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ABSTRACT 

The construction characteristics and the performances of an x-ray diode 

working at 200 Hz are described. The temporal behavior of both the plasma 

cathode emission and the diode discharge has been studied, including the 

measurements of vacuum effects on the repetition rate and lifetime capability, 

preionization vs electrical features, and ionization density vs dosage. This simple 

and low-cost x-ray diode has been used to uniformly preionize a half-liter XeCl 

laser, delivering an output laser energy of 800 mJ/shot at a 100-Hz repetition 

rate. 
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INTRODUCTION 

The use of flash x-ray techniques to preionize high-pressure gas discharge 

lasers was proposed fifteen years ago.1"^ Since then, x-ray preionizers have been 

extensively studied,4"1^ and the advantages of using x rays compared with uv 

and other preionization techniques are well recognized. Notwithstanding, most 

commercial excimer and CO2 lasers rely on uv sparks or corona preionizers 

because they are simple, cheap, reliable, and long-lifetime systems. However, 

when scaling to large volume, high-pressure, or long-lifetime gas lasers, x-ray 

preionizers are practically the only choice, due to their characteristics of 

contamination-free preionization (important for high repetition rate lasers) and 

large mass penetration depth (which allows a uniform preionization of wide 

aperture and high-pressure lasers with multijoule output energy!5»19-21)# This 

justifies the recent effort to construct reliable, high repetition rate and long-life

time x-ray preionizers. H22-24 

Among the three main components of an x-ray preionizer, i.e., the electri

cal circuitry, the cathode, and the anode, the choice of the cathode is the most 

crucial issue. Several cathode types have been investigated in the past, mainly 

for accelerators, beam transport, and x-ray diodes. In our laboratory, we have 

developed an improved version of the pulsed source, proposed in Refs. 25 and 

26, where electrons are extracted from localized plasmas produced by capaci-

tively ballasted vacuum surface breakdowns. This plasma cathode is simple to 

construct and inexpensive, A single high-voltage pulse can initiate many 

breakdowns and the plasma can be uniformly generated over large areas with 

arbitrary shape.1 M7.22 



3 

The anode can be arranged in two modes of operation: transmission or 

reflection. We have chosen the reflection geometry, since the characteristics of 

robustness and ease of cooling are very important for high repetition rate oper

ation. 

Two driving circuits have been used in order to fully exploit the potentia

lities of the x-ray source and gain a better understanding of the diode discharge 

mechanisms. 

The paper is organized as follows. We first describe the experimental setup, 

including the diode geometry and the equivalent circuits of the plasma cathode 

and modulators; in Sec. 2 we give the results of the parametric measurements, 

with particular regard to the temporal behavior of the plasma cathode and to 

the dosage, electron number density, and repetition rate performances of the 

diode. Section 3 is devoted to the physical mechanisms of the diode discharge 

processes, including the estimate of the plasma expansion rate. Some remarks 

and the conclusion are reported in Sec 4. 

1. EXPERIMENTAL ARRANGEMENT 

A vertical section of the preionizer is shown in Fig. 1. The x-ray diode 

works in a reflection geometry configuration. This means that the cathode-

emitted electrons are accelerated towards the high atomic number anode target, 

producing brehmsstrahlung radiation in a very different direction from that of 

the incident electrons. The diode is located in a vacuum chamber, evacuated 

down to a pressure of less than 5 x 10~5 mbar 
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The plasma cathode, shown in Fig. 2(aX consists of an insulator plate (e^ , 

glass fiber reinforced epoxy resin material) sandwiched between a copper sheet 

connected to a trigger voltage and a sheet of grounded copper on which there is 

a matrix of 51 discs uniformly distributed over a 51 x 3 cm2 area. Each disc is 

separated from the grounded copper by an annular gap where the copper 

material has been etched off. Figure 2(b) shows the equivalent circuit of the 

plasma cathode, where Cg and Cp are, respectively, the capacitances between the 

trigger copper sheet and grounded sheet, and between the trigger sheet and 

each disc When the trigger voltage is applied, a high electric field across the 

gap generates a vacuum breakdown and neutral gas atoms are desorbed from 

the surface. The gas is ionized quickly, forming a plasma that expands away 

from the cathode, and producing plenty of free electrons for emission. The free 

electrons are extracted from the plasma by the applied external field and accel

erated towards the anode of the x-ray diode, impinging on the tantalum-wrapped 

anode and producing brehmsstrahlung and characteristic radiation. We used two 

types of modulators (both of which designed by ENEA, Frascati and manufac

tured by EL.EN Florence, Italy) as diode driver, with different voltage rise time 

to examine the properties of the plasma cathode. Type A is a SCR-switched, 

three-stage magnetic pulse compressor [shown in Fig. 3(a)], which can compress 

the 0.8 kV, 120 us input voltage up to a 74-kV pulse with a 10+ 90% rise time 

of ~ 100 ns during the x-ray diode discharge.2? Five toroids of the Vitrovac 7505 

Z type are used for the core materials of transformers 7 , , T 2 , T 3 , and induc

tance L4; the bias circuits are omitted in the figure. After the trigger of the 

plasma cathode, the anode can be electrically pulsed with a variable delay time. 
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Type B has a thyratron-switched circuit [Fig. 3(b)], which can produce a maxi

mum voltage of -73 kV with a 10 - 90% voltage rise time of 1 - 2 us. When 

the anode voltage approaches the peak value, the plasma is triggered and 

generates a very high pulsed current, thus acting like a switch. 

Both the capacitance C 3 in the last stage of type A modulator system and 

the capacitance C2 in the secondary of the transformer of type B modulator sys

tem are a combination of some Murata ceramic capacitors in series and in par

allel, whose capacitances decrease with the operation voltage.^ Considering this 

effect, type A and type B can deliver energy outputs of ~ 6.4 J at 74 kV and ~ 10 

J at 73 kV, respectively. 

2. PARAMETRIC MEASUREMENT RESULTS 

A. Temporal Behavior of the Plasma Cathode 

In Fig. 4 we show the time evolution of the trigger current I p [see Fig. 

2(b)] for the plasma cathode. At the beginning [Fig. 4(a)], there is a very fast 

decaying oscillation process with a period of 370 ns, corresponding to the elec

tric charge transfer from the capacitance C0 - 1 3 nF to the other capacitances, 

including Cg, all C p and the cable capacitance Ce-0.5 nF [see Fig. 2(b)]. In a 

few periods, this oscillation is totally damped down and all the capacitances have 

a voltage (.C0V0)/(C0*Ce*C"), where C'-C„ + 51C P . Both measurement 

and estimation give C9 *0.8 nF and Cp * 1.4 pF. The oscillations with the period 

-3.7 us, shown in Fig. 4(b), are caused by a L-C oscillation process due to the 

charging inductance I » 130 nH and the total capacitance C-C0*CC + C'± 2.7 

nF. 
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Using the type A modulator, some characteristics of the x-ray diode oper

ation vs td are studied, where i* is defined as the time interval from the plasma 

trigger beginning to the diode current onset. 

Figure 5 shows the x-ray diode impedance Zd measured at the time when 

the diode current reaches its maximum value, as a function of td. The diode 

impedance has the minimum value at td *0.4 us. When td is near 9 lis, the cur

rent of the diode becomes erratic Obviously, when td <9 us, the plasma trigger 

current crosses jome zero points during its damped oscillation, but for most of 

the time period the diode can still work well with the impedances between sev

eral tens of Hand 200 fì. 

Figure 6 shows the measured peak value / « of the diode current (a) and 

the full width at half maximum (FWHM) for the pulse duration as a function of 

td. The current increases very quickly until rd*400 ns, and then decreases 

slowly. When td approaches 9 us, the current cannot be reproduced well. The 

current pulse duration (FWHM) is about 0.25 us for the time interval of 0.4 

yis<td<9[iS. 

In Fig. 7(a) we show the electric power output Pd calculated by the prod

uct of the peak current Id and the corresponding voltage value, vs td. When 

3 MB < id < 8 us, Pd does not change very much with td, and the peak power 

and energy deposited in the diode per unit length of the cathode are, respect

ively, about 0.4 MW/cm and 0.07 J/cm, where the length of 51 cm is used as the 

electron emitting length. However, when td £2 pis, the electric power cannot be 

fed efficiently into the diode, since there is a serious mismatch of the impe

dances between the diode and the type A modulator (see Fig. 5). The preioniz-
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ation electron number density nm, generated in an atmospheric neon gas filling 

the laser discharge chamber, was measured by the electron charge collection 

method. This technique consists in applying an electron-collecting voltage V„n 

between the two laser discharge electrodes, which should be low enough to 

avoid a noticeable electron multiplication due to collisional ionizations, but high 

enough to collect all the free electrons in the discharge volume. The preioniz-

ation electron density can be calculated by 

where / = 2 (as indicated in Refs. 23 and 29), qtx is the collected electron 

charge in the discharge loop, e is the electron charge, s and d are the electrode 

cross section and the gap distance, respectively. 

It can be shown that the minimum value of VC,M required for overcoming 

the space-charge field generated by all the positive ions in the discharge region 

can be approximated by3** 

_in en.cl2 

V™~^r • (2) 

where e 0 is the vacuum permittivity constant Obviously, K™1," increases very 

quickly with n, and d, and special care should be taken to keep the condition 

ad « 1, where a is the first Townsend coefficient of the gas in the discharge 

chamber. In the case when we are forced to use a value V cM < V^{", only the 

free electrons in a reduced volume (S-[(2e0Vcoll)/(ent)]
l/z) can be collec

ted,^ and the electron density may be estimated in a method similar to that 

discussed by Van Goor.23 
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The measured preionization electron density vs td is shown in Fig. 7(b). In 

the experiment, the laser discharge cell, used as the electron charge collecting 

chamber, is about 30 cm from die x-ray diode window. In fact, after penetrating 

a 0.5-mm-thick aluminum diode window (see Fig. 1), the x rays travel through a 

30-cm gap filled with atmospheric neon gas and then pass through another 

0.5-mm-thick aluminum sheet, used as the laser discharge cathode, to finally 

reach the 3 x 3 x 50 cnP laser discharge region. 

It can be seen that there is a similarity between the two curves shown in 

Fig. 7(a) and (b), i.e., the preionization electron density strongly depends on the 

electric power fed into the x-ray diode. 

From the fact that the x-ray diode does not work well when td >9 us, we 

may roughly estimate the minimum value of the spark energy required for nor

mal diode operation. Since Cg (or C ) is one order larger than all the spark 

capacitances 51 Cp [Fig. 2(b)], the influence of the plasma impedances in the 

spark gaps on the voltage seen by C, may be neglected, and thus the peak value 
Q 

V g of the voltage on Cg can be estimated by V g = p , where Qg is obtained by 

integrating the measured current wave form I p in each half oscillation period. In 

this way we obtain V g - 6 kV when td is near 10 us. Therefore, the energy dissi

pated in each spark gap can be approximated byEp-^Cp( /^-25uJ, or 13 mJ 

for all the cathode. By visual inspection, we observed one spark on average for 

each annular gap. Since there are 51 annular gaps distributed over the 51x3 

enfi plasma cathode area, we can obtain the minimum dissipated energy per 

unit area of about 8.4 n J/cm ,̂ which is required for sufficient plasma emission. 
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B. X-Ray Dosage and its Distribution 

Using the type B modulator, the characteristics of the x-ray dosage and its 

spatial distribution have been investigated. For these measurements the typical 

voltage and current wave forms of the x-ray diode are shown in Fig. 8. A plastic 

scintillator, located inside the vacuum chamber and wrapped by a 1-mm-thick 

aluminum sheet to simulate the x-ray decay effect of both the x-ray window and 

the discharge cathode, is used to monitor the x-ray time evolution behavior.^1 

An optical fiber, optically coupled with the scintillator, transfers the photons to 

a RCA 1P-28 photomultiplier, far away from electrical noise. It was found that 

the x-ray wave form is almost the same as that of the current, but with the 

FWHM a little narrower. A 300-ns FWHM brehmsstrahlung radiation was 

observed, corresponding to the operating condition shown in Fig. 8. 

In the same discharge chamber as where we measured the preionization 

electron density, the x-ray dosage was determined by using pen dosimeters 

(SEQ.6-02 mrad, La Physiotechnique). The measured dosage was found to 

increase with the diode peak voltage more quickly than linearly, at least up to 

70 kV. Figure 9 shows the x-ray dosage distribution, measured in air, along the 

direction of the laser optical axis, on the laser discharge cathode and anode sur

faces. It can be seen that there is a 15% dosage decay crossing the 3-cm dis

charge gap from the cathode to the anode. The dosage distribution along the 

direction of the x-ray beam propagation shows an exponential decrease with 1/e 

decay length equal to 20 cm. 
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The electron number density n. generated in an atmospheric neon gas was 

measured using the method mentioned in Sec 2-A. The n. values of 

(2 * 8)x Vpaar^ were obtained depending on the plasma trigger voltages, 

varied in the range V0 -10 •*- 30 kV. 

C Repetition Rate Operation and Vacuum Effect 

The 100-Hz repetition rate x ray signal obtained with type B power supply 

is shown in Fig. 10. The x-ray intensity remained at a constant value after sev

eral ten thousands of shots. This result is even more remarkable considering that 

the plasma cathode was triggered at a 1-kHz repetition rate, since the anode 

was fired every ten cathode shots in this experiment 

The x-ray dosage behavior vs the repetition rate is reported in Fig. 11, 

together with the vacuum level of the x-ray diode chamber. Despite the pressure 

increment from 10*5 mbar at a few Hz up to 10~3 mbar at 200 Hz, the x-ray 

dosage level remains almost constant in the range of repetition rate investigated 

here. This behavior could be attributed (according to Scott14^4) to the reliance 

of the cathode surface on adsorbed material to be ablated. The material lost at 

each shot can be replaced by the residual pump oil and background vapor re-ad

sorbed on the cathode surface. Above a certain pressure level, an equilibrium 

exists between adsorbed and ablated material, ensuring an effective cathode 

operation with x-ray emission almost independent of the vacuum level, as shown 

in Fig. 11. On the other hand, the operating lifetime can be affected by the 

positive ion bombardment and the likelihood of low-pressure arcs, and this 

imposes an operating pressure level not larger than 10"-* mbar. 
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The net drop or the x-ray dosage above 200 Hz shown in Fig. 11 has no 

physical meaning, since it was produced by the power supply limitation. In fact, 

the charging voltage on the capacitor C 2 of Fig. 3(b) decreased from 70 kV at 

200 Hz to 58 kV at 250 Hz. 

The preionizer was life tested at 100 Hz in continuous runs of 30 - 45 min. 

In all, 5 x l(P shots were totalled. Both voltage and current signals remained 

stable throughout the test, without requiring any adjustments. The scintillator 

x-ray signal had a very good shot-to-shot reproducibility. Once the preionizer 

was opened, it was found that the main problems were caused by overheating of 

both the Murata capacitors (which were put inside the vacuum chamber) and of 

the uncooled cathode. After moving the capacitors outside the vacuum chamber 

and ensuring that the cathode be water-cooled, orders of magnitude longer life

time should be expected, since the observed cathode wear, although not uni

formly distributed, was much limited. Moreover, a cool cathode can increase the 

adsorption rate of vapors and gases, thus minimizing the cathode surface 

erosion, as discussed by Scotta4 

3. DISCHARGE MECHANISM OF THE DIODE 

A. Discharge Process 

The results of the diode impedance measurements (Fig. 5) imply that the 

x-ray diode in this case could work in two different operation regimes, depend

ing on the delay time td elapsed since the plasma cathode trigger. As observed 

in the experiments, there was a diffused spark discharge across each annular gap 
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after the plasma cathode had been triggered. It was observed by using a photo-

diode that there was at least one sparking light signal corresponding to every 

peak value of the plasma trigger current / , . shown in Fig. 4. The first sparking 

light puke signal was observed to occur at t * 90 ns, Le^ when the trigger cur

rent is near its peak value position (see Fig. 4). It is easy to estimate that the 

capacitor C9. in this case, is charged to ~ 12 kV, which could lead to a very fast 

annular gap breakdown and rapid expansion of the plasma in all directions.^"^ 

When a high voltage is applied between the anode and the cathode of the 

diode, electrons are extracted from the expanded plasma and accelerated in the 

remaining vacuum gap, since the plas*na cloud in this case is highly conductive, 

and it is just like an effective cathode with a very small work function.4® The 

diode current can be expected to be space-charge limited and comply with the 

Langmuir-Child 3/2 power law.17,41 

With the front of the plasma migrating towards the anode, the effective 

separation between the anode and the cathode diminishes and the current 

increases, leading to a quick collapse of the diode impedance, as seen in Fig. 5 

for td < 0.4 MS. The further increase of the delay time td causes the plasma gas 

density to decrease continuously, on the one hand due to the plasma expan

sion-induced ratification and, on the other hand, to the fast decaying of the 

trigger current oscillation (Fig. 4). Finally, only in a volume near the cathode 

surface does the plasma still play an important role in contributing to electron 

emission; in the other part of the electrode gap, the plasma becomes rarified 

and its resistivity increases, reaching a value at least comparable to the circuit 

impedance. Also the density for the neutrals in the same region may be low 
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enough to avoid Paschen breakdown.42 When td > 10 ps, the plasma trigger cur

rent is too low to provide the diode current with sufficient electron generation 

and heating (see Figs. 6 and 7). 

B. Rate of Plasma Expansion 

The rate of plasma expansion in vacuum can be determined by various 

methods (e.g., see Refs. 18, 36, 37, 43-46). The results have shown that the 

expansion velocity of the plasma developed from the cathode does not change 

very much with time and depends weakly on the applied voltage between the 

d'ode electrodes.-" 

It has been proved by Langmuir and Compton4* that, for electrodes of any 

shape, the space-charge-limited current Id varies in proportion to v\/z provided 

the effect of the initial velocities of the electrons emitted from a uniformly 

potential surface may be neglected. Thus, the electron flow perveance P, 

defined as Pml d/V%'2, is a function of the geometry of the vacuum gap 

between the plasma front and the anode. When the anode and the eler"j-

n-emitting surfaces are parallel to each other and their dimensions are much 

larger than the distance between them, P can be directly obtained by the 

Langmuir-Child law: 

"TÈ*? • (3) 

where K'«2.34x 10"6xS, with S the area of the plasma front (cm2), d the 

electrode gap (cm), v the plasma expansion velocity (cm/Ms), and t the travelling 
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time (ps). Here, P is in units of A/V3'2. For the case where emission takes 

place from a plasma formed on a point emitter, the perveance was calculated to 

have the form of*7»48 

where AT is a constant. 

It is difficult to express the perveance P for the electrode geometry shown 

in Fig. 1 in a simple form such as that of (3) or (4); it appears to be something 

in between these two extreme cases. Therefore, the perveance values obtained 

from the experimental data in accordance with the values given by (3) or (4) 

may give us some knowledge of the plasma expansion velocity v 3? 

In Fig. 12 we show the perveance calculated from the measured diode volt

age and current wave forms for various plasma trigger voltages as a function of 

the passage time t : the experimental data in (a) and (b) were ob : aed using 

type B and type A modulators, respectively. Here, the origin of the time t is 

taken from the onset of the diode current. The solid and dashed lines are calcu

lated using Eqs. (3) and (4), respectively, with K' =430 uA- cm2/V3/2, K -120 

uA/V3'2, and u-9.5 cm/ps. In Fig. 12(a) the diode voltage wave forms have 

been inductance-corrected. In (b) the voltage measurement point is near the 

diode anode, and the influence of the inductance on the V d value is estimated 

to be less than 4%. When t > 0.4 us, the data for ld and V A are scattered a lot. 

It can be seen from Fig. 12 that, except for the case of V0 - 10 kV in (a), the 

calculated values of the perveances P by using Eqs. (3) and (4) coincide fairly 

well with the experimental results, assuming the above-mentioned values, K ' and 
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K, for the infinite-planar and the point-planar electrode geometry, respectively. 

For the case of V0 - 10 kV, the trigger voltage is too low to generate enough 

plasma gas density for following the 3/2 power law when t > 03 us, but the x-ray 

diode can still work well. 

The plasma expansion velocity v can also be estimated from the impedance 

data of the diode shown in Fig. 5. These data indicate that the impedance 

breakdown point is near td *0.4 us. Considering that the rìse time of the current 

is - 70 ns, we obtain the velocity v, * 8.7 cm/ps, where d =4.5 cm is taken as the 

average electrode gap distance. The deduced plasma expansion velocity v, is in 

good agreement with the value v = 9.5 cm/ps given by the perveance estimation. 

C. Discussion 

a) The cathode annular gap imperfections, such as edge roughness and 

imperfect contact between metal and insulator, are of fundamental importance 

for the initiation of the breakdown process. 

As a matter of fact, there is a field enhancement factor TI on the applied 

electric field, due to the edge sharpness. Then, the presence of chinks or little 

gaps between insulator and metal gives a local electric field increase of a factor 

e ,32 where e is the dielectric constant of glass fiber epoxy resin. Finally, the 

presence of microprotrusions on the metal edges enhances the local field value 

with another factor K. 

All these effects can be summarized in the following expression: 
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where Eloc is the local electric field value near microprotrusions and small gaps, 

and Fapp is the applied electric field that can be estimated from the Ip wave 

form of Fig. 4 to be £.p p~ 1(£ V/cm, for a 0.2-mm width of the annular gap. As 

an estimation, taking e = 4 , r\ and K of the order of (5*10), we have 

fiac^lO^-s-lO^ V/cm, which is more than sufficient for initiation of the dis

charge breakdown at the surface of the insulator in vacuum.32-33 

b) Plasma velocity of the same order as 10^ cm/s was also observed by 

other authors for both cold cathode^ and flashboard plasma cathode, which is 

similar to our case.38 However, most of the published works for the cold cath

ode give the plasma velocity in the order of 10^ cm/s.18>35,37,38 Some results 

show that the velocity is quire influenced by the plasma composition, since it is 

~3x 106 cm/s for Al, ~2x 106 cm/s for W, Mo and Cu, and l x 106 cm/s for 

Pb.35 This may hint that the plasma in our case is mainly composed of some 

low atomic weight elements, such as hydrogen, carbon, etc. Indeed, when the 

vacuum discharge is initiated, the most likely adsorbed molecules are oil from 

the diffusion pump and residual water vapor. Later, due to discharge wearing, 

both epoxy resin material and copper atoms can be dissociated, ionized, and lib

erated to form the plasma gas. 

c) In another x-ray preionizer,1^ using a modulator of type B delivering a 

10-J energy output at 70 kV charging voltage to a double diode, each 1 m long, 

and a similar plasma cathode and anode structure, it was observed that the 

diode voltage and current could follow the Langmuir-Child law [see Eq. (3)] 

quite well. In this work, the calculated best-fit curve to the measurement data 

(see Fig. 12) gives the initial emitting area S * 184 cm2 for the infinite planar 
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electrode geometry [Eq. (3)], which is about 20% larger than the physical emitt

ing plasma cathode surface S p - 1 5 3 cm .̂ These results appear to show that the 

conductive characteristics of the diode geometry we used may be described by 

Eq. (3). Actually, in the case of point-plane electrode geometry, the best fit of 

the measured data gives the coefficient K = 120 A/V3 / 2 (for 51 sparks, see Fig. 

12), which is more than one order of magnitude less than the other published 

results.47»48 

Clearly, all the results shown in Fig. 12 were obtained during the initial 

emission period of the plasma cathode (td<0.5 us), when the plasma trigger 

current has an oscillation amplitude value up to the order of 100 A (see Fig. 4). 

The trigger current decreases very quickly with time, and its amplitude value for 

td >2 us is one order of magnitude less than that for td<0A us. By comparing 

Fig. 4 and Fig. 6, it can be deduced that the diode current under the same 

applied diode voltage condition has almost the same time-dependent decreasing 

tendency as the trigger current amplitude. In fact, when 2 v&<td<9 us, the 

diode current does not observe the Langmuir-Child law any longer, although in 

the same range as td, it can still generate enough x-ray dosage for the use of 

the laser discharge preionization. 

4. REMARKS AND CONCLUSIONS 

A) The results reported in Fig. 7 show that neither the diode voltage V d nor 

the diode current / d can separately determine the production efficiency of the 

electron number density n... Rather, it is their product Vd times ld which is 

almost proportional to the generated electron-ion pairs. It can be deduced from 
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Figs. S or 6 that the condition of td >8 us corresponds to the case of the diode 

operating with a very high voltage V d but a low current Id, and that the situ

ation for td <2 us is exactly the opposite, i.e., with a very high current Id but a 

low voltage Vd. Therefore, the result shown in Fig. 7 means that these two 

extreme cases, giving, respectively, a few electrons at high energy or many elec

trons at low energy, are both inefficient for the generation of x rays to preionize 

a gas mixture, although the same energy may be fed into the diode as in the 

other cases with 2 us<td<8 us. Actually, it is well known that x-ray photons 

with energy greater than 70 keV (i.e., \ < 18 À) are scarcely absorbed by the 

buffer molecules of the most common RGH excimer gas mixture (e.g., Ne and 

He).3* Unfortunately, these noble gases (which constitute something like more 

than 98% of the active medium excimer gas mixture) have a larger mass absorp

tion coefficient in the soft (less than 30 keV) x-ray diode emission spectrum, i.e., 

in the region where the x-ray photons are more heavily absorbed by the (e.g., 

Al) vacuum diode window and by the laser discharge electrode foil. In this 

respect, reducing the Al vacuum window thickness should be more effective than 

increasing the x-ray diode voltage. 

B) Both the drivers of the x-ray diode studied in this work showed the capabil

ity to minimize the impedance mismatch between the power supply and the 

diode, thus increasing the energy transfer efficiency. 

Type A can be easily adjusted by changing the time delay td between the 

trigger of the cathode and the pulsed voltage applied to the anode, as shown in 

Figs. 5 and 7. 
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Type B can be regulated by changing the plasma trigger voltage V0. since 

the plasma generation rate is controlled to some extent by V0 • 

C) In order to check the accuracy of the dosage results shown in Fig. 9, we 

repeated the measurement using LiF thermoluminescent detectors, in the same 

working point. The dosage measured with LiF was almost twice that obtained 

with SEQ-6 pen dosimeters. We attributed this difference to the cutoff caused 

by the pen dosimeter housing. In fact, the "La Physiotechnique" pen dosimeters 

are designed and constructed to measure the absorbed x-ray dose in the fleshy 

parts of the human body at a given depth of 03 g/cm ,̂ due to photon irradi

ation with an energy cutoff around 10 keV. We can, therefore, speculate that 

the 03 g/cm^-thick pen housing reduces the x-ray intensity emitted by our 

preionizer by about one half. 

D) In conclusion, we have presented a detailed study of an x-ray diode work

ing in the reflection geometry. The diode has been operated with the two dis

tinct modulator systems schematized in Fig. 3, allowing a complete 

characterization of the performances of the plasma cathode shown in Fig. 2, in 

terms of temporal behavior (see Figs. 5 and 6), discharge mechanism, and rate 

of plasma expansion (Fig. 12). 

The performances of the 0.5-m emission length x-ray diode, driven by 

modulators having stored energy of 6 + 10 J, can be summarized as follows: 

0.7 + 1.1 kA delivered diode current; up to 10 mrad x-ray dosage measured by 

pen dosimeters at a distance of 30 cm from the diode window; (2 + 8)x 10? 
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electron-ion pairs/cm* generated at the same distance in the same discharge 

chamber, filled with 1 atm neon; maximum demonstrated 200-Hz repetition rate 

(which was power-supply limited: the plasma cathode itself showed an excellent 

behavior at 1 kHz, as shown in Fig. 10); a total of 5 x 10^ shots accumulated at 

100 Hz under continuous operation (limited by the lack of cathode cooling). 

The 250-5-300-ns FWHM x-ray pulses showed the capability to uniformly 

preionize a 3 x 3 x 5 0 cm^ active volume XeCl laser, pumped by a 40-kV dc 

charged 120-nF commercial capacitor bank and switched by a home-made spark 

gap. Using an optimized plano-plano optical cavity consisting of a totally reflect

ing mirror and a 30% reflection output coupler, over 0.8 J of a spatially uniform 

laser output energy with a 120-ns FWHM was achieved from a 4-atm XeCl laser 

mixture. More than 80-V/ laser average power at a 100-Hz repetition rate were 

obtained, with a pulse-to-pulse laser intensity fluctuation of less than 8%. The 

performances of the x-ray preionizer described in this paper have been a key

stone for obtaining these laser results. 
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FIGURE CAPTIONS 

Fig. 1 Vertical section of the x-ray diode. The anode length is SO an. 

Fig. 2 Schematic diagram of the surface plasma cathode (a) and its equivalent 

circuit (b). C 0 - 1 3 nF, 1 = 130 uH, L0-25 uH. S is the thyratron 

EGG HY5. 

Fig. 3 Schematic diagram of the modulator for type A (a) and type B (b). In 

(a) Ci-39 uF, C\ -480 nF, C£«120 nFf C^-33 nF, and in (b) 

C, -120 nF and C 2 - 4 3 nF. 

Fig. 4 Time evolution of the trigger current for the plasma cathode, where (a) 

is the current wave form shown in (b) for time t <0Je us. Note the dif

ferent vertical scales for (a) and (b). Plasma trigger voltage V0~29 kV. 

Fig. 5 X-ray diode impedance Za vs the delay time ta between the plasma 

trigger and the diode current; (b) shows the details of (a) for td <3 us. 

Fig. 6 Measured maximum value Id of the diode current (a) and its pulse 

duration (FWHM) vs ta. 

Fig. 7 Measured electric peak power output of the diode (a) and the gener

ated electron number density n, in an atmospheric neon gas (b) vs td. 

In Fig. 7(a) full dots and cross data are measured with the nominal 

pulsed voltages of 80 kV and 72 kV, respectively. 

Fig. 8 Typical voltage (V) and current ( / ) wave forms of the x-ray diode for 

type B power supply. Horizontal: 200 ns/div. Vertical: 220 A/div for / 

andl23kV/divforK. 

Fig. 9 X-ray dosage distribution on the laser discharge cathode (open circle) 

and on the laser discharge anode (full circle) surfaces. 
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Fig. 10 X-ray pulse train at 100 Hz, integrated by a low-pass circuit with a 

10-ms time Constant Cathode triggered at 1000 Hz. 

Fig. 11 X-ray dosage (full circle) and vacuum level in the diode chamber (open 

squares) vs the diode repetition rate. The pressure values were 

measured a few seconds after the start of operation, when the equilib

rium condition was reached. 

Fig. 12 Diode perveances vs the time elapsed since the onset of the diode cur

rent, calculated from the measured data, obtained using type B modu

lator for (a) and type A for (b), compared with the predictions of Eqs. 

(3) (dashed line) and (4) (continuous line). In (a), refers to V0
m 26 

kV; to K„- 22 kV; and to V0- 10 kV. In (b), refers to 

f 0 ~ 2 9 kV. Plasma expansion rate v = 9J5 cmAis; £ '=430 (iA 

cmZ/V3'2: K «120 pA/V3'2. 
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