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ABSTRACT

A ferrite sharpener is a non-linear coaxial line using ferrite beads, which
produces high-voltage, high-dV/dt pulses. We have been examining the
characteristics of ferrite sharpeners experimentally, varying various
parameters. Also we have made the simulation of the ferrite sharpener and
compared the predictions with the experimental results in detail to analyze
the characteristics of the sharpener. In this report, calculating the
magnetization M of the ferrite bead, we divide the bead into n sections
radially instead of adopting M at the average radius in the previous report.

1. Introduction
ffigh-voltage, high-dV/dt pulses are necessary to drive pulsed laser, Pockels cell, pulsed

radar and to control electron beam. There are various methods to produce high-dV/dt pulses;
-linear transmission line using ceramic capacitors(l), pn-ju 0 (3)

non nction di des(2) and ferrite 
Among them non-linear coaxial line using ferrite beads is superior to the others with respect
to low cost and simplicity of structure. Therefore, we have been examining the characteristics
of ferrite sharpeners, non-linear coaxial lines using ferrite beads, experimentally, varying
various parameters. We have obtained pulses which have high dV/dt of 12kV/ns and
open-ended peak voltage of 45kV(4) . Also we have made the simulation of the ferrite
sharpener to analyze the characteristics of the sharpener along with Ref 5. Then we compared
the predictions with the experimental results in detail. As a result, the results of the simulation

(6)are in good agreement with the experimental results
In this report, calculating the magnetization M of the ferrite bead we divide the bead into

(6)n sections radially instead of adopting M at the average radius in the previous report In
Sec.2, the experimental setup of the ferrite sharpener is described 'In Sec.3, the equivalent
circuit of the ferrite sharpener is presented. In Sec.4, the results of the simulation and
discussion are described. Finally, the results of this report are summarized in Sec. 5.

2. Experimental setup
Fig. I shows the structure of a ferrite sharpener, which is a non-linear coaxial line using

ferrite beads. A peace of ferrite bead is nickel-zinc ferrite bead TDK-BIF70BB. The outer and
inner diameters of a bead are 5.Omm and 2.Omm, respectively, and its length is 5.0mrn. The
impedance of the sharpener after ferrite saturation is designed to be approximately 50fl. The
principle of the sharpener is illustrated in Fig.2. As shown in the figure, an input voltage pulse
dissipates its front, propagating in the sharpener. Then the input voltage pulse is steepened at
the end of the sharpener. The rise time and peak voltage of the input pulse are approximately
40ns and 2k, respectively. Typical output waveform of open-ended ferrite sharpener is
shown in Fig.3. The rise time and peak voltage of the pulse are 2.4ns and 45kV, respectively,
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so high dV/dt of 12kV/ns is achieved. Voltages are measured by Tektronix high voltage probe:
P6015A and Hewlett Packard digital oscilloscope: BP545 I OA.

Ferrite beads Braided outer conductor

Center conductor Dielectric Insulator
Fig. I Structure of ferrite sharpener
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Fig.2 Principle of ferrite sharpener Fig. 3 Output waveform of ferrite sharpener

3. Equivalent circuit of ferrite sharpener

Along with Ref 5, we made the simulation of the ferrite sharpener to analyze the

characteristics of the sharpener. The equivalent circuit of the sharpener is derived as follows.

Current equation of the sharpener is the same as a usual transmission line.

dIldz = -C.dVIdt (1)

where Co is the capacitance of the sharpener per unit length. The magnetic flux 0 of the

sharpeneris

= LJ + uM(r)* (2)

where Lo is the inductance of the sharpener per unit length after ferrite saturation. r. and ri are

the outer and inner radius of the ferrite bead, respectively, and M is the magnetization of the
(6)bead. In the previous report we assume that M is independent of the radius and is constant;
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we adopt Mat average radius, i.e. Mo,,,. as shown in Fig.4(a), so eq.(2) becomes

.......... ...............

.....................

r M

................................

&-ave M i9l M&2 Mi93

(a) MgL., (Mat average radius) (b) Mo, and r

Fig.4 Illustration ofM,9 and Mo,

= LJ + pMg- . (r - r) (3)

Therefore, voltage equation of the transmission line is

d V /d z = - d /d t = L. d I d t +,uo(r - r) dM,9-. /d t (4)

In this report, we divide a ferrite bead into n sections radially and take the sum of the products

ofMO, and Ar as shown in Fig.4(b), so eq.(2) becomes

LJ + pol MOiAr (5)
Ni

Therefore, voltage equation of the transmission line is
n

d V /d z d 0 Idt = Lo d I /d t +,yoArZ dM, / d t (6)

From eq.(l) and 4) or 6) the equivalent circuit of the sharpener is derived, as shown in Fig.5.

Voltage sources in the figure are respond to the product of Az and the second term of eq.(4 or

(6). dMIdt is obtained from Landau-Gilbert equation as below.

dM 2 M2
uoHM, I - (7)

m2dt S. S

where Sw is a switching coefficient of the ferrite used and H is the magnetic field. Ms is the

saturation magnetization of the ferrite used.
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Fig. 5 Equivalent circuit of ferrite sharpener

4. Results and discussion

Static B-H curve of the ferrite bead used is shown in Fig.6. From the catalog, relative

permeability at HO and saturation magnetic flux density are 1500 and 0.28T, respectively.

According to Ref.7, the switching coefficient of nickel-zinc ferrite is 025 or 0.51 oe-Ps In

simulation, time step At is 2ps and the sharpener is divided into 200 sections in z direction and

50 sections radially. The input voltage waveform of simulation is fitted to that of experiment.

Its peak voltage and rise time are 1kV and 40ns, respectively. The output terminal is loaded

with matching impedance, i.e. a 4891 resistor.

Figure 7 shows the rise time of the output voltage pulse of the sharpener when the length

of the sharpener is changed. Figure shows the rise time of the output voltage pulse of the

sharpener when the bias current to the ferrite sharpener is changed. The length of the ferrite

sharpener is Im. The direction of the bias current is the same as that of the input pulse. In

Fig.7 and 8, the prediction has a similar tendency to the experimental results. In both cases of

Sw=0.25 and 051, the rise time predicted with summation of the products of MO, and Ar is

slightly longer than that with Mat average radius.
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Fig. 6 Static D-H curve of the ferrite bead used
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Fig. 7 Rise time of output voltage vs. length of ferrite sharpener
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Fig. 8 Rise time of output voltage vs. bias current
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5. Conclusion

A ferrite sharpener is a non-linear coaxial line using ferrite beads, which produces

high-voltage, high-dV/dt pulses. We have been examining the characteristics of feffite

sharpeners experimentally, varying various parameters. Also we have made the simulation of

the ferrite sharpener and compared the predictions with the experimental results in detail to

analyze the characteristics of the sharpener. In this repork calculating the magnetization M of

the ferrite bead, we divide the bead into n sections radially instead of adopting M at the

average radius in the previous report. Compared the prediction with experimental results

when th e length of the ferrite sharpener and the bias current are varied, the prediction has a

similar tendency to the experimental results. In both cases of Sw=0.25 and 0. 5 1, the rise time

predicted with summation of the products of Mq, and Ar is slightly longer than that with M at

average radius.
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