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ABSTRACT 

The repetitive stacked Blumlein pulse power generators developed at the University of Texas at 
Dallas consist of several triaxial Blumleins stacked in series at one end. The lines are charged in 
parallel and synchronously commuted with a single switch at the other end. In this way, relatively 
low charging voltages are multiplied to give a high discharge voltage across an arbitrary load. To 
date, the stacked Blumlein pulsers have produced high power waveforms with risetimes and 
repetition rates in the range of 5-50 ns and 1-200Hz. respectively, using a conventional thyratron or 
spark gap. To generate waveforms with sub-nanosecond risetimes at kilo-Hertz repetition rates, fast 
switching devices such as photoconductive switches must be utilized. This paper describes the 
feasibility of an intense pulse power source based upon stacked Blumlein technology by adapting the 
design for use with photoconductive switches. 

STACKED BLUMLEIN PULSERS 

To fulfill the demand for pulse power sources producing several hundred kV pulses at moderately high repetition 
rates, the University of Texas at Dallas first introduced and implemented a new approach in 1987 to combine the 
functions of pulse shaping and voltage multiplication using stacked Blumleins. This yielded the development of 
pulsers which consisted of several triaxial Blumleins stacked in series at one end.1.2 The lines were charged in 
parallel and synchronously commuted with a single switch at the other end. This allowed switching to take place at a 
low charging voltage relative to the pulser output voltage. These pulsern have been extensively characterized by our 
group and their versatility has been demonstrated.l-9 With slight modifications they can produce waveforms with 
fast risetimes and a wide range of pulse durations and peak values. 

It should be noted that the stacked Blumlein pulsers initially were developed to drive flash x-ray diodes.l-3 The 
supporting components were originally designed to accommodate 8-18 Blumleins to access a wide range of X-ray 
energies. The issue of ease of operation outweighed the need for compactness. However, the stacked Blumlein 
pulsers can be developed into a tactical unit. This was demonstrated by reductions in the Blumlein spacings of a 
2-line pulser with the line impedance of SO n and line length of 48.2 m. The device in its original configuration 
occupied 1.92 m3 and weighed 769 Kg. This first attempt in reduction of Blumlein spacings resulted in a 60% 
reduction in volume and 30% reduction in the weight of the device.6•7 Operation of this pulser showed no 
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degradation of generated waveforms and voltage gains.6.7 Opportunities for packaging the stacked Blumlein pulsers 
were further investigated by adapting a modular approach in the small scale prototypes. 8 Results indicated that the 
stacked Blumlein pulsers can be packaged into a small volume to allow high density energy storage in the device that 
may not otherwise be possible with conventional techniques. 

To date, the stacked Blumlein pulsers have produced high pow~r waveforms with risetimes and repetition rates in the 
range of S-SO ns and 1-200 Hz, respectively, using a conventional thyratron or spark gap.1·9 Performances of 2-line 
pulsers with Blumlein lengths of 9.2 m, 17 m, 32.6 m and 48.2 m and line impedances of 2S 0 and SO 0 have been 
characterized in our earlier work using a thyratron.6,7 The voltage waveforms for the resistive loading condition of 
operation for the pulser with the line impedance of SO 0 are shown in Fig. 1 for reference. The waveforms in this 
figure indicate voltage gains of about 1.8 and exhibit flat tops. Fast rising waveforms have also been obtained from 
the stacked Blumlein pulser using a spark gap as the switching element.9 Figure 2 shows a typical resistive voltage 
waveform obtained from the 2-line pulser with line length of 1.6 m and line impedance of SO 0. 

Line length: 9.2 m Line length: 17 m Line length: 32.6 m Line length: 48.2 m 

> 
~ 01------, 

w 
~ 40 
f-
..J 
0 60 
> 

120 

0 200 400 0 200 400 0 

TIME (nsl TIME (nsl 

200 400 600 0 200 400 600 aoo 1000 

TIME (nsl TIME (nsl 

Figure 1. Resistive load voltage waveforms generated by the stacked 2-line pulsers with line lengths of 9.2 m, 17 m, 
32.6 m and 48.2 m and line impedances of SO 0. These particular waveforms correspond to a charging voltage of 
SO kV. A thyratron was used6·7 to commute the pulser. 
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Figure 2. Resistive voltage waveform generated by 
the stacked 2-line pulser with line length of 1.6 m and 
line impedance of so n. This particular waveform 
corresponds to a charging voltage of 30 kV. A spark 
gap was used9 to commute the pulser. 

PHOTOCONDUCTIVE SWITCHING OF THE STACKED BLUMLEIN PULSERS 

In recent years photoconductive semiconductor switches have gained much attention and have become competitors to 
the conventional high power switches such as spark gaps and thyratrons for certain applications. These devices 
operate jitter-free with optical isolation of the trigger and have switching speeds as fast as the optical trigger pulse 
risetime or faster. Photoconductive switches are divided into two categories of linear and avalanche type devices. 
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The application of linear switches has been limited by the relatively high optical power required to obtain the closure. 
In the avalanche type switches the electron-hole pair produced by one photon is multiplied through an avalanche 
process, thus reducing the optical energy levels necessary for initiation of switch closure. to It is interesting to note 
that the Blumleins may be the most proper pulse-forming lines for use with photoconductive switches. They provide 
faster output pulse risetimes and reduce the percentage of stored energy deposited in the switch. II 

In this work we designed and constructed two stacked Blumlein pulsers for commutation by photoconductive 
switches. A Si and a GaAs photoconductive switch were fabricated in a crude fashion to calibrate the pulsers and to 
study the stacking functions. The silicon was high purity zone floated having a resistivity of about 13 kO-cm and 
had a rectangular shape. The GaAs was a circular flat and had a resistivity of about 10 MO-cm. The photoconduc­
tive regions for both switches were about 2.S em wide by 1 em long. At this stage the contacts were prepared only by 
silver paste. 

A low profile switching assembly was constructed to distribute the switching current to each of the two Blumleins in 
a manner to avoid path constrictions. Blumleins with line impedances of SO Q were placed on a test bed and 
charging plates were extended to the close proximity of the stacking location, 3.8 m from the switch. Copper foils 
were connected to the ends of the lines and angled together along with the dielectric for another 30 em, where they 
were stacked directly on top of one another. The lines were connected in series for about S em and top and bottom 
copper leads were connected to a load, across which the output of the pulser was measured. 

In operation, both pulsers were resonantly pulse charged in the range of 3-10 kV and repetition rate of 10Hz. The 
devices were fully charged in about 2S IJ.S, after which a second pulse from the master oscillator Q-switched a 
Nd:YAG laser and provided trigger photons for the photoconductive switches. The particular laser available at this 
time had a relatively long Q-switch pulse of about SOns. We used S-10 mJ laser pulses at 1.06 IJ.m to trigger the Si 
switch and 0.2-0.S mJ at O.S32 1.1m to trigger the GaAs switch. Both switches were operated in the linear mode. 

To characterize the pulser, the resistive loading condition was implemented as previously described.6-9 In this mode 
of operation, the output from the pulser was connected to a nominally matched load built from a stack of ten, 10 Q 

non-inductive carbon disc resistors. The output voltage waveforms were measured with a Tektronix P601S high 
voltage probe. A comparison of the measured charging voltage and the voltage across the series stack together with 
the laser pulse are shown in Fig. 3. The voltage waveform of this figure indicates a voltage gain of about 1.8 which 
is consistent with our earlier results for the 2-line devices. In addition, as expected, the risetime and pulse duration 
of generated waveforms are similar to those of the laser pulse. 

In the case of GaAs. however, the total charge stored in the device could not be switched. It seemed that, because the 
switch was operated in the linear mode, sufficient number of carriers were not produced for the number of laser 
photons provided. Figure 4 compares the launching voltage in each line before stacking the lines to the stack voltage, 
relatively. As seen in this figure the stack voltage amplitude is twice the launching voltage which verifies the proper 
stacking of the Blumleins. 
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Figure 3. A comparison of the measured charging voltage and the resistive load voltage produced across the stack. 
A typical Q-switched laser pulse is presented for reference. A Si switch in the linear mode of operation was used. 
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An attempt to operate the pulser with the GaAs switch at charging voltages greater than 8 kV, in the avalanche 
mode, failed and the switch was damaged. The failure was due to the operation of the switch in excessively harsh 
conditions. We operated the switch in the air with the charging voltage durations of about 25 IJ.S. Proper operation 
of the GaAs switches in the avalanche mode is usually achieved in the SF 6 or vacuum environments with charging 

durations of less than 500 ns. In addition. the switch contacts must be of high quality to allow reasonable operation. 
However, these preliminary results obtained by the switching of the stacked Blumlein pulser with the photoconductive 
switches demonstrated that the stacking function and related concepts are not affected by the photoconductive 
switches. 
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Figure 4. A comparison of the 
launching voltage and the voltage pro­
duced across the stack in the resistive 
loading mode of operation. A GaAs 
switch in the linear mode of operation 
is used as described in the text. 

CHARGING PULSE COMPRESSION MODULE 

The preliminary results obtained by the linear switching of the stacked Blumlein pulsers with photoconductive 
switches are encouraging. However, as described earlier, the application of linear switches require relatively high 
optical power for switch commutation. Conventional attempts to reduce the trigger requirements have focused upon 
nonlinear commutation such as employed in GaAs photoconductive switches operated in the avalanche mode. In all 
cases, fast pulse charging, in the order of hundreds of nanoseconds, has been used or recommended to operate the 
switch reliably. 

In this work we introduced an intermediate pulser which might be described as a charging pulse compression (CPC) 
module. It supports the use of avalanche photoconductive switches in the final voltage multiplication device by 
conditioning the output of the first pulse charging power supply. The output is limited so the lines in the final 
module and the photoconductive switches in them would be subjected to voltages with durations less than 200 ns per 
each cycle of commutation. 

Design and construction of the CPC is similar to the single Blumlein pulse generators as given elesewhere.l2,13 
Briefly, it consist of two critical subassemblies: (1) a single Blumlein pulse forming line, and (2) a commutation 
system capable of operation at high repetition rates. The basic organization is shown schematically in Fig.5. The 
Blumlein was constructed from three copper plates 2.5 m long, potted with epoxy on outer surfaces to reduce corona, 
and separated by 1.65 mm thick laminated Kapton insulators. The switching and storage capacitances of the 
Blumlein were measured to be 6.3 nF each. The line had a smooth taper which decreased the width of the line from 
20 em at the thyratron to 10 em at the load as shown in Fig. 5. This combined the functions of Blumlein and 
tapered pulse transformer increasing Blumlein voltage gain at the output. 

In operation, the CPC was resonantly charged with a pulse power supply1-3 capable of operation in the range of 
3-75 kV and repetition rates of 1-1000 Hz. The middle conductor was charged to a positive high voltage and 
commutation was effected by a thyratron mounted in a grounded cathode configuration. Synchronization between 
various components in the system was maintained through a series of timing pulses generated by a master 
oscillator. 1-3 The output from this intermediate pulser was used to charge a 2-line stacked Blumlein pulser designed 
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to be commuted with a GaAs photoconductive switch. The switching capacitance of this final voltage multiplication 
module was 305 pF. Figure 6 shows a charging profile obtained without commuting the photoconductive switch and 
represents a charging time of about SOns. A pulse from the master osdllator will be used to trigger a laser and 
provide trigger photons for the photoconductive switch at the peak of charging voltage seen in Fig. 6. It is expected 
that the fast charging capability of CPC module can significantly improve lifetime of photoconductive switches used 
in the stacked Blumlein pulsers. 
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INPUT FROM PULSE 
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Figure 5. Schematic drawing of a high repetition rate charging pulse compression (CPC) module developed to 
provide fast charging for the stacked Blumlein pulsers commuted with photoconductive switches. 
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Figure 6. A voltage profile generated by CPC mod­
ule charging a 2-line stacked Blumlein pulser. This 
particular waveform corresponds to an initial charg­
ing voltage of 7 kV and repetition rate of 10Hz. 

CONCLUSIONS 

Advances in stacked Blumlein technology for voltage multiplication, together with the results obtained in this work, 
would seem to indicate the feasibility of an intense stacked Blumlein pulser commuted by photoconductive switches. 
The CPC module described here can be used to condition and compres~ the output of conventional pulse charging 
power supplies and provide fast charging for the main pulser commuted with the photoconductive switches. This 
intermediate pulser will support reliable operation of GaAs switches in the avalanche mode. 
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