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1, Introduction

Determination of impurity in materials is important in many technological areas. Several characterization techniques such as neutron activation analysis (ANN), inductively coupled plasma mass spectrometry (ICP-MS), secondary ion mass spectrometry (SIMS), accelerator mass spectrometry (AMS), and accelerator SIMS are currently used by the semiconductor industry to monitor contaminations and intentionally introduced impurities.

NAA is a mature characterization tool with excellent sensitivity in some cases(e.g. 197Au in Si). However, the sensitivity of ANN is limited by neutron capture cross section which vary greatly from element to element.

Mass spectrometry is the most used method for high sensitivity, for multi-element analysis of solid materials. ICP-MS is a sensitive bulk materials analysis technique (about 1014 atoms/cm3, 10ppb). However, there is concern about incomplete dissolution and contamination during sample preparation. SIMS is also a sensitive technique that has been developed to the point where ion imaging of impurities is common. Sputter depth profiling with detection limits in the 1013 to 1015 atoms/cm3(20-200ppb) range are possible[1]. However, SIMS cannot be used to detect some impurities because of competing signals from molecular and charge state interference. For example, diatomic silicon 28Si2 masks 56Fe and 30SiH masks 31P.

AMS was proposed in 1977 to measure precisely the ration of radioisotope to its stable isotopes with quite high sensitivity (10-15 isotope atomic ratio)[2,3]. The AMS technique for the measurement of stable isotopes is similar SIMS except to ions (both atomic and molecular) are accelerated to Mev energies and passed through a gas or foil stripper. The electron stripping causes the molecular ions to dissociate into atomic ions removing the molecular interference [4]. So, the bulk sensitivities of AMS is about order of tens of ppt for certain impurities in silicon and other materials, which is better than SIMS in almost all cases. 

There are several groups working on AMS application to stable elements. The University of Toronto group measured platinum group elements and heavy metals in minerals at ppb levels [5,6]. The University of Rochester group was depth profiling N and Cl in Si using NAA/AMS and measured platinum group elements in photographic materials [7]. The Swiss group at Paul Scherer Institute at ETH has measured P and other trace elements in Si [8,9], and The University of North Texas group has been developing the determination of impurity in electronic materials and depth profiles in semiconductors using their AMS system and AMS combine SIMS at source (SIMS-AMS, or called accelerator SIMS) [10,11 ].

Tab. List of impurity determination using differential analysis technique. 

	
	Application
	Limitation
	Detection limit

 (g/g)

	ANN
	Any material
	Neutron capture cross section
	10-10

	ICP-MS
	Dissolvable material
	Incomplete dissolution, chemical contamination
	10-11

	SIMS
	Solid material
	Molecular and isobar background 
	10-9-10-11

	AMS
	Solid and gas material
	Cs+ beam and holder in ion source
	10-11-10-13

	
	
	
	


2, Impurity of radioactivity in L.S and C.S

A biggest problem on the measurement of neutrino and Dark Matter is radioactivity background from radioisotopic impurity of the detector materials, such as 40K, 85Rb, 129I, U-series and Th-series. They have very long half-live and extremely low content in liquid scintillator (L.S), crystal scintillator (C.S), as well as other common detector-related materials. It is difficult to measure them by using conventional methods, such as radio-decay counting and traditional mass spectrometry. 
We are the first group to focus on the determination of rare radioisotopes in C.S and L.S. with AMS. The project includes three steps.  
(1) 129I and 40K in C.S(CsI);

(2) U and Th-series in C.S(CsI);

(3) 129I, 40K, U and Th- series in L.S.
At present, 129I and 40K in C.S have been measured using AMS system based on the HI-13 tandem accelerator at the China Institute of Atomic Energy. The preliminary result of the measurement are about 129I/127I =1(10-12 in atomic radio (129I of about 5x10-13g/g in CsI) and 39K/127I=6x10-6 (40K of about 1.7x10-10g/g in CsI).
We have to point out that the measured value of 39K/127I include 39K background coming from ion source and AMS system. To know how much 39K background is our next research plan. 85Rb, U-series and Th-series will also be studied in the near future.

3, Determination of the background    

There two problems on the measurement of 40K in CsI sample, which are that there is no standard CsI sample to know 40K relative content in the sample and no 40K blank CsI sample to know how much background which comes from Cs+ beam and sample holder in the ion source in AMS measurement.

   Instead of relative method with standard sample, we are going to using absolutely measurement method. For doing absolutely measurement, 39K efficiency of ionizing, extracting and transmission in beam line should be known exactly by using KI, 100%, and 50%, 20% and 5% in CsI respectively.

In order to know how much background from Cs+ beam and sample holder in the ion source in 39K measurement, a high purified (isotopic purity, 39K content less than 10-9g/g) metal such as Ta, Zr et. al has to be used as sample holder.
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