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Abstract. A Blumlein line is a particular Pulse Forming Line, PFL,
configuration that allows the generation of high-voltage sub-microsecond square
pulses, with the same voltage amplitude as the dc charging voltage, into a
matching load. By stacking n Blumlein lines one can multiply in theory by n the
input dc voltage charging amplitude. In order to understand the operating
behavior of this electromagnetic system and to further optimize its operation it
is fundamental to theoretically model it, that is to calculate the voltage
amplitudes at each circuit point and the time instant that happens. In order to do
this, one needs to define the reflection and transmission coefficients where
impedance discontinuity occurs. The experimental results of a fast solid-state
switch, which discharges a three stage Blumlein stack, will be compared with
theoretical ones.

Keywords: Blumlein line, propagation waves, reflection coefficient,
transmission coefficient, voltage gain.

1 Introduction and Contribution to Value Creation

Short duration high voltage pulses with fast rise and fall times and flat top are
required for many applications such as: medical treatment, food and water
sterilization and exhaust gas discharge [1-3]. A practical way of getting high voltage,
almost, rectangular pulses, with width less than one microsecond, are with the help of
PFL. A quick rise time switch is necessary for achieving these pulses and the most
used ones in the literature for high voltage amplitudes are spark gaps [4]. However,
the evolution of solid-state switches in terms of voltage amplitude, rise time, internal
resistance, price and size make this technology an alternative for switching stack
transmission lines [5], making this systems more compact and less expensive.

The basic operation principle of single transmission line and up to two stack
Blumlein line generator have been characterized in many articles and books, such as,
[3, 4, 6-9], for unipolar generator. In [10], appear the hybrid modulator capable of
delivering a high voltage bipolar pulse, Blumlein generator.
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In order to understand the completely voltage wave propagation phenomena in
each stage, this work derives an n™ model for the reflection and transmission
coefficients of a Blumlein stack intended for bipolar generation, considering a
matched load. The correct theoretical modeling allows the assembling of high-voltage
pulse modulators with better pulse shape characteristics, which in terms results in
enhanced performance in applications areas such as medical treatment where this is
critical. Theoretical time evolution of the voltage in load will be compared with
experimental ones for a three stage Blumlein stacked generator.

It is expected that this technology after being completely developed may avoid the
time consuming, expensive cost and painful traditional treatments, improving
significantly the quality of life of deceased people.

2 Calculation of the Reflection and Transmission Coefficients in a
Blumlein Line System

Each Blumlein line cell is composed of two identical transmission lines with
characteristic impedance Z;, and length /, connected in series. Stacking stages in
parallel allows a Blumlein generator to multiply the voltage source amplitude by the
number of stages, as seen in Fig. 1 for a Blumlein stack for one up to three stages.

Fig. 1. Blumlein system with a) one; b) two and c) three stages.

The voltage waves injected in each line propagate in a medium characterized by
impedance, zz\/z , with transition time f,, along one section of line, 1, =—, with
& 1%

P

propagation velocity v,, vﬁ:i, where & u, u . and ¢, are respectively the
permittivity, permeability, relative permeability of the dielectric insulation used and

the speed of light. The reflection p and transmission 7 coefficients are calculated
from:

_Z,-Z, ey
P Z,+7,"
T=1+p ()

where Z, and Z; are, respectively, the impedance to the back and front, in relation to
ground, of the considered line point.
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2.1 Blumlein Stack

One Blumlein stage comprises two identical transmission lines connected in series, as
shown in Fig. 1 a). There are three characteristic impedance regions where
discontinuity occurs: a, b and c. In each there are reflected and transmitted voltage
waves. Considering a voltage V injected in Line 1, and the internal resistance of the
source null, as in a short-circuit, then in region a the reflection coefficient p, and
transmission coefficient 7, are, respectively, p, =—1 and 7,=0. For region b, the

reflection coefficient p,, is:

_(2zy+22))-27, 2z, _L 3
" (z,422,)+2Z, 4Z, 2

For region c, the open circuit end of the line, the reflection coefficient p, and
transmission coefficient 7, are, respectively, p. =1 and 7, =2.

Two Blumlein stages comprise four identical transmission lines connected, as in
Fig. 1 b), where regions a and ¢ are the as in Fig. 1 a). Then for region b, the
reflection coefficient p, are, respectively, for the two stages,

(Zo+Zy+2y+42y)-2, 6Z, 3

©)
Po1 = (Zy+2Zy+2Zy+42,)+Z, 8Z, 4
_ (20 +42y)- (2o + 20+ 2,) _ 22y _1 .
P27z, +42))+ 2y + 2o+ 2,) 82, 4 )

Three Blumlein stages comprise six identical transmission lines connected, as in
Fig. 1 c), where regions a and ¢ are the as in Fig. 1 a). Then for region b, the
reflection coefficient p, are, respectively, for the three stages,

(Zo+Zy+Zy+ Zy+ Zy +6Zy)-Z, _10Z, 5

P Gy + Zo + Zo + Zo + Zo +620)+ 2y 122, 6 ©
2y +2y+2y+62y)-(2y+ 2y +2,)  6Z, _ 3

Do G 7y 4 20 + 620 )+ (2o + 2o+ 2y) 122y @)
_ (Z()+6Z())_(Z()+Zo+Z()+Z0+Zo) 22, _l

P2y +62y)+(Zg+ 2y + 2y + Zy+ Z,) 122, 8)

The n stages Blumlein system is composed by 2n identical transmission lines
connected in agreement with Fig. 2 circuit.
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region a region b region ¢

Line 2

Line 3 Line 4

Fig. 2. Blumlein system with n stages

3 Influence of Other Stages

In order to account for the influence of the voltage waves in each stage, one must
explicit the reflection and transmission coefficients calculated in the last section with
the contribution for the reflected and transmitted voltage in each stage.

In regions a and c there aren’t any influence of other stages because region a, it
was considered that the voltage source internal resistance is null, and in region ¢, each
transmission line is independent of each other, thus this study is center in region b.
Hence, considering a two Blumlein stack, as in Fig. 1 b), a reflected voltage wave in
the first stage takes into account that,

pr=pp—pp=—t=Z=] ®)
1 b1 b2 4 4 4 2
A reflected wave in the second stage takes into account that,
7
7, 1 4 2 1 (10)
p2 :phZ +ﬂ:—+—:—:—
7 4 7 4 2
In addition, a transmitted wave in the first stage takes into account that,
7
=T )=4 1y 2 1 a1
L= P T T TS
7 7 4 4 2
A transmitted wave in the second stage takes into account that,
5 7
2-2:@_,_@:&4_&:2:1. (12)
5 7 5 7 4 2
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Considering a three Blumlein stack, as in Fig. 1 ¢), a reflected voltage wave in the
first stage takes into account that,

pl:pbl_(pbz_pb3):§_(§_lj:§:l' 13)
6 (6 6) 6 2
A reflected wave in the second stage takes into account that,
11
pzzphz"'%_pm:%"‘l_i_%:%:%- 4
And the reflected wave in the third stage takes into account that,
1o
pzzph3+h+h:l+i+6_3_l {1

11 9 6 11 9 6 2

In addition, a transmitted wave in the first stage takes into account that,

11
Tl:%_(_pm+pb3):%_(_%+%j:%:%' (16)
A transmitted wave in the second stage takes into account that,
9 11
e = N
And a transmitted wave in the third stage takes into account that
7119
73:@4_71714_@:&4_14_6_3_1 (18)

7 11 9 7 11 9 6 2
Consequently, for n stages the reflected waves take into account that,

x—1 n
n Th x—1 1. .

S — — | == dd
pr=S B S g =L i xiso

1 x

Vx,ne N. (19)

x—1 Tb( 71) n . 1 . ‘
=2 : +3 (-1 .
P 1 4n_2(x_1)+1 Z( ) Phx 2 if xiseven

X

Also, for n stages the transmitted waves take into account that,
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Ba!
Il

n c T}; z x+1 1 . .
2 Y > S 2 1V == dd
~4n—-2x+1 (m( ) bxj 2 Yaiso

Vx,ne N (20)

n N Tx = X+ 1 . .
=2 ) Py =g Friseven

4 Theoretical Results versus Experimental Results

Considering a three stage Blumlein system, the theoretical results, presented
in Fig. 3.1 thru Fig. 6, show the time diagram of the voltage propagation
waves in each line, for simplicity it was assumed the odd transmission lines as
active line and the even transmission lines as passive line, in agreement with
Fig. 1 ¢), as in [11], for the coefficients determined in the last section.

2
g

p=-1  Active Line p=12 PassiveLine  P=
=0 =12 T

[}

=0
v

Fig. 3. Propagation voltage waves and load voltage between 0<t<d.

a2

p—i  Aciveline i Pasiveline oo
—0 =12 =2

Y,
,:/v;z'ﬁ / >/ . VM

Fig. 4. Propagation voltage waves and load voltage between §=t<20.

=5

p=1  Active Linc p=122 Passive Line p=1 Load
0 =12 =2

: | : )/\\ /\/ 7777 0 m
0 B,

Fig. 5. Propagation voltage waves and load voltage between 26=t<35.
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p=—1  Active Line P=12 Passive Line =1 Load
=12

=0 1 =2

=38 3wV

22020005
iz 2221

Fig. 6. Propagation voltage waves and load voltage between 36=t>35.

=38

For validate the theoretical model, a experimental Blumlein generator prototype
with three stages (Fig. 1 c)) was assembled, using URM43 coaxial cable,
characteristic impedance of 50 Q, with 5 m of length per line, speed of propagation
66% of the light speed, and transition time 25 ns in each transmission line. A fast
MOSFET DE475-102N21A, with rise and fall times below 10 ns, was used to charge
and discharge the stack.

In agreement of Fig. 1.c), Fig. 7 and Fig. 8 show the results of the positive and
negative output pulse Vy, after charging the system with V=1 kV amplitude during a
long time (> 150 ps) and afterward discharged in a matched load.

Tek M. MPos: 1500ns TRIGGER Tek .. MPos: 1500ns  TRIGGER
T e FAARR=manas: T T T E—

H Tipo : H : - : : Tipo

: :

Origem Origem

CHT
,,,,,,,, Inclinag o Inclinagzo

™ Descia] [Descida

Mado Modo

2
Acoplam, -1 Acoplam,

: & LW oo :

(ERA UL el A ar s (ERE =EY CHI TO0R ™ EFE 2007 M 50ns [N

<10Hz <10Hz
Fig. 7. Experimental positive pulse, Vi, Fig. 8. Experimental negative pulse, Vi,
1kV/div and input charging voltage V, 1kV/div and input charging voltage V,
200V/div, both width 50 ns/div. 200V/div, both width 50 ns/div.

Comparing the results of the theoretical model with the experimental ones, it is
observed that an approximately 50 ns bipolar pulse is generated with 3 kV. However,
the model doesn’t consider the experimental losses and devices nonlinearities.

5 Conclusions

A mathematical model of Blumlein stack generator was derived, considering the
reflection and transmission coefficients, for an n™ stages system. The experimental
results of a three stages 1 kV prototype were compared with the theoretical for the 3
kV bipolar output voltage produced into a matched load. Good agreement was reach,
however because the real system parameters and losses it will be interesting in the
future to try to model also the real line characteristics.
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