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Goals for today

• Leave here knowing how to 
read specifications and 
what they mean for your 
results.

• Understand what 
specifications are important



What is a Potentiostat?
• A potentiostat is an instrument that measures 

and controls the potential difference between a 
Working Electrode and a Reference Electrode.  

• Measures the current flow between the Working 
and Counter Electrodes. 



Potentiostat as a Water Circuit



Water Circuit with Feedback



The Analog Potentiostat
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Need to have signal input and 
measurement output

Signal Generation

Signal Conditioning
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Putting It Back Together

Signal Generation

Signal Conditioning

Potentiostat

I

V

S

V
v

V
i

R
m

C

CE

WE

R
E

CA

C

V
o

G

V
o

G

Data Presentation

V
o

lt
a

g
e

Current

Bias

Scan

AC



Reading Specifications



Cell Connections
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Broad System Specifications

• Maximum Current – What is the maximum applied or measured current?

• Current Ranges – How many current ranges (I/E converters) are there? 

• Important for scanning experiments where currents can vary span 

magnitudes during a scan.  Usually most important during corrosion 

experiments

• Internal Gain – Some signals can be gained to increase signal.  

Increases noise but this can be somewhat offset with oversampling

• Minimum Current Resolution – Minimum current range divided by number 

of bits.  This number is well below the noise level of the instrument



Understanding Current Ranges

• More real current ranges 
is better. 

• Ex - cyclic voltammetry of 
a supercapacitor using 
different current ranges. 
Blue – less sensitive 
range, green – correct 
range, red – too sensitive 
(overloads)

• Gained ranges can be 
useful but you’re also 
gaining noise. 



Maximum Applied Potential

• Maximum Applied Potential – What is the largest voltage that the 

potentiostat can apply. For a typical three-electrode setup, it is the 

potential between the working and reference.
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Rise time

• Rise Time – How fast does the 

applied signal rise or fall between 

10 and 90% of the signal’s 

amplitude. 

• Especially important in rapid 

pulsing or EIS experiments



Noise and Ripple

• Noise and Ripple – Noise of CA output signal. DC signals applied by the 

CA are always superimposed by a very small AC signal. 



Data acquisition rates

• Minimum Timebase/Acquisition Time – Typically this is how fast an 

instrument can sample

• Can be used to calculate a maximum scan rate for CV 

𝑆𝑐𝑎𝑛 𝑟𝑎𝑡𝑒 =
𝑠𝑡𝑒𝑝 𝑠𝑖𝑧𝑒

𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑡𝑖𝑚𝑒𝑏𝑎𝑠𝑒

Ref600+ SR 𝑆𝑅 =
10𝑚𝑉

3.333𝑢𝑠
= 3000𝑉/𝑠



Control Amplifier

• Compliance Voltage – Maximum voltage that 

can be applied by CA between counter and 

working electrodes. Put another way, this is 

the maximum voltage the counter electrode 

can apply to obtain the desired voltage at the 

working.  

• Specifications in manual should specify 

current and load at which voltage is 

measured
• Speed settings – allows you to speed up or slow 

down the CA response
2V

2V



EIS Measurements

• EIS – Frequency range for that instrument
• Voltage AC amplitude – the largest AC signal that can 

be applied. Sometimes these are specified as Peak-to-
Peak (P-P) or max

• Accuracy – how accurate an instrument is. Usually 
these specify the lowest impedance and at what 
percent error. 

• For full Accuracy Specifications, look at the Accuracy 
Contour Plot.



EIS Measurements

• Accuracy Contour Plots show you the range of impedance values that you can 
measure using a particular instrument under a particular set of conditions. 



EIS Measurements

• Accuracy Contour Plots show you the range of impedance values that you can 
measure using a particular instrument under a particular set of conditions. 

Coatings



EIS Measurements

• Accuracy Contour Plots show you the range of impedance values that you can 
measure using a particular instrument under a particular set of conditions. 

Corrosion, PhyEchem, 

Sensors, etc



EIS Measurements

• Accuracy Contour Plots show you the range of impedance values that you can 
measure using a particular instrument under a particular set of conditions. 

Energy Storage and 

Conversion Devices



Electrometer

• Input current – typical current flow through the 

electrometer. Want it to be small to minimize 

current flow through the reference electrode. 
• Input impedance – want this to be high so input 

current is low. Also the theoretical maximum 
impedance limit for an EIS measurement. 

• Bandwidth – how fast the electrometer can 

measure signal changes. Often higher than 

practical frequency range of the potentiostat

• Common Mode Rejection Ratio (CMRR) – shows 

how good a differential amplifier (electrometer 

here) can suppress unwanted signals caused by 

non-idealities of components and design 

limitations. The higher the better. Also frequency 

dependent. 



Accuracy, Resolution, and Precision

• Accuracy – how correct a measurement is 

• Resolution – describes the degree of fineness for 

an instrument. Range / # bits

• Precision – how repeatable a measurement is. 



What is Floating

• Floating – this means isolation from Earth. Having this capability allows you to 

make measurements in grounded cells or grounded electrodes. It could be 

measurements in the field or measurements in an autoclave or measurements 

with a coupled technique such as TEM, AFM or in conjunction with a load or 

power supply. Example – doing EIS on top of an electronic load driving a fuel 

cell test stand.

• All Gamry potentiostats are floating.  



Lastly, how do we generate these 
specifications?

• Check the back of a 
potentiostat manual. 

• Additional specs are 
listed plus notes about 
how we generate specs.



Thank you for your time.

Questions?


