
Test of Amorphous Metal Magnetic Cores Using A 

Short Pulse Generator 

H. Heo and S. H. Nam 

Pohang Accelerator Laboratory 
POSTECH 

Pohang, Korea 

Abstract-We tested a core with amorphous magnetic material 
for pulsed power applications like as pulse transformer. The core 
was excited by short voltage pulses. The pulse generator consists 
of transmission line, a spark gap switch, a charging resistor, and 
a high voltage power supply. We reset the core by using a DC 
power supply and an inductor. We discussed about the 
experimental results of the magnetic core. 
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I. INTRODUCTION 

Fe based amorphous metal is widely used in electric 
industry, especially in power distribution transformer. Since, 
however, the core loss increases as frequency increase, the 
other magnetic materials, for example Co based amorphous 
metal, nanocrystalline, ferrite, are used at high frequency 
applications like as inverter transformer, mter choke, etc .. 
Nonetheless, Fe based magnetic material can be applicable for 
the high voltage pulsed power machines because flux swing of 
Fe based magnetic material is higher than that of these low loss 
magnetic materials. 

Cassel et al used Fe based magnetic material in their 
induction modulator because of its availability [l]. Since the 
characteristics of magnetic core depend on the manufacturing 
method and application condition, sample core is tested in most 
case for the purpose of obtaining its properties or estimating its 
performance. Burdt reported some characteristics of magnetic 
materials using a test stand at high constant magnetization rate 
[2]. 

We tested a magnetic core made with Fe based amorphous 
metal using a high voltage pulse generator which can generate 
3 kVand 60 ns pulse length. For the purpose of this test, we 
designed a test case and spark gap switch. We also used the 
two identical cases for configuring a 1:2 fast pulse 
transformer. 

In this paper we introduced the experimental method and 
some results, and discussed about it. 

II. EXPERIMENT 

A. MagnetiC core 

The magnetic cores were made with Fe based amorphous 
metal ribbon. The ribbon's width is 25 mm. Figure 1 is the 
picture of the toroidal magnetic core. The outer diameter of the 
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magnetic core is 50 mm and inner diameter is 30 mm . Kapton 
mm was used for insulating interlayer. The core was annealed 
with applying longitudinal magnetic field. 

Figure 1 Tested magnetic core. 

B. Core Test Setup 

Figure 2 is schematic view of the test setup using short 
pulse generator. In order to generate a fast rising high voltage 
short pulse, we used a pulse forming line pulse generator. The 
core was reset with a DC power supply and a blocking inductor. 
The tested core was installed in the inside of the test case 
which works as a 1:1 transformer. 

Figure 2 Magnetic core test setup using short pulse generator. 

In order to make the pulse length be around 60 ns, we used 
RG214IU coaxial cable of length 6 m as a single pulse forming 
line. Since, this coaxial cable has characteristic impedance of 

50 n, we used two identical coaxial cables in parallel to make a 



25 n pulse generator. We used self-breakdown spark gap 
switch as an output switch. 

Figure 3 shows the spark gap switch which has two cable 
connectors. The switch tum on voltage was controlled by 
adjusting the gap distance of the spark gap switch in 
atmosphere pressure condition. 

Figure 3 Spark gap switch. 

We made a core test case for high magnetization 
experiments as shown in figure 4. Each case can install four 
magnetic cores, and has two power input connectors. When 
two cases were connected in series, it works as a 1:2 step-up 
transformer. 

Figure 4 Magnetic core test case. 

664 

III. TEST RESULTS 

A. Single Magnetic Core Case Experiment 

Figure 5 is the output voltage at the load resistance of 50 
n when charging voltage was 6 kY. The rise time is around 20 
ns and the output voltage is around 3 kY. According to the 
increase of the number of the magnetic cores, the pulse droop 
decrease. That means that the pulse droop is related with the 
inductance of the magnetic core. Since the load resistance is 
about half of the pulse generator's impedance, we can expect 
that the efficiency of the 1: 1 transformer is less than 50 %. 

Figure 5 Output voltage shapes as increasing number of cores 

Figure 6 shows the flux swings according to the core 
numbers, which was obtained by integrating the waveforms of 
the output voltages and dividing by effective core area. When 
two cores were used, the maximum flux swing is about 0.55 T. 
The magnetization rate is about 9 T/J.ls. 

Figure 6 Flux swings as increasing number of cores 

B. Step-up Transformer Configuration Experiment 

We connected two magnetic core test cases in series in 
order to test its performance as a step-up transformer at high 
magnetization rate. Each core case was connected with single 
50 n coaxial cable. Figure 7 is the test results measured at the 



load resistor of 200 n. This results shows that the input voltage 
is step-up by two times. 

Figure 7 Input and output voltage waveform in 1:2 Step-up transformer 
configuration. 
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IV. SUMMARY 

We tested a magnetic cores made with Fe bases amorphous 
metal ribbon and Kapton film at the short pulse length of 60 ns. 
When the magnetization rate was 9 T/JJ.s, flux swing is about 
0.55 T. The magnetic core shows that it is applicable to a fast 
pulse transformer even though it has large loss at the 
magnetization rate of about 5 T/JJ.s. 
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