to B cable for the ADC256
USB3, micro A to B cable for the ArtUS
USB dongle with drivers and software.

N o e

Optional probes
8. Storage and shipping box.
System specific configuration and ordering options
1. An optional PA preamplifier can be configured with a MoleculUs-type (QLC260) input
connector or a DLM-260R input connector with a typical US pinout.
2. An additional Legion ADC can be connected to MoleculUs to increase the number of
PA-only channels.
Prerequisites
Prerequisites typically not included with MoleculUs products are:
1. PC with at least two USB3.0 ports, and Windows 10 64-bit
2. Free MATLAB 9.3 (R2017b) 64-bit runtime.
3. Probe with a connector matching the MoleculUS input connectors, or a with breakout
board matching the preamplifier connectors or cables.
Optional prerequisites are

4. Oscilloscope2-Channel signal generator for testing the board with electrical triggers and
for verification of the external input trigger signal level.
5. Low power CW laser or laser pointer for testing the optical trigger inputs
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Probe selection, connector, and pinout

The probe can be hot-swapped from MoleculUs. The channel mapping of acquired signals is
recorded in the probe- specific .MAP file. MAP files are automatically loaded by data
acquisition software when the software is started and must be changed if a probe is changed to
one with a different pinout.

Use well shielded probes.

PC requirements
¢ Recommended PC configuration:
o recent generation of Intel i5 or equivalent AMD CPU
o 216 GB DDR4
o the latest Samsung M.2 PCle SSD Pro series 21 TB, or equivalent, with an
installed heatsink.
Notes:

1. Use a motherboard with USB3 (blue color) or a motherboard with USB type-C ports
with USB-C to USB3-B cable (not supplied). Recent generations of motherboards from
top vendors (Gigabyte, Asus, MS], etc.) have high performance USB3 interfaces.

2. Recommended USB3.0 cables are AmazonBasics, Monoprice or other brand-names.
Snap-on ferrite filters, like Fair-Rite 0431164951, 0431164951, 0431167281, 0431164181 can
be snapped over USB3 and HDMI cables if deemed necessary.

Absolute maximum ratings and recommended operating conditions
Power consumption
e ADC256: Maximum <60W, 12V <5A, nano-fuse protected
e 7W typical with two cooling fans before firmware is loaded, each fan 0.5W.
Trigger input signal to SMA trigger input
e <6V to 50 () default input impedance setting with jumper(s) J13, J16 installed or
e <6V to HiZ without jumper(s) installed.
e Measure the input impedance at the input connectors using a multimeter.
e Recommended signal is 4 — 5V, with a duty cycle <1%.

Analog signal to ADC256 input for a powered ADC board (50 Q2 to GND followed by AC
coupling)

e < 2Vpp AC in the absence of inductive elements in the chain

e <1V DC (absolute value) with 50 € input impedance.

¢ Anunpowered ADC256 board can tolerate input voltages < 100 mVpp or <50 mVDC.
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ADC256 connectors and indicators

The ADC256 connector order is left-to-right as shown in Figure 1. (Right-to-left when viewed in

the assembled housing (Figure 2).

Nano-fuse 5A
J4 - 12VDC 5A power connector, OD =5.5 mm, ID =2.0 - 2.1 mm, PC mount barrel
connector. The center pin is +12V, the outer contact is ground.
J6,]8 - 12VDC fan connectors - the internal housing fans must be connected for safe
operation.
LD4 (2 red LEDs), LD1, LD3, LD2 (4 green LEDs per block).
J11 - USB3-B connector for connection to a PC via the supplied USB3 A to B cable
PD2, PD1 - photodiode optical fiber trigger input connectors (locking type) for 2mm
optical fiber.
Isolated trigger interface #2:
a. J17 - SMA trigger output, low input impedance 5V +10%
b. J15-SMA trigger input, 5V maximum input signal level. Verify with an
oscilloscope using matching impedance settings.
c. J16 — Input trigger impedance - 0.1” two-pin jumper; J15 input impedance is 500,
if shorted, or HiZ if open.
Isolated trigger interface #1:
a. J14 SMA trigger output - low input impedance 5V +10%.
b. J12 SMA trigger in, 5V maximum input signal level. Verify with an oscilloscope
using matching impedance settings.
c. J13 — Input impedance setting - 0 .1” two-pin jumper; J12 input impedance is
500, if shorted, or HiZ if open.
J7 - HDMI connector - Master output for synchronization with a slave ADC256 board.
Do not connect to a PC or monitor.

J5 - HDMI connector - Slave input for synchronization with the master ADC256 board.
Do not connect to a PC or monitor.
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Figure 1: The LEGION DAQ256 with the ADC256 Rev1.0 board facing up. The ADC256 front
components / connectors from the left-to-right are nano-fuse, power, 2x fans, 4x LEDs blocks, USB3 type-
B, 2x optical fiber trigger inputs, 4x SMA trigger 10, 2x HDMI master and slave.

Figure 2: ADC256 connectors on MoleculUs. AMP128 is mounted on the top-left, ADC256 is on the
bottom with digital connectors facing to the front. Cooling fans are mounted on the right side of the
housing. Fan wiring is not shown.
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Figure 3: ADC256 USB3 and powe.r connectors.
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Figure 4: ArtUs Micro-USB3 and power connectors.
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Figure 5: Plug a US probe into the USPA connector. Plug a PA-only probe into the PA-only connector.
A PA type of connector can be customized .

Figure 6: The probe plugs and sockets have alignment keys, as indicated by the green arrows. The probe
sockets have latches, as indicated by the blue arrow.
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Figure 7: A probe plug is inserted into the USPA socket and the latch is closed. The PA-only connection

is similar.
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LED indicators
LED indicators of the ADC256 shown in Figure 2 are listed starting from the PCB (top to
bottom) below:

LD2, green, 4-position, clock and master-slave synchronization

1. Slave_OK, indicates that the board is configured as a slave board in many board
configurations;

2. Clock_OK, indicates that ADC clock is running correctly;
3. Sync_OK, indicates that the slave board is synchronized with the master board;
4. InitOK, indicates that the board is initialized.

Correct indicator values after boards are completely configured by ADC.exe/vi software:
e LD2.2 and LD2.3 ON for a single board or the first master board.
e AIlILD2 LEDs ON for slave boards.

LD3, green, 4-position, master-slave communication:

1. Slave TX
2. Slave RX
3. Master_TX
4. Matser_RX

There are no specific requirements for these LEDs

LD1, green, 4-position, power, USB3, and configuration

1. Power (very dim);

2. FX3_RX, USB3 data from the PC to the ADC256;

3. FX3_TX, USB3 data from the ADC256 to the PC;

4. CFG_DONE, configuration of ADC256.
LD1.1 is always on, if the ADC256 is correctly powered. LD1.2 and LD1.3 are blinking during
data transmission.

LD4, red, 2-positions, indicates critical power failures
1. Fuse —indicates a blown fuse.
2. Power polarity - indicates a wrong power polarity. Warning: reverse power polarity
protection might not work, if the power supply is not isolated. Always use an isolated
power supply. Both of the LEDs on LD4 must be OFF.
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Trigger input notes:

e The trigger input source is programmatically selectable between PD1, PD2, J12, J15 or
combinations. The LEGION ADC256 typically uses a single trigger input. Optical
triggers at PD1 or PD2 are the preferred trigger sources.

e If an electrical trigger source is applied to SMA J12 or J15, verify the input impedance
setting on jumpers J13 and J16 accordingly. The input impedance can be also measured
using an Ohmmeter if the board is not powered.

e Aninput feed-through 50 Q) terminator can be installed externally to convert a HiZ input
to a 50 Q input. (BROADWAVE TECHNOLOGIES INC. MODEL 851 - 054 — FTT)

e The trigger level applied to the SMA trigger inputs must be within 4 -5 V. Verify the
voltage level applied to these connectors using an oscilloscope with the input set to 50
Q (when J13, J16 are shorted) or the HiZ setting (when J13, J16 are open).
ATTENTION:4-5V to a 50 Q load corresponds to 8 — 10 V to a HiZ load, which will
irreversibly damage the isolator circuit. High voltage damage to this trigger interface
circuit is not covered by warranty. If the oscilloscope does not have a 50 Q input, use 50
Q BNC adapter, such as the Rigol ADP0150BNC or equivalent.

e Theisolated trigger output SMA connectors produce a 5V +10% output signal and 50 Q
output impedance. The output trigger amplitude is 5 V £10% to a HiZ load and 2.5V
+10% to a 50 () load. The output can drive a 50 {2 load with a low duty cycle, and a HiZ

load continuously. The output trigger signal can be programmed using the Software
Development Kit (SDK).
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Figure 8: Trigger Input Pulse Acceptance. The SMA trigger 10 (signal and input ground) are electrically isolated with respect to the rest of the ADC256 circuitry.
The SMA IN1 trigger input and OUT1 trigger output share the ground level. The SMA IN2 trigger input and OUT2 trigger output share the ground level, which is
different from the ground for SMA IN1 and OUT2. The trigger level (blue line) is measured with respect to the trigger coaxial cable shield (level 0). The trigger large
duty cycle shown on the last graph is acceptable with HiZ trigger input termination, which can be delivered upon request.
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Hardware parameters

1.

The ADC data rate is 40 MSPS. The odd and even ADC channel clocks are interleaved (i.e.
shifted a half period with respect to each other).

The ADC has a 2Vpp ADC scale with12-bit resolution. The ADC internal amplifiers have a
software-selectable gain range of 12 - 51 dB (low power mode = ON), or 6 — 45 dB, if the 8 dB
input attenuator is enabled (low power mode OFF). The maximum measurable input range
is 1 Vpp at 6 dB gain. The ADC full input scale with 51 dB gain is 5.6 mV (2Vpp / 51dB) and
resolution is 1.4 uV (5.6 mV/4096 12-bit). The ADC absolute maximum input range is +1
VDC or 2Vpp for a brief time, if the ADC is powered on, or 0.1 VDC or +0.1 Vpp, if the ADC
is not powered.

USPA and PA channels standard preamplifiers have 40 dB (100x) gain over 25 kHz to 35
MHz -6 dB bandwidth. The maximum measurable input range 10 mVpp (1 Vpp / 100) at 6
dB gain. The ADC full input scale with 51 dB gain is 56 uV (2 Vpp / 91 dB) and resolution is
14 nV (56 uV/4096 12-bit).

Hardware Installation

1. MoleculUs must be installed indoors in a ventilated environment, non-compensating
humidity, and temperature range from 15 to 30°C. If device was stored or transported at
low temperatures let the device reach room temperature for 24-hours before using it.

2. The device should be operated inside the housing or in ESD safe environment. The input
connectors have ESD protection. Do not create any unapproved connections.

3. Connect the probe(s) to the Cannon QLC-260 connector(s).

4. Use high quality USB3 A to B cables (optional ferrites may be attached close to both
connectors).

5. Power all AC equipment, including the computer, the device, an oscilloscope, and the
trigger source from one AC power strip. AC power source must have a safety ground.

6. Do not obstruct the ventilation holes.

7. Apply trigger signals only after the ADC256 board is powered. Before applying a
trigger signal, verify the signal level with an oscilloscope as described above.
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Signal path and filters

ArtUs Beamformer

PAUS adapter

128-ch 128-ch

Probe(s)

SN Mms XNIA
pJ/eog-03-pieog

d-210 uouue)
¥-2710 uouue)

TR sw PA

= PATR switches are closed during US operation,
* PAUS preamps are partially disabled during ArtUS operation. |

*  PAUS US-mux is not shown fl

Preamp
HiZ

128-ch (optional)

Synchronization over PAUS adapter

Samtec SEAxP
connectors

ADC256 with AFE5832 :

/;V @ FPGA/FX3 S

256-ch 256-ch
ADC use only digital TGC mode of AFES832

128-ch

upgradable
with second
AMP128

PA-only

connectors

Samtec SEAxP

Figure 9: MoleculUs = ADC256 + PAUS + ArtUs. PAUS adapter is multiplexing signal between US
path to ArtUs beamformer and PA path to ADC256 using multiplexing switches (MUX sw US) and
transmit-receive switches (TR sw PA). In PA mode MUX sw US are fully closed and TR sw PA are

open. In US mode MUX sw US are open and TR sw PA are closed.

AFE5832
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Ain[—> {f
1 R2 Ain Aout in Dout Din Dout { > Dout
3d order LPF ADC Digital processing
Atten 0 to 8dB
LNA, 20-51dB
||c2 INM1
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Figure 10: Signal path for one channel of the ADC256. Resistor R1= 50 € and capacitors C1 and C2 =
0.1 uF are discrete components soldered to the ADC256 board. All other blocks, including the attenuator
R2 are located inside the AFE5832 chip and controlled by software using the ADC, VCA, and DGTC
registers as described elsewhere. The ADC multiplexing between adjacent odd and even channels is not

shown.
1. The first order analog HPF is formed by the input RC chain and the 0 — 8 dB attenuator.
With the highest attenuator setting of -8 dB and the default R1 and C1, C2 settings, the
HPF corner frequency is about 370 Hz / 37 kHz, with the -6 dB point at 300 Hz / 30 kHz
for Rev1.0 / Revl.1 accordingly. This attenuator using check box attenuator enabled in
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the ADC tab, , if low frequencies are needed. If attenuator is disabled, there is no low
frequency loss at this stage. As mentioned above, the attenuator affects only gain
codes 0 to 63.

2. LNA is low-noise amplifier with programmable gain in range 20 to 51 dB in low power
mode and 14 to 45 dB in high power mode. First order LPF cutoff frequency can be
programmed in the range 5 to 12.5 MHz for low-power mode or 10 to 25 MHz for high-
power. This filter can be programmed, but cannot be disabled.

3. 3d order LPF is 3d order analog low-pass filter, which can be set at 75 or 150 kHz. This
filter can be also disabled for all channels or some channels.

4. The ADC input is analog, the output is digital. The ADC is shared between odd and
even channels. For example, channels 1 and 2 are sharing the same ADC operating with
clock rate 80 MHz for Rev1.1 and Rev1.0 with latest firmware. Sampling for each
channel is 80 MHz / 2 = 40 MSPS. Data for the channel 2 is delayed with respect of
channel 1 by one ADC clock period (1 / 80 MHz).

5. Digital post-processing block is completely bypassed in low-latency mode on the ADC
settings. Low latency mode also reduces data pipe-line delay after trigger is received by
4 ADC clocks or 2 sampling periods. Note: Each ADC clock =80 MHz and the sampling
period is 25 ns for R1.1. The data pipe-line works like a memory buffer, which cause
delay of data transmission from the ADC to the FPGA memory, i.e. with larger delay
more data acquired before the trigger event. Digital HPF filter can be used, if the low-
latency mode was not enabled. Digital HPF parameters depends on the sampling rate
(corner frequencies are proportional to the sampling rate), see Table 1 below. Use of
digital HPF corner 10 is highly recommended for DC bias removal. The ADC’s HPF
output rounding might be used to enable rounding of the 14-bit ADC output after the
digital HPF. If the ADCs HPF output rounding is not enabled, 2 lower bits from the 14-bit
ADC output are dropped.
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Table 1: The ADC'’s digital HPF corner frequency vs the corner code number for the ADC256 operating
at 40 MSPS.

HPF corner setting HPF, kHz (at 40 MSPS)
Disabled None
2780
1490
738
369
185
111
49
25
12

O |0 (I[N |1 =W

—_
e}

Advice: Disable the attenuator, if possible. If lower gain is needed, use the high-power mode by
unchecking the low-power mode on VCA page.

Calculation of attenuation and HPF for attenuator: Preamplifier output impedance Rpreamp
default value is 50 (), the input impedance seen by attenuator is Ri; = Rpreamp [|[R1 =

R,R .
——P%% Under assumption that Ci = C2, and Rpreamp = R1, Rs should be set as Ri/2. In the
R1+Rpreamp

following Rs is input resistance value set on VCA pages, Rin = R1/2 is physical value of input
impedance seen by attenuator.

Ratten = —ai—
atten — (10G/20_1)/

where G = (64 — ManualGain) 0.125 in dB for manual gain < 64. For manual gain > 64
attenuator is and should be disabled.

Rin

If Ry, # R, the actual gain is Ggeryqr = 2010814 ( +1).

Ratten

2

-1
_ where s = i27f.
sCl(Rin+Ra)) / f

The attenuation frequency dependent factor is (1 +

The attenuator HPF -3 dB corner frequency is f, = 1/(mC;(Ratten + Rin))-
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Figure 11: AFE5851 HPF Corner (Left) and DTGC gain codes (Right)
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Fzgure 12: Hzgh Pass Filter settings. Before waveforms are visualized with no HPF applied. After
waveforms are visualized with HPF corner = 10 for all ADCs. Notice removal of DC bias effect.

171Page PhotoSound Technologies, Inc.



PhotoSound® PhotoSound Technologies, Inc

9511 Town Park Drive Houston, TX 77036 USA
. . o o 1-713-401-9407
Life Science Imaging in High Definition info@photosound.com

MoleculUs driver and software setup

Preparation:
The following software should be loaded into the PC prior to taking any of the following
installation steps. This file can be found in the MoleculUS Software Package.7z.

ADC256 driver installation

The ADC256 is equipped with an FX3 USB3 chip from Cypress Semiconductor and uses a
proprietary FX3 Cypress driver (see release and copyright notes in the driver folder). The driver
is located in the MoleculUS Software Package\ ADC Driver folder.

1. Connect the ADC256 to the PC using the USB3 cable and then apply power to the
ADC256 using the provided 12VDC power supply.
2. On the PC, open Device Manager.

4 Device Manager = O x

File Action View Help
e« FIEHEIB EX®
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0 Eluctooth
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I Cormnputer

s Disk drives

5§ Display adapters

Firmware
Fﬁ Hiiman Inteface Devices —> Search automatically for updated driver software
=5 IDE ATA/ATAPI controllers Windows will search your computer and the Internet for the latest driver software
" for your device, unless you've disabled this feature in your device installation
settings.

B Update Drivers - WestBridge

How do you want to search for drivers?

E= Keyboards
£ 1 Memory technology devices
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I? Metwork adapters
v E7 Other devices

— Browse my computer for driver software
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Launches the Update Driver Wizard for the

Figure 13: ADC256 driver installation. Steps 3 - 5 .

3. Find a new device in Device Manager, the device will be originally recognized as Other
devices/WestBridge with a yellow triangle indicating a driver error. If a driver was
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preinstalled, or another driver was found on the computer, uninstall all previously
installed drivers as described in Item 9 of this section.

4. RMB (click the right mouse button) on WestBridge device and choose Update driver.
Next choose Browse my computer for driver software.

5. Follow Figure 13. Choose Browse ..., Browse For Folder with the ADC256 driver, next
choose subfolder with your Windows version. Press OK. Note, that this driver supports
both 64-bit and 32-bit Windows, but the ADC256 software supports only 64-bit versions
of Windows.

6. Verify that the driver was installed as Cypress FX3 BootLoader Device (before the firmware
is loaded) which turns to Cypress FX3 StreamerExample Device after the firmware is
loaded; see Figure 15.

7. Update the PC USB host controller to the latest version using drivers from the PC or the
motherboard manufacturer’s web-site. Verify that driver was actually installed by
tinding host controller device in the Device Manager and reading its actual driver

version.

B Update Drivers - WestBridge
Browse For Folder

Browse for drivers on your computer Select the folder that contains drivers for your hardware.

Search for drivers in this location: v ADC236 software

‘ Ci\Users\Rachel Hirsch\Documents _data samples

v driver
] Include subfolders ~ bin

vista
win?
wind
Wind.1

— Let me pick from a list of available drivers on my computer 2 Win10
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

Folder: | x64

| Cancel

Figure 14. ADC256 driver installation. Step 5.
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o De ]
File Action View Help
e | md HEIBEX®

| ~ & Rachel-Workhorse
i Audio inputs and outputs
E Batteries
‘Windows has finished installing the drivers for this device: 0 Bluetooth
> @ Cameras
- Cypress FX3 USE BootLoader Device 3 Computer
e - Disk drives
[ Display adapters
+ B Firmware
i Hurman Interface Devices
== |DE ATAJATAPI controllers
E= Keyboards
+ [ Memory technology devices
@ Mice and other pointing devices
[ Monitors
I? MNetwork adapters
@ Portable Devices
™ Print queues
n Processors
!Z, Security devices
B Software devices
i Sound, video and game contrellers
$‘¢ Storage controllers
£3 System devices

~ @ _Uni
I ' Cypress FX3 USB BootLoader Device I

¥ Intel(R) USE 3.0 eXtensible Host Controller - 1.0 {Microsoft)
i USE Composite Device

i USE Mass Storage Device

l' USE Root Hub (USE 3.0)

B Update Drivers - Cypress FX3 USE BootLoader Device

Windows has successfully updated your drivers

Figure 15. ADC256 driver installation. Step 6.

201Page PhotoSound Technologies, Inc.



PhotoSound®

Life Science Imaging in High Definition

PhotoSound Technologies, Inc.

9511 Town Park Drive Houston, TX 77036 USA
1-713-401-9407

info@photosound.com

File Action View Help

s 7 E Ha B

- B8 Display adapters
== DVD/CD-ROM drives
. i Firmware
> ) Human Interface Devices
*= |DE ATA/ATAPI controllers
= Keyboards
ﬂ Mice and other pointing devices
[ Monitors
» [ Network adapters
H portable Devices
= Print queues
> D Processors
B¥ software components
B software devices
i Sound, video and game controllers
. S Storage controllers
E3 System devices
v ' Universal Serial Bus controllers
P Cypress FX3 USB BootlLoader Device
Intel(R) USB 3.1 eXtensible Host Contro
NVIDIA USB 3.10 eXtensible Host Contr|
NVIDIA USB Type-C Port Policy Control
USB Composite Device
USB Mass Storage Device

Cypress FX3 USB BootLoader Device Properties

General Driver  Details

= d

Driver Provider:
Driver Date:
Driver Version:

Digital Signer:

Update Driver

Roll Back Driver
Disable Device

Uninstall Device

Events

Cypress FX3 USB BootlLoader Device

Cypress
11/12/2018
1.2.3.23

Microsoft Windows Hardware Compatibility
Publisher

View details about the installed driver files.

Update the driver for this device.

If the device fails after updating the driver, roll
back to the previously installed driver.

Disable the device.

Uninstall the device from the system (Advanced).

OK Cancel

USB Root Hub (USB 3.0)

1ISR RAnt Hih ISR 2 M

VI

Figure 16: As of 2021-03-11, the current ADC driver version is 1.2.3.23. This driver version provides the
best data transfer performance and supports Asmedia and other non-Intel host controllers.

8. How to uninstall an old or incorrect ADC256 driver.

a.

If the device has multiple drivers or an incorrect driver, uninstall the device in

the Device Manager: Find the device, RMB (right mouse button) click, Uninstall,
mark Delete the driver software for the device, OK.

Unplug and plug USB.

c. Verify that all drivers for the device were deleted using Device Manager. If any

driver is left, repeat 9a.

9. Note: Do not unplug the USB3 cable after the firmware is loaded, because the ADC256
would then not be recognized by Windows. After power cycling the PC, power cycle the
ADC256 board, but keep the USB3 cable always plugged in. Power cycle the ADC256
board if the USB3 cable was unplugged with loaded firmware.
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Setting up the ADC256 software environment: application and SDK installation
1. Install MATLAB 2017b (9.3) Runtime for compiled version only, or MATLAB 2017b for
source code. Restart the computer, if prompted.

2. Install the matching .Net environment if prompted at any installation step.
3. Extract the 7zip archive with the application software and copy into any folder on the
PC.

ArtUs driver and Telemed software installation
1. Disconnect ArtUs microUSB3 cable and disconnect power from the ADC256.
2. Search for UAC (User Account Control) in Windows Settings and disable the UAC by
selecting “Never notify”

¥ User Account Control Settings s | X

Choose when to be notified about changes to your computer

User Account Control helps prevent potentially harmful programs from making changes to your computer.
Tell me more about User Account Control settings

Always notify
B Never notify me when:
®  Apps try to install software or make changes to my
computer
® | make changes to Windows settings
- - 0 Not recommended.
Never notify

GOK Cancel

Figure 17: Disable UAC

3. Optional: Before the installation of the current version of the Telemed software, uninstall
the EchoWave2 software and all other Telemed software from \ Control
Panel\ Programs\ Programs and Features\ as shown in Figure 17. Reboot the PC. (This step 3
is not required for the first-time installation of the Telemed software.)
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£yl Control Panel\Programs\Programs and Features — O X
1+ @ > Control Panel > Programs > Programs and Features v (5] e

Control Panel Home .
Uninstall or change a program

View installed updates To uninstall a program, select it from the list and then click Uninstall, Change, or Repair.

G Turn Windows features on or

off Organize ~ = 0

Name Publisher Installed On Size Version (e
%Echo Wave |l (X64) 4.0.3b15 TELEMED 3/12/2021 4.0.3b15

) USGFW2_x64 TELEMED 3/12/2021 403b17

%Echo Wave 11 4.0.3b15 TELEMED 3/12/2021 4.0.3b15

£y TELEMED Drivers Package TELEMED 3/12/2021 2.0.3b15
%USGFWZ TELEMED 3/12/2021 4.03b17

D LibreOffice 6.3.3.2 The Document ... 12/11/2019 678 MB 6.3.3.2 v
< >

“~._  Currently installed programs Total size: 1.99 GB
[Ql 39 programs installed

Figure 18: Telemed software in the Programs and Features.

4. Optional: To upgrade the ArtUs-CPA driver uninstall the old ArtUs-CPA driver through
Device manager, Figure 18. (This step is not required for the first-time installation.)

-_.".- Device Manager

File Action View Help

v I Sound, video and game controllers
i ArtUs CPA De

Update dri
ij Intel(R) Displ: Sk bty
il NVIDIA High Disable device
i Realtek(R) Au Uninstall device

S Storage controlls
i System devices

' Universal Serial Properties

Scan for hardware changes

Uninstalls the driver for the selected device.
Figure 19: Before upgrading ArtUs-CPA driver uninstall the old diver, choose delete driver software
option. Disconnect and reconnect ArtUs USB cable to verify that driver is deleted completely.

5. Install the base ArtUs driver: run MoleculUS Software
Package\ ArtUs\ Drivers\ setup_tdp.exe, Figure 19, and choose ArtUs only.
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Name Date modified Type Size
@ readme txt 3/12/2021 11:40 AM Text Document 53 KB
as setup_tdp.exe 3/12/2021 11:40 AM Application 33,442 KB

g,TELEMED Drivers Package Setup X
v

Welcome

Welcome to the installer for TELEMED Drivers Package
2.0.3015.

It is strongly recommended that you exit all Windows
programs before continuing with this installation.

If you have any other programs running, please click Cancel,
close the programs, and run this setup again.

Otherwise, click Next to continue.

Uninstall existing drivers

e

el EE;;:——] Cancel

Figure 20: Install base ArtUs diver

6. Install the 32-bit Telemed software and the 64-bit EchoWave II software found in
MoleculUS Software Package\ ArtUs\ EchoWave\ EchoWave2\ using setup_ew2.exe
and setup_ew2x64.exe Figure 20. Reboot the PC.
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Name Date modified Type Size
@ readme.txt 3/12/2021 11:39 AM Text Document 170 KB
a} setup_ew2.exe 3/12/2021 11:39 AM Application 93,611 KB
&l; setup_ew2x64.exe 3/12/2021 11:39 AM Application 95,252 KB
E.', Echo Wave |l Setup X

Welcome
Welcome to the installer for Echo Wave Il 4.0.3b15.

It is strongly recommended that you exit all Windows programs
before continuing with this installation.

If you have any other programs running. please click Cancel,
close the programs, and run this setup again.

Otherwise, click Next to continue.

Figure 21: Install the Telemed II 32-bit software and repeat for the EchoWave 11 64-bit software.

7. Connect power to the ArtUs. Open Windows Device manager and find “ArtUs” in
“Other devices” with a yellow triangle. RMB (right mouse button), update the driver
from MoleculUS Software Package\ ArtUs\ Drivers ArtusCPA\, Success.
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-...; Device Manager = O X

File Action View Help
= B HE B EXE

v 3% DESKTOP-57GQ092
> By Audioinputs and outputs
> | Biometric devices
> 9 Bluetooth
> E Computer
> wm Disk drives
> @ Display adapters
== DVD/CD-ROM drives
> i Firmware
> G Human Interface Devices
> *® IDE ATA/ATAPI controllers
» =2 Keyboards
> ﬁ Mice and other pointing devices
> [ Monitors
> [P Network adapters
v R Other devices

BA Artus
@ Portabl: Update driver
» = Print qu Disable device
> Py
Ll process Uninstall device
> r Softwar
> l Softwar Scan for hardware changes
i Sound,

> S Storage Properties
» 3 System devices

Figure 22: Find connected ArtUs device in Other devices with yellow triangle, click RMB and choose
Update driver.

B Update Drivers - ArtUs

How do you want to search for drivers?

- Search automatically for drivers

Windows will search your computer for the best available driver and install it on
your device.

- Browse my computer for drivers
Locate and install a driver manually.

Cancel

Figure 23: Choose Browse my computer for drivers.
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« 0 Update Drivers - ArtUs

Browse for drivers on your computer

Search for drivers in this location:

DC\Hardware\PAUS128 with ArtUs\Telemed soft\ftp\Drivers ArtusCPA ~ Browse..

[ Include subfolders

- Let me pick from a list of available drivers on my computer

This list will show available drivers compatible with the device, and all drivers in the same
category as the device.

Next Cancel

Figure 24: Find ArtUsCPA driver folder and click Next.

8. Find “ArtUs CPA Device” in the “Sound, video and game controllers” section of the
Device manager.

v Uy Sound,video and game controllers
i ArtUs CPA Device
i Intel(R) Display Audio
i NVIDIA High Definition Audio
I Realtek(R) Audio
Q“ Storage controllers
Figure 25: Find properly installed ArtUs CPA Device in the Sound, video and game controller section of
the Device manager.

9. Find “\ ArtUs\ ArtUs Sync Options.exe” and run as Administrator (use RMB), Figure 25.
Choose the synchronization option as shown for synchronization of the US (ArtUS)from
the PA (ADC256), Figure 26.
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Name Date modified Type Size

@ Driver 3/12/2021 11:40 AM File folder

@ Drivers ArtusCPA 3/12/2021 11:40 AM File folder

@& EchoWave2 3/12/2021 11:39 AM File folder

% ArtUs Sync Options.exe | Trmmemm s e 52 KB
USGFW?2 SDK 4.03b15.7z SEED 246,676 KB
2] USGFW2-SDK-4.03b17.72 % Run as administrator 56,053 KB

B share with Skype
Troubleshoot compatibility

Figure 26: Run “ArtUs Sync Options.exe” as Administrator using Right Mouse Button.

gy ArtUs Sync Options, 1.1 X

This application selects Artls inputs of lines & frames sync signals.
Note: you need to disconnect/connect USB cable or restart PC
or press probe button in EchoWave2 application to take effect of changes!
v Enable synchronization

¢ Ultrasound Frame input ¢ Ultrasound line input " ScanStart Input

Number of Frames to scan after ultrasound frame synchronization pulse

—

oK Cancel |

Figure 27: Enable synchronization for normal MoleculUs operation mode with US trigger supplied from
the ADC256 board.

10. If the ArtUs-CPA device is visible in the Device Manager but not recognized by EW2
software, open the Windows Event Viewer (Figure 28) to find ArtUs device error
messages as shown in Figure 29.

% Run X

Type the name of a program, folder, document, or Internet
resource, and Windows will open it for you.

oper: | EEEEE .

Cancel Browse...

Figure 28: To open the Event viewer press Win-key + R, type eventowr, and choose OK.
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{d] Event Viewer
File Action View Help
= =5 H

::r‘ Custom Views

v [m Windows Logs Level Date and Time ~
& Application
Q Security @Information 3/12/2021 2:07:58 PM
£ setup /t, Warning 3/12/2021 207:35 PM
i,'__'] System /8, Warning 3/12/2021 2:06:48 PM
§:] Forwarded Events /¥, Warning 3/12/2021 2:06:48 PM -
! Applications and Services Loc|Jf 7™+« 5 NN AN A AR 4 e

- <
Lz Subscriptions

Event 0, ArtusCPA x

General Details

The description for Event ID 0 from source ArtusCPA cannot be found. Either the component that raises this
event is not installed on your local computer or the installation is corrupted. You can install or repair the
component on the local computer.

If the event originated on another computer, the display information had to be saved with the event.

The following information was included with the event:

Power Supply (12V) error flag is bad (1) |

The locale specific resource for the desired message is not present

Figure 29: ArtUs power loss (bad power) event in Windows event viewer.

LJY)

2:22 PM E B Ultrasound Scanner Monitor

3/12/2021 3/12/2021

Figure 30: Ultrasound Scanner Monitor indicating the connection status of the ArtUs device to
the PC. Red — not connected or/and no power; green — powered, connected and ready.
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Application software installation
11. This software Application is portable. Copy the archived files (7z) to a destination folder
and extract the files.

Note Temporary software startup order (this will be changed once the MoleculUS and
EchoWave software are merged):

a. Always run the MoleculUS application before starting the EW2 ultrasound
application, if synchronization between the PA and the US was enabled using
“ArtUs Sync Options.exe” (Figure 27).
b. If synchronization between PA and US was disabled using “ArtUs Sync
Options.exe”, power-cycle the ADC256, but do NOT run the ADC software. The
ADC256 should be visible in the Device manager as Cypress FX3 Bootloader
device, not Streamer device. Run the EW?2 as usual.
12. Run MoleculUsControl.exe, Figure 30.
13. To see ultrasound, start 32-bit or 64-bit EW2 software.

Figure 31: EW2 initial full screen or windowed mode can be set in Menu / Tools / Options...
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Life Science Imaging in High Definition

Options x

General Appearance Saving and Printing  Extemal and Calcul Scanning Control  Keyboard and Mouse DICOM  Technical
General Screen Seftings  Skins  Images of Buttons  Menus of Buttons  Mouse Cursors
Pure ultrasound image position and size Main software window

Wickh: 768 pixels Use custom size of main window requires restart)

1280800 {cument) v

Height: 544 pixels
£l (7] Aways use movable main window
Vertical alignment Top
Actions on startup
Top Center
[ Disable DPI scaing
Oid iidth x height): 768 x 544
addlich (72 ) Change screen resclution to:
New size (width x height): (768 x 544 ) =
Defaut

[4] Set landscape screen orientation

0K Cancel

Figure 32: For the windowed option check “Always use movable main window”. Note that the
windows scaling option affects the actual windows display size.
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MoleculUS Software
Run MoleculUS.exe and wait until the device is connected (Figure 33).
@ MoleculUs control - [m] X

Figure 33: MoleculUs control main window Main control hub of the MoleculUS’s PA signal acquisition
and reconstruction. Digital oscilloscope (1), plot control (2), status bulb (3), Capture and trigger settings
(4), Configuration menu (5), speed of sound and contrast sliders (6), capture progress bar (7), real-time
reconstruction settings (8), capture parameters (9), status monitor (10), action buttons (11), folder
button (12), real-time reconstruction viewer (13).
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Figure 34: Real-time reconstruction viewer. The Full image (I) and Zoom image (11), area of the yellow
rectangle on the Full image, are displayed.

Upon starting the MoleculUS.exe application, two windows will appear: MoleculUS control
(Figure 33) and the reconstruction viewer (Figure 34). The MoleculUS main control window
(Figure 33) has multiple sections and is detailed below, with the reconstruction viewer’s
description at the end:

1. Digital oscilloscope of selected probe sensors. X-axis is number of samples; Y-axis is
voltage as signed 16-bit with Vpp=2V.
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ITRAY

Figure 35: Plot control dialog. Sets the channels/sensors that are visualized in the digital
oscilloscope. Configures the axes of the digital oscilloscope. Axis configuration (1), channel/sensor
selection (2), channel list (3), sensor list (4), legend (5).

2. Plot control dialog button (Figure 35).
I.  Plot axis configuration. Sets the window size of the digital oscilloscope (1).
II.  Sets the channels/sensors displayed on the digital oscilloscope (1) by selection.
e Channels - lists the elements in the order of ADC channels.
e Sensors - lists the elements in the order of probe sensors.
III.  Arranges the channels/sensors list (II) by ADC channels.
IV.  Arranges the channels/sensors list (II) by loaded probe sensors.
V.  Lists the selected sensors displayed on the digital oscilloscope (1).
3. Device status bulb. [RED] indicates an error with the ADC USB connection or ADC
firmware, [YELLOW] indicates the device is connecting/completing an action, [BLUE]
indicates the device is ready for an action.
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. Capture and trigger settings - X

Trigger output 1

Figure 36: Capture and trigger settings dialog. Sets the capture settings (I), trigger input settings
(1), trigger input monitoring (I11), and trigger output settings (IV). Update button (V) sets changes.

4. Capture and Trigger settings (Figure 36).
I.  Capture settings section.

e Samples to capture — Sets the number of samples to capture for an
acquisition.

e Frames per packet — number of frames transferred through the USB3.0
connection per data transfer event (packet). For the fastest real-time
reconstruction, set this value to 1.

e Decimation factor — Reduces the sampling rate by the factor set (i.e. New
sampling rate = old sampling rate / decimation factor). Note: changing
this value from the default of 1 will limit the data transfer rate and might
result in the loss of packets.

e Wait for trigger — If checked, the device will only acquire a frame when it
is triggered. If unchecked, the device will acquire frames as fast as
possible without any frame loss. Note: this setting is for diagnostics, there
is no purpose to leave this unchecked for data collection.
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¢ Enabled ADC - sets which ADC devices are capturing starting at ADC #1
(left) to ADC #8 (right). Note: The USPA connector is on ADC 1-4; the PA-
only connector is on ADC 5-8.

I.  Trigger input settings section.

¢ Generator frequency, Hz — sets the internal generator frequency of the
device. Note: This value is used for diagnostics. When the “Use
generator...” checkbox is unchecked, the generator frequency is not
relevant.

e Capture start delay — value sets the delay between a trigger event and the
frame acquisition, in number of samples.

e Use generator to start capture — enables the internal generator as a trigger
source.

¢ Enabled trigger inputs — enables/disables the available trigger inputs.
From left to right: PD1, SMA 11, PD2, SMA 12.

e Inverted trigger inputs — enables/disables inverted trigger inputs.
Ordering is identical as the Enabled trigger inputs.

III.  Trigger input monitoring section. Each entry tracks the trigger input frequency
detected. Will only update when the “Update’ button is pressed.

IV.  Trigger output settings section. Two trigger outputs are on the MoleculUS board,
either can be selected at the bottom of this section. Trigger outputs are relayed
from trigger inputs as pulses.

e Enable — enables trigger output.

e Invert - inverts trigger output.

e Pulse width, us — sets the pulse width of the trigger output in (us).

e Delay, us - sets the trigger output delay from relayed trigger input in ps.

e Connected trigger inputs — sets which trigger inputs to relay as trigger
outputs. Left to right: PD1, SMA 11, PD2, SMA 12.

e Connect output to generator — sets the trigger output to relay the
generator frequency of electrical or optical inputs.

V.  Update button sets the configurations modified and displays the trigger input
monitoring. Changes in the Capture and trigger settings dialog will not be set
until “Update’ is pressed.
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.Conflguvauon manager X
Default @

|

DTGC gain, dB
Digital T T

Figure 37: Configuration manager dialog. A more advanced settings menu. All values of the
Trigger and capture settings dialog are set in this menu. Note: for MoleculUS, the AFE5832 sets
the ADC chip settings.

5. Configuration manager (Figure 37). An advanced settings menu that encompasses all
available programmable settings for the ADC device.

e TBD

6. Real-time reconstruction tuning sliders.

e Speed of Sound — changes the real-time reconstruction speed-of-sound
value in (m/s). Start at the speed-of-sound in the medium at the measured
temperature and fine tune from there.

e Video contrast — varies the contrast of the real-time reconstruction to
better visualize high/low contrast objects.

7. Capture progress bar. When a capture event is initiated, the bar will fill based on the
progress of data acquisition.
8. Real-time reconstruction settings.

e Probe — specifies the ‘PROBE’ file to read. This file contains the channel
mapping and sensor geometry necessary for real-time reconstruction.

e Left, Right, Top, Bottom — sets the Zoom image window of the real-time
reconstruction in (mm).
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e US gain, dB - sets the programmable gain of the USPA connector, range is
6-51 dB.

e PA gain, dB - sets the programmable gain of the PA only connector,
range is 6-51 dB.

¢ Depth, mm - sets the real-time reconstruction depth for the Full image.

9. Capture parameters. Sets the limits of a capture event; the first of the limits to be reached

will terminate the capture event.
e Number of frames — sets the number of frames to capture.
¢ Logging timeout, (s) — sets the maximum time of capture in seconds.
e File size, (MB) — sets the maximum file size in MB.
e Limit number of frames — enables the Number of frames capture limit.
¢ Limit logging timeout — enables logging the timeout capture limit.
e Limit file size — enables the file size capture limit.
e Enable video logging - enables the capture of a video (*.avi) file of the
real-time reconstruction alongside data capture.

10. MoleculUS status monitor. Monitors key parameters of the software’s capture and real-
time reconstruction.

e Voxel — displays the set voxel size for reconstruction.

e Transfer rate - displays the transfer rate of the ADC through the USB3.0
cable.

e Logging time — displays the time logged during a capture event.

e Logged frames — displays the frames logged during a capture event.

e File size - displays the file size logged during a capture event.

e FPS — displays the frame rate of the real-time reconstruction.

11. MoleculUS action buttons.

e Pick... - sets the Zoom image boundary by the user click-dragging a
rectangle over the Full image.

e Zoom - sets the Zoom image boundary by the user entering the limits
into the Left, Right, Top, Bottom textboxes.

e Adjust - sets the optimal US and PA gain based on current PA signals.

e Start - starts a capture event that is limited by the capture parameters.

12. Select folder button. Sets the directory to save captured data and video files to.

13. Reconstruction viewer (Figure 34). Visualizes the real-time reconstruction of PA signals
in two figures. One set as the Full image range of the transducer and the other as a Zoom
image determined by the user.

I.  Fullimage — The Full image figure’s limits are set by PST to reflect the maximal
boundaries of photoacoustic reconstruction using the selected probe.
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II. Zoom image — A portion of the Full image’s figure determined by the user from
using the ‘Pick...” or “Zoom’ buttons of the action buttons. The yellow rectangle
on the Full image’s figure shows the current boundaries of the Zoom image.
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Ultrasound menu parameters, REQUIRED for laser rate different from 10Hz

Configuration manager \ Ultrasound menu is matching \ Config\ Default.ini or other INI file
section

[Ultrasound]

SuppressTransients = 1

HighVoltageGuard = 1000

TransientsLength = 200

UltrasoundLength = 95000

SwitchesGuard = 10

OpAmpsGuard = 10

Default parameters from Default.ini matching 10 Hz laser operation are listed above. All
parameters, except SuppressTransients are time in ps.
e UltrasoundLength is the time window for ultrasound.
e HighVoltageGuard, SwitchesGuard, OpAmpsGuard are waiting time to reduce high-voltage
transients in PA signal.

In the default setting above 95000 us are reserved for ultrasound and remaining 5000 ps for
photoacoustic acquisition and transient response within 1/10 Hz = 100000 us laser firing period.
Photoacoustic acquisition of 4096 data points with 40 MSPS sampling rate and decimation factor
=1 requires just 101 us, but extra time is needed for mode switching safety window.

For 20 Hz laser firing rate or 50000 us laser firing period, use UltrasoundLength = 45000.

For 100 Hz laser firing rate or 20000 us laser firing period, use UltrasoundLength = 15000.

For 100 Hz laser firing rate or 10000 us laser firing period, try UltrasoundLength = 5000 to 8000,
HighVoltageGuard might be reduced to 500.
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QuickStart Guide
1. Launch MoleculUS.exe.
2. Set ArtUS to synchronize mode Figure 27.
3. Launch Echowave2.exe.
4. Configure trigger inputs in MoleculUS control’s Capture and trigger settings (Figure 36,

II).
5. Select the correct 'PROBE’ file to load (Figure 33, 8).
6. Start firing the laser.

7. The digital oscilloscope (Figure 33, 1) should display the detected PA signals and the
EchoWave program should display ultrasound. The real-time reconstruction will update
with each trigger event.

8. Optimize PA reconstruction

a. Vary ‘Speed of sound’ until the subject is ‘focused’.

b. Vary ‘Video contrast” until the subject is clearly visible.

c. If the subject is still not visible, increase gain until the strongest PA signal’s
amplitude is close to saturation, which happens when the PA signals exceed
values [-32767, 32767] in the digital oscilloscope (Figure 33, 1).

9. Optimize US reconstruction

a. Press‘F1’ to enter B-mode and ‘1’ to enter settings mode.

b. Set the ‘Focus’ on the left side of the software to an appropriate depth for the
subject. Note: in the US viewer, the arrow on the left side indicates the current
focus depth.

c. Vary the ‘Power’ setting if the subject is saturated. Note: If the probe interface is
water, you will likely need a lower ‘Power” setting. If the probe interface is
ultrasound gel, you will likely need a higher (or max) ‘Power” setting.

d. Vary the ‘Gain’ setting to further optimize the image if the ‘Power” setting did
not produce a good image.

e. Vary the ‘Frequency’ setting to further optimize imaging at specific depths.
Higher frequency => lower penetration depth.

Vary the ‘Dynamic range’ setting to increase the contrast of the image.

g. Pressing ‘F5" enables the color doppler functionality of the ultrasound device.
Pressing ‘6" will allow you to change the color palette of the doppler.

h. To further optimize signal amplitude at different depths, press ‘5’ to activate the
time-gain control menu. Vary gain settings at different depths.

i. To increase depth resolution, return to the B-mode and setting mode ‘F1’, ‘1". At
the bottom left of the settings column, navigate to page 2/3. Increase/decrease the
‘Line density’. Note: for fast trigger rates, modifying this value might limit the
FPS of the ultrasound reconstruction.
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10. Save PA and US data.

a. On Echowave, press ‘9’ to enter the saving image/video menu. Note: on the
bottom bar, on the right next to the save video button ‘9" is an arrow. This
dropdown menu will allow you to select whether to save the buffer as a video or
image.

b. On MoleculUS control, set the capture limits (Figure 33, 9) and press “Start’.

When the PA data capture event is complete, shut off the laser.

Q. n

Save the corresponding US frames in EchoWave by selecting the matching
frames from the buffer and exporting as a video or image file(s).
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