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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

POTENTIOSTAT /GALVANOSTAT/IRA SPECIFICATIONS®

Cell Connections
Maximum Cuerent
Curment Ranges

Current Ranges
{inciuding Internal gain)
Minimum Current Resolution
Maximum Applied Potental
Alse Time

Minimum Timebass
Notse and Ripple (typical

CONTROL AMPLIFIER

Complance

Output Current
Speed Setfings
unity Gain Bandwidth

EIS MEA SUREMENT

ELECTROMETER
input Impedance

input Current ftypical)
Bandwidth

‘Common Mode Rajsction
Raitin (CMAR]

POTENTIAL
Applied Accuracy
Agplied Resolution
Measured Acouracy
Measured Resolution

AppliedMeasured Accuracy

AgpliedMeasured Resolution

Bancwidth

Reference 3000,/ 30004F

2,34 5021
+IA@ ISV +1.54 @32V
11{300 pa-3 A)

13

SZad
+3IV
=150 s
ITIs
< IV ms

V@ 15A
=£3A
5

1100, 330, 50, 5.0, 0.5 kHr

10 pHz-1 Mz
IV max
3Amax
1% @ 0.5 ma

> 10" 2] <02 pf
<GpA

> 15MHz at -3 da
> BB (100 ki,
= 6006 (1 MHz)

&1 mV 210.2% of s=tting

200 v, 50, 12.5 pibit

+1 mV =10.2% of reading
High-resolution Electrometer:
400 v, 100 P10 |9V, 1 bt
High-voltage Elecirometes:

1.6 mV, 300 ;A% 40 V] & pNTbit

5 pA = 0U05% of range =
0.2% of walue (3 A3 na)
or 0.5% of value (300 pa)

0.003% full-scakebit

> 10 MHz (38-3 ma),
> 015 MHz {30 pa)

Reference 600+

134005
2600 mA
11 {60 pA—600 mA)
13

0ak
1Y

= I50ns
35S
<IN ms

Errd
> +500 mA
5

2500, 1100, 335, 50,5.2, 0.5 kHz

10 pHz-5 Mz
IVmax
600 mA max
1% @ 1 ma

>e|<ozpf
<10pa

> 15 Mizat-3 68
> 6508 (1 MHz)

1 mV & 0.2% of s2tting
200 iV, 50 1V, 12.5 pvibit
+1 mV + 0.2% of reading

A00 iV, 100 PV 10 AL 1 peibie

+10 pA = 0.05% of range £
0.2% of value (500 mA—& na}
o 0.75% of value (500 pa)
of 1.5% of value (60 pA)
0.003% full-scalefbit

= 10 MHz (500 mA-500 psa),
= 015 MHZ (6 pa)

=54
6 (50 js4-5 4)

150 pA
5V
<l
ops

HBS5I£25Y
>454
5

1050, 250, 43, 4.4, 0.5 btz

10 pHz-1 MHz
IVmax
SAma
1% @ 05 ma

>10"Q | <2 pF
<I5pA

> 12 Mtz at -3 dé
>98.d8 {10kHz),
> B8 dB {100 kHz)

1 mV £ 0.2% of setting
200 PV, 50 W, 12.5 |WibE
+0.5mW = 0.2% of reading

200 iV, 20 v, 2 Pt

+25 pA = 0.05% of range £

0.7% of value

0.003% fullscaleblt

> 5 MHz (5 ma)

CA

INSTRUMENTS

MRY

2.3.4,005
214

9 (10 na-14)
1

1ifa
=1IW
<lps
1015
<30pVms

ESry |
>21A
5

1100, 320, 39, 4, 0.4 kHz

10 pHz-2 MHz
3Vmax
1 Amax
1% @ 0Ama

>2x WP R || <03 pF
<I5pA

> 15 Mtz at -3 dB
>B6dB (10 khz),

> B0dE (1 MHZ)

+1 MV 0.2% of setting
200 v, 50 v, 12.5 bt
+1 mV + 0.3% of reading

400 |, 100 JV 10 P 1 pw bt

10 pA = 0.05% of rangs &

0.3% of value

0.005% full-scalaibit

> 1.5 Mz (10 pal,
> 015 MHz (1 pal
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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.
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Potentiostat as a Water Circuit

Water Pressure
(Potential)

Flow Rate
(Current)

Water Pump
(Potentiostat)

Pipe Restriction
(Resistance)
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Water Circuit with Feedback

Electrometer
o3 (Potential)
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I/E Converter
(Current)

Water Pump
(Control Amp)

Pipe Restriction
(Resistance)
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Signal Generation

[ DC Offset
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+ Signal Generation
Waveform
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Signal Conditioning

Signal Conditioning
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Voltage
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Reading Specification AMRY

POTENTIOSTAT/GALVANOSTAT/ZIRA SPECIFICATIONS®

eference 3000,/ 3000AE eference 600+ Interface 5000 Interface 1010

SYSTEM

ell Connections 2,3.4, 50121 23,405 23,4005
Maximum Cusrent +3AQ IS5V £15A@E52V 1600 mA +54 =1 A
Current Ranges 11 {300 pa-3 ) 11 {60 pA—600 ma) 6 {50 pa-5 ) 9 (10 na-1 &)
Current Ranges 13 13 B 11

{including intermal gain)

Minimum Current Resolution 97 an 0ah 150 pa iifa
Maximum Applied Potential =32V 1V e =12V

Alse Time <250 ns = I50ns <lps <lps
Minimum Timebass 3335 3333ps 10ps 1045

Notse and Ripple itypical) <2 W ms <2V Ims < 20 W ms < 20 v rms

CONTROL AMPLIFIER
Complance SIVEISA 227V B57425Y 223V
Output Current >=34 > =500 mA >254 >#1A

speed Settings 5 5 5 5
Unity Gain Bandwicth 1100, 330, 50.5.0.0.5kHz 2500, 1100, 335.50,5.2, 0.5 kHz 1050, 250, 43, 44, 05 bz 1100, 320, 39, 4, 0.4 kHz

EIS MEASUREMENT
ES 10 pHz-1 Mz 10 pHz-5 Mz 10 pHz-1 Mz 10 piz-2 MHz
violtage AC amplitude I max IV max 3V max 3V max
Current AC amplitude 34 max E00 M max 5.4 max 14 max
Acouracy 1% @ 0.5 m2 1% @ 1 m2 1% @0sm2 1% & 0B m2

ELECTROMETER
input Impedance > 10" 2| <02 pF >0 a <02 pf > 1072 <2pF >2x 1098 || <03 pF
input Current {rypical) <HpA < 10paA <T5pA <I5pA

gandwidth 15 MHz at—3 da = 15 MHZ at—3 d8 > 12 Mtz at -3 da > 15 MHz at —3 i
Common Mode Rejection > B0 4B (100 kHzl, = 6508 {1 MHZ) > 988 {10 kHz), > 6 dB (10 kHz),
Ratio ({CMAR) > 60dB (1 MHz) = B8 dB {100 k¥iz) > B0dE {1 MHz)

POTENTIAL
Apolied Accuracy =1 m¥ = 0.2% of s=iting +1 mV £ 0.2% of setting +1 mV £ 0.2% of setting =1 m¥ = 0.2% of setiing
Applied Resohution 200 UV, S0V, 12.5 phibit 200 ¥, 50 iV, 12.5 pvibit 200 v, 50 iV, 12.5 pwibe 200 LV, 50 v, 12.5 phrbie

Measured Accuracy +1 MW = 0.2% of reading +1 mV +10.2% of reading 5 mY = 0.2% of reading 21 mV + 0.3% of reading
Measured Resolution High-resalution Elecrometer:
AD0 IV, 100 P, 10V 1 bR 400 v, 100 %, 10 1, 1 pabit 200 pv, 20 V2 pvibit A00 N, 100V, 10§V 1 P/ bt
High-vottage Electrometer:

1.6 MV, 400 |, 40 1V, & pvibit

CURRENT
Applied/Measured Accuracy +5 & = 0.05% of range +

+10 p& = 0L05% of range + +35 pA = 0L05% of range + 210 pA = 0.05% of range +

D% of walue (3A-3 na) 0.7% of value (500 mA-& na} 0.2% of value 0.3% of value
o 0.5% of value (300 p&) or 0.75% of value (500 pa)
or 1.5% of value (60 pa)
ApolediMezsured Resolution 0u003% full-scalefbit 0.003% full-scalzfbit 0.003% full-scalzfilt 0.005% full-scaleshit
Bandwidth > 10 MHz (3 -3 ma), = 10 MiHz (600 mA-500 ), >'5 Mz (5 ma) > 1.5 Mz (10 ],

> 0.15 MHz {30 138 > 015 MHz (6 pa) > 015 MHz {1 )
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Cell Connections

POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010

syercat

( 2.3, 4, 5ar 21 2,3, 4005 2,34 005 2,3,.4,005
T T el = +3AQ@ 15V £154@32V H00mA +5A =1 &
Current Ranges 11 {300 pa-3 A 11 {60 pA—500 ma) B {50 [s4-5 A) 9 (10 n&-1 A)
Current Ranges 13 13 B 11
{including Intermal gein)
Minimum Current Resoltion 97 an 20 3k 150 pa 1318
Maximum applied Potential =3V Y ¥ 12V
Rise Time < 350 s < F5lns <18 <1
Minimum Timebass 33Is 3338 10 s 10 s
Molse and Ripple (typicall < I W mms <z nnR < 20 PV mms <10

WS

WIWS C/R W/WS

R
R
W/WS cics  W/WS C/CS
.—u
|
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Broad System Specifications

POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010

2.3.4, 5or20* 2,3, 4005 2,34 005 2,3,.4,005
Maximum Curment +3AQ@ 15V £154@32V H00mA +5A =1 &
Current Ranges 11 {300 pa—3 a] 11 {60 pA—G00 maA) 6 {50 pA-5 A) 9 {10 n&—1 A)
13 B 11

Minimum Current Resoiution 57 24 20 34 33fa

Maximum &pplied Potentia =3V Y ¥ 12V
Rise Time < 350 s < F5lns <18 <1
Minimum Timebass 33Is 3338 10 s 10 s
Molse and Ripple (typicall < I W mms < I pW rms < 20 PV mms < 20 pV Tms

« 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
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Understanding Current Ranges

 More real current ranges
is better.

* Ex - cyclic voltammetry of

300.0 A

a supercapacitor using P A
different current ranges. 1

Blue — less sensitive

range, green — correct

range, red —too sensitive ...

(overloads) | emean——————r

) Gained ranges Can be P00k 0 mv 0,000V 5000mV 1000V 1500V 2.000V 2500V 3000V 3.500V
useful but you’re also
gaining noise.
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Maximum Applied Potential

POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010
SYSTEM
Cell Connections 2,34, 50r21* 234005 23,4005 2,384,005
Maximum Cument +3A@I15Vor +15A@32V  +500mA +£5A 1A
Current Ranges 11 {300 pA-3 &) 11 {60 pA-500 ma) E (50 js&-5 A) 9 (10 na-1 A)
Current Ranges 13 13 B 1

{including Intermal gein)

Nidmum Current Hesiioms 57 24 20 34 150 p& 33fa
Maximum Applied Fotential =33 W =Y =5 =12y
Hs -

< 350 s < F5lns <18 <1
Minimum Timebass 33Is 3338 10 s 10 s
Molse and Ripple (typicall < I W mms < I pW rms < 20 PV mms < 20 pV Tms

« 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.

R
e R
W/WS
C W/WS CICS
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Rise time

POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010

SYSTEM

Cell Connections 1,34 50r21* 3,3, 4005 33,4005 2,3,4,005
Maximum Current +3A@15Vor £ 154352V L0 mA +5A =1 A
Current Ranges 11 {300 pA—3 A} 11 {60 pA-500 mA) 6 {50 |45 A) 9 (10 n&—1 &)
Current Ranges 13 13 B 11
{including Intermal gein)
Minimum Current Resclustion 97 aA 20 aA 150 pa 131A

pplied Potential 33V 1Y 6 =12V

< 250 ns < ¥50ns <ps <1 s

- e 313338 3333 10 s 10
Molse and Ripple (typicall < I W mms < I pW rms < 20 PV mms < 20 pV Tms
A
 Rise Time — How fast does the slew rate,

applied signal rise or fall between
10 and 90% of the signal’s
amplitude.

« Especially important in rapid
pulsing or EIS experiments

[ time
rise time
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Noise and Ripple

POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010
SYSTEM
Cell Connections 2.3.4.50r21* 3,345 2,3 4005 2,3, 4,005
Maximum Current +3A@15Vor £ 154352V L0 mA +5A =1 A
Current Ranges 11 {300 pA—3 A} 11 {60 pA-500 mA) 6 {50 |45 A) 9 (10 n&—1 &)
Current Ranges 13 13 B 11
{including Intermal gein)
Minimum Current Resclustion 97 aA 20 aA 150 pa 131A
Maximum applied Potential +3T W +1W 5 Y =12W
Rise Time < 350 s < F5lns <18 <1
MInima Tmebo-- 33EIE 33338 10 s 105
Molse and Ripple (typicall < I W mms < I pW rms < 20 PV mms < 20 pV Tms

Noise and Ripple — Noise of CA output signal. DC signals applied by the
CA are always superimposed by a very small AC signal.

noise

\ ripple LT T T T T T T T [
/ N pk
rms

I

DC signal
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POTENTIOSTAT/GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010

SYSTEM
Cell Connections 2,34, 50r21* 234005 23,4005 2,384,005
Maximum Cument +3A@I15Vor +15A@32V  +500mA +£5A 1A
Current Ranges 11 {300 pA-3 &) 11 {60 pA-500 ma) E (50 js&-5 A) 9 (10 na-1 A)
Current Ranges 13 13 B 1
{including Intermal gein)
Minimum Curent Resolution 92 3A 0aA 150 pA 13fa
Maximum applied Potential +3T W +1W 5 Y =12W
. < 750 s < I50ns <1 <1ps

\ 13 s 33 10 s 1015
Noltse ana nippie (typicall < 2 W ms < I v rms < 30 PV s < 20V rms

* Minimum Timebase/Acquisition Time — Typically this is how fast an
instrument can sample
« Can be used to calculate a maximum scan rate for CV
step size

Scan rate = —— :
minimum timebase

Ref600+ SR SR = —2 = 3000V /s

3.333us
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Control Amplifier

_CONTROL AMPLIFIER

Compliance 32V +22V +85/+25V 22V

S}:{Sl:i::;“ : +3A : + 600 mA ; +5A : 1A

Unity Gain Bandwidth 1100, 330, 50, 5.0, 0.5 kHz 980, 260, 40, 4, 0.4 kHz 1050, 250, 43, 4.4, 0.5 kHz 1100, 320, 39, 4, 0.4 kHz

"EIS MEASUREMENT

EIS 10 uHz - 1 MHz 10 pHz - 5 MHz 10 pHz - 1 MHz 10 pHz - 1 MHz
Compliance Voltage — Maximum voltage that ;o

P _ g g electrode A

can be applied by CA between counter and 1 |, 2v
working electrodes. Put another way, this is 1 v
the maximum voltage the counter electrode A
can apply to obtain the desired voltage at the Vi b

Working. Reference Y
electrode A

Specifications in manual should specify

current and load at which voltage is Vi
measured X
Speed settings — allows you to speed up or slow T | Y v
down the CAresponse  : Working Y |
g it electrode

output
{high speed}

—

output
{low speec))

time
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EIS Measurements

POTENTIOSTAT /GALVANOSTAT/ZRA SPECIFICATIONS®

Reference 3000,/3000AF  Reference 600+ Interface 5000 Interface 1010
Fie BT SUDEMENT
B 10 pHz-1 Mz 10 pHz-5 Mz 10 pHz-1 Mz 10 pHz-2 MHz
violtage AC amplitude 3% max 3V max IV max 3V max
Current AC amplifuds 3 Amax B0 mid max 5.4 max 1.4 max
Aonracy 1% & 0.5 ma 1% @ 1 mex 1% & 0.5 m@ 1% & 08 mEa

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.
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EIS Measurements

1TQ

1GO
M0 Reference 600+
” Accuracy Contour Plot
T 1k0 Voltage < 10 mV rms
£ 60 cm Cell Cable
10
. /
10

10 pHz 100 pHz 1mHz 10 mHz 100 mHz 1Hz 10Hz 100 Hz 1kHz 10kHz 100 kHz 1 MHz 10MHz
Frequency

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

Coatings

Reference 600+

g 1k0 Voltage < 10 mV rms
£ 60 cm Cell Cable
10
10

10 pHz 100 pHz 1mHz 10 mHz 100 mHz 1Hz 10Hz 100 Hz 1kHz 10kHz 100 kHz 1 MHz 10MHz
Frequency

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

Reference 600+
Accuracy Contour Plot

Voltage < 10 mV rms
60 cm Cell Cable

10

10
10 pHz 100 pHz 1mHz 10 mHz 100 mHz 1Hz 10Hz 100 Hz 1kHz 10kHz 100 kHz 1 MHz 10MHz

Frequency

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

1TQ

1GO

MO Reference 600+
” Accuracy Contour Plot
3 1k Voltage <10 mVrms
g -

10
10 pHz 100 pHz 1mHz 10 mHz 100 mHz 1Hz 10Hz 100 Hz 1kHz 10kHz 100 kHz 1 MHz 10MHz

Frequency

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



CoAMRY

INSTRUMENTS

Electrometer

Ll KUMENL"

> 10" 2| <02 pF =102 <02 pF >10"0 || <2 pF »>21x 107@ || <03 pF
<5 ph < 10pd <F5ph <25pA

[> 15 MHz at —3 d8 > 15 MiHz at -3 d8 > 12 Mz 3t —3 d8 =15 Mz at -3 dB

= BO B (100 ez, = &5 dB {1 MHZ) =98 dB {10 kHz), = @6 dB {10 kHz),

> 60dE [1 MHZ) > B8 dB {100 kHz) =»EB0dB {1 MHZ)

nput Impedance
nput Current {typicall
Aandwicth
Common Mode Rejection
Ratio (CMRR]

Input current — typical current flow through the omter
electrometer. Want it to be small to minimize Reference

current flow through the reference electrode. Electrode

Input impedance — want this to be high so input Uvoye }

current is low. Also the theoretical maximum Flectiometer Ya Reell [~
impedance limit for an EIS measurement. Working +

Bandwidth — how fast the electrometer can Sense M
measure signal changes. Often higher than U éRmt
practical frequency range of the potentiostat

Common Mode Rejection Ratio (CMRR) — shows I prorking

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.
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Accuracy, Resolution, and Precisio INSTRUMENTS

POTENTIAL

Applied Accuracy +1 m¥ = 0.2% of s=iting +1 mV £ 0.2% of seiting +1 mV + 0.2% of sefiing =1 mV +10.2% of setting
Agolied Resohotion 200 v, 50 ¥, 12.5 pibit 200 v, 50 v, 12.5 bt 200 PV, 50 Y, 12.5 b 200 PV, 50 v, 12.5 pibit
Measired Acouracy +1 mV = 0.2% of reading +1 mV £ 0.2% of reading +15 m¥ = 0.2% of reading =1 mV + 0.3% of reading
Measired Resolution High-resolution Eledrometer:

00 IV, 100 PV, 10 PV, 1 bR 400 P 100N, 10 PN 1 b 200 pv, 20 v, 2 pvibit A00 P, 100 v, 10 N 1 P Bt
High-voltage Electrometer:
1.6 MV, &00 v, 40 v, 4 pvibat

AppliediMeasured Aocuracy +5 i = 0U05% of range + +10 pA = 0U05% of range + +25 pA = 0U05% of range + =10 pA = 0L05% of range +
0.3% of walue (3 43 nA) 0.3% of walue (500 mA—6 naj 0.3% aof value 0.3% aof value
of 0.5% of value (300 pal of 0.75% of value (600 pa)
or 1.5% of value (60 pa}
AppliediMemsured Resclution 0U003% full-scaledbit 0.003% full-scal=fit 0.00G% fullscal=fit 0.005 % fullscalsbhit
Bandwidth > 10 MIHE (3 &3 ma), = 10 MHz (600 mA—500 pa), > 5 MHz [5 mA) = 1.5 Mz (10 pal,
.15 MHz {30 jaa) 015 MHz (5 pa) = 015 Mtz (1 pa)

low accuracy high accuracy

Accuracy — how correct a measurement is
Resolution — describes the degree of fineness for
an instrument. Range / # bits

Precision — how repeatable a measurement is.

high precision

=
o
w
Y
;
>
-
)

high resolution low resolution
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What is Floating

Interface 1010T Interface 10108 Interface 1010E
Cell Connections 2,34
Floating Yes
tem
Maximum Current +100mA +14A
Current Ranges 6 9
Current Ranges (with Gain) 8 n
Minimum Current Resolution 0.3 pA 3.31A
Minimum Voltage Resolution Tuv
Maximum Applied Potential +5V +12V
Rise Time 1ps
Noise and Ripple <20 pV rms
Minimum Timebase Tms 10ps

» 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,

. C h k t h b k f Maximum Full-Scale Range 3000 mA Note 12
e C e a C O a Minimum Full-Scale Range 300 pA Note 12
L]
full scale
pote ntl Ostat I I I a n u a | . Qutput Voltage (at BNC and ADC in) Typ. 3.0 Vat

* Additional specs are
listed plus notes about
how we generate specs. b=

13.

14,

15.

16.

how do we generate tHCaeAMRY
specifications?

Current-to-Voltage Converter

3 (after x100 gain) pA
Voltage across Rm Typ. 150 mV at Note 13

full scale
Input Offset Current Max. |5 pA Note 14
Typ. 2
Range Zero Offset Max. |0.05 % of Note 14

3000 mA to 3 nA ranges 0.2 reading
300 pArange 0.5

Bandwidth Typ. MHz Note 16
3000 mA to 300 pA ranges >10
30 pA range >1.5

The voltage across the current-measurement resistor, Rm, is as shown. Slightly higher voltages may be
seen at the working-electrode terminal on the cell cable, because the cable has both resistive and
inductive impedance.

The total error in a current measurement is:

Error = Input Current Offset + Range Zero Offset x FS Current + Gain Tolerance x Measured Current

For small currents (pA) the first term is usually dominant.

For large currents (LA), the first term can usually be ignored.

The units for the error are amperes.

Drift can be approximated by simple drift in the Range Zero Error. In reality all three terms in the equation
above can have drift.

The Current-to-Voltage converter bandwidth is a function of the current range, the cell cable, and the
I[EStability setting. The bandwidth can be very low on very sensitive ranges. Longer cell cables add
capacitance and slow the current measurement.
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Thank you for your time.

Questions?



