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Filtered x-ray diode, (XRD), detectors are used as primary radiation flux 

diagnostics on Sandia's Z-accelerator, which generates nominally a 200 TW, 2 

MJ, x-ray pulse. Given such flux levels and XRD sensitivities the detectors are 

being fielded 23 meters from,the source. The standard diagnostic setup and 

sensitivities are discussed. Vitreous carbon photocathodes are being used to 

reduce the effect of hydrocarbon contamination present in the Z-machine 

vacuum system. Nevertheless pre- and post-calibration data taken indicate 

spectrally dependent changes in the sensitivity of these detectors by up to factors 

up to 2 or 3. 

(Presented on 7 June 1998) 

INTRODUCTION 

2 is a 60-TW/5 MJ electrical accelerator which has been developed at Sandia National 

Laboratories as a driver for fast 2-pinch implosions. Z-pinchs have demonstrated the 
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capability for efficiently generating high power x-ray radiation sources and with Z have 

demonstrated the capability of generating x-ray powers over 200 TW's and x-ray 

energies 2 MJ's'. The radiation sources produced by Z are being used in high energy 

density physics, radiation effects and inertial confinement fusion experiments'. Z is a 

cylindrically symmetric pulsed power accelerator in which stored energy is compressed 
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in time and space and delivered to a Z-pinch load through magnetically insulated 

transmission lines and a vacuum convolute. The details on the operating characteristics 

of 2 can be found in references 1 and 3. A typical Z-pinch load used to produce large 

amounts of soft x-ray radiation (100-1500 eV) is a tungsten wire array 1 to 2 cm tall 

consisting of -270 wires, 5 pm thick imploded from an initial radius of 1 to 2 cm. The 

wire array implodes under a peak drive current of -20 MA. The final stagnated linear 

pinch is typically 0.75-1 mm in radius and produces a radiation pulse 5-10 ns full width 

at half maximum, (FWHM), with output powers of 100-200 TW and output energies of 

1.5-2 MJ. Estimated pinch temperatures of 180-250 eV are produced. 

An array of filtered x-ray diode (XRD) detectors are one of the primary x-ray 

diagnostics probing the radiation from these sources. These detectors have the advantage 

of being large area, fast response time detectors which have appropriate sensitivities for 

viewing the large flux from the Z-pinch and which can be readily calibrated at low flux x- 

ray source facilities. The setup and characterization of these detectors as fielded on Z for 

pinch power measurements will be discussed in  the following sections. Other diagnostics 

used on Z are discussed in other papers presented at this conferen~e.'.~.~' 

11. THE X-RAY DIODE DETECTORS 

The biplanar XRD detectors used consist of a photocathode and an anode mesh built 

into an N-connector housing as shown in Fig. 1. These detectors are built at Sandia and 

are similar in design to those discussed in ref. 8 and 9. The photocathode consists of a 

diamond polished vitreous carbon disk" (12.5 mm in diameter, 2 mm thick). The carbon 

disk is silver epoxied to a gold-plated copper or nickel stalk and acts as the center 

conductor for the modified N-connector. The carbon disks are polished to an rms 

roughness of 500 A under a procedure using a diamond grit in a hydrocarbon, ethylene 

Glycol, slurry. The photocathodes final cleaning is with 100% ethanol in which they are 

allowed to soak for 24 hours. This procedure effectively yields a detector which has a 
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response dominated by carbon, oxygen and hydrogen photoemission. Vitreous carbon is 

used to reduce the effect of hydrocarbon contaminates present in the Z vacuum 

environment on the photocathode sensitivity. 

In addition to the photocathode a number of other components are also required. 

Teflon spacers insulate the photocathode (biased at -1000 volts) from the body of the 

detector and the electroformed nickel anode meshl'which are at ground potential. The 

mesh is 90% transmissive, 5.08 pm thick and has a rectangular pattern with grid lines 20 

pm wide spaced 340 pm apart. The mesh is separated 0.25-0.5 mm from the 

photocathode surface which yields a Child-Langmuir limited current flow (reduced by 

the current induced voltage drop in the cable) of 20-50 Ampskm'. I' Nonuniformities in 

the field due to the mesh size and spacing from the anode were modeled using a two 

dimensional field solver. The calculations show the field strength on the photocathode is 

only -65% of the applied field for a uniform 0.25 mm gap spacing. This reduces the 

charge saturation currents to 12-28 ampskm' which is 2-4 times the typical peak 

detectors currents of -5 ampkm'. The last component of the XRD is a limiting aperture 

placed above the anode mesh with an ID of 3-8 mm to define the detector solid angle. 

The intrinsic time resolution of these detectors is set by the transit time for the 

photoelectrons to cross the A-K gap and the fall time is given by the RC time constant for 

the diode13 For these diodes the electron transit times are - 50 ps. The detector 

capacitance is -1.4 picofarads yielding a fall time of -70 ps. The time resolution 

measured by direct irradiation with a xx ns FWHM fourth harmonic pulse from a Nd Yag 

laser is better then xx GHz based on the risetime of the signal as measured by a 3 GHz 

Tektronics SCD5000 digitizer. 

- - ~ - 

111. Detector Fielding Configuration 

A set of five detectors is mounted on N connector feedthroughs in a commercially- 

available, vacuum-tight housing coupled through a modified six inch conflat flange as 
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shown in Fig. 2. “ The housing supports the filters above the photocathodes and 

separates them from each other by a set of neodymium-iron-boron magnets. The 3.5 

kilogauss field present in the gap over the 1.2 cm distance between them blocks 

photoelectrons from the x-ray filters and other stray electrons with energies below 3 MeV 

from being detected. 

The detectors are electrically coupled to fast, high bandwidth, (1 GHz ) Tektronics 

684’s or 645’s digitizers, as shown in  Fig. 3. The detectors are capacitively coupled to 

the digitizers through a high bandwidth Sandia designed insertion unit.’’ This single- 

ended operating mode for the detectors minimizes the electrical noise and reduces the 

complexity of the detectors at the expense of slight signal degradation due to RC droop 

and impedance mismatch in  the insertion unit. The insertion units use an chip capacitor16 

with a measured 18 nF capacitance leading to an RC time constant of 1.8 ps yielding a 

negligible droop correction, - 1 %, on the peak of a typical signal. The bandwidth of the 

insertion unit was measured at 2 GHz based on the change in the risetime of a measured 

input pulse. 

The detectors are coupled to bias boxes through 20 feet of 0.5” Heliax coaxial cable, 

(Andrews LDF4-50A), and from the bias boxes to the digitizers through 8 feet of RG- 

99 14. The calculated bandwidth for the cables is greater then 8 MHz with a risetime of 

-0.04 ns. Barth attenuators and power tees” having a specified bandwidth of 20 GHz are 

used to split each pulse to two scopes for greater dynamic range on the measurements. 

The measured system bandwidth is 600 Mhz and is dominated by the digitizers. The 

timing between the different XRD channels has been measured to be within 280 ps. 

Signal degradation due to attenuation in the cables was observed to be 4% for a 

representative signal with a 1.1 ns risetime and a 3.7 ns FWHM. 

_ . .  . . - - . -  

The detectors are placed 23 meters from the center of the accelerator along a line-of- 

sight, (LOS), pipe inclined at 88” from the pinch axis. The LOS pipe contains debris and 

x-ray baffles. The XRDs are also protected against debris by a commercially available, 
.fl 
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open to closed, pneumatically-operated fast valve" having a closure time of - 1 ms. The 

detectors typically view the stagnating pinch through one of nine slots in the return 

current can along a LOS as shown in Fig. 4. Efforts to minimize viewing re-radiation 

from regions other then the pinch is made by collimation near the source. 

111. Detector Sensitivities and Calibrations 

The response of the XRD channels is determined by the spectral sensitivity of the 

photocathodes and the transmission of x-ray filters. The nominal responses of the 

detectors are shown in Fig. 5. The bandpass of these filters have been chosen to bound 

the flux from a pinch with a nominal brightness temperature of 200-250 eV. The vitreous 

carbon photocathodes and a set of x-ray filters have been calibrated at the National 

Synchrotron Light Source, (NSLS), facility at Brookhaven National Laboratory typically 

between 150 and 5700 eV. The complete set of filters have been characterized by alpha 

spectroscopy energy loss measurements for thickness, a relatively easy measurement to 

make, so that x-ray calibrations of filters which have been characterized at the NSLS can 

be cross referenced to them. The photocathode response data is fit to mass absorption 

coefficients. This sensitivity is then multiplied with a fit to the filter calibration data to 

define the detector response. The typical one sigma error bars quoted on the NSLS XRD 

calibrations are between 10 - 15% and for filter transmission calibrations 5%. The 

overall error for the XRD sensitivities has been estimated at 20% and typically dominates 

the.error in the measurement of the peak pinch power. 
. -  

IV. Data unfolding for pinch power measurements 

The defining equation for the detector signals due to the source flux is given by: 
r 
=nux 

y ( t )  = 2 A, cos(f3)L. % JS(E,c)R,(E)dE 
d-  

E," 

eq. 1 
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Where Vi  is the detector voltage for the ith channel, Z is the input impedance of the 

scope (50 ohms), A, cos(0) is the projected pinch area along the LOS, f, is the fraction of 

the source area viewed, A, is the detector area, d, is the source to detector distance, S is 

the source flux (watts/(sr-cm'-eV)), and R is the detector response in amps/watts as a 

function of photon energy. 

The detector signals are unfolded for the source flux by approximating the source 

spectrum as a linear combination of histogram basis functions.'9,'.?0 Thus S(E,t) is 

eq. 2 

where Bj represents unit  histograms and Sj are the coefficients for the functions. We use 

5 functions defined to be contiguous with bin boundaries taken at 137, 284, 513, 1020, 

1500 and 2300 eV mostly determined by filter K-edges. The low energy boundary is 

defined where the sensitivity of the channel falls to - 1% of its peak response. The upper 

boundary is set large enough so that the emission from a Plankian spectrum of 250 eV is 

recovered to within a few percent. With this representation for the source spectrum 

equation 1 can be unfolded to yield an approximation for the source spectrum. These 

unfolds are used principally to estimate the spectrally integrated peak x-ray power in the 

spectral range, 137-2300 eV. Within this energy range the total emitted power into 471 

steradians in the pinch, assuming a cylindrical Lambertian radiator, is given by: 

E"," 

The accuracy of the unfold representation of the spectrum is tested against simulations of 

blackbody sources. As shown in figure 6 the total flux unfolded from these simulations is 

within 10% of the flux in a blackbody in this interval for blackbodies between 100-225 

(250 needs to be done) eV, which is consistent with the peak pinch brightness 

temperatures observed. 
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The energy spectrum at peak power unfolded from these detectors for the target is 

shown in Fig. 7. As can be seen from this figure the observed spectrum is not well 

represented by a Plankian spectrum having a much flatter spectral shape. This has been 

attributed to temperature gradients in the plasma.- *-- The total radiated flux at this 

time, as inferred from the XRD’s, is 220 TW’s, equivalent to a 240 eV blackbody for a 

measured pinch diameter of 1 .O mm and 2 cm long. Given the 20% uncorrelated errors 

for the input response functions, which dominate the errors in the data, a 212% error is 

’I n’i 

assigned to the total peak power. A time-resolved unfold can be done to yield the source 

power as a function of time as shown in Fig. 8. The time history of the x-ray pulse is 

seen to have a 5 ns risetime with a FWHM of 4 ns. 

V. XRD Calibration Stability Issues. 

The XRD’s have been pre and post calibrated at the NSLS to observe the change in 

their response to fielding on the Z accelerator. As shown in Fig. 9 dramatic differences 

in the response occur over time. Presently we are working to uncover the sources for the 

observed changes in the response. We have seen the development of a thin, xxx 8, 

hydrocarbon film over time on the photocathodes. Also physical changes in the 

photocathode surface have been observed as pits and/or ‘burn’ marks. Speculation as to 

whether they are due to ion or plasma etching of the photocathode surface have been 

made. In order to improve the stability of these detectors we are pursueing a number of 

techniques to improve the vacuum environment, presently set at -5e-6 torr, of the 

detectors. These include adding cryopurnps in addition to the turbo pumps presently 

used, to improve the physical isolation from the main accelerator vacuum by using 

closed-open-closed fastvalve configurations and thin vacuum tight membranes, and by 

heating the photocathode surface. 

- . -  .- 

VI. Conclusions 
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XRD detectors have been used to infer time dependant x-ray flux from the highly 

energetic Z-accelerator with measured peak powers over 200 TW. The detector system 

has a 600 Mhz bandwidth which is dominated by the digatizers. Detector calibrations 

using the NSLS yield dominate the error estimates and typically yield a kl2% error on 

the total flux measurement. Issues exist with the photocathode stability and are being 

addressed to yield a more robust detector system. 
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Figure Captions 

FIG. 1. Drawing showing the components of the Sandia XRD detectors. Components 

are: 1) N Connector Body, 2) Teflon insulator, 3) Gold-plated copper or nickel stalk, 4) 

Vitreous Carbon Photocathode, 5 )  Teflon insulator, 6) Nickel Anode Mesh, 7) Limiting 

Aperature, 8) Locking Nut 

FIG. 2. Five channel XRD detector housing. In this exploded view of the assembly one 

can see, from left to right the six major components: 1) The 6” vacuum housing with 5 N- 

connector feedthru’s; 2) An XRD assembly; 3) Sweeper magnet support assembly; 4) 

Sweeper magnet assembly; 5 )  Filter support; 6 )  Locking assembly 

FIG. 3. Electrical diagram showing the XRD fielding setup. The DC bias is typically 

-1000 kV, The total biasing resistance, R,, is xx ohms including xx ohms in the bias box 

and xx ohms inline to the DC voltage supply. The bias box capacitor, C,, is 18 nF and 

the impedance of the cables and scopes are matched at 50 ohms. 

FIG. 4. View of stagnating pinch geometry 

FIG. 5.  XRD channel sensitivities obtaining combining a vitreous carbon photocathode 

with the following filters: I )  4 prn Kimfol; 2) I pm Vanadium; 3) 0.75 pm Zinc and 0.5 

pm Parylene-N; 4) 8 pm Beryllium and 1 pm of Parylene-N; 5 )  10 pm Beryllium and 

0.8 prn of Vanadium. 

. -  

FIG. 6. Comparisons of the flux from blackbody sources to unfolded simulations of these 

sources. 
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FIG. 7. Unfolded Energy spectrum from a pinch at peak power for two Z-shots. Shot 

183 is a more typical spectnim. Shot 179 had the highest peak power observed, 220 TW 

while shot 181 had 185 TW. As is seen in the plot neither spectrum is Plankian in 

charac ter. 

FIG. 8. Time history of unfolded pinch power for shots 179 and 181 indicating 

nominally a 5 ns risetime, a 4 ns FWHiM and a 20 ns low power tail to the pulse. 
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