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Abstract. Neuropixels technology has revolutionized neuroscience research by allowing
scientists to obtain physiological firing data from single neurons in the central nervous system
with unprecedented temporal and spatial resolution. While the technology is already highly
advanced, researchers continue to work on improving it further. In this article, the authors
summarize several current studies on improvements and applications of Neuropixels probes.
This technology is used to capture the characteristic waveforms of neurons in different brain
regions, record particular types of neurons, and acquire detailed data. The improvement of the
Neuropixels is the AMIE, which solves the problem of implanting the device in unrestrained
mice and recycling, enriching the electrodes and the recording sites on each Neuropixels device.
By discussion and investigation, the current conduct and some refinements of the Neuropixels
are demonstrated in this brief review. However, fragility and ethical problems are still inevitable
obstacles of Neuropixels, and their potential harm to human beings still deserves attention.
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1. Introduction

For many vyears, neuroscientists have tried to find and invent new devices to record the
electrophysiological activities of neurons. In the past, researchers and scientists had limited tools and
technologies available to them to record and understand neuron firing, relying on Indium and tungsten
electrodes because of their robustness and isolation [1-2]. Tetrode and electron-beam lithography
brought a great breakthrough in Electrophysiological equipment, especially the latter one which
facilitated the development of silicon probe devices such as the Utah array [3-5]. However, these
techniques all have their limitations. Some of them might damage normal neurons and other devices
cannot insert into the brain for a long time because of their complex structure [6].

In recent years, neurotechnology has gained significant attention from society due to its potential to
advance brain research and the development of new treatments for neurological disorders. One of the
most promising advancements in neurotechnology in recent years is Neuropixels technology, which has
transformed neuroscience research by enabling scientists to obtain physiological firing data from single
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neurons in the brain in a highly efficient way. The Neuropixels technology is based on silicon probes
that contain hundreds of tiny electrodes, each measuring just a few microns in diameter. These electrodes
can be inserted into the brain with minimal damage to the surrounding tissue and are able to
simultaneously collect electronic data from a mountain of neurons. This allows for more accurate and
precise measurements of neural activity, enabling researchers to gain deeper insights into how the brain
works. In this review, we briefly introduce the mechanism of Neuropixels and summarize several current
studies on improvements and applications in labs. Some potential advantages of this technique are also
provided in this article, intending researchers to have a broad investigation on Neuropixels.

2. Mechanism

Neuropixels technology has been developed over the past few years. It is the first digital neurobiological
device that efficiently integrates CMOS materials. Compared to The Neurotrophic Electrode, which was
initially invented by neurologist Kennedy et al. and was successfully implanted for the first time in a
human patient in 1996 and utilized to record the electrical signals produced by the brain during
information processing, Neuropixels were certainly the more innovative technology [7]. It is now
considered a powerful tool in the field of neuroscience because of its relatively advanced designed
construction.

A Neuropixels probe is a kind of invasive brain-computer interface. The official website shows the
control system consists of three parts: a head stage, an interface cable, and a PXle acquisition module.
It provides 960 recording sites on an extremely narrow shank and 384 parallel, configurable, low-noise
recording channels, with onboard amplification, digitization, and multiplexing. The spikes from
multiple neural cells in different parts of the brain cortexes can be detected by these delicate and
sensitive sites. Then the device will translate those neuron signals into digital codes [8].

3. Applications

One of the major advantages of Neuropixels technology is its great number of channels, which enables
each probe to simultaneous collecting samples from numerous neurons. In addition, the transmission of
low-noise data is appropriate for this device because of its powerful capabilities to amplify and digitalize
the signals. By reason of the tiny size of this device, multiple probes can be used to probe different brain
functional regions simultaneously. Most researchers choose Neuropixels as the recording device in their
experiments.
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Figure 1. The flow diagram of recording visual cortex and hippocampus.
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High-density recording can capture the characteristic waveforms from multiple neurons. Jia et al.
distinguished different neural cells by their electrical properties using Neuropixels probes and five brain
structures have been recorded [9]. Here is the process of the experiment (Figure 1). A metal headframe
was fixed on mice’s heads by a metal bond. A craniotomy was drilled and a polydimethylsiloxane
(PDMS) piece was put on it to seal the interspace. There were two weeks for mice to get used to it.
Before the experiment began, the mice were anesthetized first and a ground wire was attached to their
skulls after the PDMS silicone was taken off. Artificial cerebrospinal (ACSF) has to be smeared on the
exposed brain. The whole span of anesthesia lasts about 40 minutes. As mice woke up, they were put
on the device and the Neuropixels probe would be inserted into a specific position. It is worth noting
that the probe had been covered with Digi, which is a Lipophilic material, aiming to detect tracks of the
electrode histologically. Before the recording, the probe ought to settle for 30 min. These series of
experiments demonstrate that it’s already possible for researchers to record large-scale electrical signals
of neurons in living rodents.

Neuropixels can also be used to record a particular type of neuron and acquire detailed data [10].
Kostadinov et al. recorded complex spiking of Purkinje cells in rewards prediction circuits directly and
complemented image experiments by Neuropixels electrode arrays. The process of the operation during
the experiments resembles the process above. Similarly, the probe settled for 20 min before the recording
started and it’s necessary to smear Dil on the probe. The array would then detect the signals distally on
a micromanipulator. Neuropixels and their matched applications have shown significant utility in
recording and analyzing complex waveforms. It would be a great adjunct to two-photon calcium imaging
in this research.

Conventional detecting techniques sometimes seem limited to tracing neural activities of multiple
structures in the cortex or the whole brain [11-12]. Considering that the Neuropixels probes can record
different regions simultaneously, activations in subcortical areas and superior colliculus (SC) are
detected by Musall et al. (2019) in one experiment. These two structures are both related to cognition
and movement. The large scale of this device is an advantage for researchers to explore all the relevant
neurons of one particular function. The electrophysiological data of this experiment was recorded
through 348 channels, each spanned about 4mm. Data was collected by SpikeGLX and analyzed by
MATLAB.

4. Improvements based on the original technique

4.1. Implanting in moving mice

Researchers need to investigate neural activities in uncommitted mice. In that case, many engineers
were working to invent an efficient device of a small size. Static electrode arrays and microdrives
previously allow neuroscientists to collect data on the discharge of neural cells in unconstrained mice.
With the invention and the development of Neuropixels probes, researchers now manage to endow that
property onto the Neuropixels technique. A progressive device, which is called the AMIE, has been
invented to solve the problem of implanting the device in unrestrained mice and recycling [13]. The
Neuropixels AMIE is mainly composed of three characteristic parts. In addition to being securely
attached to the mice's heads, the AMIE is also able to record data reliably over long periods intended to
ensure the record is consistent. The protocol for this technique has been published and provides technical
support for experiments that need Neuropixels [14].

4.2. Neuropixels 2.0

It is hard to achieve recording and sample the signals from the same neural cell in a long term, especially
for a large population of neurons. Nevertheless, with the improvement of the Neuropixels technique,
this particular problem will be solved by more advanced technology, the most direct evidence of which
is Neuropixels 2.0 [15]. In March 2021, the paper compiled by Steinmetz et al. is published in the journal
Science. A probe in a smaller size, which was called the Neuropixels 2.0, was designed and texted by
them (Table 1). This refined device has more recording sites and a lighter volume. It is also more
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convenient to connect to software on computers. The size of the probe and head stage on the Neuropixels
2.0 is three times smaller than the Neuronpixels 1.0 so the whole parts weigh only ~1.1 g. According to
their tests, Neuropixels 2.0 with one particular algorithm guarantees > 80% success in tracking neural
signals within two months [16].

Table 1. Comparison between Neuropixels and Neuropixels 2.0.

Geometry Probe & Headstage = Channel Sites pre Shank Arrangement
Neuropixels - | 384 960 staggered
Neuropixels denser, 13 334 1280 (single-shank) Vertically aligned

2.0 linearized 5120 (4-shank)

Compared with Neuropixels, Neuropixels 2.0 has a denser and linearized geometry but is only one-
third in length than the first generation. Similarly, Neuropixels 2.0 also has 384 recording channels. One
of the great breakthroughs is the sites on per shank. Neuropixels 2.0 has 1280 sites in a single-shank
version, which is 320 more than Neuropixels. Moreover, the 2.0 has a 4-shank version and provides
5120 recording sites in total. Neuropixels 2.0 differs from the first generation in arrangements. The sites
in the 2.0 are vertically aligned and they are staggered in Neuropixels.

5. Potential advantages

The most obvious benefit of Neuropixels is its relatively low cost and price performance. Neuropixels
1.0 costs about $1,400, and manufacturers are selling these sophisticated brain-signal monitors at that
price. It provides an opportunity to achieve commercialization. Neuropixels 2.0 is also sold at a similar
price to Neuropixels 1.0. This certainly gives lots of conveniences to brain-computer interface
researchers [15].

A typical use of a large-scale recording probe is as an input device for a brain-computer interface.
The device can obtain large amounts of electrophysiological data simultaneously, which means that it
can quickly reflect the testee's mental activity to the machine. Moreover, it can achieve chronic
implanting due to its simple structure. The use of neuron-detecting devices as brain-computer
interfaces(BCI) has a long history, and researchers are constantly experimenting with new devices.
Michigan arrays have been chronically implanted into primates in 2017. It recorded motion signals as
the primate did a grasping task [17]. Last year, researchers used BCI to reflect the need of a patient with
amyotrophic lateral sclerosis (ALS) [18]. These pieces of evidence suggest the possibility of patients
using BCI to communicate and move and a device capable of efficiently recording neural activity is
necessary. The Neuropixels probe is up to this job.

The usage of Neuropixels technology has significantly advanced our understanding of the brain,
including its mechanisms for processing information, decoding electrical signals, and responding to
treatments for neurological disorders. Considering that it has been conducted in human brains [19], this
technology has the capacity to contribute to the update of new diagnostic schemes for various diseases
in the brain.

6. Conclusion
In conclusion, Neuropixels technology has revolutionized neuroscience research by enabling the
simultaneous recording of activity from thousands of neurons. Its extremely high temporal and spatial
resolution brings great convenience to scientists when studying neural signals. The ability to record the
wide range of neuron activities can perhaps allow us to refine the input equipment in the current brain-
machine interface. While ethical limitations exist, ongoing technological innovations can also give us a
further understanding of brain activations that respond to behaviors and develop new diagnoses and
treatments for neurological disorders.

In addition to these potential advantages, the shortcomings of this equipment are also worthy of our
attention. Because the probe has been overly attenuation, the device can still be damaged and broken
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even during normative conduct. This might lead to extra-economic costs and harm to the participants
during the process of scientific research. Overall, Neuropixels technology represents a remarkable
achievement in techniques of neuroscience research and opens up new frontiers of investigation. It
presents valuable opportunities and challenges for neural devices.
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