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Details on the AD5941 Chip. Key components of the AD5941 chip (Figure S1):

o LPTIA (Low Power Transimpedance Amplifier): Convert current to voltage.

o LPDAC (Low Power Digital-to-Analog Converter): Generates Vzgro and Vgjas

« HSTIA (High-Speed Transimpedance Amplifier): Converts high-bandwith
current signals up to 200 kHz into voltage for ADC measurement.

« HSDAC (High-Speed Digital-to-Analog Converter): Generates high-
frequency sinusoidal excitation signals.

« DFT (Discrete Fourier Transform) Engine: Performs built-in Fourier
transformation to compute the real and imaginary components of impedance.

e FIFO (First In, First Out) Buffer: Temporarily stores measurement data to
optimize communication with the microcontroller.

o SPI (Serial Peripheral Interface): Provides data communication between the

AD5941 and the microcontroller.

The AD5941 AFE includes essential components for voltammetric
measurements: control amplifiers, transimpedance amplifiers (LPTIA), and DACs. The
low-bandwidth AFE supports DC techniques, while the high-bandwidth AFE, capable
of handling signals up to 200 kHz, is used for EIS. Key components include a high-
speed DAC (HSDAC), a frequency generator, and a transimpedance amplifier

(HSTIA).

The AD5941’s FIFO (First In, First Out) buffer temporarily stores measurement
data for efficient transfer to a microcontroller, minimizing data loss. The chip's
programmable gain amplifier (PGA) adjusts signal levels before digitization. The
potentiostat control is managed using a XIAO RP2040 microcontroller, interfacing with
the AD5941 via SPI. The XIAO RP2040 microcontroller manages HunStat2’s

operation, serving as the interface between the potentiostat and the PC-based data
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processing software. Communication is handled via USB, ensuring stable data transfer

while also providing power to the device.

SPI (Serial Peripheral Interface) synchronizes data transfer between the
microcontroller (Master) and the AD5941 (Slave) using dedicated lines: MOSI (Master

Out, Slave In), MISO (Master In, Slave Out), SCLK (Clock), and CS (Chip Select).

The AD5941 supports amperometry, chronoamperometry, cyclic voltammetry,

square wave voltammetry, and EIS.

Details on the HunStat2 Hardware. The key circuit of the EIS potentiostat is the
ADS5941 chip.[1] The chip is a very small 7x7 mm, 48-pin lead frame chip scale package
(LFCSP) integrated circuit. Soldering is possible with the help of a stencil ordered
together with the printed circuit board (PCB), see Figure S2a/S2b. The stencil is a very
thin metal plate, on which cutouts are made at the surface-mount device (SMD) pad
location using a laser beam. First, tin paste is applied to the solder pads on the PCB
through the stencil, then the components are placed on the panel and heated
appropriately (with a heat gun or in a so-called reflow oven). The radiated heat melts
the tin paste and the components solder in by themselves. The PCB board can be
ordered based on Gerber file accessible from the authors. It is also possible to order a
ready-made mounted circuit board, for which the authors also provide the necessary
bill of materials (BOM) PCB file. IMPORTANT: To be able to measure OCP, the
reference electrode must be connected to AIN3 pin on the board as shown in Figure

S3 below.

To ensure reproducibility and broaden accessibility, the complete device can

also be obtained in an assembled form. This option is particularly relevant in situations
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where manual assembly may be hindered by the need for stencil-based soldering
procedures or by limited experience with fine-pitch SMD components. The provision of
Gerber, Pick-and-Place, and BOM files in the accompanying GitHub repository
enables straightforward integration into professional PCB manufacturing and assembly

workflows.

In the schematic (on the GitHub), the RCAL value is 10 kQ. In the BOM table, it
is 200 Q. Both are good, but for general electroanalytical measurements, where the
solution resistance is in the order of kQ, the recommended RCAL value is 3.3 kQ or

4.7 kQ (1%) resistance.

Details on the Compliance Limits of the HunStat2 System. Internally, the AD5941
has two DAC’s that set the working versus reference electrode potential in a
potentiostat application. V; is a 6-bit DAC with a working range from 0.2V — 2.366V,
while Vs is @ 12-bit DAC with a working range of 0.2V-2.4V. In normal operation, V,
sets the working electrode potential, while V,;,s sets the reference electrode potential.
Both of these potentials must remain within their respective allowable ranges, leading
to a Hunstat2 compliance voltage of ~ +-2 V. Given the AD5941’s V,;,s range and
resolution, the smallest achievable potential steps are 537 pV; successive integral
increments/decrements of this step size being applied in cyclic voltammetry (CV)

scans.

For EIS measurements, the AC excitation frequency range is 0.2 Hz to 200 kHz
and the maximum excitation amplitude 808.8 mV peak-to-peak, although
measurements apply much lower AC amplitudes (typically a few tens of mV). The
sensor excitation signal generated by the AD5941 also permits a bias voltage offset of

up to 600 mV.
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When performing current measurements in potentiostat mode the AD5941
signal chain involves a low power trans-impedance amplifier (LPTIA), followed by a
programmable gain amplifier (PGA) and finally a 16 bit ADC having a full scale input
range of +- 0.9V. The LPTIA circuit incorporates a software selectable gain resistor,
allowing selection of any one of 25 values ranging from 200Q to 512k Q to set the
current gain. In combination these parameters allow the Hunstat2 to deliver very
flexible current measurement capabilities that in practice, allow low noise operation

over current ranges varying from a few nA up to a few mA.

Setup Seeeduino XIAO RP2040 in the Arduino IDE. The first step is to add Seeed
Studio XIAO RP2040 board package to your Arduino IDE.[2] For this, select the
File/Preferences menu in the Arduino IDE, and put

https://github.com/earlephilhower/arduino-

pico/releases/download/global/package rp2040 index.json in the Additional Boards

Manager URLSs field (Figure S4) and click OK.

In order for the Arduino IDE to handle the Seeeduino XIAO RP2040, navigate
to Tools/Board/Boards Manager... menu, type the keyword "RP2040" in the search bar.
IMPORTANT : Select version 2.7.1. of "Raspberry Pi Pico/RP2040" board and install
it (Figure S5). (In our experience, later versions (as of July 1, 2025) don’'t work with
the board.) After that, select the XIAO RP2040 board from the Tools/Board menu
(Figure S6) and the appropriate port. NOTE: Another option is opening

https://wiki.seeedstudio.com/XIAO-RP2040-with-Arduino/ and following the

instructions.
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The sketch program for the RP2040 can be downloaded from the GitHub

(AD5941_25.zip) of [3] and upload them to the RP2040. Additional instructions can

be acquired from the authors directly, free of charge.

The HunStat2 Graphical User Interface Software. The HunStat2 GUI software can

be downloaded from the GitHub (HunStat2-v700 (1).exe) of [3] place the files into an

empty folder on your computer. After connecting the potentiostat, and launching the
GUI, the initial screen will appear (Figure S7). Figure S8 shows an example
screenshot after an EIS measurement. The icons shown in the top row, from left to
right: Open file, Save file, Start measurement, Clear zoom, Save plot (into a PNG
file), Redraw current measurement, Settings, Information. The software can
handle three electroanalytical techniques: cyclic voltammetry (CV), open circuit
potential (OCP), and electrochemical impedance spectroscopy (EIS). Parameters for
these techniques can be adjusted in the CV, Open Circuit Potential and EIS tabs.
Additionally, the Signal processing tab allows smoothing of the resulting
voltammogram in two different ways (Savitzky-Golay or moving average smoothing).
Communication between the GUI and the potentiostat can be monitored in the Log

tab.

Critical quantitative information can be obtained from the peak heights of
recorded CV curves. To do this, you need to draw a baseline. This can be done by
holding down the Shift button and clicking the left mouse button. When placing the
cursor over the desired peak, the peak height relative to the baseline (/,c4x) can be read
in the upper right corner. A more detailed manual can be downloaded from [3] or

directly asked from the authors.
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Before making a real analytical measurement, it is advisable to perform a
simple check: connect a given resistor between the shorted CE-RE point and
the WE, and run the potential between 0 and 1 V. If the circuit is functioning
properly, an increasing current with increasing voltage is observed. Current at 1

V should be equal to 1 V divided by the resistor’s value.

For further questions or development suggestions, the authors can be contacted

directly.
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Figure S1 Block diagram of AD5941 chip and connected devices.
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Figure S2 (top) PCB layout and stencil of the HunStat2 circuit. (bottom) The PCB
board with SMD components embedded
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Figure S3 Reference electrode (bottom leftmost connector) must be connected to
AIN3 pin (right side) on the board to be able to measure OCP.



Settings Network

Sketchbook location:

C:\Users\mengd\Documents\Arduino Browse
Editor language: English (English) v (requires restart of Arduino)
Editor font size: 16

Interface scale: Biutomatic 1005%  (requires restart of Arduine)

Theme: Default theme ~ (requires restart of Arduino)

Show verbose output during: @ compilation Eupload

Compiler warnings: None i

Bisplay line numbers BEnable Code Folding

@ Verify code after upload (Juse external editor

.Check for updates on startup -Save when verifying or uploading

(Juse accessibility features

Additional Boards Manager URLs: https://github. com/earlephilhower/arduino [J
More preferences can be edited directly in the file
C:\Users\mengd\AppData\Local \Arduinol5\preferences. txt

(edit only when Arduino not running)

OK Cancel

Figure S4 Setting up additional boards in the Arduino IDE.
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Boards Manager

Type All v rp2040
Raspberry Pi Pico.
Online Help
More Info

Raspberry Pi Pico/RP2040

by Earle F. Philhower, IIT

Boards included in this package:

Raspberry Pi Pico, Raspberry Pi Pico W, 0xCB Helios, Adafruit Feather RP2040, Adafruit Feather RP2040 SCORPIO, Adafruit ItsyBitsy RP2040,
Adafruit QT Py RP2040, Adafruit STEMMA Friend RP2040, Adafruit Trinkey RP2040 QT, Adafruit MacroPad RP2040, Adafruit KB2040, Arduino
Nano RP2040 Connect, BridgeTek IDM2040-7A, Cytron Maker Nano RP2040, Cytron Maker Pi RP2040, DatanciseTV PicoADK, DeRuiLab
FlyBoard2040Core, DFRobot Beetle RP2040, ElectronicCats HunterCat NFC RP2040, ExtremeElectronics RC2040, iLabs Challenger 2040 LTE,
iLabs Challenger 2040 LoRa, iLabs Challenger 2040 SubGHz, iLabs Challenger 2040 WiFi, iLabs Challenger 2040 WiFi/BLE, iLabs Challenger NB
2040 WIFi, iLabs Challenger 2040 SD/RTC, iLabs Challenger 2040 NFC, iLabs RPICO32, Melopero Cookie RP2040, Melopero Shake RP2040,
nullbits Bit-C PRO, Pimoroni PGA2040, Solder Party RP2040 Stamp, SparkFun ProMicro RP2040, SparkFun Thing Plus RP2040, uPesy RP2040
DevKit, Seeed XIAO RP2040, VCC-GND YD RP2040, Viyalab Mizu RP2040, Waveshare RP2040 Zero, Waveshare RP2040 One, Waveshare RP2040
Plus 4MB, Waveshare RP2040 Plus 16MB, Waveshare RP2040 LCD 0.96, Waveshare RP2040 LCD 1.28, WIZnet W5100S-EVB-Pico, WIZnet
WizFi360-EVB-Pico, WiZnet W5500-EVB-Pico, Generic RP2040.

More Info

Seeed XIAO RP2040

by Seeed Studio version 2.7.2 INSTALLED
Boards included in this package:

Seeed XIAO RP2040, Wio RP2040 Mini Dev Board.
Online Help

More Info

Close

Figure S5 Installing the Raspberry Pi Pico/RP2040 board driver.
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Fite Edit Sketch Tools Help

Auto Format
Archive Sketch

Fix Encoding & Reload

Manage Libraries. Cuteshiftsl

Serial Monitor oSttt
Serial Plotter CeshittsL

WIFI101 / WIFININA Firmware Update

Flash Size: *2MB (no FS)"

CPU Speed: "133 Miz"
Optimize: *Smal (-05) (standard)”
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Stack Protector: ‘Disabled”

C++ Exceptions: "Disabled”
Debug Port: “Disabled”

Debug Level: *None®

USE Stack: “Pico SOK"

1P Stack: ‘1P On

Uplaad Method: “Default (UF2)"
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Board Info
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Burn Bootioader

Boards Manager
Arduing AVR Boards
ESP32 Arduing

Adafruit Trinkey RP2040 QT

Adfruit MacroPad RP2040
Adafruit KB2040
Asduing Nano RP2040 Connect
BridgeTek IDM2040-7A

Cytron Maker Nano RP2040

Cytron Maker Pi RP2040

DatanciseTV PicoADK

DeRuilab FlyBoard2040Core

DFRobot Beetie RP2040

ElectronicCats HunterCat NFC RP2040

Seeed nRFS2 Boards.

Seeed nRF52 mbed-enabled Boards )
Seeed SAMD (32-bits ARM Cortex-MO-+ and Cortex-WH) Boards
Seeeduing AVR Boards ,

ExtremeElectronics RC2040
Labs Challenger 2040 LTE
Labs Challenger 2040 LoRa
Labs Challenger 2040 SubGHz
Labs Challenger 2040 WiFi
Labs Challenger 2040 WiF/BLE
Labs Challenger NB 2040 WFi
iLabs Challenger 2040 SO/RTC
Labs Challenger 2040 NFC
Labs RPICO32

Melopero Cookis RP2040
Melopers Shake RP2040
ullbits B-C PRO

Pimoroni PGA2040

Solder Party RP2040 Stamp
SparkFun ProMicro RP2040
SparkFun Thing Plus RP2040
uPesy RP2040 Devkit
Soved XIAD RPIMD
VCC-GND YD RP2040
Viyalab Mizu RP2040
Waveshare RP2040 Zero
Waveshare RP2040 One

Waveshare RP2040 Plus 4MB
Waveshare RP2040 Plus 16M8
Waveshare RF2040 LCD 0.96
Waveshare RP2040 LCD 1.28
WiZnet WS 1005-EVB-Pico
WIZnet WaFi360-EVB-Pico

Figure S6 Selecting the XIAO RP2040 board.
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Figure S7 Main screen of the HunStat2.exe software after start.

S-15



% HunStat2 v7.00 - AD5940

w/B| | Blmc| X @

OV | OpenCicut Potemial EIS | Signal processing | Log |

Stathequency Mz} [05 ACal (ohm} {10000

Endhequency (M} [10000  TIATHhmk [ioe <]
Dazports. [10 PRAGAN [15 <]

Anpitude pesktopesk V) [0

Bias(mvl [0 Offsetimvi[0

IS plot type

| € Npaquist & Bodd ‘

Selection:

B ¥ Last acquied
¥ Section 1

[ictte.

2 0O 4 B

o

£ HunStat2 v7.00 - AD5940

w/ Bl »

Plm|c| X|@

CV | Open Circuit Potemtial  EIS

Start requency (Hz): JEI'%—
End frequency (Hz): W

Datapoints: iél]_
Amgltude peakio-pesk (v} [30
Bias(mv} [0 Ofsetvi[0
“EIS pot type

& Myquisi " Bode

| Signal processing | Log |
RCal [ohm): [10000

TIA& Tt (ohm]): Iﬂ
PGA_GAIN: m

Selection:

= W Last acquired
LoV Section 1

-
loglt/Hz), logiZ/Ohm), phaseldegres] = [4.708. 2558.758, 9635 | peak ud) =
IogZohm) phaseldegree]
12000
a0
10000
8000 [0
5000
k20
4000
Lo
2000
o T T T T T
0o 10 20 an 40
log(f/Hz]
ot 1427
= 5 » 06 B O 7 % e A QEHESDE 5000
RelZ}/ohm, -miZ}/ohm = |W5,1 10, 803177 | peak [uA] =
4 |/ohm
10000 )
8000
6000+
T T T
0 2000 4000 E000 8000 10000 12000
Re{Z}/ohm

Figure S8. Main screen of the HunStat2.exe software after an EIS measurement

(top) showing the Bode plot or (bottom) the Nyquist plot of the same Randles dummy

cell.
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Figure S9. EIS measurement showing the Nyquist plots collected using the (blue)
HunStat2 and the (orange) Volta Lab40 systems in a 5 mM K;Fe(CN)s/0.1 M KNO3
solution. Bias and AC amplitude were 50 and 30 mV, respectively. Frequency range:

1Hz to 10 kHz.
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Figure $10. (a) Cyclic voltammograms collected between -0.2 to 0.6 V using (blue) 5
mM, (orange) 4 mM and (green) 3mM K4Fe(CN)g/0.1 M KNOj; solution with 0.1 V/s

employing a Dropsens DS110 carbon screen-printed electrode.
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