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Abstract

In this exercise a full effective area of a single pixel Si PIN detector will be

determined. This detector is dedicated to measure solar X-rays in the range 1 keV-20

keV. The active area of the Si chip and the collimatator aperture are circular. Hence

the Field of View (FoV) of this instrument is a circle having an angular diameter of

90◦ on the celstical sphere. This exercise has three separate tasks. The first task is

to calculate the geometric area AGEOM of the detector. The second task is to derive

the quantum efficiency QE of the detctor system and the final task is to combine

the AGEOM and QE to derive the effective area of the detector as a function of the

off-axis angle. All the dimensional values of the detector are given. The material

related coefficients etc. must be searched by the students themselves. This exercise

is planned to include also the weekly home works, which will be needed in the

programming tasks of this exersice at the end of this course. All the weekly home

works will be evaluated and they will contribute to the final grade. The students

may do the required programming tasks with an arbitrary S/W, but the supervision

and demonstrations will be performed with the IDL S/W by the lecturers.



Material Component Nominal value

Si detector thickness x 500.0 µm

Dead layer, Si 0.1 µm

Cathode and thermal filter, Al 0.1 µm

Polyimide thermal filter 0.25 µm

Be-filter 15.0 µm

Active detector diameter D2 0.5 cm

Aperture (collimator) diameter D1 1.5 cm

Height of the collimator H 1.0 cm

Table 1

The nominal dimensions of the detector, filters and collimator of the Si PIN detector.

1 Geometric area

The dimensional drawing of this SiPIN X-ray detector is shown in Fig. 1. All the material

related parameters are also compiles in Tab. 1.

The X-ray emitting target, i.e. the Sun can have different positions in the large FoV with

respect to two angles. Those two angles are an off-axis angle T and a roll angle ρ. In

this exercise we assume that the sensitivity of the detector does not depend on ρ, i.e. it

is azimuth-ally isotropic. The angle T1 denotes the limiting angle when the edge of the

collimator aperture starts to cast a shadow on the detector. The off-axis angle T2 repre-

sents the angular distance between the optical axis and the target, i.e. the Sun. When

the off-axis angle equals T2 then the the detector active area is totally in the shadow,

i.e. photons from the Sun can’t impinge the detector anymore.

1.1 Home work 1

Calculate the limiting angles T1 and T2. Calculate also AGEOM of the detector as a func-

tion of T and plot the graph of AGEOM versus T. Let the plot contain 2000 elements

(points), e.g. initialize AGEOM=DBLARR(2000) within IDL.



����
����
����
����
����
����
����

����
����
����
����
����
����
����

T2

D2

D1

H

x

TOP VIEW

SIDE VIEW

Be and PI filters

PIN
+Al

T1

Figure 1. Dimensional drawings of the PIN diode capsule and collimator.

2 Derivation of the QE

The detector QE is determined by the filter and detector thicknesses and related materi-

als. The formula for QE calculation is shown in Eq. 1. The same formula is written with

the attenuation coefficients µ in Eq. 2.

QEtot(E) = (1− T (E)det)
N∏

n=1

T (E)fili (1)

QEtot(E) = (1− e−xdetµ(E)det)
N∏

n=1

e−xiµ(E)i (2)

The transmission or absorption in a filter is determined by the linear mass attenuation

coefficient µ of a specific material of the filter and respective thickness of a filter. The



Parameter Numerical value and dimension

re Classical electron radius 2.82E-15 m

h Planck’s constants 6.626E-34 Js

A Number of atomic mass units (dimensionless)

mu Atomic mass unit 1.66E-27 kg

f2 Second scattering factor (dimensionless)

E Photon energy eV

c Speed of light 3.0E+08 ms−1

e Electron unit charge 1.6E-19 C

ρ mass density

Table 2

Parameters needed to calculate the linear mass attenuation coefficient µ

transmission of the detector is calculated similarly.

The linear mass attenuation coefficient is composed of several factors as shown in Eq. 3.

µ(E) =
2rehcf2(E)

AmueE
ρ (3)

The scattering factors for several elements can be found, e.g. [1].

2.1 Home work 2

Calculate and plot the total on-axis (T=0) QE curve of the Si PIN detector between 1

keV and 20 keV. You may omit the influence of the PI (polyimide) filter, because it is

minor.

3 Derivation of the final effective area

The effective area of this instrument is composed of three different factors. Those are

AGEOM , QE and the so called cosine factor, which all are dependent of the off-axis angle

T. The cosine factor, i.e. cos(T) relates to the planar detector geometry. The projected

active detector area decreases as a function of increasing T. Hence the final desired Aeff

can be calculated as shown in Eq 4.



Aeff (E, T ) = QE(E, T )AGEOM(T )cos(T ) (4)

3.1 Home work 3

Calculate and plot the effective area curve of the detector between 1 keV and 20 keV at

T=30◦. You may omit the influence of the PI (polyimide) filter, because it is minor.

4 Exercise tasks

Write a report, which includes items listed below.

1. Detailed calculation of the geometric area between 0 and T2 and make a plot of it.

2. Determine the quantum efficiency of the detector between 30 eV and 20 keV at dif-

ferent off-axis angles T with a step of 0.1◦. Make a plot of the graphs also.

3. Determine the effective area of the detector between 30 eV and 20 keV at different

off-axis angles T with a step of 0.1◦. Make a plot of the graphs also
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