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X線分析機器の小型化 

要素技術開発 

波長分散型 

励起X線源 
分光・集光素子 
検出器・計測回路 

エネルギー分散型 
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エネルギー分散型蛍光Ⅹ線分析装置 

Sample 

入射Ⅹ線 
蛍光Ⅹ線 

半導体検出器 

・ 電気的処理による分光 

・ エネルギー分解能：ΔE ～160eV 

・ 散乱Ⅹ線の影響大 

・ 検出下限： ～1 ppm 

・ 装置は小型（卓上式） 

   試 料 室 

 低 電 圧 
 電 源  D S P 

 Interface 

 C P U／ 
 パソコン 

マウス 
（オプション） 

キーボード 
（オプション） 

プリンタ 

高 圧 発 生 装 置 

コントローラ 

２次フイルタ 真空隔離高分子膜 

X線励起光学系 
１次フィルター方式 
２次ターゲット方式 

X 線 管 
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テクノエックスが誇る要素技術 
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可搬型蛍光Ⅹ線分析装置 
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超小型携帯型成分分析計 

NITON社製 
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多岐に亘る活用分野  



Si-PIN検出器の原理 
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pn-junction as a semiconductor-detector 
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Principle of solid state detectors 

N = 
hν 
 ε 

Ε : Energy for e-h pair 

N : number of e-h pair 

Q =  eN 

Q : Charge at input of PA 

 V= 
eN 

 c 

Q 

 c 
 = 

V : Voltage at input of P.A 

C : capacitance at input of P.A 

 V =     =     ･hν 
 eN 

  c･ε 
eN 

 c 

V ∝ hν 
 



Physical properties of Si, Ge, GaAs, SiC 
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Capacitance of Detector 

Output  V= 
eN 

 c 

v ← to ｌarge 

c ← to small 

+p 

 

n+ 

C is reduce 

pn- Junction Detector                         Silicon Drift Detector 



Electron Potential fot pn-Junction Detector 



Function of Silicon Drift Detector 



Principle SDD 



Silicon Drift Detector with Circular Geometry 



General Requirements of SDD Electronics 



Spectrum of 10 mm2 KETEK Vitus SDD 



Absorption curve for 450 μ m SDDs 



Large Area Silicon Detectors 



Properties of Silicon pn-Junction Detectors 



Schematic Overview of Electronics for Detector 

  



Types of Preampfilter 

V0 = Rf・Is 
V0 = (             )V 

R+Rf 

  R 
V0 =  

Q 

C 

a) current sensitive           b) V0 leage sensitive            c) Charge sensitive 

Q V 



RC type & Reset type 

a)RC-type charge sensitive preamplifier with a positively biased detector;  

b) Output on absorption of an x-ray. Note that the step has a falling edge, thus the signal 

polarity is negative. 

RC type 

Reset type 

a) Reset-type charge sensitive preamplifier with a negatively biased detector;  

b) Output on absorption of x-ray rays. Note that the steps have a rising edge, so that the   

    signal polarity is positive.  



Reset type Preampfilter 



Principle of Signal Processing 

Peak hold 

V→     ADC 

V 

V ADC 

ADC 



Principle of Analogue Signal Shaping 



Digital Signal Processing – Principle of Operation 



DSPのブロック構成図 
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Digital signal data processing 



Signal Conditioning for Digital Processing 

ADC V 

B.L 

ADC 

in out 

XIA 

Analog Signal Conditioner (ASC): 

– Subtraction of a Saw Tooth Function from the ramped Preamplifier 

Output Signal 

– Amplification and Offset of the Difference Signal to fit the ADC input 

range 

KETEK 

Analog Signal Conversion 

– Conversion of the ramped Preamplifier Output Signal to an 

exponential Output  

Signal by differentiating with a High Pass Filter of maximum 6μs 

Decay Time 

– Amplification and Offset of the differentiated Signal to fit the 

ADC input range 

Oxford Instruments 

High Frequency Reset triggered by the DSP to keep the ramped 

Preamplifier  

Output Signal in the ADC input range 



Digital Filtering 

Displayed over a longer time period to show baseline noise.  



Fast & Slow 

ex  7 photon 

ICR  6 photon 

pile up    sumpeak 

OCR  4 photon 

Dead time 



Throughput Curves 
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True time &Live time 

inhibit pile up 

Live                       Dead 
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Dead Time versus Input Count Rate 
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Shaping time & Peaking time 

ts = Shaping time 

    = Tome constant 

         for Filter  

t 

tp = Peaking time 

tp = t x n 

 t  = time of sampling 

 n = number of sampling  

for ex.   16MHz   t = 62.5nsec 

        n = 24 

     t×n = 62.5 nsec×24 =1.5μsec  



Relation between Shaping time & Peaking time 

photon coming to detector 

charge increase at preamplifier 

short shaping time 

long shaping time 

P.T ＞ 2 × S.T 

P.T 

G 
S.T 



Noise Sources of a SDD 
Serial Noise 

- Determined by capacitance of complete setup: 

anode capacitance + input capacitance of FET + stray capacitance 

(bond wire + mounting technique) 

- Dependent on transconductance of the FET 

-Slightly temperature dependent 

 

     Influences short shaping times (high count rates applications) 

     reducing serial noise → high count rates with very good FWHM 

 

 1/f Noise 

- Dependent on mounting technique 

- Noise of FET 

-Dependent on capacitance 

 

     Independent of shaping time; 

     reducing the 1/f noise improves the energy resolution for all shaping times 

 

 Parallel Noise 

- Dependent on leakage current of SDD (therefore strong dependency on 

operating temperature – cooling by approx. 7°C halves leakage current) 

 

     Influences long shaping times; can be reduced by lower operating 

     temperatures 

     Reducing parallel noise is important for large area detectors and for operating 

     conditions under high ambient temperatures 
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Shaping time 

parallel noise 

yt noise 

signal noise 



Noise plot of a 10 mm² Vitus SDD 



Noise plot of a 100 mm²  Vitus SDD 



Function of Silicon Drift Detector 



Information of Energy & Position 

signal height ⇒ energy of radiation 

drift time     ⇒ position of radiation 



Comparison of Analog & Degital 



Thank you for you attention 

テクノエックス     検索 

http://techno-x.co.jp/ 


