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ABSTRACT

An interactive micro-computer progriim that performs some manipulations on iIn

input x-ray spectrum is introduced and described, Tlm progriim is used to calculute [he

effect of absorption by filters, transmission through filters, rcsponsivi[y of

plmtmxnhodes, msponsivity of tibsorptive detectors, l“okiing ( f responses, plotting of

cross sections, find CillCUlillioll, as a function of electroi~ tempertilure, of lhc response duc

[o il bremsswuhlung spectrum. Fluorescence from tk mrgets is noI included. Two

different x-rtiy Iibriwics urc offered, one covers the X-rily rqge 30-10,000 eV wi[h 2!1/!

energy points, ml the other covers the energy runge 10 eV to I McV with 250 energy

points per dcctide,



I. INTRODUCTION

The diagnosis of n~any kinds of plasmas require the spectral resolution of the x-

riys that are emitted from some re~;ion of the ]dasmti. 1S2 Spectral selection invariably

requinx some type of filtering of the emitted x-rays, followed by detection. The

~ietector may have some spectral sensitivity in the x-rtiy region of interest. The most

commonly used x-ray selective elements are: thin filters, reflective elements, energy

absorbing detectors, photoemissive detectors , photwonducting detectors, und

photographic film. With such u vitriety of detectors, filters ml their combinations, the

t~sk of designing o sys[em by trio) imd error becomes tedious. A small and idiip[iib!e

computer program k needed that cun simulute moliy of the experimenttil conditions i]nd

that uses the best available x-my Ma. With the proliferation and avitiltibility of

inexpensive personul computers it was felt that a simple, pormble, and fust progrum that

can fit, with all of its dim files, on the smullest exchange medium ( u 3.5 inch MO kbyte

tiisk) would be very useful.

“Ile requircmcn[ Icd tIlthe use of the most modem computer l~t)~uii~~[hutis:

iil(’xpensive, ~il(liihle, widely uvtiiltible, fiist, structured, id thiitis ~vilili~bl~ 011 b[)th the

IUM ild the Mucintosh computing pltitforms, Thus the Quick Ilusic hmguuge IQ13I ,now

uvtiiluble with every Disk Operuting System Version 5 for the IBM pltitform, wus

chosen, It is hoped thiit u simple porting of ~hc I13M version [O ihc Mucintosh

Cl]vir(mnlclll WOUI(II)CCilSy10 pcrfon]l.

Il. (; KNF:RAI, I) IN(:NII’TION

‘lllC progrillll llilS lhlW~!cllcrillfutlcli~)ns; IIICsclccti[)n of i, (lUtil lJilSCo IIIC choiuc

f)l opcr;lli[)ll 011il Illilltriill or il L’ol?ll)illillioll” or llNtCriillS, IINJ folding of IIICL’illClllilll!(l
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respon.sc with an input spectrum, and the outputing of the ESUIM of the ctilcukuions

either to the smen or to a file.

Data Bases:

Two ditta bases are being offered. The first, is a small tabular dtitit base that is

based on the work of Henke.~ The data base consists of absorption cross sections that

tire ttibulated at 288 energy points diwributed on a logarithmic grid between 30 eV and’

10,000 eV. The second, is the Sandiit data base that consists of analytic fits to the x-riy

data with different fitting coefficients within each absorption edge of the material.4 The

d~ta wm implemented hy choosing the energy attenuation cross sections, rtither than the

[OM1absorption cross sections, since they tire more appropriate for simulitting the

experimental conditions where energy is mem.mxl. The second dutu btise is

implemented with i 250 energy points logarithmically distributed between 1() eV imd 1

MeV with 250 points per cycle, This choice ,of number of data points, citn be chitngcd

to increitse the number of points itt the expense of some loss in the speed of msponsc.

‘1’he two ditta bases arc in generitl ugr~timent ubove 100 eV. Below 100”cV, the SantIiil

(Iillit bitse is more iwcurutc und fits most of the expcrimentitl dittil, thus repr(xlucing [he

edges well. Ilowever, using !hc IIenke dittu txtsc offers grtwt speed udvitnttige over the

Sandiu (l~ta bi)sc,

Opl’lwtiw’:

The progritm wits written to ~tlill)r~u subset of the X-riiy elcmcn[s thil~ iwc

(Is(lillly USC(I. A Iis[ of [IIC(Iii’fcrcnt opcri~tioi~s [hilt Ciln IX pcrf[mnw! ilrC Iis[cd in [ill) lU - 1.

“IIIC g(!llCrill SylllilX ot” lhC inpu[ in I’CSPOIISC 10 illl (qwruliml is:

OZ,XUccr>

where () is [1single ClliWilCICr IIIUI rCprCSCllls il desired opcrilli(m [“1’,11,(’,S,1{,1II , Y,is illi

inlcgcr thin l’CptVSCll[S tlW llUCICilr Chilrgt of ilk! L!lClllCllt(~lminmrust, 1( IIIC X-l’ilY CICIII(’111
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is made from one element then one inputs the nuclear charge of the element Z between 1

wld 94. If the foil is made of many elements, then one repeats the procedure with

different 2s and different thicknesses. For the case of compound material foils that arc

used often, a compound definition file is accessed from a submenu by choosing a Z that

i! greuter than 100. Included with the progmm is a“] ASCII editable file with u

predefine selection of commonly used compounds, Table 2. X is an input that

represents the thickness of the filter or detector, and u is the optional input that represents

the unit of the thickness[A,M,N], The default unit is the micrometer and the default

material density is mud from an ASCII based table. A,M,and N represent the angstrom.

micmgrilms/cm2 and nanometer units respectively.

The trmsmissicm

thtit the input spectrum

deserves u speciul note.

[TJ, detection [D] and photoresponse calculations [C] assume

is a flat spectrum. The photocathode response calculation

The calculations are based on a model for the front and rear

rmpon.ses of the phm-wuhode pack and requitts a knowledge OR t, the thickness of the

mtiteriul, p, the density of the muteritil, y, the energy mass absorption coefficient of the

muterial, and ~ ,the electron mean free path in the materiul f.fi~7:

Qt=K p p & E tanh( t / &)

QFt( u p ~ E tanh( t / As) exp(-t / & )

Qf und Qr ilrc the front iInd mar qutintum cfficicncics of the nwtcriill, in clcctr(]tls/pllot(Jll.

;II ph[mm energy l;, ‘l-he mcm (Wc pillh for ICWllliltCriillS hilS kll lllCilS~lWLlo dll(l IIIC

yield for t~[hwtilrg~[sI)ilvc kn prcscntcd by i lcnkc ct itl,5 ~lii[iVC I() tl)~ yield t]f p[]ltl,

‘looL!til(:Ulil[~[h~ Phol(Killllo(ll!” YiCl(l of lllilt~rilll K,it W’ilS itSSUlllCd Ihilt lhC lilrgC[ [l)iUkllCSS

WilS ill lCilSl three linws thC electron lllCilll f~C Pillll, illldIICKC thC ul(xlro:l yield WilS 1101
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sensitive to the mean free path. For that “thick” photocathocie the qwmtity K% wtis

computed from the datas as follows:

(u PK & WW t / &))x = YX (p PK Wnh( t 1 &))Au

L=(K & tanh( t / ~))x = yx (K &tanh( t / ~))Au (p p)Au/ (p p)x

Yf=Qq’E=L ~ p

Yr=Q+E=L v p exp(-t / & )

where yx is the total yield relutive to gok.i, measlwed at some energy. Yf and Yr me the

front i~nd rear responses in electron per unit energy, “fhe quantity L was en?ered in the

C0MP3UNDS file, and was assumed to chtinge little with incident photon energy. If iI

new mmerial is desired, then the COMPOUNDS file has to k modified for the new

muterial. The operation on an external spectrum is performed using the IE] commimd

This idlows an external file, in ASCII, to be convoluted with the computed response.

The effect of using these commands is cumulative, iuld some of the operations ~im not be

wulonv without selectilig u new run. A useful fetiture, the [S] commnnd, illl(~ws for

displaying the energy ilhsorplion cross section itself. The [1+]COllllllillMl gives il concise

summury of the commimds, its synttix, anti some cxumpies.

hl(l)lil)l(l(itiotl.y:

After u rcspons~ fi k is gcncrtitcd, the menu offers other clmiccs: New

Culculiltions, ~ilc oulpuI, ~crcen plot versus Energy, Scrccn plot versus WilVCICll&!lll in

Angstroms, lyping to ihc scrccn, convolving with il 1D or :1 31> l)ltlllSSll”illll( lll~

spcc!rutn, or M(xlifying

ASf’ii film thii[~ot][ilit)

1(][]CV Wl(i so kcV,

the iiltcr/detector puck. ‘1’hcconvf)lution gL*IICriilCs two oiIlptIl

the convf)luliml ill 300”different clcclr(m lC171pCt’illllrCSIwlwu’11
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Screw Plots:

The Screen plot command generates a graphics plot in the high resolution EGA

screen mode of the display. This mode is chosen for maximum compatibility with

existing computing platforms. The display menu allows for simple manipulations of the

graph display such as resealing of the x and y axes, and the plotting of the data on

logarithmic axes. overlaid on the display is an up-to-date history of the operations used

to generate the plot.

111. OPERATIONS

As un example for the operation of the program, the response of ii silicon-diode

de:ector is cidculil[ed and displityed in Fig. I wht,r? the Henke d~tu base is used. The

detector is filtemx.iby a 5 pm tiluminum foil. The detector has a thin .75 pm thick Iilyer

of silicon oxide, and a i 25 ym sensitive depth, NotIce that the output screen shows the

inpu; da!d at the top in the form, with the sequence of operations preserved, The response

of the dclector m the bremsswiihlung spectrum from a l-dimensional and u 3-dimensioned

hot electron distribu[ious is shown in Fig, 2. ‘he unit of response hi urbitrary, but onc

usually uses the rulio of the responses ofcliftcrcnt dclcctor filter puirs [0 mcusurc the hot

elccm)n tcmpcrwmc sec Fig. 3 for tin exumplc. In I~ig,3, the response of it silicon diode

with iI2(1 Utn topper Chii[ltlCl ~n(l iI 100 ym is shown wi[h the ratio of the ~hiit~l~~l

output. “Ilw rillio is seen to hc sensitive to the hot electron i~lt~~t’iitu~ M well M [o [IN*

(Iilllullsi(lllillity f)tthc distribution.

fi.nothcr CXillllp!L’ of IIWilpplicilt)ilily of tilt proprnm is IIW~ill~tllilli[lllOfIIIU

t’CSpollSC 01” il S1l’tilk CillllCril photoCillll(KIC” using tht Silll(liil (Iiltii INISC. ‘1’k I)lloloc;llllo(l(’

is 111:1(IC of lhrtx lilyC1’!i,$twling from tlw (lirt~tkl] of IIIC x-rily sollr~~; il 3(100” AIlgSII-(MIi

Polyptx)pvlcne filler Illilt tiltcs the Xriiy source, ;I250 i~ng!i[roll~sI;lyt!rof c(m(l(lclivc
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Aluminum, and lastly, a 1000 Angstroms of Potassium Iodide that faces the streak

camera grid. This is an example of a photocathode that is used in the transmission mode

[ a rear ph~tocathode]. The result of the calculation is displayed in Fig. 4.

IV. S[JMMARY

A computer program for study and prediction of the behaviour of simple x-rtiy

elements has been described. The program uses the latest and most up-todate x-ray data

for its calculations. in the future, reflective x-ray elements and x-ray sensitive film

responses will be added to the list of allowed x-ray elements.
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FIGURE CAPTIONS

FIG. . Calculated response of a Silicon Pin Diode with a 125 micron sensitive depth, a

.75 micron silica window, and filtered by a 5 micron thick aluminum filter. The Henke

data base was used.

FIG. 2. Calculated dative output from the Pin Diode of Fig. 1 when observing the

bremssrrahlung radiation from a 1D or a 3D maxwellian hot electron distribution.

FIG. 4. Calculated rutio [dashed line] of the response of a silicon-diode copper-filtered

channel [dotted line] to that of a silver-filtered channel [continuous line], as a function

of hot electron temperature and dimensionalities of the distribution. Figures A and B

correspond to a 1D and a 3D distributions respectively.

FIG. 3. Calculated response of a Potassium Iodide (KI) photocathode used in the

triinsmission mode. The KI is deposited on a conductive aluminum layer d supported

by a 3000”Angst, !hick polypropylene foil.
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TABLES

T~ble 1. An example of the list of predefine compounds format.

Table 2. A list of the nllowed operatims and their shortcuts.
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Table 1

-+-

iNJame Opatim—..—

+-

.—

T Transmission of filter.—
D Energy Absorbing detector—.
c F’hotocathode yieM——.
s Plot of raw cross section

~ Convolve with an external file
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Table 2

Mat Name Density chemical Klamdas
# (g/clnA3) Formula

1 Vvns 1.360 c22H3302C19 O.lE+O1
2 F~rmvar
3 Polypropylene
4 Mylar
5 Teflon
6 Quartz
7 Kimfoil
8 Alumina
9 Collodion

10 Parylene
11 CelluloseTetr
12 Le:<a~l
13 CesiumIodide
14 SiO
15 PotassiumIodide
16 PotasiumBromide
17 LeadIodide
18 LeadSulfide
19 SiiverChlorid
20 CopperIodide
21

1.200 C5H202 O.lE+O1
0.900 CH2 O.lE+O1
1.380 c1OH8O4 O.lE+f)l
1.200 CF2 O.lE+O1
2.200 Si02 O.lE+O1
1.210 C16H1403 O.lE+O1
3.965 A1203 O.lE+O1
1.400 c12H11022N6 O.lE+O1

1.110 C8H8 O.lE+O1
1.660 c12H16N4018 O.lE+O1
1.200 C16H1403 O.lE+O1
4.510 CSI 0.6E-07
2.320 SiO assumed den O.lE+O1
3.130 KI 0.2E-07
2.750 KBr 0.lE-07
6.160 Pb12 0.2E-’)8
7050@ ?bs G.2E-08
5.560 AgCl 0.3E-08
5.620 CUI 0.2E-07
0.0(.)0 CI.OE+OO
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