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ABSTRACT

A new electron beam generator, called REBA {Relativistic Electron Beam
Accelerator), was designed and constructed._ REBA produces 43 kA beams of 3.2 MeV
electrons in 70 nsec pulses at a rate of up to L0 shots per day. A unique festure
of REBA is that a single Marx generatdr can pulse charge either of two Blumlein
transmission lines and thus provides two independent sources of electrons for
experimenters. The research and design considerations and the preliminary operating
parameters of REBA are discussed in this report. Preéliminary electron beam measure-

ments are glso presented.
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'REBA, A PULSED ELECTRON BEAM GENERATOR

Introduction

N In order to aﬁéommodate:an inereasing demand for experimental time on Hérmes I,
an additional electron beam generator or a replacement for Hermes I with a greater
capacity for users was needed. The requiréments were that the new generator be
similar to Hermes I in.impedance, energ& storage, and butﬁut characteristics. The
space available to house the facility was the portion of Building 6596 {Sandia
lLaboratories) shown in Fig. 1; the rest of the building being occupied by the
Hermes II facility.

To meet the space requirements and facilitate operations and maintenance, a
single Marx generator with a dual electron beam output was selected. The Hermes I
Marx generator, with proven reliability (10,000 firings), and the Hermes output tube
were used to reduce the défélopméht time needed to produce an operational machine.

Fig. 2 is a cutaway drawing of the new machine called REBA (Relativistic

Electron Beam Accelerator). The Appendix 1lists the physical and electrical

parameters for REBA.

Before discussing the design 3nd.ou£put chafacterist;cs of REBA, a brief
discussion of the operation.of an electron béam'generator.of this type will be made
to demonstrate the operation of REBA. |

Fig, 3 diagrams & simplified pulsed eiectfon beam generatdf utilizing a

Blumlein transmission_line1 as the high speed energy store. It consists of & Marx

'generator, & Blumlein transmission line, and an output tube. Energy is transferred
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Fig. 2 Artist's Drawing of REBA

REBA
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from the Marx génerator to the Blumlein transmission line which, in turn, serves as

" a fast discharge, low-inductance energy source for the output tube. Transformer oil

is used as the insulating dielectrie. .
The Marx generator consists of a bank of capacitors charged in parallel and
discharged in series by means .of spark gaﬁ.sﬁitches.z The Marx generator pulse

charges the intermediate cylinder. Fig. 3. to a negative potential. Both the outer

- eylinder {the tank wall) and the center cylinder (by means of an inductor) remain at

ground potential during the charging of the intermediste cylinder.
Fig. 4 shows an equivalent cirguit for the Marx generatof and Blumleins during

the charging of the intermediate Cyiinder. For this circuit.

Lm = total Marx generator'inductance
€, = total Mafx'generator'capacity
Rs = total Marx generator series-resistance‘

R_ = equivalent Marx generator péraliel résistance

Cy = capacity between intermediate énd_ceﬁter cylinders

Cp = capacity between intérmediéte and outer c¢ylinders ‘
Ly = Marx éwitch.ihductance o o B

Ly = center cylinder isolating inductance.

‘When the voltage on the intermediate eylinder reaches a predetermined value, the

Blumlein switch closes by self-breakdown. The voltage transient created propagates

between the center and intermediate cylinders. When"the voltage transient reaches

the'output fube.end.of the transmissien line., a voltage is created across the tube

~ for twice the electrical transit time of the transmission line. For a lossless

- gystem and a matched tube-to~Blumleiﬁ'impedance; the tube voltame is equal to the.

charging voltage applied to the intermediate eyiinder.

The output tube is an evacuated. insulating chamber with a field-emitting

- cathode and a "thick target" anode for bremsstrahlung production. or an anode thin
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N

're31stors are each-&@@ kG and the charﬁlna re51stors ‘are each 2 kQ, The Marx

- enough to allow electrons to pass through it with minimal loss if electron experi-

ments are to be performed{ In this casé the electrons emerge from the tube into a

drlft chamber where they are drlfted or focuased

'Descripﬁidn of REBA

" Mark Generator

The Marx zenerator used in REBA is housed in a tank 10 feet wide. 13 feet long.

.and 12 feet hlgh It conslsts of 38-1/2_uF, lQO kV BICC_capaéitors with 19 zas

spark gap switches, stores 95 kJ at full voltame (100 kV). and has an output capacity

0f_13}1 nF. Fig. 5 shows a'schematip diagram .of thé'génerétor; Fig. 6 is a photo-

'graph of the assembled generator. The resistors interconnecting the capacitors are

made of nblyvinvl'chloride tubing fiiled’with'a conpef'sulfate solution.' The ground
o, : L2

s
e -
Drves i Gy

f?’(‘:./_;/
‘<<‘='/{

-generator is d—c charged with a vgr;able * 125 kV, -30 mA Dower aupplv that can be gp,,

' operated manuallv or automaﬁically.u The tvplcal charaln time (to 65 kV) is 1 minute.

A study of Marx venerators3 ylelded the nartmcular geometry of thls generator

which has a fast runnlng tlme (2 usec) and a w1de range of flrlnp voltage (L0 kV to

1100 kV)

The spark gép shown iﬁ Fié. T_is‘ﬁsed ih'swifchiﬂg the Marx generator from a
parallel ﬁo a éeries configuratiép.:_TeSts'weré perfbrmed'to‘détermine a sultable
spark gap material.ﬁ— A fuhésteﬁ—cgpperwnickél-alio&: commonly éalled heavy metal
(89% W, T% Cu, k% Ni), was selecie& fbr'its résiétance-to arc erosiog. The spark
gap geometry was determ1ned u51ng an electrolvtzc tank plotter. Thé - shape selected
gave a unlform electric field over a 1.5 1nch diameter circle af the end of the
electrode. Fig. 8 shows the breakdown ehgracteristics of the spark gap usine a fill

gas of T9 percent dry nitrogen ~ 21 percent dry oxygen.

3
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Fig. 6. REBA Marx Generator

The first three spark gz2ps in the generator are triggered by the circuit
shown in Fig., 9, and the remainﬁer.of thé gaps self break down by means of voltage
transients generated within the Marx\generator.

The'pressure in the gaps is usually'aAJusted such that at a given charge
voltage, the voltage across the gap is 60 percent of its self-breakdown value.

This allews operatlng the generator with few preflres. It does, however, cause

longer Marx generator running time and = larger jitter in the running time,

Finaliy, the. Marx generator is connected to either of the two Blumleins by
means bf a'hydraulically operated switch located at the front of the Marx generator;_

This switch has an inductance of 1.8 uH and corresponds to Ly in Fig. k,

11
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' SPARK GAP BREAKDOWN VOLTAGE (KV)

2501 —
200}—
 |50—5
00—

50—

300}~ -

SELF BREAKDOWN ———

" 60% OF SELF BREAKDOWN

I I B L,
p

20 40 60 80 100
GAS PRESSURE ({psig)’ |

Fig., 8. Spark Gap Breakdown Curve '
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Blumleln Transmlqszon Llneg;”

' Fig. lO is a side view of one of the two Blumleln transm1551on llnea.i?The"

1mnedances and caoac1t1e°,are NP 5 Q. h g nF for the outer l1ne and lO 1. -3.15 nF

sfor ‘the 1nner llne._ The transnlsolon llne w1ll Fcnerate a 73 nsec pulue across the -
'.outnut tube. The return- 11ne corresnonds to Lz in qu. L and is. 3 2 uH

' The Blumle1n sw1tch 1n1t1ates the voltapc tranolent in the ﬂlumle1ns and
affects the rlsetlme of the voltane pujse acroas the outnut tube U51nﬂ formulus

'developed by J C Martln, ﬁWRh.s the sw1tch rlsetlme can be determlned

T - _—— .5..."‘. e
. iy
R ZI 3473
_Lj Z
: TR ='rlset1me due to the re51st1ve pnase of the breaxdown (nsec)
fL = rlsetlne due to the 1nuuctive phase of the breakdovn (nsec)

..-  E = e]ectrlc f:eld strenﬁth in the sw1tch (0.36 IV/cm)

=T
n

1mpedancc of the 1nner transm1551on llne (10 X Q)
L .=71nductance of the soark cnannel (150 nH) o
’ TRx lO"nsecr
fL %.lé nsép_
= 1. 4T =32§ nsec.

TOmAL : R~ L

his time constant toFether with the time conatant assoc1ated with the bufgﬁﬁ tube
'ﬂ determ1nes the risetime: of the outnut voltaae pulse. | |
A comnuter Drozram developed bv J 1; Boers5 was.uaed to.analvze the’ volﬁage
' gradients in the-Blumlelns.' Fig. 11 isy ‘an - enulnotentlal plot of the qw1tch ‘end of
--the 1nner transmlsglon llne.f The electric field near enhancement n01nt4 was, kept

' beIQW'O,bS_MV/ln, the breakdown lovel for the tvne of o0il used in REBA is O a1 MV/ln

for 1 usec pulses.

15
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High density polyethylehe.trﬁncated cones. are used to support the'Blﬁmleins.
High density polyethylene is used because of its high pulsed breakdown voltage and

mechanical strength,’aﬁd its dielectric strength is similar.te:that;of the insula-

ting o©il.

Output. Tube _

The tube used in REBA is .shown in Flg; 12.. fhe tuﬁe eﬁrelope-eon51sts of
.elghteen luc1te 1nsu1ators, 2h inches in dlameter, elternated W1th elumlnum gradlng
rings.”? Each lucite insulator is 1.75 inches thlck and the.aluminumjgradlng rlngs,,
“are 0.25 inches thick. The grading rings ﬁrovide a;more uniform vbltageugradiert
aeross-the insulator-surfaces end‘eapacitirely.grade.the'puised:veltageff‘At pree—
‘sures with the tube of typica;iy 10 Torr, the 1nsulator rlngs can w1thstand an
electric field of 180 kV/in:before:surface breakdown occurs. For a h MV pulse on
the tube, the strees dnethe ihsu;atorslis 127 k?/in: This-redueed level should
extend the life of the tube end_increase the maintenance.intervais.

The cathode shank and hemlspherlcal cathode tlp are made of 303 stalnless steel.
The anodes are L mrl thlck tltanlum foil. The cathode-anode separatlon is typlcally

.2-3/4 inches.

Drift Chamber -

Electrons, after leav1ng the output tube, enter the drift chamber. By varying
the background gas pressure w1th1n the drlft chamber the electron trajectories can

be modlf:n.ed8 to tallor the fluence to meet spec1f1c appllcatlons.

Monitors
The voltage and current monitoring on REBA include e voltage monitor across
each of the output tubee, a voltage monitor in the Marx generator, and a current

monitor in each of the output tubes.

18
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The voltage_monitors are reéisiive voltage dividefs-constructed-df ﬁolyvinyl
chloride tubing filled with a éopper sulfate solution;‘ Fig. 13 is a sketch of the (:j
voltage monitor.uSed. ‘Tbe saﬁe solﬁtiQn of copper sulfate is used between all
electrodes to insure thaf £hq;éttendatioh féctor will{réméin constant with any
changes in conductivity of fﬁé‘solutiog; 'Cére is takg@ not to load the pickoff sec-
tion wiﬁh_carboﬁ resistors. |

The.resistiv§~divfaéré ﬁfe,ca1ibrated.5#'ﬂiéchafgiﬁg-a camacitqru charzed to a
known voltage(5 to:iD kv); throughnthe.divideriahd.meaéurina the voltase across the
" pickoff section of fhe'di§ider. The méasured:gttenuation factor'Qf the dividers is.
within experimental errorég_équalzt¢ the.atfenuation.factpr ;alculated from the
geometry oftthé dividef: rTﬁeléétimateﬁ acéuf#¢# éfiﬁoltage measurements on REBA,
includinq'the.errors_i?'théfpséilioscopgs used ﬁo‘rééord.the sirnals and the
ekternél qttenuatorsg i;rﬁithin'tflS perceﬁﬁl’_i' |

Fig. 14 is a photqzrgﬁh]éf'the:currenﬁlmonitsrﬁsed oh REBA. The monitor con-(f“\
si;ts'éf'hoo ohé;phm; l/Eewaég- carbbnfre§iSt6r$-in ﬁafaliéi. The anode plate is -
sepé#ated from grounq ﬁbﬁéﬁﬁial.by'tﬁe parﬁllel resiétanée,iand the voltage an the
anode plate is méééﬁrea-Hyié”fast oédiilosc¢§e. ;Calibratigﬁ of the current monitor
was obtained witﬁ a Sénsitive'Bridqé'cirCﬁit.: The estimated sceuracy in current

' measuremgnts is % 10 percent. : -
Operating Characteristics and Parameters

Marx Generator

" Fig. 15 is an oscillogravph of the Blumlein charge voltage under normal condi-
.tions; The voltage‘risés_%apidly-until the oil gap in the hydraulic Marx switch -
breaks down and then continues to rise until the Blumlein switch breaks down.
Fie, i6 is an oscillograph of the Blumlein charge voltage in the case where the

Blumlein switch did mot break down on the first chargine cycle. - T

20
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i i i 1)
Fig. 15 Blumlein Charging Voltage (norma ]
¢ Sweep 0.5 usee/div.; Vertical - 0.7 MV/div.




Fig. 16. Blumlein Charging Voltage (ring over)
Sweep a_0.5_us¢p/div,;.Ye;tical.-gO.T My/div.

Using a computer analysis ﬁragrém‘(Sceptré) to analyze the circuit shown in

L ‘ Fig. b4, the following set of cireuit ﬁafémeters wiii'givéafhéywave‘farm shown in -
Fig. 16: |
‘Bg=380 . o C1 =305 o
Gy =121 nF - Cp = 4.9 nF
Li = 1.8 ul Ly = 3.2 pH
;ERPF= 1000: - y _ Ly = 2k pH

A correction to fﬂeﬂBiﬁélé{ﬁ”chérge vélfage:is'néceésafy:duéltd.the mdnitor
measuring the voltage across the inductor (1y, fig;‘h) in series with the Blumlein
capacitance. The correction amounts to an inerense in the measured #dltégg of 3 to

| h.pércent. |

A capgcitiVe‘véltage:géihiaﬁé td”ﬁiéq#é; éépaéities‘ih”the Ma&x geﬁéfator-and‘“

‘Blumléin exists and was determined from the compuier program to 1.13.-

23




Delay and jltter 1nftheemachlne*runn1ng time were: measured by triggering e

556 oscllloscope w1th the:trlgger to. the clrcuit of Flg 9 and observing the output Q

“of PIN detector placed in the radlat onffleld of the machlne. The delay measured
=was 5 2 usec w;th a standard dev1at1;ﬁ R 100 nsec for a charge voltage of 70 kV
and a gas pressure of 60 pslg on the spark gaps. Por a charge voltage of TO kV and
a gas pressure of TO p51, the delay varled from,6 usec to 18 usec. This increase
in runnlng tlme 1s due to 1ncreased Jltter 1n the breakdown of the first few spark

'gaps in ‘the Marx generator-;' ””>

Tube
Osc1llographs of the tube voltage and current pulses gre shown in Figs. 17 and
18, respectively. The tube 1mpedance for this shot using a 3 ineh dlameter cathode
and a 2-3/% ingh_anode—cathcde_spa01ng,rwas Eh ﬂ. The general practice is to define
the tube impedance as the peak tube_#oltage?divided by the peak tube current.
A more'aécurate deiermination of tube.impedance‘wouldaberpb.take.into_account. C:}
theleffect.due.to the tube inductance; - |

ar g e e o .
VT - L vy E where ZA—K = anode~cathode impedance

A-K e I = tube current

VT = total tube voltage

L = tube inductance
The measured tube inductance for a 3 inch:diameter r,_:;sﬂ;l'w.dé__.s,l:ueznk._1 cptained by
Qﬁerating the machine with the aﬁode'and cathode shérteqa ﬁas_0¢82-uH as;compared
with the calculated value of O.TT-uH..

Using Sceptre to analyze the circuit shown in Fig.. 19, the calculated curve

shown in Fig. 20 was obtained. The gap impedanﬁe was aSSumed'tq_Qpey éhild's law
for space charge-limited diodes. The measured pointg_iﬁ Fig. Eqiﬁeré obtained from

data taken on Hermes I.

24
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Fig. 17. REBA Tube Voltiage

. Sweep ~ 53 nsec/div.; Vertical - 2.72 MV/div.

Fig. 18. REBA Tube Current

Sweep - 55 nsec/div.; Vertical - 27.3 kA/di.
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R() (OHMS)

A
200 4 :‘ |
B “R{t)-CALCULATED
180 + '
160 4
_ o] /
140 4
120 +
100 + .
80 +
0 +
R(t)-MEASURED
40 4
20 +
0 20 40 60 80 100 120 140
' " TIME(nsec) R
I_Tfig. 20. Diode_ Res_i;tance Versus Time
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Table I gives a listing of typical operating levels for REBA. Repeatability

for the values listed is within * 10 percent. o R : (

"Table T
REBA Operating Parameters

-Cathode Blumlein Charge Tube _ Tube . ' Tube

Diameter Voltage (MV) . Voltage {(MV) . Current (kA) Impedance (@)
3 inches ' 2.03 . 3.5 C b1 86

4 inches - 2.00 2.5 Lh 56

These values should not be taken as the only opérating levels_available; the machine

operators can change the voltage and current levels.
'Preliminary Electron Beam Dats,

Division 5226 (Sandia_Laboratories) is currently characterizing the eleetron

beam output of REBA. Table II lists gggg of the available fluences and effective

-,

‘areas in addition to the uniformity df fluence over the areas.

Table 1T

Fluences Obtainable from REBA

Area (em?) Fluence {cal/cm?) Uniformity
2 | 200 —_
20 ’ 0 - . - 25%
100 _ 15 50%

Generally the higher the fluence desired, the smaller the effective area becomes
for a given uniformity. The values listed in Tabhle II are meant only as an indica-
tion of what can be obtained. For specific applications, the Beam Source Applications

Division of Sandia Laboratories should be bdnsultéd'by the experimenter.

28
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APPENDIX

- General Physicel and Flectrical Characteristics of REBA
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General Physical and Electrical Characteristics of REBA

Genergal Physical Characteristics

Total Length
Width

Height

Tube Diameter
Tube Length
0il Capacity

Marx Generator

Capacitance per Stage
Number of Stages
Number of Spark Gaps
Charging Voltage
iTotal Energy Stored
Output Capacity
Inductance

Series Resistance

Parallel Resistance

Marx Lossless Qutput Voltage

Blumlein Transmission Line

Capacitance:
C.
inner

couter

Ctotal

Charging Gain:
‘Without Losses
With Losses

Inner Coax Impedance

Outer Coax Impedance

e8 ft

2h ¢

12 ft

2 ft

3 ft
25,000 gal

1/2 uF

38

19

+ 100 kv
95 kJ
13,100 pF
26 uH

3Q

1,000 @
3.8 MV

3,150 pF
4,900 pF

8,050 pF

1.2k
1.13
10.1 @
T-5 @

-




Blumleln Transmission Line (cont d)

.(:3 . _.'“ , Effectlve Output Impedance_
— - .
. -Blumlein Bwitch: :
~Gap Spacing:" ’
© Switch Risetimes -- -
TR é'lQ ns

TTOTAL

T.. = 15 ns

L
Blumlein Electrical Length
‘.Outside Coax Diameter . =
Middle Coax Diameter.l
Inner Coax Dlameter :
il Stress Levels (o MV)
. Outéidefof Intermed;ate-:'
Cyiinder' C

Outgut Tube
Number of. Insulators

Stress/Insulator
'@ 4 MV Tube Voltage

Tube Inductance
(3 in diam Cathode Shank)

= 25

-~ 17.6 9

nse¢ -

.73 nséC'

- 72 in
59 75 in OD 59 in ID _

h6_1n

.37 MV/in

218

127 kV/in

800 nH-

.35 MV/in
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E enoueh to allow electrone to Dass throuph 1t“ﬁith minimal‘loss if electron'exoeri-:; *
'4ements are to be performed._ In thlo case the electrons emerge from the tube 1nto a- N

f;fdrift chamber where thev are drlfteu or . focuesed._“'

- =Descfiption'of-REBAfe R

'eeﬁerx Geeerafof:
3% The Marx eenerator used 15 REBA is housed in a tan? 10 feet.elde 13 feet.ion}‘ifi__
_ and 12 feet hlgh. It conszsts of 38—1/2 uF 100 kV BICC capacltors w1th 10 oas.
'u:snark pap sw1tcnes..stores 95 kJ at full voltaﬁe (100 kV)‘ and has an output caoacityof.,

'of 13. l nF -F-igr 5. shows a schematle dlegramnof the'eeneretor;'Figj 6-is'a_photo-

greph of the assembled penerator._ The reSistors interconneotine'the cepacitors are

_made of pol;v1nyl chloride: tublng fllled with =1 conper sulfate solutlon.- The-eround _* '

/0

: S , e, L
_jre51stors are each i@@ kQ and the charelnz re51stors are each l@ kn 'The'Marx o
regeneretor is d—c charged wzth a verlable 125 kV 30 mh nower aqulv that can be :

operated manuellv or. autometzcallv The tvplcal charv;ne tlme (to 65 kV) is 1 mlnute.'

A study of Marx eeneretors ylelded_the-gertlcular geometry of thls generator B

- which-has.a'fest-running_time:(E.pseo)'endja'wide range of firing voltagei(hb KV to - .

100 ).

The spark ean shown in Flg. T 15 used 1n swmtchlne the Marx generator from a° .

parellel to-a serles confleuratlon. Tests were Derformed to determlne'a sultable_'
"sperk gap materlal.“. A tungeten—conoer-nlckel alloy. commonlv called heavv metal.-r
(89/ W T% Cu % Nl), was selected for 1ts re51stance to.arc_er031on. The soerk'

: gapﬂgeometny was7detefmined using an electrolytic tank plotter. The shape selected ~ -

gave E'uﬂiform.electricrfield'over a 1.5 inch diameter circle at the"end-of the

electrodew Fle. 8 shows the breakdown character1st1cs of the Sperk Zan. usxne a flll f -

pas of T9 percent drv nltrogen - 21 vercent dry oxvgen.






