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Goal
This technical note is intended to complement the Thermo Scientific 
application note AN301361, to give recommendations on how to use the 
Tera-Ohm feedback resistors (1012 Ω) amplifiers and test their performance.

Introduction
The use of 1012 Ω amplifiers is an option for applications 
where low ion beam intensities are to be measured to high 
precision. The 1012 Ω amplifiers can be used alone 
(example: Nd)1,2, in combination with 1011 Ω amplifiers 
(examples: U, Ca, Sr)3-5, or in combination with 1011 Ω 
and 1010 Ω amplifiers (example: Ca)6.

Performance 
While the 1012 Ω resistors provide a 10 times higher gain 
of the amplifier, the Johnson noise of the resistor only 
increases by 10, thus resulting in about a theoretical 
3-fold improvement in signal/noise.

The optimal operating signal range for each amplifier is  
a function of the Johnson noise of the amplifier, the shot 
signal noise (induced by counting statistics) and character-
istics of the amplifiers, such as decay time. Basically, the 
Johnson noise limit is constant and does not scale with the 
ion beam intensity. Instead, the shot noise fluctuations 
induced by counting statistics scale with ion beam 
intensity. 

The smaller the ion current the more the Johnson noise 
becomes the limiting noise contribution and, finally, for 
very small ion currents, the theoretical improvement factor 
in noise scales with the square root of the amplifier resistor 
value. Increasing the integration time from 1 s to a longer 
averaging time T would average the Johnson noise as well 
as the shot noise by T without affecting the operating 
dynamic ranges. Recommended dynamic ranges for each 
set of amplifiers would be ≤ 60 mV for 1012 Ω resistor 
amplifiers; 50 mV to 50 V for 1011 Ω resistor amplifiers 
and > 50 V for 1010 Ω resistor amplifiers. 

Note: Only within the analytical signal range 
below 60 mV can the 1012 Ω resistor 

amplifiers improve precision and reprodu-
cibility by a factor up to 2-3, compared to 

standard 1011 Ω resistor amplifiers.

Figure 1. Johnson noise test for 1011 Ω amplifiers (on cups L4 
to H2) and 1012 Ω amplifiers (on cups H3, H4) on the Triton Plus 
following Method 1 (see text for details). 1011 Ω amplifiers noise 
≤ 17 µV and 1012 Ω amplifiers noise ≤ 8 µV.

U: measured voltage
ΔU: Johnson noise voltage
t: integration time
k: Boltzmann constant
R: resistor value
T: temperature (K)

N: signal in ions/second
ΔN: counting fluctuation in ions/sec

Johnson noise:

Shot noise:
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Determination of the Johnson Noise 
The Johnson noise is tested by running a method of  
10 blocks, 30 cycles, 4 s integration time, with baseline at 
start, with no filament heating (Thermo Scientific™ Triton 
Plus™ TIMS) or with plasma off (Thermo Scientific 
Neptune Plus™ Multicollector ICP-MS) (Method 1). The 
noise should be ≤ 10 μV (1 SD) for 1012 Ω amplifiers and 
≤ 20 μV (1 SD) for 1011 Ω amplifiers (Figure 1). 

Note: All signals are gain corrected relative 
to 1011 Ω amplifiers.

Decay Time
The decay time is the time required for an amplifier to 
settle down to baseline after it has seen an ion beam 
signal.

Selection of the Appropriate DAC
Thermo Fisher Scientific amplifier system allows com-
puter-controlled adjustment of amplifiers decay DACs to 
ensure best performance with respect to ion beam signal 
decay. A decay DAC is a potential applied to the amplifier 
that determines the signal decay function. Changing the 
decay DAC value will effectively modify the curvature of 
the signal decay function, and thus the decay time of the 
ion beam signal for a given amplifier. 

The optimal decay DAC for the amplifiers has been 
determined upon installation but can be reassessed to 
verify and control the performance of the amplifiers. 
Usually this is only necessary when a new amplifier has 
been installed. 

Determination of the optimal decay DAC
Prior to determining the optimal decay DAC, it is 
recommended to save or print the current amplifier table 
in executive (Figure 2).

Then, in Diagnostic, the Decay Adjust Ex script can be 
run (Diagnostic / PCL / Predefined Tests / Decay Adjust 
Ex) (Figure 3). 

Note: This will overwrite the decay DAC 
values in the executive table.

Figure 3. Decay Adjust Ex script.
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Figure 4. Decay Adjust Ex test data for one 1012 Ω amplifier. The different signal decay 
functions on this plot correspond to different DACs (from DAC 16 to DAC 255). In this 
example, the best decay DAC candidates, that yield the shortest decay times, being 160 
and 176, an intermediate value of 168 has been selected. 
NOTE: This test applies to all 1011 Ω amplifiers and to 1012 Ω amplifiers with revision 
number 2089210-03.

Figure 2. Decay DACs in the current amplifier table.
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This test applies 3.3 V signal to the amplifi ers and 
measures the decay of the signal for each amplifi er after 
the signal input has been interrupted. The resulting Decay 
Adjust Ex fi le is to be found in Triton / User / Triton / 
Logfi les. The fi le can be opened in Excel and a plot of the 
signal versus time will enable determination of the best 
Decay DAC setting for each amplifi er (Figure 4). The 
signal decay to the amplifi er noise should be as short as 
possible. Once the optimal decay DACs are selected they 
should be entered in the executive table in the decay DAC 
column and the table should be saved.

Determination of the Decay Time
The decay time is tested with a real ion beam signal of 
maximum 100 mV on the 1012 Ω amplifi ers, by running a 
method of 1 block, 300 to 400 cycles, 0.131 s integration 
time, with baseline at start (method 2). Although 100 mV 
ion beam signals are outside of the recommended 
voltage-envelope for the 1012 Ω amplifi ers, exposing the 
1012 Ω amplifi ers to 100mV ion beam signals for the 
duration of the decay time test is acceptable and ensures 
the most conservative assessment of the decay time. A few 
seconds after starting data acquisition, the analyzer valve 
should be closed. From this stage onwards, the run will 
thus measure the signal decay of the amplifi ers with time 
(Figure 5). 

The ion beam signal should be ≤ 10 ppm after 2 s and ≤ 2 
ppm after 8 s for the 1011 Ω amplifi ers; the ion beam 
signal should be ≤ 100 ppm after 8 s for the 1012 Ω 
amplifi ers. With 100 mV on 1012 Ω amplifi ers this 
amounts to 10 μV signal at 8 s, which is also in the 
range of the Johnson noise level on these amplifi ers.

Note: While being outside of the 
recommended voltage-envelope for the 

1012 Ω amplifi ers, a 100 mV beam will cause 
no damage to the 1012 Ω amplifi ers.

The decay time is tested with Cr isotopes. 2 s after closing 
the valve, residual signals are 22 - 14 μV for the 1011 Ω 
amplifi ers and 10 - 8 μV for the 1012 Ω amplifi ers (1 SD). 
This means that, in this case, the residual signals on the 
1012 Ω amplifi ers after 2 s signal decay are ≤ 100 ppm 
and/or at the noise level of 10 μV (as determined with 
Method 1 on 300 cycles of 4 s integrations).

Baseline Stability Test
To evaluate the long-term stability of baselines, a sequence 
of 100 baselines of 30 min each (cold fi lament, 5 blocks, 
17 s integration time, 20 cycles, no baseline at start, no 
baseline correction) can be run. 
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Figure 5. Decay times for 1011 Ω and 1012 Ω amplifi ers using Cr isotopes. At start, 50Cr = 47 mV (1011 Ω); 52Cr = 899 mV (1011 Ω), 
53Cr = 100 mV (1012 Ω); 54Cr = 25 mV (1012 Ω). After the analyzer valve is closed, all ion beam signals decay down to noise levels 
(≤ 20 µV for 1011 Ω amplifi ers and ≤ 10 µV for 1012 Ω amplifi ers; Figure 4) within 2 s decay time. Ion beams are plotted as 4s integrations 
starting from 2s after closing the valve.
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