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Conclusion  
 An optimized detection system is developed for LIT and QMS. 

 This detection system is capable of detecting single ion events and up to 1 billion 

ions per second with extreme accuracy and linearity. 

 Quantitative analysis of Lidocaine shows linearity r2 > 0.99 for over 6 orders of 

magnitude. 
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Overview  
Purpose: A new linear ion trap and quadrupole mass spectrometer ion detection 

system is developed with increased linear dynamic range and signal bandwidth. 

Methods: The detection system has been designed and evaluated on Thermo 

Scientific™ Orbitrap Fusion™, Thermo Scientific™ TSQ Quantiva™, and Thermo 

Scientific™ TSQ Endura™ mass spectrometers. 

Results: The advanced detection system has provided six orders of dynamic range on 

linear ion trap and five orders on quadrupole mass spectrometer. These advances in 

detection have also resulted in improvements in mass resolution. 

Introduction 
One of the key performance parameters for linear ion trap (LIT) and a quadrupole 

mass filter (QMS) is the linear dynamic range of the detection system. This is generally 

defined as the ratio of maximum to minimum number of ions which can be 

quantitatively detected in a mass spectrum. At low ion counts, the noise of the 

detection system starts to limit accurate measurement, where as saturation of one of 

the components of the detection system governs the maximum number of detectable 

ions. Here we present a new design of the detection system which has led to an 

ultimate improvement in the dynamic range of quantitation (up to 105), mass 

resolution, and mass accuracy of LIT and triple quadrupole instruments. 

Methods  
The new detection system was designed and implemented on a novel hybrid 

instrument, based on a mass resolving quadrupole, Thermo Scientific™ Orbitrap™, 

collision cell, linear ion trap architecture, and a new triple quadrupole mass 

spectrometer.  

The detection system on both these mass spectrometers primarily consists of a 

conversion dynode (CD), an electron multiplier (EM), and an electrometer (Figure 1). 
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FIGURE 1. Linear ion trap and quadrupole detection system 

Electrometer Design 

The electrometer design is optimized to match the linear dynamic range at the output 

of the electron multiplier. Figure 3 is a block diagram of the electrometer. A 

transimpedance amplifier (TIA) converts the current output from the electron multiplier 

into a voltage (Figure 4). This voltage is buffered and fed to a 24-bit analog-to-digital 

converter (ADC). The digitized data is passed to a PC for signal processing.   

Results  
 

Dynamic Range of Multiplier and Electrometer on Linear Ion Trap 

In LIT, the ions come out in the form of short bursts (~500 nsec), which result in high 

peak currents. These peak currents could be 6–8 times higher than the average 

expected current in a peak. To maintain the linear dynamic range, it is required that the 

multiplier and the electrometer do not saturate when they are hit with these bursts. 

Linear Dynamic Range with New Discrete Dynode Multipliers and Electrometer 

The linear dynamic range of the detection system of the Orbitrap Fusion mass 

spectrometer is tested by measuring the ratio of isotopes of one of the ultramark peak 

at m/z 1222 as the multiplier voltage is ramped for a constant ion flux. The new 

optimized design maintains the ratio of isotopes until ~ 160 µA (Figure 5). 

Lidocaine Quantification with New Detection System 

Figure 6 demonstrates the linearity of the detector over a range of concentration 

equalling five orders of magnitude.  

Figure 7 shows the extracted ion chromatograms for the lowest limit of detection, at  

10 fg/µL, with RSD of 4.9%, and for the upper limit of quantitation at 1 ng/µL.  

 

 

FIGURE 3. Electrometer block diagram 

FIGURE 7. Extracted ion chromatograms for 100 fg on column and  

10 ng on column 

FIGURE 4. Ion current ion at ejection from LIT. Ions at m/z 195 ejected in  

~ 4 micro-packets, ~ 8 µs wide 

160 µA 

FIGURE 6. Calibration curve and RSD% for lidocaine  for 10 fg/µL – 1 ng/µL 

Orbitrap Fusion Large-Surface-Area Detector 

The large-surface-area detector (LSAD), in combination with the dual-dynode design 

developed in collaboration with ETP, is equipped with additional capacitors to maintain 

linearity while providing extended life time. Figure 2 is a photograph of the LSAD. 

TSQ Quantiva Dual-Mode Discrete-Dynode Detector 

The dual-mode discrete-dynode detector, shown in Figure 8, increases sensitivity and 

dynamic range by dynamically switching between pulse counting operation and analog 

detection (Figure 9). When ion flux is low, it operates in pulse-counting mode to capture 

every single ion event. When ion flux is high, it switches to analog mode for maximum 

dynamic range.  

FIGURE 9. Dynamic range on TSQ Quantiva MS with dual-mode discrete-dynode 

detector and new electrometer 

Counting Single Ions 

Matching the theoretical pulse area distribution with the measured pulses shows that 

the detection is capable of detecting > 95% of the single ions hitting the detector  

(Figure 10). 

Detection Limit of 80 µA with an EM gain of 5e5 translates into ~ 1e9 ions/sec 
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FIGURE 5. Linear dynamic range of the detection system in the Orbitrap Fusion 

mass spectrometer 

FIGURE 10. Pulse area distribution of new detection system 
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FIGURE 2. Orbitrap Fusion large-surface-area detector 
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FIGURE 8. Dual-mode discrete dynode detector 
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