
Ci , Ii : concentration and intensity in sample

C(i) , I(i) : concentration and intensity in standard

X-ray intensity is proportional to the concentration, 𝐶 ∝ 𝐼

EPMA Quantitative analysis 1



Matrix (ZAF) corrections 2

Z : atomic number correction

for lost signal due to elastic (back-scattering) and inelastic (energy loss) 
scattering of the beam electrons that diminish x-ray generation

A : absorption correction

for lost signal due to absorption of x-rays within the sample

F : fluorescence correction

for excess signal due to secondary x-rays generated by primary, higher 
energy x-rays within the sample (that are absorbed while causing 
ionizations)



Atomic number (Z) correction 3

R : Electron backscattering factor

* sample

S : Electron stopping power

R approaches 1 at low atomic numbers



4Z, a function of E0 and composition



Z, a function of E0 and composition 5

Al-Cu alloy



X-ray absorption 6

𝐼 = 𝐼0exp
−  
μ
ρ ρ𝑥

= 𝐼0exp
−  μ ρ ρ𝑧 𝑐𝑜𝑠𝑒𝑐y

I : Intensity emitted

I0 : Intensity generated

 μ ρ : mass absorption coefficient

r : density

z : depth

y : take-off angle



Mass absorption coefficient,  𝝁 𝝆 𝒂𝒃𝒔𝒐𝒓𝒃𝒆𝒓
𝒙−𝒓𝒂𝒚

7

CoKa

CuKa
ZnKa

Any x-ray with a slightly higher energy than Ec(Ni K-shell) (e.g., ZnKa) is efficiently 

absorbed as it ionizes the Ni K-shell and generates (fluoresces) the NiKa

Sharply increases at the critical 

excitation energy of Ni K-shell, 

Ec(Ni K-shell) 

Variation of  𝝁 𝝆 𝑵𝒊
𝒙−𝒓𝒂𝒚

as 

a function of x-ray energy



Absorption (A) correction 8

Absorption function,

f(ci) = Ii(emitted)/Ii(generated)

* sample



A, a function of E0, y and composition 9



10A, a function of E0, y and composition
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11
Depth-distribution of generated X-rays:
the f(rz) function



Total X-ray intensity: generated vs. emitted 12

Total generated intensity

Total emitted intensity



AlKa is efficiently 

absorbed by Cu in 

Al-Cu alloy

Generated

Intensity

curve

Emitted

Intensity

curve

Total X-ray intensity: generated vs. emitted 13



f(rz) matrix correction 14

Combined atomic number and absorption corrections

Ratio of emitted intensities in standard (Iemit) to sample (I*emit)

Iemit = ϕ(Δρz) 
0

∞
ϕ ρz exp−χρzd(ρz)

Iemit
∗ = ϕ(Δρz) 

0

∞
ϕ∗ ρz exp−χ

∗ρzd(ρz)

ZiAi=
 0
∞

ϕi ρz exp−χiρzd(ρz)

 0
∞

ϕi
∗ ρz exp

−χi
∗ρz

d(ρz)



f0 : the value of f(rz) at rz=0

Rm : the depth at which f(rz) is 
maximum (fm)

Rx : the maximum depth of X-ray 
production (X-ray range)

15

ZiAi is modeled in terms of f0, Rm, Rx, and the integral of the f(rz) function 

(Pouchou and Pichoir: PAP method)

f(rz) matrix correction



X-ray fluorescence 16

A consequence of X-ray absorption when

Eabsorbed X-ray > Ec(absorber shell)

• NiKa is absorbed by Fe atom

• FeKa is fluoresced

FeKa
generated



X-ray fluorescence 17

• NiKa is absorbed by Fe atom

• FeKa is fluoresced



X-ray fluorescence 18

CuKbCoKa



Characteristic fluorescence (F) correction 19

Fluorescence correction includes the summation of 

intensities of the element fluoresced by all other 

elements in the compound 

Ifij : x-ray intensity of element ‘i’ fluoresced by element ‘j’

Ii : x-ray intensity of element ‘i’ generated by electron beam

* sample



20F, a function of E0 and composition



F, a function of E0 and composition 21
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Matrix correction flowchart 22

k ------------ ZAF1 ----------- C1 ( = Cstdk * ZAF1)

C1 ----------- ZAF2 ----------- C2 ( = Cstdk * ZAF2) (if C2 = C1, stop here)

C2 ----------- ZAF3 ----------- C3 ( = Cstdk * ZAF3) (if C3 = C2, stop here)

and so on....


