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Review on ionization and quenching mechanisms of Trichel pulse∗
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Trichel pulse is a kind of pulsed mode in negative DC corona discharge, which has attracted significant attention be-
cause of its considerable applications in industry. Over eighty years, plenty of effort including simulations and experiments
has been spent to reveal the ionization and quenching mechanisms of Trichel pulse. By revisiting and summarizing the
basic characteristics and well-accepted ionization and quenching mechanisms, this review provides a basic understanding
and the current status of Trichel pulse.

Keywords: Trichel pulse, negative corona discharge, DC discharge

PACS: 52.80.Hc, 51.50.+v, 52.80.–s DOI: 10.1088/1674-1056/abd75d

1. Introduction
Corona discharge is a kind of partial discharge in a

sharply nonuniform electric field, where the electric field near
large-curvature electrodes is much stronger than the other
places.[1] It is an important and interesting topic in the indus-
trial field, for example, in a power system, corona discharge
can induce power loss, audible noise, electromagnetic radia-
tion, and chemical corrosion,[2,3] which are undesirable. On
the other hand, corona discharge has many beneficial applica-
tions in electrostatic precipitation, surface treatment, gas de-
tection, biomedicine, generating charged aerosols, etc.[4–14]

When applying direct current (DC) voltage and only one elec-
trode generating a stronger electric field (unipolar corona),
we can name it positive or negative corona discharge ac-
cording to the polarity of the active electrode.[15] The nega-
tive corona discharge modes include pulsed mode, pulseless
(glow) mode.[11,16] We will focus on the pulsed mode of neg-
ative DC corona discharge, especially Trichel pulse, in this
review.

Traditionally, Trichel pulse, named and first reported by
Trichel in 1938,[17] is a kind of pulsed mode of negative DC
corona discharge in electronegative gases with a pulsating cur-
rent under an appropriate negative voltage region. Lots of
effort has been spent to reveal the underlying mechanisms
that can lead Trichel pulse to generate and quench in a short
time. The leading edge of Trichel can be as short as sev-
eral nanoseconds, which has been explained by some mech-
anisms, such as successive or parallel electron avalanches fed
by photoemission,[18–21] photoemission followed by positive
ion-induced secondary electron emission (ISEE),[22,23] field
emission,[24–26] a cathode-directed streamer mechanism.[27,29]

However, a comprehensive theory of the leading edge has not

been achieved yet, and the mechanism mentioned before is in-
consistent with each other to some degree. On the other hand,
quenching and regenerating of regular pulses are dominated by
negative ions in electronegative gases, which is generally well
accepted.[30–38] However, the pulsed mode has been reported
in non-electronegative gases[40–45] which challenges the role
of negative ions. In this review, we summarize the pulsed
mode in non-electronegative gases (whether this mode can be
called as Trichel pulse is still not conclusive) since we can
get a comprehensive understanding of quenching mechanism
through the comparison.

The paper is organized as follows. In Section 2, the basic
optical and electrical characteristics of Trichel pulse are briefly
introduced. Then, we highlight and analyze the current status
of possible ionization and quenching mechanisms of Trichel
pulse respectively that are available in published literatures,
combining with our understanding. Finally, conclusions and
outlooks are proposed briefly.

2. Basic characteristics of Trichel pulse
2.1. Optical characteristics

Usually, when a Trichel pulse is generated, a purple lumi-
nous region appears near the needle, as shown in Fig. 1(a).[46]

With the current increase, it generally reaches the anode as
shown in Fig. 1(b).[47] When reduced the pressure to some
extent, the luminous area shows all the aspects of a classical
glow discharge, including a dark cathode fall, a bright negative
glow, a Faraday dark space, and a positive column as shown in
Fig. 1(c).[15,17,18] Moreover, some researchers have found the
ring-like Trichel pulse phenomenon in both experiments and
simulations,[35,48,50] as shown in Fig. 1(d). And some of them
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attributed this phenomenon to the field distortion caused by
negative space charges. By using a microscope, Gallo et al.[37]

discovered an extremely narrow “bright ionization channel”,

which expands from the cathode tip to the usual corona cone
configuration, as shown in Fig. 1(e). The ionization channel
wobbles around the tip erratically.

(a) (b) (c) (d) (e)

Fig. 1. The luminous area of Trichel pulse, (a) CMOS image,[46] (b) time-averaged CCD images, reproduced from Ref. [47], (c) schematic diagram at low
pressure,[18] (d) ring-like Trichel pulse phenomenon,[49] (e) Trichel pulse with extremely narrow “bright ionization channel”.[37]

2.2. Dynamic current and voltage

When Trichel pulse appears, the voltage keeps constant,
while the current follows in a manner of very regular pulses.
However, the first pulse is usually stronger than the follow-
ing regular ones, since it is generated in a negative charge-
free space. For the following pulses, negative ions accumu-
late and suppress the electric field leading to weaker ioniza-
tion and smaller magnitude pulses, which is well explained
by simulations.[31–33,35] When focusing on a single pulse,
the leading edge is as short as several nanoseconds (espe-
cially at high pressure) and a stepped leading edge may be
investigated.[23,28] The mechanisms of this fast leading edge
will be discussed in the next section.

2.3. Time-averaged current and voltage

The well-known Townsend relation,[51] which was de-
rived for a DC corona discharge under a wire-cylinder geom-
etry, is also used for Trichel pulse under point-to-plane geom-
etry,

I = kTVa (Va−V0) , (1)

where I is the time-averaged current, kT is a coefficient related
to the needle electrode radius, particle mobility, and other ge-
ometrical factors, Va is the applied voltage, V0 is the corona
onset voltage. Based on that, the relationship between time-
averaged current and applied voltage has been summarized by
many researchers, which can be categorized into two types.
Type I is I ∝ Va(Va−V0)

[30,52] and type II is I ∝ (Va−V0)
2.[53]

The two types can be distinguished by checking the linear de-
pendencies on a plot, I/Va −Va for type I, and I0.5 −Va for
type II. Moreover, some researchers have found that the expo-
nent of Type II could be other values which is determined by
the data fitting.[54,55]

2.4. Frequency characteristics

The Trichel pulse frequency is usually from kHz to MHz.
For given electrodes, the relation between frequency and time-

averaged current ( f –I) is summarized by Lama et al.[30]

f =
1
Q

I, (2)

where Q is the charge per pulse, which keeps constant and is
independent of I. While Amin[20] investigated that with I fur-
ther increasing, Q would decrease to some degree.

Then, the relation between frequency and applied voltage
( f –Va) can be derived from the relations of f –I combined with
I–Va. So like I–Va, two types of f –Va exist, which have been
verified by experiments. Lama et al.[30] summarized one type
of f –Va with considering different electrodes from their exper-
iments,

f = kcVa (Va−V0)/(rS2), (3)

where kc is a constant, r is needle tip radius, S is the point-
to-plane spacing. On the other hand, He et al.[55,56] proposed
another type of f –Va based on their experimental observation,

f = kv (Va−V0)
2 , (4)

where kv is a constant for given electrodes.

3. Ionization mechanisms of Trichel pulse
The mechanisms involving the rise time of the leading

edge which is on the order of nanosecond have attracted lots
of attention and are one of the most important research fields
in Trichel pulse. In Townsend theory, electron emission pro-
cesses are essential to keep a self-sustained discharge. If
there is no electron released from the cathode continuously,
avalanches will move away from the cathode and no sustained
discharge can form. Various electron emission mechanisms
such as ISEE, photoemission, and field emission have been
proposed to explain the fast leading edge. Meanwhile, some
researchers used a cathode-directed streamer mechanism in-
stead of feedback mechanisms to explain the fast leading edge,
in which the effect of space charge was emphasized. Addi-
tionally, as photoionization is an important mechanism in the
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evolution of streamers, its effect on Trichel pulse has been dis-
cussed through simulation. In this section, we will summa-
rize some mechanisms from the literature that are relatively
well accepted, and analyze the applicability of different mech-
anisms.

3.1. Cathode secondary electron emission

Usually, the emission of secondary electrons on cathode
can be caused by photons or so-called photoemission (γp), by
positive ions (γi), and by excited atoms (γe),[1] among which
the first two mechanisms have been systematically investi-
gated in the field of Trichel pulse.

3.1.1. Photoemission

Photoemission is caused by the photoelectric effect from
the surface. With the avalanches development, the photons and
positive ions are generated in the head of avalanches. Since the
photons move much faster and reach the cathode much earlier
than positive ions in the gas, photoemission can be responsi-
ble for the very initial stage of Trichel pulse. Loeb and Amin
et al.[19,20] put forward that successive electron avalanches
fed by photoemission could make Trichel pulse build up on
the order of 10−8 s. Then this theory was extended by
Alexandrov[21] considering parallel avalanches linked by pho-
toemission leading to much faster rise time. Later, Morrow[22]

considered photoemission in his fluid model to simulate the
first Trichel pulse in oxygen at 6.67 kPa, which is the first
simulation model of Trichel pulse. Then he[23] further ex-
plained the stepped leading edge phenomenon on the model,
which means two rising processes contained in a leading edge.
As shown in Fig. 2, the first rising process is caused by pho-
toemission. Later, Černák[28] experimentally revealed that a
graphite-coated cathode (low γp) can reduce the first step while
a CuI-coated cathode (high γp) has the opposite effect, which
is consistent with Morrow’s theory to some extent.

Fig. 2. Comparison of the computed and measured current waveform for the
first pulse. And the computed number of secondary electrons due to photons
and the number of secondary electrons due to ions.[23]

3.1.2. Ion-induced secondary electron emission

Ion-induced secondary electron emission (ISEE), the
most common secondary electron emission mechanism, plays

an important role in the later stage of Trichel pulse. It is slower
than other fast mechanisms, such as photoemission,[20,23] field
emission,[24] and streamer theory,[28] since the mobility of
positive ions is low. And ISEE becomes predominant after
more than a decade of nanoseconds according to simulations.
Amin[20] and Morrow[23] proposed that ISEE was responsi-
ble for the plateau in the trailing edge and the second ris-
ing process in the stepped leading edge (Fig. 2), respectively
(slower than photoemission). Paillol et al.[24,25] concluded
that ISEE had a weak effect on the initial stage at high pressure
(field emission dominates), as shown in Fig. 3. Many two-
dimensional (2D) fluid models that were built to simulate the
whole process of Trichel pulse successfully[31–38] only consid-
ered ISEE as the feedback mechanism. The flux of ISEE (Γe)
is easy to calculate in the fluid models and determined by

Γe =−γ iΓi, (5)

where Γi is the flux of positive ion on the boundary, γi is the
secondary emission factor (usually set as 0.001–0.01). The
reason for choosing a proper value of γi is rarely clarified,
while the sensitivity of γi has been discussed in some works.
For example, as discovered by Sattari et al.,[37] when γi varies
from 0.005 to 0.08, there is only a little impact on Trichel pulse
characteristics. Other work by Tran et al.[38] shows that with
γi increasing from 0.002 to 0.006, pulse peak, frequency, and
averaged charge per pulse increase. Similar conclusions were
also summarized in Ref. [39].

Fig. 3. The number of electrons emitted at the cathode surface. Field emis-
sion (solid line), ISEE (dotted line). From Ref. [25].

3.2. Field emission

Field emission is especially emphasized at high pres-
sure, especially at atmospheric pressure. Because generating
Trichel pulse at high pressure needs a higher electric field.
When the electric field achieves about the order of 107 V/m–
108 V/m, field emission will become significant with impu-
rities on the surface.[25] Another reason is that photoemis-
sion maybe not applicable to the initial process at high pres-
sure. For example, the leading edge at atmospheric pressure
is on the order of nanoseconds, which is shorter than the
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lifetime (∼ 60 ns) of the excited states of nitrogen and oxy-
gen molecules in the air. So that the photoemission caused
by photons released from these excitation processes can be
neglected.[24]

The field emission current density follows the Fowler–
Nordheim relationship[57] and can be rewritten in Ref. [24],

j = B1
E2

Φt2(y)
exp
(
−B2v(y)

Φ3/2

E

)
, (6)

where y = 3.79× 10−5
√

E/Φ , E is the electric field value
applied to the cathode, Φ is the work function of the cath-
ode material in unit eV, t(y) and v(y) are special functions of
the y variable,[57] B1 and B2 are two constants. And a field
magnification factor β is often used for adjusting the electric
field (E = βE0) to coincide with the real value of the electric
field on the cathode surface caused by impurities.[24] β can
be time-dependent for modeling a sudden burst of electrons at
the cathode.[25] In 2004, Paillol et al.[26] focused on another
mechanism, space charge limited currents with Poole–Frenkel
emission (SCLC+PF),[58] involving emission from an insula-
tion layer,

j = AE2exp(C
√

E), (7)

where A and C are constants with respect to the electric field
and are affected by the temperature and the insulator material.
Then they investigated the field emission of a Mo needle cath-
ode covered by an insulation layer because of handled in the
air frequently. By applying SCLC+PF boundary condition,
their simulation results agreed well with the experimental ob-
servation.

3.3. Streamer theory

Černák et al.[27,28,59,60] attributed the initial stage of the
fast leading edge to the streamer theory for a wide range of
conditions due to the propagation of the streamer being not af-
fected by the electrons from the cathode. In Refs. [28,29], they
summarized some experimental observations that were in con-
trast to the Townsend theory. For example, after coating the
cathode with CuI or graphite (affect photoemission or ISEE),

the change of current waveforms was not consistent with the
prediction, i.e., the insensitivity of the current waveforms to
the cathode material. Then, to explain their results satisfac-
torily, they proposed the streamer mechanism occurring in a
narrow layer in the vicinity of the cathode rather than through
the whole gap. It begins with avalanches fed by cathode elec-
trons emission (Townsend mechanism). After that, the space
charge will accumulate in the space until its density is large
enough to distort the Laplace electric field and leads to the ap-
pearance of both positive and negative streamers. The positive
streamer moves toward the cathode and when it arrives at the
cathode the current will reach the peak value. The streamer
evolution process is independent of the cathode electron emis-
sion and the velocity is on the order of 108 cm/s,[28] which
fully explains experiment results. This kind of streamer shares
the same mechanism with a common streamer discharge,[61,62]

so it is an example of “the unification of a wide scale of high-
pressure gas discharges within the general class of positive
streamer initiated breakdown phenomena”.[29]

As this kind of streamer is an extremely fast process
within a tiny region, optical observation is hard to be per-
formed for a long time (so they named this theory as a hy-
pothesis sometimes). Recently, some optical observations of
the streamer were provided in some experiments by Hoder et
al.[63–65] They used a set of spatiotemporal resolution optical
diagnosis system, called time-correlated single photon count-
ing technique (TC-SPC), to record the light intensity of molec-
ular nitrogen at 337.1 nm (Second Positive System, SPS) and
391.5 nm (First Negative System, FNS) with the initiation pro-
cesses of Trichel pulse in different distances from the cathode.
In this way, they provided direct experimental optical evidence
for streamer mechanism, as shown in Fig 4.[65] The positive
streamer is ignited at ∼ 193 ns in ∼ 200 µm from the cathode
and reaches the cathode at∼ 195 ns. At the same time, a max-
imum FNS signal is created at the cathode surface, followed
by the negative streamer starting in ∼ 200 µm–300 µm. The
velocities of positive and negative streamers are 0.8×105 m/s
and 1.7× 105 m/s, respectively. This phenomenon is consis-
tent with the theory put forward by Černák.

Time (ns) Time (ns) Time (ns)

x
 (
m
m

)

x
 (
m
m

)

x
 (
m
m

)

(a) (b) (c)

Fig. 4. 337.1 nm (a), 337.1 nm enlarged (b), and 391.5 nm (c) high-resolution TC-SPC recordings of the Trichel pulse breakdown for the setup of steel
electrode with 240-µm curvature. The vertical axis (x) is the distance from the cathode. Reproduced from Ref. [65].
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Photoionization is an essential mechanism to supply seed
electrons for the propagation of positive streamers in air,
where photoionization is caused by oxygen molecules absorb-
ing photons emitted from excited nitrogen molecules. A few
researchers[33,66,68] have simulated the impact of photoioniza-
tion on Trichel pulse in air through similar 2D axisymmet-
ric fluid models. In these models, the three-term exponential
Helmholtz equations were solved to calculate the photoion-
ization rate based on the theory of Bourdon.[69] The results
demonstrate that the effect of photoionization on the Trichel
pulse is not as significant as on positive streamers. For exam-
ple, reference [68] reports that the number of electrons pro-
duced by the impact ionization is on average 100 times larger
than photoionization.

4. Quenching mechanisms of Trichel pulse
A general concept of the quenching mechanism — neg-

ative ion forming near the cathode and suppressing the elec-
tric field — is widely accepted.[1] While with the development
of simulations and experiments, more detailed processes have
been further investigated. On the other hand, since the pulsed
modes in non-electronegative gases[40–45] cannot be explained
by the impact of negative ion, a lot of researchers have devoted
to revealing its mechanisms. In this section, we will review
some quenching mechanisms involving pulsed modes in both
electronegative and non-electronegative gases respectively.

4.1. The quenching mechanisms in electronegative gases

The quenching process in electronegative gases can last
for tens to hundreds of nanoseconds. At the initial quenching
process, the dominant mechanism is caused by the accumula-
tion and movement of the positive ions. Then with the devel-
opment of discharge, the effect of the negative ions becomes
obvious gradually.

4.1.1. Initial quenching process

A well-accepted work was provided by Morrow using a
1.5D fluid model to simulate the first Trichel pulse in oxygen
at low pressure.[22] In order to judge the possibility of a self-
sustained discharge occurring, he proposed a replenishment
criterion (here shows a general form in Ref. [15]),

ur = γ

∫ d

0
α exp

[∫ x

0
(α−η)dx′

]
dx, (8)

where γ is the total secondary emission factor (In Morrow’s
paper, they only considered photoemission γp), α is the ion-
ization coefficient, η is the attachment coefficient, d is the gap
distance. If ur ≥ 1, the self-sustained discharge will occur,
while when ur < 1, the discharge will quench. Morrow divided
the current waveform in a pulse into different phases shown in
Fig. 5(a), and the electric field at different phases shown in

Fig. 5(b). From phase A to phase D, with the development
of the discharge, the positive ions accumulate and form the
positive space charge gradually near the cathode. Then the
positive space charge moves to the cathode slowly and forms
a cathode sheath. The positive space charge will enhance the
electric field between the cathode and itself, while weaken the
electric field on the other side. At the same time a plasma will
generate outside the sheath (Fig. 5(b) 0.02 cm < x < 0.2 cm
after 43 ns) where the electric field tends to zero, which re-
duces the ionization region. Finally, when the ionization re-
gion reduces to some extent leading to ur < 1, the discharge
progressively quenches. Morrow views this process as the
formation of a “transient cathode sheath”. The whole pro-
cess can be summarized as the electric field distortion due
to positive ions accumulation and shrinking of the ionization
region leads to discharge not sustaining further. This mech-
anism was also reported in other simulation results such as
Refs. [24,25,32,38]. These works include results at different
pressures, which means that this process is applicable at both
low and high pressure.

(a)

(b)

Time (ns)

C
u
rr

e
n
t 

(m
A

)

x (cm)

E
 ↼

k
V
Sc

m
-

1
↽

Fig. 5. The current waveform in a period and discharge phases (a), elec-
tric field along the gap at different times (the cathode at x = 0, the anode
at x = 2 cm), E∗ is the electric field at which α = η (b). Reproduced from
Ref. [22].

4.1.2. Negative ion related mechanism

The role of negative ion is irreplaceable to the quenching
process, especially after the initial quenching process. On one
hand, the mobility of negative ions is much lower than that
of electrons. According to Sato’s equation,[70] the migration
velocity of charged particles affects the current. So, after the
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electrons convert to negative ions, the current will decrease.
On the other hand, the accumulation of the negative ion near
the cathode forms the negative space charge, which will lead
to a reduction of the electric field between itself and the cath-
ode. As a result, the ionization process is further weakened.
The electric field recovers with the negative space charge mi-
grating away from the cathode. The next pulse begins be-
fore the negative ions generated by the former pulses are clear
from the gap, so there will be many negative ion “clouds” in
the gap at the same time. This phenomenon is predicted by
Lama et al.[30] and confirmed in many 2D simulations, such
as Ref. [33] shown in Fig. 6.

Fig. 6. Distribution of negative ions, we can distinguish different negative
ion clouds generated by former pulses. Reproduced from Ref. [33].

In air or nitrogen/oxygen mixtures, lots of kinds of neg-
ative ions will be generated in Trichel pulse, among which
O− and O−2 are two important initial negative ions.[22,71,72] O−

and O−2 are generated through the dissociative attachment re-
action (Eq. (9)) and three-body attachment reaction (Eq. (10)),
respectively,[73]

e+O2→ O−+O, (9)

e+O2 +O2→ O−2 +O2. (10)

The dissociative attachment reaction dominates in a high elec-
tric field region, while in a low electric field the three-body
attachment reaction prevails (the criteria is related to electron
energy ∼ 1 eV).[74] Large parts of 2D fluid models only con-
sider O−2 to simulate the air at atmospheric pressure. While
there are still some works that reveal their different roles in
quenching Trichel pulse. Amin[20] proposed that the O− was
the major negative ion to reduce the electric field. Morrow[22]

combined both reactions in his simulation model (oxygen at
50 Torr, 1 Torr = 1.3332×102 Pa) and emphasized the role of
the three-body attachment in the trailing edge. Scott et al.[71]

investigated that the quenching process became longer dramat-
ically with the increase in the percentage of nitrogen from 0%
to 80% at 20 Torr–100 Torr, which more likely is caused by
O− rather than O−2 through some complex plasma chemical

processes. Moreover, O− and O−2 , can convert to other nega-
tive ions depending on different conditions. Gardiner et al.[75]

regarded that when considering CO2 in the air the CO−3 was
dominant in the air at 10 Torr–30 Torr. Durán-Olivencia et
al.[72] put forward that the dominant negative changes can be
O− or O−2 during the pulse, O−2 and O−3 during the inter-pulse
interval stage in oxygen at 50 Torr.

4.2. The quenching mechanisms in non-electronegative
gases

As Raizer’s textbook said, Trichel pulse was observed
only in the electronegative gases[1] (such as air and SF6

[76,77]),
but there have been quite lots of works about the negative DC
pulsed mode in various non-electronegative gases.[28,40,42–45]

Sun et al.[44] reported that the current waveforms within 30 ns
were the same in both nitrogen and air at atmospheric pres-
sure. A similar trend has been discussed involving the initial
stage of the breakdown by Černák et al.[40] After comparing
the initial stage of the breakdown current under negative DC
voltage in nitrogen and the Trichel pulse current in electroneg-
ative gases, they found that the leading edge and the initial
quenching process are quite similar. Morrow[22] found that the
leading edge and the initial decay did not change dramatically
after excluding the attachment reactions in his model. Akishev
et al.[41,42] systematically investigated the pulsed mode in ni-
trogen and built a simulation model. They revealed that the ini-
tial quenching process is similar to the formation of a transient
cathode sheath in electronegative gas. From these researches,
we can conclude that the initial quenching mechanisms of both
two kinds of gases are due to the same mechanism.

What is more, Ouyang et al.[43] put forward that the
pulsed mode in various kinds of gases can be regarded as the
mode transition from the low-current Townsend discharge to
the high-current normal glow discharge, whose transition cri-
terion is the positive ion flux (the flux difference of two modes
can reach at least 2-order magnitude). And when the flux
is between the two modes, the pulsed mode appears. They
also reported the same mechanism of pulsed mode in other
configurations.[78]

Besides the quenching mechanisms caused by the gas it-
self, some other researchers emphasized the profound role of
the external circuit. Sun et al.[44] emphasized that in nitrogen
the pulsed mode can be realized only with a large ballast re-
sistor (MΩ), which leads the source to not supply charge in
time, so the discharge is only fueled by the charge from the
stray capacitance. Then the voltage of the stray capacitance,
which equals cathode voltage, will drop until the discharge is
quenched. Then the source will charge the stray capacitance
again, and the discharge will restart when the cathode volt-
age raises to onset voltage. There might be a second hump
appearing in the trailing edge due to the further development
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of temporal glow discharge. Another equivalent circuit theory
was discussed by Sigmond.[45] The ionization region (α > η)
is modeled by negative resistance (Ri), region capacitance (Ci),
and discharge inductance (Li), while the drift region (α < η)
modeled by equivalent resistance (Rd). Rd in electronegative
gas is larger since the negative ion moves more slowly than
electron. When Rd is large enough, the pulsed mode can ap-
pear. Otherwise, the external circuit resistance (R0) and capac-
itance (C0) will take over the role of Rd and Ci to make pulsed
mode happen. The effect of negative ion and the resistor of the
external circuit can be unified as a kind of impedance in this
theory.

5. Conclusions
This review focuses on a classical discharge mode of

negative DC corona in a nonuniform electric field, Trichel
pulse. Many basic optical and electrical characteristics of
it are present, and we discuss the well-accepted ionization
and quenching mechanisms in detail. Ionization mechanisms
mainly involve several electron emission mechanisms and
streamer theory, whose applicability is identified at the same
time. The positive ion and the negative ion related mechanism
dominate different stages of the quenching process in elec-
tronegative gases. In non-electronegative gases positive ion
dominates the initial quenching process too, while the effect
of external circuit replaces the effect of negative ion.

Although different kinds of ionization and quenching
mechanisms of Trichel pulse have been clarified, it is still far
away from reaching a consensus. As an outlook, further sim-
ulations and experiments are required. Most present 2D mod-
els rarely consider the chemical process and various electron
emission mechanisms, and simulations probably can play in-
creasing roles in exploring the underlying mechanisms in dif-
ferent conditions. On the other hand, advanced diagnosis tech-
niques are promoted in recent years, which can be effective
methods in diagnosing the microscopic processes in Trichel
pulse.
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