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Results 
Determination of Tau Constants for each Amplifier 

The tau response constant of each 1013 ohm amplifier was 
determined by aspiration of a 2.5 ppb Nd Certipur 
reference solution via an Aridus II™. The constant signal 
generated was interrupted by regular closing and re-
opening of the analyzer gate valve, producing reference 
tau response curves for each amplifier. 

An exponential offset function was fitted to each response 
curve, in order to determine the tau constant for each 
amplifier (Figure 1). 

 
Im was the measured signal intensity at time tm and I0 the 
measured intensity at the start of the decay curve, t0. For 
each of the three 1013 ohm amplifiers tau constants of 
0.6524±0.0006, 0.6497±0.0008 and 0.6406±0.0010 
(n=10). 

Application of Tau Correction to LA-MC-ICP-MS 

The mass spectrometer is an integrated detector, each 
output value is an average of the number of counts 
measured during a set period of time. Consequently the 
tau response curve across a series of integrations is 
mirrored within each individual integration (Figure 2).  

 

 

 

 

 

 

 

 

 

Therefore a correction can be applied to obtain the input 
signal intensity (Icorrected) integration-by-integration via: 

 

 

A comparison between Im and Icorrected is below (Figure 3). 
The correction algorithm was applied to the Pb isotope 
ratio analysis of  MPI-DING reference glasses by LA-MC-
ICP-MS. 206Pb and 207Pb were measured on 1013 ohm 
amplifiers: signal intensity ranged between 3–33 mV. 10 
locations were analyzed on each sample. SRM612 was 
applied as a external correction standard.  

 

Conclusion 
The application of a dynamic tau correction improves the 
utitily of high gain amplifiers to high precision isotope ratio 
analysis. 

§  Up to four-fold improvement in precision. 

§  Corresponding gain in accuracy. 

§  Application to transient signal analysis. 
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Overview 
Purpose: We report on the application of dynamic, 
response time-based, correction to high precision isotope 
ratio measurements on the Thermo Scientific™ Neptune 
Plus™ Multicollector Inductively Coupled Plasma Mass 
Spectrometer. (MC-ICP-MS), using high gain current, 1013 
ohm amplifier technology.  

Methods: Transient Pb isotope signals, collected on 
mixed pairs of 1011-1013 ohm amplifiers, were generated 
by laser ablation of known reference materials. Dynamic 
corrections were subsequently performed based on 
reported signal intensity and the tau responses of the 
associated amplifiers. 

Results: Using a dynamic tau correction a two-fold to 
four-fold improvement in precision was achieved for small 
ion beams.  

Introduction 
In multi-collector mass spectrometry small ion beams are 
typically collected on secondary electron multipliers 
(SEM), as the precision of analyses using Faraday cup 
systems are limited by the electrical noise on the resistor 
in the amplifier’s feedback loop1. 
A recent development has been the introduction of 
Faraday cup amplifiers incorporating 1013 amplifier 
technology. With such amplifiers a significant proportion of 
small ion beams previously collected on SEMs are now 
within the operating range of Faraday cup detectors, which 
should improve precision. 
However relative to an SEM detector, Faraday cup 
detectors outputs are not simultaneous with signal input, 
instead the signal output is delayed by the tau response 
on the associated amplifier. Different tau responses on 
amplifier resistors have been reported to bias isotope ratio 
results, especially when applied for transient signal 
analysis2.  
The tau response of Faraday cups coupled to amplifiers 
with 1013 ohm resistors are significantly slower than those 
using standard 1011 ohm resistors. In order to prevent the 
introduction of isotope ratio bias, when using both 1011 and 
1013 ohm amplifiers within a multi-collector array, has 
required either maintaining a stable ion beam intensity3, or 
the application of a mathematical correction. Kimura et al4 
successfully applied 1013 ohm resistors to laser ablation 
(LA)- MC-ICP-MS analysis: using a linear relationship 
between the isotope ratio and the rate of change of the 
signal intensity to perform the mathematical correction. In 
this poster we report on the application of a related 
mathematical correction algorithm to  LA-MC-ICP-MS 
isotope ratio  analysis; incorporating 1013 ohm resistor 
technology.  

Methods  

Sample Reference Materials 

•  2.5ppb Certipur® Nd reference solution 

•  5 reference glass (NIST and MPI-DING) 

•  NIST SRM612 

•  GOR132-G 

•  St/Hs680-G 

•  T1-G 

•  ATHO-G 

Laser Ablation 

The LA system used was a Teledyne Photon Machines 
Analyte G2™ equipped with a HelEx II ablation cell. 

•  Spot Size – 40 µm 

•  Repetition Rate  - 8 Hz 

•  Fluence – 3 J cm-2 

•  Shot Count - 240 

Thermo Scientific™ NEPTUNE Plus™ MC-ICP-MS 

An integration time of 131 ms was used for all analyses. 
The cup configurations used were: 

•  Nd 

 

 

 

•  Pb 

 

 

 

Data Analysis 

Fitting of exponential offset functions was performed within 
Igor Pro™ v6.37. 

Pb Isotope Ratio Analysis of MPI-DING Glasses 

Changing to 1013 ohm amplifiers improved the precision of 
the 207Pb/206Pb isotope ratio (1013 – 1013) for all four MPI-
DING glasses (Figure 4). The improvement in the 208Pb/
206Pb (1011 – 1013)  isotope ratio analysis was less 
consistent, indeed for GOR132-G the 1SD actually 
increased from  0.58 ‰ to 1.86 ‰. In addition the 208Pb/
206Pb ratios were biased by +1.5-4.0 ‰. However, applying 
the tau correction removes the identified isotope ratio bias. 

St/Hs680-G (206Pb ≈ 7.5 mV)  

•  1011 - 208Pb/206Pb, 2.0393±0.0033  

•  1013 - 208Pb/206Pb, 2.0425±0.0032  

•  1013 corrected - 208Pb/206Pb, 2.0387±0.0015  
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 
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FIGURE 2. Representation of a tau response curve, 
across and within a series of integrations.  
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
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measured intensity at the start of the decay curve, t0. For 
each of the three 1013 ohm amplifiers tau constants of 
0.6524±0.0006, 0.6497±0.0008 and 0.6406±0.0010 
(n=10). 

Application of Tau Correction to LA-MC-ICP-MS 

The mass spectrometer is an integrated detector, each 
output value is an average of the number of counts 
measured during a set period of time. Consequently the 
tau response curve across a series of integrations is 
mirrored within each individual integration (Figure 2).  
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ICP-MS. 206Pb and 207Pb were measured on 1013 ohm 
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Overview 
Purpose: We report on the application of dynamic, 
response time-based, correction to high precision isotope 
ratio measurements on the Thermo Scientific™ Neptune 
Plus™ Multicollector Inductively Coupled Plasma Mass 
Spectrometer. (MC-ICP-MS), using high gain current, 1013 
ohm amplifier technology.  

Methods: Transient Pb isotope signals, collected on 
mixed pairs of 1011-1013 ohm amplifiers, were generated 
by laser ablation of known reference materials. Dynamic 
corrections were subsequently performed based on 
reported signal intensity and the tau responses of the 
associated amplifiers. 

Results: Using a dynamic tau correction a two-fold to 
four-fold improvement in precision was achieved for small 
ion beams.  

Introduction 
In multi-collector mass spectrometry small ion beams are 
typically collected on secondary electron multipliers 
(SEM), as the precision of analyses using Faraday cup 
systems are limited by the electrical noise on the resistor 
in the amplifier’s feedback loop1. 
A recent development has been the introduction of 
Faraday cup amplifiers incorporating 1013 amplifier 
technology. With such amplifiers a significant proportion of 
small ion beams previously collected on SEMs are now 
within the operating range of Faraday cup detectors, which 
should improve precision. 
However relative to an SEM detector, Faraday cup 
detectors outputs are not simultaneous with signal input, 
instead the signal output is delayed by the tau response 
on the associated amplifier. Different tau responses on 
amplifier resistors have been reported to bias isotope ratio 
results, especially when applied for transient signal 
analysis2.  
The tau response of Faraday cups coupled to amplifiers 
with 1013 ohm resistors are significantly slower than those 
using standard 1011 ohm resistors. In order to prevent the 
introduction of isotope ratio bias, when using both 1011 and 
1013 ohm amplifiers within a multi-collector array, has 
required either maintaining a stable ion beam intensity3, or 
the application of a mathematical correction. Kimura et al4 
successfully applied 1013 ohm resistors to laser ablation 
(LA)- MC-ICP-MS analysis: using a linear relationship 
between the isotope ratio and the rate of change of the 
signal intensity to perform the mathematical correction. In 
this poster we report on the application of a related 
mathematical correction algorithm to  LA-MC-ICP-MS 
isotope ratio  analysis; incorporating 1013 ohm resistor 
technology.  

Methods  

Sample Reference Materials 

•  2.5ppb Certipur® Nd reference solution 

•  5 reference glass (NIST and MPI-DING) 

•  NIST SRM612 

•  GOR132-G 

•  St/Hs680-G 

•  T1-G 

•  ATHO-G 

Laser Ablation 

The LA system used was a Teledyne Photon Machines 
Analyte G2™ equipped with a HelEx II ablation cell. 

•  Spot Size – 40 µm 

•  Repetition Rate  - 8 Hz 

•  Fluence – 3 J cm-2 

•  Shot Count - 240 

Thermo Scientific™ NEPTUNE Plus™ MC-ICP-MS 

An integration time of 131 ms was used for all analyses. 
The cup configurations used were: 

•  Nd 

 

 

 

•  Pb 

 

 

 

Data Analysis 

Fitting of exponential offset functions was performed within 
Igor Pro™ v6.37. 

Pb Isotope Ratio Analysis of MPI-DING Glasses 

Changing to 1013 ohm amplifiers improved the precision of 
the 207Pb/206Pb isotope ratio (1013 – 1013) for all four MPI-
DING glasses (Figure 4). The improvement in the 208Pb/
206Pb (1011 – 1013)  isotope ratio analysis was less 
consistent, indeed for GOR132-G the 1SD actually 
increased from  0.58 ‰ to 1.86 ‰. In addition the 208Pb/
206Pb ratios were biased by +1.5-4.0 ‰. However, applying 
the tau correction removes the identified isotope ratio bias. 

St/Hs680-G (206Pb ≈ 7.5 mV)  

•  1011 - 208Pb/206Pb, 2.0393±0.0033  

•  1013 - 208Pb/206Pb, 2.0425±0.0032  

•  1013 corrected - 208Pb/206Pb, 2.0387±0.0015  
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 
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across and within a series of integrations.  

Results 
Determination of Tau Constants for each Amplifier 

The tau response constant of each 1013 ohm amplifier was 
determined by aspiration of a 2.5 ppb Nd Certipur 
reference solution via an Aridus II™. The constant signal 
generated was interrupted by regular closing and re-
opening of the analyzer gate valve, producing reference 
tau response curves for each amplifier. 

An exponential offset function was fitted to each response 
curve, in order to determine the tau constant for each 
amplifier (Figure 1). 

 
Im was the measured signal intensity at time tm and I0 the 
measured intensity at the start of the decay curve, t0. For 
each of the three 1013 ohm amplifiers tau constants of 
0.6524±0.0006, 0.6497±0.0008 and 0.6406±0.0010 
(n=10). 

Application of Tau Correction to LA-MC-ICP-MS 

The mass spectrometer is an integrated detector, each 
output value is an average of the number of counts 
measured during a set period of time. Consequently the 
tau response curve across a series of integrations is 
mirrored within each individual integration (Figure 2).  

 

 

 

 

 

 

 

 

 

Therefore a correction can be applied to obtain the input 
signal intensity (Icorrected) integration-by-integration via: 

 

 

A comparison between Im and Icorrected is below (Figure 3). 
The correction algorithm was applied to the Pb isotope 
ratio analysis of  MPI-DING reference glasses by LA-MC-
ICP-MS. 206Pb and 207Pb were measured on 1013 ohm 
amplifiers: signal intensity ranged between 3–33 mV. 10 
locations were analyzed on each sample. SRM612 was 
applied as a external correction standard.  

 

Conclusion 
The application of a dynamic tau correction improves the 
utitily of high gain amplifiers to high precision isotope ratio 
analysis. 

§  Up to four-fold improvement in precision. 

§  Corresponding gain in accuracy. 
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associated amplifiers. 
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Faraday cup amplifiers incorporating 1013 amplifier 
technology. With such amplifiers a significant proportion of 
small ion beams previously collected on SEMs are now 
within the operating range of Faraday cup detectors, which 
should improve precision. 
However relative to an SEM detector, Faraday cup 
detectors outputs are not simultaneous with signal input, 
instead the signal output is delayed by the tau response 
on the associated amplifier. Different tau responses on 
amplifier resistors have been reported to bias isotope ratio 
results, especially when applied for transient signal 
analysis2.  
The tau response of Faraday cups coupled to amplifiers 
with 1013 ohm resistors are significantly slower than those 
using standard 1011 ohm resistors. In order to prevent the 
introduction of isotope ratio bias, when using both 1011 and 
1013 ohm amplifiers within a multi-collector array, has 
required either maintaining a stable ion beam intensity3, or 
the application of a mathematical correction. Kimura et al4 
successfully applied 1013 ohm resistors to laser ablation 
(LA)- MC-ICP-MS analysis: using a linear relationship 
between the isotope ratio and the rate of change of the 
signal intensity to perform the mathematical correction. In 
this poster we report on the application of a related 
mathematical correction algorithm to  LA-MC-ICP-MS 
isotope ratio  analysis; incorporating 1013 ohm resistor 
technology.  
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•  2.5ppb Certipur® Nd reference solution 

•  5 reference glass (NIST and MPI-DING) 

•  NIST SRM612 

•  GOR132-G 

•  St/Hs680-G 
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Laser Ablation 

The LA system used was a Teledyne Photon Machines 
Analyte G2™ equipped with a HelEx II ablation cell. 

•  Spot Size – 40 µm 

•  Repetition Rate  - 8 Hz 

•  Fluence – 3 J cm-2 

•  Shot Count - 240 

Thermo Scientific™ NEPTUNE Plus™ MC-ICP-MS 

An integration time of 131 ms was used for all analyses. 
The cup configurations used were: 

•  Nd 
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Data Analysis 

Fitting of exponential offset functions was performed within 
Igor Pro™ v6.37. 

Pb Isotope Ratio Analysis of MPI-DING Glasses 

Changing to 1013 ohm amplifiers improved the precision of 
the 207Pb/206Pb isotope ratio (1013 – 1013) for all four MPI-
DING glasses (Figure 4). The improvement in the 208Pb/
206Pb (1011 – 1013)  isotope ratio analysis was less 
consistent, indeed for GOR132-G the 1SD actually 
increased from  0.58 ‰ to 1.86 ‰. In addition the 208Pb/
206Pb ratios were biased by +1.5-4.0 ‰. However, applying 
the tau correction removes the identified isotope ratio bias. 

St/Hs680-G (206Pb ≈ 7.5 mV)  

•  1011 - 208Pb/206Pb, 2.0393±0.0033  

•  1013 - 208Pb/206Pb, 2.0425±0.0032  

•  1013 corrected - 208Pb/206Pb, 2.0387±0.0015  

 

 

Aridus II, Teledyne Cetac Technologies, Teledyne Photon Machines and Analyte G2 are trademarks of Teledyne 
Instruments, Inc. Igor Pro is a trademark of Wavemetrics Inc. Certipur is a registered trademark of Merck KGaA .All 
other trademarks are the property of Thermo Fisher Scientific and its subsidiaries. 

This information is not intended to encourage use of these products in any manners that might infringe the intellectual 
property rights of others. 

Poster presented at the 26th Goldschmidt Conference 2016, Yokohama, Japan. 

 

FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 
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Results 
Determination of Tau Constants for each Amplifier 

The tau response constant of each 1013 ohm amplifier was 
determined by aspiration of a 2.5 ppb Nd Certipur 
reference solution via an Aridus II™. The constant signal 
generated was interrupted by regular closing and re-
opening of the analyzer gate valve, producing reference 
tau response curves for each amplifier. 

An exponential offset function was fitted to each response 
curve, in order to determine the tau constant for each 
amplifier (Figure 1). 

 
Im was the measured signal intensity at time tm and I0 the 
measured intensity at the start of the decay curve, t0. For 
each of the three 1013 ohm amplifiers tau constants of 
0.6524±0.0006, 0.6497±0.0008 and 0.6406±0.0010 
(n=10). 

Application of Tau Correction to LA-MC-ICP-MS 

The mass spectrometer is an integrated detector, each 
output value is an average of the number of counts 
measured during a set period of time. Consequently the 
tau response curve across a series of integrations is 
mirrored within each individual integration (Figure 2).  

 

 

 

 

 

 

 

 

 

Therefore a correction can be applied to obtain the input 
signal intensity (Icorrected) integration-by-integration via: 

 

 

A comparison between Im and Icorrected is below (Figure 3). 
The correction algorithm was applied to the Pb isotope 
ratio analysis of  MPI-DING reference glasses by LA-MC-
ICP-MS. 206Pb and 207Pb were measured on 1013 ohm 
amplifiers: signal intensity ranged between 3–33 mV. 10 
locations were analyzed on each sample. SRM612 was 
applied as a external correction standard.  

 

Conclusion 
The application of a dynamic tau correction improves the 
utitily of high gain amplifiers to high precision isotope ratio 
analysis. 

§  Up to four-fold improvement in precision. 

§  Corresponding gain in accuracy. 

§  Application to transient signal analysis. 
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response time-based, correction to high precision isotope 
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Methods: Transient Pb isotope signals, collected on 
mixed pairs of 1011-1013 ohm amplifiers, were generated 
by laser ablation of known reference materials. Dynamic 
corrections were subsequently performed based on 
reported signal intensity and the tau responses of the 
associated amplifiers. 

Results: Using a dynamic tau correction a two-fold to 
four-fold improvement in precision was achieved for small 
ion beams.  

Introduction 
In multi-collector mass spectrometry small ion beams are 
typically collected on secondary electron multipliers 
(SEM), as the precision of analyses using Faraday cup 
systems are limited by the electrical noise on the resistor 
in the amplifier’s feedback loop1. 
A recent development has been the introduction of 
Faraday cup amplifiers incorporating 1013 amplifier 
technology. With such amplifiers a significant proportion of 
small ion beams previously collected on SEMs are now 
within the operating range of Faraday cup detectors, which 
should improve precision. 
However relative to an SEM detector, Faraday cup 
detectors outputs are not simultaneous with signal input, 
instead the signal output is delayed by the tau response 
on the associated amplifier. Different tau responses on 
amplifier resistors have been reported to bias isotope ratio 
results, especially when applied for transient signal 
analysis2.  
The tau response of Faraday cups coupled to amplifiers 
with 1013 ohm resistors are significantly slower than those 
using standard 1011 ohm resistors. In order to prevent the 
introduction of isotope ratio bias, when using both 1011 and 
1013 ohm amplifiers within a multi-collector array, has 
required either maintaining a stable ion beam intensity3, or 
the application of a mathematical correction. Kimura et al4 
successfully applied 1013 ohm resistors to laser ablation 
(LA)- MC-ICP-MS analysis: using a linear relationship 
between the isotope ratio and the rate of change of the 
signal intensity to perform the mathematical correction. In 
this poster we report on the application of a related 
mathematical correction algorithm to  LA-MC-ICP-MS 
isotope ratio  analysis; incorporating 1013 ohm resistor 
technology.  
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•  NIST SRM612 

•  GOR132-G 
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The LA system used was a Teledyne Photon Machines 
Analyte G2™ equipped with a HelEx II ablation cell. 

•  Spot Size – 40 µm 
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An integration time of 131 ms was used for all analyses. 
The cup configurations used were: 

•  Nd 

 

 

 

•  Pb 

 

 

 

Data Analysis 

Fitting of exponential offset functions was performed within 
Igor Pro™ v6.37. 

Pb Isotope Ratio Analysis of MPI-DING Glasses 

Changing to 1013 ohm amplifiers improved the precision of 
the 207Pb/206Pb isotope ratio (1013 – 1013) for all four MPI-
DING glasses (Figure 4). The improvement in the 208Pb/
206Pb (1011 – 1013)  isotope ratio analysis was less 
consistent, indeed for GOR132-G the 1SD actually 
increased from  0.58 ‰ to 1.86 ‰. In addition the 208Pb/
206Pb ratios were biased by +1.5-4.0 ‰. However, applying 
the tau correction removes the identified isotope ratio bias. 

St/Hs680-G (206Pb ≈ 7.5 mV)  
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 
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FIGURE 2. Representation of a tau response curve, 
across and within a series of integrations.  

Results 
Determination of Tau Constants for each Amplifier 

The tau response constant of each 1013 ohm amplifier was 
determined by aspiration of a 2.5 ppb Nd Certipur 
reference solution via an Aridus II™. The constant signal 
generated was interrupted by regular closing and re-
opening of the analyzer gate valve, producing reference 
tau response curves for each amplifier. 

An exponential offset function was fitted to each response 
curve, in order to determine the tau constant for each 
amplifier (Figure 1). 

 
Im was the measured signal intensity at time tm and I0 the 
measured intensity at the start of the decay curve, t0. For 
each of the three 1013 ohm amplifiers tau constants of 
0.6524±0.0006, 0.6497±0.0008 and 0.6406±0.0010 
(n=10). 

Application of Tau Correction to LA-MC-ICP-MS 

The mass spectrometer is an integrated detector, each 
output value is an average of the number of counts 
measured during a set period of time. Consequently the 
tau response curve across a series of integrations is 
mirrored within each individual integration (Figure 2).  

 

 

 

 

 

 

 

 

 

Therefore a correction can be applied to obtain the input 
signal intensity (Icorrected) integration-by-integration via: 

 

 

A comparison between Im and Icorrected is below (Figure 3). 
The correction algorithm was applied to the Pb isotope 
ratio analysis of  MPI-DING reference glasses by LA-MC-
ICP-MS. 206Pb and 207Pb were measured on 1013 ohm 
amplifiers: signal intensity ranged between 3–33 mV. 10 
locations were analyzed on each sample. SRM612 was 
applied as a external correction standard.  

 

Conclusion 
The application of a dynamic tau correction improves the 
utitily of high gain amplifiers to high precision isotope ratio 
analysis. 

§  Up to four-fold improvement in precision. 

§  Corresponding gain in accuracy. 

§  Application to transient signal analysis. 
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Overview 
Purpose: We report on the application of dynamic, 
response time-based, correction to high precision isotope 
ratio measurements on the Thermo Scientific™ Neptune 
Plus™ Multicollector Inductively Coupled Plasma Mass 
Spectrometer. (MC-ICP-MS), using high gain current, 1013 
ohm amplifier technology.  

Methods: Transient Pb isotope signals, collected on 
mixed pairs of 1011-1013 ohm amplifiers, were generated 
by laser ablation of known reference materials. Dynamic 
corrections were subsequently performed based on 
reported signal intensity and the tau responses of the 
associated amplifiers. 

Results: Using a dynamic tau correction a two-fold to 
four-fold improvement in precision was achieved for small 
ion beams.  

Introduction 
In multi-collector mass spectrometry small ion beams are 
typically collected on secondary electron multipliers 
(SEM), as the precision of analyses using Faraday cup 
systems are limited by the electrical noise on the resistor 
in the amplifier’s feedback loop1. 
A recent development has been the introduction of 
Faraday cup amplifiers incorporating 1013 amplifier 
technology. With such amplifiers a significant proportion of 
small ion beams previously collected on SEMs are now 
within the operating range of Faraday cup detectors, which 
should improve precision. 
However relative to an SEM detector, Faraday cup 
detectors outputs are not simultaneous with signal input, 
instead the signal output is delayed by the tau response 
on the associated amplifier. Different tau responses on 
amplifier resistors have been reported to bias isotope ratio 
results, especially when applied for transient signal 
analysis2.  
The tau response of Faraday cups coupled to amplifiers 
with 1013 ohm resistors are significantly slower than those 
using standard 1011 ohm resistors. In order to prevent the 
introduction of isotope ratio bias, when using both 1011 and 
1013 ohm amplifiers within a multi-collector array, has 
required either maintaining a stable ion beam intensity3, or 
the application of a mathematical correction. Kimura et al4 
successfully applied 1013 ohm resistors to laser ablation 
(LA)- MC-ICP-MS analysis: using a linear relationship 
between the isotope ratio and the rate of change of the 
signal intensity to perform the mathematical correction. In 
this poster we report on the application of a related 
mathematical correction algorithm to  LA-MC-ICP-MS 
isotope ratio  analysis; incorporating 1013 ohm resistor 
technology.  

Methods  

Sample Reference Materials 

•  2.5ppb Certipur® Nd reference solution 

•  5 reference glass (NIST and MPI-DING) 

•  NIST SRM612 

•  GOR132-G 

•  St/Hs680-G 

•  T1-G 

•  ATHO-G 

Laser Ablation 

The LA system used was a Teledyne Photon Machines 
Analyte G2™ equipped with a HelEx II ablation cell. 

•  Spot Size – 40 µm 

•  Repetition Rate  - 8 Hz 

•  Fluence – 3 J cm-2 

•  Shot Count - 240 

Thermo Scientific™ NEPTUNE Plus™ MC-ICP-MS 

An integration time of 131 ms was used for all analyses. 
The cup configurations used were: 

•  Nd 

 

 

 

•  Pb 

 

 

 

Data Analysis 

Fitting of exponential offset functions was performed within 
Igor Pro™ v6.37. 

Pb Isotope Ratio Analysis of MPI-DING Glasses 

Changing to 1013 ohm amplifiers improved the precision of 
the 207Pb/206Pb isotope ratio (1013 – 1013) for all four MPI-
DING glasses (Figure 4). The improvement in the 208Pb/
206Pb (1011 – 1013)  isotope ratio analysis was less 
consistent, indeed for GOR132-G the 1SD actually 
increased from  0.58 ‰ to 1.86 ‰. In addition the 208Pb/
206Pb ratios were biased by +1.5-4.0 ‰. However, applying 
the tau correction removes the identified isotope ratio bias. 

St/Hs680-G (206Pb ≈ 7.5 mV)  

•  1011 - 208Pb/206Pb, 2.0393±0.0033  

•  1013 - 208Pb/206Pb, 2.0425±0.0032  

•  1013 corrected - 208Pb/206Pb, 2.0387±0.0015  

 

 

Aridus II, Teledyne Cetac Technologies, Teledyne Photon Machines and Analyte G2 are trademarks of Teledyne 
Instruments, Inc. Igor Pro is a trademark of Wavemetrics Inc. Certipur is a registered trademark of Merck KGaA .All 
other trademarks are the property of Thermo Fisher Scientific and its subsidiaries. 

This information is not intended to encourage use of these products in any manners that might infringe the intellectual 
property rights of others. 
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FIGURE 1. Fit of an exponential offset curve to the tau 
response curve of a 1013 ohm amplifier. 

FIGURE 3. 206Pb isotope measured with 1013 ohm 
amplifier, pre- and post- tau correction. Correction 
altered the 206Pb trace to relate more closely to the 
208Pb (1011) output. 

FIGURE 4. Determination of Pb isotope ratios of MPI-
DING reference glasses by LA-MC-ICP-MS, using  two 
amplifier  configurations. Top  - 206Pb, 207Pb and 208Pb 
all measured on 1011 ohm amplifiers. Middle – 206Pb 
and 207Pb measured on 1013 ohm amplifiers. Bottom - 
206Pb and 207Pb measured on 1013 ohm amplifiers, tau 
decay corrected. 

Dynamic Response Time Correction Algorithms for High Precision Isotope Ratio 
Measurements Using High Gain Current Amplifier Technology 
G. Craig, C. Bouman, N. Lloyd, A. Trinquier, and J. B. Schwieters 
Thermo Fisher Scientific, Bremen, Germany 
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FIGURE 2. Representation of a tau response curve, 
across and within a series of integrations.  




