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X-RAY PRODUCTION AND 
QUALITY

Beam Quality (x-ray)

Quality means the penetrating ability of the beam.
Synonymous with “hardness”y y
The more penetrating, the higher the quality.
It has to do with the energy spectrum of the x-ray 
beam
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Means of producing beams

Fluorescence x-rays (also called “characteristic”)
Collisions only <1% of the c.p. goes into flrx

Bremsstrahlung
(dT/ρdx)r / (dT/ρdx)C ∝ TZ

Fluorescence x-ray

69.525 – 11.541 = 57.984 keV
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K-Fluorescence x-ray

Directional Distributions

Fluorescence 
isotropically

Bremsstrahlung 
anisotropically, tending 

to go in the electron 
direction with increasing 
energy.gy
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Fluorescence output vs. Electron energy

Thick 
Targets

Bremsstrahlung x-rays
- Yield -

Tungsten
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If b2= 2b1 dA2=2dA1THIN TARGET
Unfiltered spectrum

Bremsstrahlung x-rays
- energy spectrum; T0<< 0.511 MeV -

p

Assuming that the magnitude of
the x-ray beam energy produced 
to be proportional to 1/b
then hν2=2hν1 N1hν1=N2hν2

THICK TARGET
Unfiltered spectrum

Bremsstrahlung x-rays
- energy spectrum; T0<< 0.511 MeV -

Unfiltered spectrum

Kramers spectrum 

Area 
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Effect of doubling Ne or Z and T0

- Unfiltered spectra -

4x

2x

Bremsstrahlung x-rays
- energy spectrum; T0 > 0.511 MeV -

1.5 mm

R BR ∝ Br



9/16/2009

7

Bremsstrahlung directional Dependence
For thin foils, the spectral shape is isotropic but not the 
intensity. It depends strongly on direction.

Tungsten targets

X-ray filtration and beam quality

unfiltered

0.01mm W

+ 2mmAl

+ 0.15mmCu



9/16/2009

8

X-ray beam quality specification

Spectrum
Att ti h t i ti iAttenuation characteristics in a 
reference medium

X-ray beam quality specification
- Spectrum -

Solid curve = photon number

Dashed curve = exposure spectrumDashed curve  exposure spectrum

2mmAl 3.9mm Al + 0.15 mmCu
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Attenuation curves and HVL

Attenuation curves can (with some limitation) be used to derive an x-
ray spectrum. 
The attenuation curve shape is a “signature” of the spectrum and itThe attenuation curve shape is a signature  of the spectrum, and it 
can be used to characterize an x-ray beam. 

CONVENTIONS GENERALLY FOLLOWED:
Pure aluminum or cooper is used as the attenuating medium

Al preferred for T0 < 120 keV 
Cu for higher energies < 0.5 MeV 

Narrow-beam geometry is required (i.e., scattered rays from the 
attenuator must not mach the detector)
The detector (e.g., ion chamber) must be air-equivalent, that is, must 
give a constant response per unit of exposure, independent of photon 
energy.

Attenuation curves and HVL

100 keV in W

3.9mmAl + 
0 15 C

4mmAl 

monoenergetic

2mmAl

0.15 mmCu + .5Cu 
+2Sn
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Attenuation curves and HVL

Attenuation curves and HVL

100 kV

50 kV

37 keV
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Attenuation curves and HVL
Equivalent photon energy:
The quantum energy of a monoenergetic beam heaving the same 
HVL1 as the beam being specified.

Alt ti

gcm
HVLeq /2ln)( 2

1×
=
ρρ

μ
Alternative

For high Energy


