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A transmission line circuit model was conducted to compare the performances of the two-level 2.5Ω magnetically insulated
transmission lines (MITLs) system of a 5-MA linear-transformer-driver (LTD) accelerator for two kinds of typical loads, in-
cluding bremsstrahlung electron beam diodes and Z-pinch loads. Both the electron current loss in the pulse front during the
magnetic insulation setup process and the electron fow distribution in the magnetic insulation steady state were analyzed. When
the accelerator drives an electron beam diode load with impedance of 1.20Ω (a single level), the duration of the magnetic
insulation setup is about 12 ns, the current loss is about 130 kA in a single MITL level, the maximum electron fow current is about
50 kA in the end of MITL, and its amplitude decreases gradually after the steady magnetic insulation is established. When the
accelerator drives a Z-pinch load with length of 1.5 cm, radius of 1.2 cm, and mass of 0.3mg/cm, the duration of the magnetic
insulation setup is almost zero, the maximum electron fow current in the end of MITL can reach about 55 kA (a single level), and
the waveform of the electron fow resembles a saddle shape, which reaches the peak at the pinch stagnation time.

1. Introduction

Pulsed power driven Z-pinch and high power electron beam
loads can be used as laboratory radiation sources to generate
x-rays in wide energy ranges. Considerable progress in
pulsed power science has been made in the past decades to
meet the requirements for the inertial confnement fusion,
radiation efects, laboratory astrophysics, material physics,
and other high-energy-density-physics experiments. Several
multiterawatt (TW) pulsed power accelerators with tens of
MA-class current have been or are being developed in the
world, including the saturn, Z (ZR) in the US [1–4], primary
test stand (PTS) in China [5], and Baikal in Russia [6].

Te magnetically insulated transmission lines (MITLs)
are commonly used in the pulsed power system to transmit
the electrical pulses from the several meter scale insulator

stacks to the centimeter scale loads. Te design and per-
formance of MITL are vitally essential for large pulsed power
drivers [7–13].

Stygar et al. and Hutsel et al. have developed a trans-
mission line circuit code for the Z (ZR) MITL system, re-
spectively [3, 12]. Both the models simulate several physical
processes, including the electron loss prior to the magnetic
insulation, the gap closure efects, energy loss to conductors
at high lineal current densities, ion emission, anode-plasma
expansion, and load impedance time histories. Te models
agree well with experimental measurements. In the
2017–2019, Spielman et al. reported a screamer circuit code
of the MITL system for a 15-TW, 10-MA driver [9, 10]. By
means of Zfow theory, the current loss to the anode during
the setup of magnetic insulation could be rapidly achieved,
which provides an innovative MITL design tool. Bailey et al.

Hindawi
Laser and Particle Beams
Volume 2023, Article ID 2021696, 11 pages
https://doi.org/10.1155/2023/2021696

https://doi.org/10.1155/2023/2021696 Published online by Cambridge University Press

mailto:weihaoyy@sina.com
https://orcid.org/0000-0001-6948-5876
https://orcid.org/0000-0001-6243-3424
https://orcid.org/0000-0002-4416-4360
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2021696
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1155/2023/2021696&domain=pdf
https://doi.org/10.1155/2023/2021696


successfully increased the output voltage of RITS-3 by de-
signing a higher impedance MITL [11]. However, more in-
depth research studies are needed on the performance when
a MITL disk drives diferent loads, such as the brems-
strahlung electron beam diodes and z-pinches.

Based on the previous excellent studies, this study de-
veloped a transmission line circuit code for aMITL system of
a 5-MA 100-ns driver [14]. Te electron current loss prior to
magnetic insulation and the electron fow distributions in
the magnetic insulation steady state were compared for two
kinds of typical loads (bremsstrahlung electron beam diodes
and Z-pinches).

Tis study is organized as follows. In Section 2, an initial
MITL system design of the 5-MA 100-ns driver is presented.
Section 3 gives a transmission line (TL) circuit code for the
MITL system including the cylindrical refex triode (CRT)
and the Z-pinch load. Te simulation results are illustrated
in Sections 4 and 5, including the electron current loss before
magnetic insulation, and the electron fow distribution after
the magnetic insulation is fully established. In Section 6, the
comparison ofMITL performance for two loads is given.Te
work is summarized in Section 7.

2. MITL System of the 5-MA Accelerator

Te accelerator is expected to deliver 3∼5MA electrical pulse
to load, which will be used to drive bremsstrahlung electron
beam diode or Z-pinch load. Te 3D model and cross-
sectional view of the central converging region is presented
in Figure 1. Te prime power source consists of 6 identical
LTD modules. Each LTD module delivers about 0.90MV/
0.50MA electrical pulses to the central water tank by a 3m
length coaxial water transmission line. Te 6m diameter
water-tank consists of 6 sets of 1.8m length triplate radial
transmission lines and a two-level vacuum-insulated stack
with radius of 1m.Te LTDmodule, coaxial water insulated
transmission line, and the triplate transmission line are
almost impedance-matched.

A two-level vacuum MITL is used to deliver the electrical
pulses to the load from the insulator stack. Each level of the
MITL comprises of a constant impedance segment and a
constant-gap segment. At the outer radius location, the gap
distance of each level decreases as the radius moves toward the
center, which provides a constant-impedance profle. As the
MITL gap distance decrease to 1 cm, it keeps constant inward.
Te angle of the MITL cathode is about 12°, which is accessible
to diagnose various physical loads on the equatorial plane.

Te parameters of each MITL level varying with the
radius are shown in Figure 2. Te total inductance of the
stack-MITL system including the stacks, vacuum fare, and
MITL is approximately 11.5 nH (two-level MITL in parallel).
Te impedance of the A and B level MITL keeps constant as
2.5Ω at the radius of 73–25 cm, and the A-K gap decreases to
1 cm at the radius of 25 cm.

3. Circuit Model of the MITL-Load System

As illustrated in Figure 3, a transmission-line-circuit model
of the accelerator is developed. Te circuit model of the

MITL-load system consists of 43 TL elements. Each element
has the same transmit time of 0.1 ns. Te prime source
consisting of 6 LTD modules in parallel is modeled as an
R-L-C lumped circuit. Due to the diferent electrical length,
each MITL level has diferent numbers of TL elements. Te
A level MITL is comprised of 16 constant-impedance ele-
ments (Ai1–Ai16) and 5 constant-gap elements (Ag1 − Ag5).
And the B level MITL is comprised of 17 constant-im-
pedance elements (Bi1–Bi17) and 5 constant-gap elements
(Bg1 − Bg5). Within the outer-MITL region, a shunt resistor
is used to model the electron current loss in each element
before magnetic insulation. Within the load or posthole
convolute (PHC) region, the lumped shunt resistors are used
to calculate the electron fow loss originated from the ter-
minal of the outer MITLs and then lost to these regions.

3.1. Forward Voltage Used to Drive the TL Model. As shown
in Figure 4, the TL circuit of the accelerator is driven by a
forward going voltageU calculated by the TLmodel.Te rise
time of forward voltage waveform is about 60 ns, and the full
width at half maximum (FWHM) is about 115 ns. Te peak
voltage is about 0.90MV.

3.2. Model of the Loss Current. Electrons are emitted from
each element cathode once the electric feld exceeds the
threshold value Eth. Te emission electrons are assumed to
be lost to the anode of the same element. Te electron
current loss Iloss in this element is always calculated by the
correction function of Fe(Y) and K(t, |E|) on the classical
Child Langmuir space charge-limited current ISCL [15],
which is given as follows. Te parallel resistor Rloss in each
element is calculated by the ratio of the line voltage Va to the
electron current loss Iloss.

ISCL �
4
9
ε0A

��
2e

m

􏽲
V

(3/2)
a

d
2 ,

Iloss � Fe(Y)K(t, |E|)ISCL,

(1)

where ε0 is the vacuum permittivity, A is the surface area of
each element, e is the electron charge, m is the electron rest
mass, Va is the line voltage of each element, and d is the gap
distance of each element. Fe(Y) is an artifcial function which
refects the threshold depending on the anode current. K(t, |
E|) is a function for the use of denoting the emission
intensity.

Once the magnetic insulation is established, the MITL is
modeled as lossless transmission line. Electron-fow current
is estimated by the Mendel’s 1D steady-state MITL equation
modifed to account for cathode-plasma motion [3, 16].

Va � Z0 1 −
vct

d0
􏼠 􏼡􏼢 􏼣 I

2
a − I

2
k􏼐 􏼑

(1/2)
−

mc
2

2e

I
2
a − I

2
k

I
2
k

􏼠 􏼡, (2)

where Z0 is the MITL impedance, d0 is the initial MITL gap
distance, vc is the average cathode plasma expansion ve-
locity, Ia is the anode current, Ik is the cathode current, and c
is the velocity of light in vacuum.
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3.3. Model Cylindrical Refex Triode. Te cylindrical refex
triode [17] is shown in Figure 5 and its circuit model is
shown in Figure 6. Te CRT can be regarded as two parallel
bremsstrahlung electron beam diodes.

When the accelerator drives a refex triode load, the
posthole convolute structure is removed, and the end of the
constant gap segment of MITL is replaced by a short coaxial
MITL. In the circuit model, the transmission lines numbered
Ag3 − Ag5(Bg3 − Bg5) are replaced by Ac1–Ac3 (Bc1–Bc3)
accordingly. In the model of CRT load, only the electron
emission is considered. Te TL-code model includes the
efects of a fnite turn-on time, the CL space charge limited
current phase [18–20], and the critical current phase [21]. In
the CL space charge limited phase (including the non-rel-
ativistic and relativistic regimes), the diode load current is
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Figure 2: Geometry parameters of the central converging region of the accelerator: (a) the vacuum inductance, (b) the vacuum impedance,
and (c) the AK gap.

Bg5

Ag5

Bg1

Ag1

Rloss,Ag1

Rloss,Bg1

Rloss,Ag5

Rloss,Bg5

Bi17

Ai16

Bi1

Ai1

Rloss,Ai1

Rloss,Bi1

Rloss,Ai16

Rloss,Bi17

Constant-impedance
MITL 

Constant-gap
MITL 

LoadU
Bv5

Av5

Bv1

Av1

Vacuum
flare 

Bs4

As4

Bs1

As1

Insulator
stack 

Bw60

Aw60

Bw1

Aw1

Water
flare 

Tc

BM10

AM10

BM1

AM1

MRTL

Coaxial
line

MITL+load system

Figure 3: Diagram of the TL-code model of the accelerator.
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Figure 1: Tree-dimensional model and cross-sectional view of the central converging region of the 5-MA accelerator.
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related to the load voltage and geometric parameters, which
is given by the following equation:

ICL �

2.334 × 10− 6V
(3/2)
load

d
2 AT, Vload < 0.5MV,

2713 × AT
c
0.5

− 0.8471􏼐 􏼑
2

d
2 , Vload > 0.5MV,

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(3)

where AT is the emission area of a single diode, AT= 2πrA(w
+ 2d), rA is the radius of the tantalum anode, w is the axial
width of the cathode, d is the efective AK gap, d= d0 − vd

·Δt, d0 is the initial AK gap, vd is the cathode plasma closure
velocity, and c is the electron relativistic mass factor, which
equals 1 + eVload/mc2.

When the self-magnetic feld becomes signifcant at high
voltage, the critical current can be expressed as follows:
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Figure 8: Te infuence of the load impedance on the A-level diode parameters: (a) load voltage and (b) load current.
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Icrit � 8500
α c

2
− 1􏼐 􏼑

(1/2)

ln rA/rc( 􏼁
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
. (4)

Te scaling factor α is assumed to be 1.5 here, as this
value provides a good ft to the PIC simulations in
previous studies [22]. And a ft function is used for
transition from the SCL phase to the critical current
phase as follows [22]:

Iload � Ifit

� I
− 3
CL + I

− 3
crit􏼐 􏼑

− (1/3)
.

(5)

Te impedance of the CRT is given by the following
equation:

Rload �
Vload

Iload
. (6)

3.4. Model Z-Pinch Load. Te posthole convolute, inner-
MITL, and a Z-pinch load are shown and their circuit
models are shown in Figure 7.

A typical 0-D imploding shell model is used to model the
Z-pinch load [23]. Te radius of the imploding plasma r(t) is
given by the following equation:
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d2r(t)

dt
2 � −

μ0I
2
(t)l

4πmr(t)
, (7)

where l is the length of the wire, m is the total load mass,
I(t) is the load current, and μ0 is the permeability of
vacuum.

Te circuit element Lload in Figure 7 is therefore modeled
as a time-dependent inductance.

Lload �
μ0
2π

ln
r0

r(t)
􏼠 􏼡 + L0, (8)

where r0 is the initial radius of wire and L0 is the initial
inductance of load.

3.5. Figure of Merit of MITL. Te MITL fgure of merit E/cB
(the dimensionless ratio of the local electric feld to the local
magnetic feld) can be expressed as follows [10].

E

cB
�

Zr

Zvac
, If � 0,

Zr

Zflow
, If ≠ 0,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(9)

where Zr is the operating impedance and Zr �Va/Ia. Zvac is
the geometric impedance. Zfow is the electrical fow im-
pedance, and Zfow �Va/(I2a − I2c )̂ 0.5. If is the electron fow
current, If � Ia − Ic.

4. MITL Performance for CRT Loads

At the charge voltage of ±80 kV, the accelerator stores up
265 kJ of electrical energy. Te electrical parameters of the
A-level diode are shown in Figure 8; when the radius of the
tantalum anode is 0.18m, the axial width of the cathode is

0.01m and vd is 2×104m/s. It is seen that as the initial AK
gap d0 changes from 5mm to 8mm, the peak load voltage
increases from 0.6MV to 0.9MV, and the peak load current
decreases from 1.1MA to 0.8MA. At the time of peak load
voltage (∼285 ns), the impedance of the A-level diode in-
creases from 0.59Ω to 1.20Ω.

In Figure 9, the electron current loss of each segment of
the A-level MITL were plotted out. Results show that the loss
current is sensitive to the MITL gap, and the largest loss
current appears at the innermost segment in the constant-
impedance MITL (Ai16), which has the highest electric feld
and frstly exceeds the emission threshold and emits elec-
trons. Overall, the electron emission occurs at the joint

Table 1: A-level MITL parameters at the peak MITL voltage driving a CRT load (initial gap distance d0 � 5mm and Rload_A � 0.59Ω.).

MITL segment Ua (MV) d (mm) Ec (MV/cm) Ia (MA) If (kA) Ic (MA) Zr (Ω) Zvac (Ω) Zfow (Ω) E/cB
Ai1 0.75 29.15 0.26 1.42 32.9 1.387 0.54 2.50 2.47 0.22
Ai2 0.75 27.88 0.27 1.42 32.5 1.388 0.54 2.50 2.48 0.22
Ai3 0.74 26.62 0.28 1.42 32.2 1.388 0.53 2.50 2.46 0.22
Ai4 0.74 25.35 0.29 1.42 31.8 1.388 0.53 2.50 2.48 0.21
Ai5 0.74 24.08 0.31 1.42 31.5 1.389 0.53 2.50 2.49 0.21
Ai6 0.73 22.81 0.32 1.42 31.1 1.389 0.53 2.50 2.47 0.21
Ai7 0.73 21.55 0.34 1.42 30.7 1.389 0.53 2.50 2.49 0.21
Ai8 0.72 20.28 0.36 1.42 30.3 1.390 0.52 2.50 2.47 0.21
Ai9 0.72 19.01 0.38 1.42 30.0 1.390 0.52 2.50 2.48 0.21
Ai10 0.71 17.75 0.40 1.42 29.6 1.390 0.51 2.50 2.46 0.21
Ai11 0.71 16.48 0.43 1.42 29.2 1.391 0.51 2.50 2.48 0.21
Ai12 0.70 15.21 0.46 1.42 28.9 1.391 0.50 2.50 2.46 0.20
Ai13 0.70 13.94 0.50 1.42 28.5 1.392 0.50 2.50 2.47 0.20
Ai14 0.70 12.68 0.55 1.42 28.2 1.392 0.50 2.50 2.49 0.20
Ai15 0.69 11.41 0.61 1.42 27.8 1.392 0.50 2.50 2.47 0.20
Ai16 0.69 10.14 0.68 1.42 27.5 1.393 0.49 2.50 2.48 0.20
Ag1 0.68 10.00 0.68 1.42 21.3 1.399 0.49 2.87 2.78 0.18
Ag2 0.67 10.00 0.67 1.42 15.4 1.405 0.48 3.29 3.21 0.15
Ac1 0.67 10.00 0.67 1.42 14.6 1.405 0.48 3.43 3.30 0.15
Ac2 0.66 10.00 0.66 1.42 14.3 1.406 0.47 3.43 3.28 0.14
Ac3 0.66 10.00 0.66 1.42 14.1 1.406 0.47 3.43 3.31 0.14
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Figure 11: Calculated A-level and B-level stack voltage, A-level and
B-level stack current, and total current.
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position of the constant-impedance segment and the con-
stant-gap one and then expands toward the upstream and
downstream. When the load initial gap d0 is equal to 5mm
(load impedance of A-level is 0.59Ω), the peak value of total
loss current Iall of A-level MITL is about 67 kA, and the
duration is only about 7 ns. As the initial AK gap d0 increases
to 8mm (Rload_A increase to 1.20Ω), the magnitude and
duration of Iall are about 130 kA and 12 ns, respectively.

Once the magnetic insulation was established, the
electrons emitting from the cathode no longer arrive at the
anode, and it propagates downstream in the sheath electron
fow that is close to the cathode surface. Accordingly, the

electron loss becomes zero. In Figure 10, the vacuum
electron fow currents of each MITL segment of A-level
MITL were plotted out. Te largest vacuum electron fow
current is on the outermost segment in the constant-im-
pedance MITL (Ai1) and decreases along the direction of the
power fow. Te fow current reaches its maximum value
quickly and decreases gradually with time, which is mainly
due to the rapid increase of the load current. It is seen that
when d0 is set to 5mm, the electron fow of the segment Ai1,
Ai8, and Ai16 decreases to zero at 280 ns, 315 ns, and 350 ns,
respectively, because the electric feld in the MITL gap is
smaller than the electron emission threshold. As the gap d0
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Figure 13: Time history of the electron fow currents in each MITL segment of A-level MITL as functions of time (Z-pinch load).
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Figure 12: Calculated electric feld in each segment of the A-level MITL (l� 1.5 cm, r0 �1.2 cm, and m� 0.3mg/cm).
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increases to 8mm (load impedance of A-level increase from
0.59Ω to 1.20Ω), the maximum fow current increases from
60 kA to 115 kA.

Table 1 gives the electrical parameters of the MITL at the
time of peak MITL voltage (275 ns) when the accelerator
drives a CRT load (d0 � 5mm and Rload_A � 0.59Ω). Te line

voltage decreases and cathode current increases with de-
creasing radius; thereby, the ratio E/cB gradually decreases in
the direction of power fow. Tis implies that the quality of
magnetic insulation is slowly improved. Te range of the
ratio E/cB is 0.22∼0.14, which is similar to the one of B-level
MITL of the Z-15 driver (0.234∼0.146) [10].

Table 2: Listing of the A-level MITL parameters for Z-pinch load (l� 1.5 cm, r0 �1.2 cm, and mass� 0.3mg/cm).

MITL segment Ua (MV) d (mm) Ec (MV/cm) Ia (MA) If (kA) Ic (MA) Zr (Ω) Zvac (Ω) Zfow (Ω) E/cB
Ai1 0.54 29.15 0.19 1.00 1.000 0.54 2.50 0.22
Ai2 0.53 27.88 0.19 1.00 1.000 0.53 2.50 0.21
Ai3 0.52 26.62 0.20 1.00 1.000 0.52 2.50 0.21
Ai4 0.52 25.35 0.20 1.00 1.000 0.52 2.50 0.21
Ai5 0.51 24.08 0.21 1.00 1.000 0.51 2.50 0.20
Ai6 0.50 22.81 0.22 1.00 1.000 0.50 2.50 0.20
Ai7 0.49 21.55 0.23 1.00 1.000 0.49 2.50 0.20
Ai8 0.48 20.28 0.24 1.00 19.1 0.981 0.48 2.50 2.47 0.19
Ai9 0.47 19.01 0.25 1.00 18.3 0.982 0.47 2.50 2.47 0.19
Ai10 0.46 17.75 0.26 1.00 17.6 0.982 0.46 2.50 2.46 0.19
Ai11 0.45 16.48 0.28 1.00 16.9 0.983 0.45 2.50 2.46 0.18
Ai12 0.45 15.21 0.29 1.00 16.5 0.984 0.45 2.50 2.49 0.18
Ai13 0.44 13.94 0.31 1.00 15.8 0.984 0.44 2.50 2.49 0.18
Ai14 0.43 12.68 0.34 1.00 15.0 0.985 0.43 2.50 2.49 0.17
Ai15 0.42 11.41 0.37 1.00 14.3 0.986 0.42 2.50 2.49 0.17
Ai16 0.41 10.14 0.40 1.00 13.7 0.986 0.41 2.50 2.49 0.16
Ag1 0.40 10.00 0.40 1.00 10.2 0.990 0.40 2.87 2.81 0.14
Ag2 0.39 10.00 0.39 1.00 7.2 0.993 0.39 3.29 3.25 0.12
Ag3 0.38 10.00 0.38 1.00 5.8 0.994 0.38 3.75 3.45 0.11
Ag4 0.37 10.00 0.37 1.00 4.7 0.995 0.37 4.61 3.70 0.10
Ag5 0.36 10.00 0.36 1.00 3.9 0.996 0.36 6.12 4.00 0.09
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Figure 14: Comparison of the stack voltage for the two loads. Te
peak voltage is about 1.14MV when the accelerator drives the CRT
load (d0 � 8mm, Rload_A � 1.20Ω, and Rload_B � 1.22Ω). Te peak
voltage is about 0.9MV when the accelerator drives the Z-pinch
load (l� 1.5 cm, r0 �1.2 cm, and mass� 0.3mg/cm).
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Figure 15: Comparison of the stack current for the two loads. Te
stack current of each level is about 1.3MA when the accelerator
drives the CRT load (d0 � 8mm, Rload_A � 1.20Ω, and
Rload_B � 1.22Ω). Te stack current of each level is about 2.1MA
when the accelerator drives the Z-pinch load (l� 1.5 cm, r0 �1.2 cm,
and mass� 0.3mg/cm).
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5. MITL Performance for Z-Pinch Loads

Te Z-pinch load used in the simulation is a wire array with an
initial radius of 1.2 cm, a length of 1.5 cm, and the mass of
0.3mg/cm. Te simulation uses a convergence ratio of 10 :1 to
estimate the maximum implosion velocities and kinetic en-
ergies. As shown in Figure 11, the insulator stack is going to
hold of a peak voltage of ∼0.9MV, and the peak load current is
∼4.2MA.Te A- and B-level voltages and currents refect their
diferent vacuum inductances in the MITL and PHC. Te
voltage and electric feld waveform have a spike at 320ns,
which indicates the moment of stagnation. Te electric feld of
the A-level outer-MITL elements is shown in Figure 12.

Te electron current losses prior to magnetic insulation
are negligible because the duration of the magnetic insu-
lation setup is nearly zero due to the large MITL current. As
shown in Figure 13, the waveform of the electron fow re-
sembles saddle shape, whose amplitude rises up frst, then it
goes down, and then increases again. Te electron fow
ultimately reaches the peak at the pinch stagnation time.Te
fow current of the downstream element is smaller than that
of the upstream element. Te maximum electron current
fow is about 92 kA in the A-level MITL at the stagnation
time.

Table 2 gives electrical parameters of the MITL at the
time of peakMITL voltage (250 ns) when accelerator drives a
Z-pinch load. Te value of If and Zfow of Ai1–Ai7 segments
are blank because the electric feld on the cathode is lower
than the electron emission threshold (refer to Figure 12) in
these regions. And the range of the ratio E/cB is 0.22∼0.09.

6. Comparison of MITL Performance for
Two Loads

At the same charge voltage of ±80 kV, the comparison of the
stack voltage is shown in Figure 14, and the comparison of
the stack current is shown in Figure 15. Te waveform of the
electron fow current of Ag2 segment is shown in Figure 16.
It is seen that when the 5-MA accelerator drives a high
impedance CRT load in the rising phase of the load current,
the amplitude of the fowing current is about 5 times that of
the z-pinch load, while in the falling phase of the load
current, it is only 0.5 times that of the z-pinch load. Te
maximum value of fow current at the end of A-level MITL
when driving the 1.20Ω diode load is about 50 kA, and the
maximum value of the fow current when driving the
z-pinch load is about 55 kA.

Te impedance comparison of these two typical loads is
shown in Figure 17. Te impedance Rload of the CRT
gradually decreases with time. And the parallel impedance of
the two-level ranges from ∼0.296Ω to ∼0.604Ω as the initial
AK gap d0 increases from 5mm to 8mm at the time of peak
load voltage. However, the efective impedance of the
z-pinch (defned as dL/dt) is basically zero at the initial stage
and gradually increases at 275 ns. Te lower load impedance
results in lower MITL voltage and higher MITL current, as
shown in Figures 14 and 15.

7. Conclusion

In this study, a transmission line circuit model of a two-level
MITL system has been developed for a 5-MA 100-ns pulsed
power driver. Te MITL performance was compared when
the accelerator drives cylindrical refex triodes and Z-pinch
loads. Te following conclusions could be obtained.

(1) When the accelerator drives a cylindrical refex
triode load, the total electron current loss prior
magnetic insulation is about 130 kA, the duration of
themagnetic insulation setup is about 12 ns when the
load impedance of a single level is ∼1.20Ω; the
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Figure 16: Comparison of the electron fow currents in Ag2
segment for the two loads.
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Figure 17: Comparison of the load impedance for the two loads.
Rload is the parallel value of Rload_A and Rload_B.
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maximum fow current is about 50 kA in the end of
the MITL and its amplitude decreases gradually after
the steady magnetic insulation is established.

(2) When the accelerator drives a Z-pinch load, the
duration of the magnetic insulation setup is nearly
zero; the maximum electron fow current can reach
about 55 kA in a single MITL level and the waveform
of the electron fow functioning as time resembles a
saddle shape, which reaches the peak at the pinch
stagnation time.

Generally, the MITLs system described herein can ef-
fciently drive Z-pinch and electron beam loads with a small
fractional of current loss; further investigations will be made
to optimize the performance of the whole accelerator when
the current level is raised in the future.
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