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Introduction

The electrical power dissipated at the input connec-
tors of a lock-in amplifier is of high importance for
low-temperature physics research, because the noise
is directly injected into the system under investiga-
tion. Working in the range of milli-Kelvin, the dissi-
pated power can lead to an unwanted temperature in-
crease in the sample and in particular its electron tem-
perature. An example application is the research on
mesoscopic quantum systems [1] where the quantum
phenomena happen at low energy scales, and hence
the background thermal noise up to microwave fre-
quencies needs to be suppressed [2]. Isolation can be
achieved by inserting RF filtering of typically 100 dB at
1 GHz [3]. Below this frequency, and at temperatures
of a fewmK,RF filteringmight not be sufficiently effec-
tive [4] and so the power dissipated at the input con-
nectors should be minimized.
The low-temperature community has for a long time
preferred to measure with all-analog lock-in ampli-
fiers such as the PAR/EG&G 124A. This model is em-
ployed in many laboratories and considered as the
gold instrument for low-temperature research. Two
relatively new commercial instruments are currently
claiming to be the successors to the 124A. The first of-
fered by Signal Recovery is the model 7124 featuring
a separated analog front-end connected with a fiber-
optic link. The second is the SR124 from Stanford Re-
search Systems which has a switch that turns off all
digital circuitry; even with the product name an asso-
ciation with the 124A is attempted.
In this note, Zurich Instruments presents measure-
ments performed in a customer lab and the company’s
R&D section demonstrating that the analog method-
ology is actually inferior to modern digital electronics.
The Zurich InstrumentsMFLI and HF2LI digital lock-in

amplifiers have the best performance of all the tested
instruments and can therefore be safely used for low-
temperature applications.

Method and Devices Tested
The dissipated power was measured by connecting
a spectrum analyzer (models 8562E from Agilent/HP
andMS2691A from Anritsu) to the input connectors of
the tested instruments. In order to achieve the maxi-
mum sensitivity, the internal attenuation of the spec-
trum analyzer was set to zero for all measurements,
and 20 times averaging was selected to improve the
clarity of the measurement results. Potential mea-
surement artifacts caused by spurious frequencies in
the laboratory or noise inherent to the spectrum an-
alyzer were excluded by recording reference spectra
before each measurement with an open and termi-
nated spectrum analyzer input connectors. All refer-
ence spectrawere found tobesufficiently free of spuri-
oussignalsand thenoise floorwaswell below themea-
sured signal.
In this document, we compare the Zurich Instruments
HF2LI and MFLI lock-in amplifiers with the classic

Model Technology Frequency

24A Analog 2 Hz - 210 kHz
7124 Mixed 0.5 Hz - 150 kHz
7265 Digital 1 mHz - 250 kHz
SR830 Digital 1 mHz - 102.4 kHz
SR865 Digital 1 mHz - 2 MHz
MFLI Digital 0 - 5 MHz
HF2LI Digital 0 - 50 MHz

Table 1. Commercial lock-in amplifiers under test.



124A, the SRS models SR830 and SR865, and the Sig-
nal Recovery models 7124 and 7265. The measure-
ments are compared with the results reported in the
Signal Recovery technical note [5], so that the perfor-
mance of themodel 7124 can be added to the compar-
ison. Table 1 summarizes all the instruments under
test in a frequency window covering 200MHz in accor-
dance with [5].

Measurement Results
Screenshots from the HP spectrum analyzer for the
four tested instruments in the frequency range be-
tween 5 MHz and 205 MHz are shown in Figure 1.
It is possible to read the total power and the mea-
sured power density. According to the figure, the 124A
lock-in amplifier shows a broad noise structure below
120 MHz. Above 120 MHz, the dissipated power is
smaller but still shows several resonant features. The
total dissipated power for the 124A is -61.6 dBm. The
model 7265 features a much wider noise spectrum
than the 124A with many resonances and peaks. Also,
the total dissipated power is higher with -57.5 dBm.
The SR830 instrument which is the most widely used
lock-in amplifier worldwide, shows fewer peaks than
the 7265 but the peaks are higher and with -51.5 dBm
the result is the worst in the benchmark.
The spectrum at the signal inputs of the HF2LI lock-
in amplifier is flat over the complete frequency range
and there are almost no peaks and resonant features.
The noise floor is sufficiently low that it is possible
to measure a small 1/f noise component that tails-
off at around 25 MHz. The total dissipated power at
the HF2LI input connectors in this frequency range
is -73.4 dBm. The spectra below 5 MHz and above
205 MHz until 1 GHz have been acquired as well.
As there is no significant finding in these frequency
ranges, no images are shown in this note.
The measurements for the 124A and the 7265 are
in good agreement with the results published in [5],
whereas the result for the SR830 is better than pre-
viously published. In order to compare the published
values in dBm one needs to consider that Signal Re-
covery failed to remove the factor 100 introduced by
the pre-amplifier model 5185 used in the test. There-
fore the effective power dissipated is 40 dB lower than
mentioned. In this technical note thepowerdissipated
by themodel 7124 is measured at -61.4 dBm, which is
slightly worse than that of 124A.
Figure 2 shows the spectrum of dissipated power at
the input connectorsof2-MHzSR860and5-MHzMFLI
lock-in amplifiers measured by Anritsu MS2691A sig-
nal analyzer. As depicted in the figure, there is a hump
and a few peaks in the middle of SR865 spectrum re-
sulting in a higher dissipated power of -55.2 dBmcom-
pared to the MFLI with a measured dissipated power
of -73.8 dBm.
Table 2 summarized the measurement results for
seven commercial lock-in amplifiers and Figure 3 de-

124A

7265

SR830

HF2LI

Figure 1. Dissipated power at the input connectors of 4 measured
commercial lock-in amplifiers in the frequency range from 5MHz to
205MHzmeasured by HP 8562E.
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Figure 2. Dissipated power at the input connectors of SR865 and
MFLI in the frequency range from 1 MHz to 200 MHz measured by
Anritsu MS2691A.

picts the graphical comparison of total dissipated
power in dBm at input ports of the tested lock-in am-
plifiers. In this chart, the groundpowermeasuredwith
the terminated signal analyzer hasbeen removed from
themeasurement results in order to compare only the
power introduced by the lock-in amplifiers. As it is
evident from the figure, the Zurich Instruments MFLI
and HF2LI lock-in amplifiers dissipate 15 times lower
power at its signal inputs than the acclaimed stan-
dard for low-temperature research, i.e. the 124A lock-
in amplifier. The performance is even 150 times bet-
ter when compared to the widely used SR830 lock-in
amplifier. Furthermore, it demonstrated that the new
model SR865 has little improvement in terms of input
dissipated power compared to the old model SR830.

Model Power [dBm] Power [nW]

124A -61.6 0.69
7124 -61.4 0.72
7265 -57.5 1.78
SR830 -51.5 7.08
SR865 -56.2 2.40
MFLI -71.4 0.07
HF2LI -73.4 0.05

Table 2. Dissipated power at the input ports of lock-in amplifiers.
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Figure 3. Graphical comparison of total dissipated power at the in-
put ports of several lock-in amplifiers. Zurich Instruments lock-in
amplifiers exhibit the lowest dissipated power at input connectors.

Conclusion
This experimental study demonstrates the merits
of advanced digital signal processing compared to
legacy analog signal processing. Furthermore, Zurich
Instruments demystifies the dogma according to
which digital lock-in amplifiers are unsuitable for low-
temperature research. There is no evidence of any ad-
vantage in pursuing complicated technical solutions
or even going back to the analog age. Indeed, users do
not have to compromise on the ease of use of modern
measurement equipment.
For all experiments where the power dissipated at
the signal input connectors sets a serious limitation,
the Zurich Instruments lock-in amplifiers can help re-
searchers to improve their measurement setups; RF
filtering requirementswill be significantly loweredand
hence setup complexity reduced.
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