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X-Ray Fluorescence Analysis with Si (Li) Semiconductor

Detector

Synopsis:

Toshio SHIRATWA, Nodukatsu FujmNo

Yasuo OPA and Kadzuo YAMANAKA

X-ray Fluorescence analysis sytem using Si (Li) non-dispersive detector is developed and it can be
applied to steel industrial analysis. The system is especially suitable to the on-line rapid analysis as
the Si (Li) detector has very high sensitivity and is not affected by circumstance. The applicatinos

of the system are as follows.

(1) On-line X-ray fluorescence analysis of tubings in order to distinguish the type of steel.
(2) X-ray fluorescence analysis of particular shape objects, such as wire cross-section, large forged

steel etc.

(3) Thickness measurement of coating on steel sheet (zinc coating thickness for galvanized sheet
and paint thickness of colored galvanized sheet.

(4) X-ray diffraction

The results are very excellent, resolution power and stability are practically satisfied.
(Received May 9, 1974)
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Table 1. Physical property of Si and Ge.
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_ _‘_.JV__ | | - (eV) | (eV)
si' 14 ! 28 | 233! 1009 36
Ge: 32 726 ' 532 | 079 2'8
i Electron movility | Hole movility
L (em¥/sV) o (em?/sV)
. wc | e wc 7
S 1350cm ~40000 @ 480  ~13000
¢ ~42 000

Ge 3900 ~36 000 E 1900
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Fig. 1. Band structure of semi conductor,
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Density of Li

Na : Density of acceptors
n : n-type region
i : intrinsic region
bt p-type region
Fig. 2. Drift depth of Li in p-type Si.

Original p-type material

(io!d contact surface
Surf ?ce barrier contect)
Lidri

*Intrinsic”) region
N-type region
P-type region

Fig. 3. Schematic cross-section of Si(Li)detector.
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H. V. : High voltage supply, MCA : multichannel pulse
height analyser,
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Fig. 4. Si(Li) X-ray energy spectrum analyser
diagram.
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Photo. 1. General view of on-dispersive Si(Li)
fluorescent X-ray analysis system.
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Fig. 5. Comparison of resolution for X-ray
dctector. (BULKHALTER et al®)),
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(a) Scintilation countor (FWHM=4500eV)
(d) Ar proportional counter (FWHM=1 000eV)
(c¢) Si(Li) detector (FWHM= 220eV)

(b) LiFcrystal spectrometer (FWHM=65¢V)

Fig. 6. Experimental result for resolution of
FeK spectrum,
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Fig. 7. Relationship between X-ray energy and
channel number of MCA using Si(Li)
detector.
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. 2. General view of the on-line analysis
of tubing using the Si(Li) detector.
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Exriemental conditions : Acc, Voltage 30kV, tube current
5mA, target W, measuring time
about 10sec.

Fig. 8. Fluorescenent X-ray Spectrom from

SUS 321 stainless steel.
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Ni % Cr % Mo %

Fig. 9. Calibcation for low-alloyed steel tubings, count is shown at the time to reach FeK,
of 10¢ (30keV-5mA (W), about 10sec).
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Fig. 10. Calibration for stainless steel tubings, count is shown at the time to reach FeK,
of 10¢ (30kV-5mA (W), about 10sec).
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Fig. 11. Calibration of Mn for cross-section of
wire (1'2mmdia) Experimental condi-
tions, selit diameter 0°5mm¢gp, 30kV-
10mA (W), 100sec.
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system using the Si(Li) detector.
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Fig. 13. Calibration of coating paint thickness
on colored galvanized sheet. Suffix
shows the type of paint.
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Thickness measurement of Zn on galvanized sheet, average value of both side is plotted.
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(2) wavelength (A) (b) energy (kev)

Table 2. Spacings of a-Fe and Bragg codition

Fig. 14. X-ray diffraction pattern from cold rolled
sheet observed by Si(Li) detector.

Lo AlE, fERErEh G ERkInb. R/E
HELTWAHESSITEREE LTKXIEREETH D,
EHMSITE LTIE * 4 v 20— Pl SUSRTII SR
ERTVORBRKTHS. Si(L)) EFoMESL EE
E2 bR TSR3 FhFRRO L 5 stz X >TH
BT ko2Tw3. Thbd

T 0 @sn ) 5 | 10° 15° 200 | 30° | 45° | 60°
y U | B | (00174) | (0°348) | (0°518) | (0°68) | (1°000) | (1'414) | (1732)
2027 110 | 0-353 0-705 1-050 1-386 | 2:027 | 2866 3-511
1-433 200 0-249 0-499 0-742 0-980 | 1-433 2-026 | 2-482
1170 211 0-204 0-407 0-606 0-800 | 1-170 1-654 | 2-026
1-0134 220 0-176 0-353 0-525 0693 | 1-0134 1-433 1-755
0-964 310 0158 0-315 0-470 0-620 | 0-9064 1-282 1-570
d (b) Ek,y=12-4/2
2:027 110 35-127 | 17-589 | 11-810 8-947 6117 4-327 3-532
1:433 200 49-799 | 24-850 : 16-712 | 12+653 8-653 6120 4-996
14170 211 60-784 | 30°467 | 20-462 | 15-500 | 10-598 7-497 6-120
1:0134 220 70-455 | 35-127 | 23-619 | 17-893 | 12-241 8-653 7-066
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