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- Removal of Post and Prepulses on Unbalanced'Blumleins

. Introduction

In the past few years, a great deal of effort has gone into the de81gn f:-

,and constructlon of high voltage Blumlelns. Until recently the technology .h.

has concentrated to a large degree, on maxim121ng the voltage and energy

delivered to the exper1ment. More recently it has become 1ncrea51ngly

rimportant particularly for the work being done at Cornell Unlver51ty, to-
be able to e11m1nate all but the main current pulse produced by the Blumloln._:l_*f
lVoltages whlch arrive before and after the main pulse can cause complete':_

fallure of some of these experlments.

.Voltage before the main pulse is called prepulse and arrises from'an

uneven charging of the lines. Large prepulse'can be a problem when Blumleins

'

are used to produce_intense relativistic electron beams by preionizing the _hf

_gae in the diode and'producing a short.

Voltage apnearlng across. the load after the main pulse is- called post~ -

.pulse. Postpulses arrlse when not all of the stored energy-ls-dellveredeto

‘the load and some remains-on the line after the main pulse. These postpulses

can be removed by matchlng which is usually accompllshed by adjustlng the

" load 1mpedance so as to dlSSlpate all the stored enexgy durlng the maln pulse,i

.Postpulses can also be ellmlnated by shorting the 1oad after the main pulse..

'However, the matchlng technlque is preferred to shortlng for several reasons.._'
With matchlng the maximum.power is delivered to the loadf. In“addition, stresa'_gls
_:uon'the Blumlein.ie reduced-hecauae the_voltages“appear acrosa'the=dlelectrica:'

for the minimum length of time, .

In this report, post and prepulses on an unbalanced Blumlein are



nission-lines with characteristic impedances yA

- investigated. A Blumlein is considered to be unbalanced-ifﬁthe two trans-
mission lines are of diffefent impedance or if they are changed to different-
: voltages._ De51gn conditlons for the removal of post and prepulses on

) unbalanced Blumleins are determlned..

“Description .

A simple Blumlein is depicted in Figure L. It consists-of,t#o trans—
1> and Z , charged to voltages
Vl and V2 respectlvely, with one common conductor, and a load impedance

connected between the other-two conductors. In addltion to the normal model

_there is a sw1tch in series With the load 1mpedance.3 Thls sw1tch 51mulates

rthe action of the dicde in a relativistlc beam generator since the diode

impedance remains open CerUIted until the first voltage pulse reaches it.

- The eleetrlcal lengths of the two transm1551on lines are equal

' The question at hand is whether'thls model can be matched, nd whether i
having a match preclndes eliminating any prepuise. Ihe solution can be

found using either of two approaches, the fifst'beingnto asgume there are

© o pnlses-temaining-onieither line after the main current pulse has ended}_'_:
-and'the second is to demand.that the teotal stored energy ef'therline be S
'dissipated in the diode during the first pulse. - The first'of'these.twqf"

B approaches was chosen siHCE'it'giVes a better insight into the_problem;_
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.Figure 1 Blumlein Model ~



- owith Z =.bZ and ZDIQICZ.

set'equal to zero. While either of these solutlons is sufflcient, ‘the latter

. was chosen because it appeared to give more 1n51ght into the problem. Thus,-

the method of setting the secondary pulses equal to zero was. chosen.' '

‘The boundary conditions at thehdiode are
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where Il+’ Il_, 12+ ‘have been defined -

1R% the current pulée reflected off thé shorted end - °

‘I

—
]

2R the current pulse reflected off the open end -

+ C o o :
IZR . IlR‘ are the secondary current pulses.

_From these condltlons and the boundary condltlons on . the ends, we. have
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_'system. Elther the total energy d1551pated through Z

Solution |
At t = 0, side 1 of the line is shorted, initiating_a pulse

e e
: 1 R D e :

'_Note: A numerical subscrlpt denotes the srde of the dlode and a srgn

superscrlpt denotes the dlrection of the pulse (+ rlght)

When thls pulse reaches the load, part of 1t reflects off of the dlode and

“the rest begins propagatlng down the right hand:side of the.liner _Boundary R -

conditions determine that these.twc-pulses Ilf.and I2+‘are.,7.'

e v, (az; ~ Z, = Z,)

I = @
1. _z1 (.7‘1+Z_2+ZD) S
I, = I1 Z. 3
1
_ _ _ Vé.
where Vz = aV1 . a = 5

The two pulses propagate to the ends of the Blumleln, reflect off of them .

'under the B.C. that the L.H.S. is shorted and the R H S. 15 open, and arrlve o
7 31multaneously again at the diode (the electrlcal lengthe of the two 51dcs

_are assumed equal)

' Whlle these two pulses are propagatlng down the line and bacL the major -

current pulse is belng drlven through the dlode, hus 1f-all the energy 1e to -

" be d1531pated there are two p0551ble constralnts that can be put on. the-_'7

Z, can be .set . equal tqf_'

the 1n1t1a1 energy in the line, or the secondary reflectlons off of the dlode,

i.er the pulses on the llne after the major current pulae has ended, can be



“these two equations give
~3a+ 3b+ab ~-ac+ec-~-1 ='Q . . R ¢
a -3t ac-—-.3ab+b2_-_i- bc=0 g

These two. equations represent surfaces in 3—Space, and their

_1ntersect10n (a llne) gives the constralnt on 21, 29 1, V2 and Z for

“}' ;' o-a match.=_The.solut;0n is
a=b=cl 0 ap
N B B 0 o ayy
v -lzl ;1. . : TR

~or in words, the.ratio.of the cherging veltages.ﬁust eQuel the fatio of
_the llne 1mpedanees, must equal the ratio of the diode 1mpedance to tﬁe..,-"
V_> : 1___sw1tched line impedance minus one. This formula has some 1nterest1ng
consequences. B | | o
-Conclueieﬁs )
Poetpuisee can be removed and all tﬁe-energy'debosited in'the-ieadief
7'1f the matech condition, Equatlon 12, is satlsfled If the Blumleln is
balanced thlS condltlon is e381lv achleﬁed by adjustlng the 1oad 1mnedance
'_.to be tw1ce the natural impedance of the transm1531on llnes, .However, |
unbalanced llnes are more dlfflcult to match. - In fact from Equatlon 12 it
cae be.eeen that on such a line if v /Vl ¥ Z /Zl, a match is 1mp0551ble.
To achleve a match on . such llnes the 1mpedance 1mbalance must be accompanled
by.a charging 1mba1ance._ Thls requlred vcltage 1mba1ance can be accompllehed _

_by the proper ch01ce of charglng 1nduct0rs for the transm1551on llnes and the_

(ﬁ} e S firlng of the Blumleln precisely when v, /V 22/21;: Coax1al llpesjpresent a.
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difficult but not impossible métching_problem because they, by:design,-have '

an impedance imbalance.
'-:The'cqndition for no prepulse'is siﬁply-that V?/Vl =1 an&_this:can;be .
combined with the match condition, Equatidn 12, to give the genéral-tondition S

for ne post or_pfepulse.
3*;,‘—-2-_..=.=‘1-—3=—22- 1=1 . a3y

From Equation 13, it can be seen that for no post or prepulse the Blumlein_'-
transmission lines must have equal'impedances, thé lines must be charged U

equally and terminated in a load impedance-twibe-the line impédancé. -In o

. coaxial systems ZZ + Z1 and consequently, if they.aré.matched to removed
-postpulses; the prepulse is inherent. The only way around this prepulse
-problem is to keep Z1 and 22 as close in valuejas'possible or_to'ﬁse 5 

shorting switch if preionization.becomes a problem..



