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Pocket Power Supply System for Si-PIN Detector

LIN Yan-chang, JIANG Hai-jing, GE Liang-quan, LAl Wan-chang, CHENG Feng
( College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, 610059, China. )
Abstracts: A high efficiency power supply system for thermoelectrically cooled Si-PIN detector, which fits in a shirt pocket, was
designed and introduced in this paper. Idea about Pulse Width Modulation (PWM) based pre-amplifier power supply, PWM based
self-adjustable voltage regulator for electric cooler, and a charge pump based transformerless low ripple noise high voltage bias for
Si-PIN detector was carried out. More electronic techniques are applied in the system so that smaller dimension, less power
consumption and higher reliability should be achieved. As the performance of high voltage bias is important for the whole detector
system. The new design was test under condition of -5°C up to 43'C. And the high voltage output ranges from 100.85V to 100.32V,
while maximum ripple noise is less than 15mV. The system can be widely adopted in various In-situ X-Ray Fluorescence

spectrometry based on Si-PIN detector.

Key words: In-situ XRF; Si-PIN detector; PWM:; charge pump; ripple noise; reliability

Introduction
\ : Temp
Temperature )
o)
Thermo-electric " Cooler power +2.1V max
X-Rays Filter o H.V. Bias 110V max
9V DC Suppl
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Be Window i Feedback 4
FET
| Pre AMP —O0  Qut

Fig.1 Internal configuration of Si-PIN detector (model XR-100CR)

In-situ X-Ray Fluorescence (XRF) sampling techniques are widely use in various regions, such as geoscience,
mineralogy, archaeology and astronomy, etc M The performance of Portable X-Ray Fluorescence (PXRF)
spectrometry increases along with the development of science and technology. High energy resolution XRF
tele-data-acquisition on Mars was realized Clprincipally refer to the invention of Si-PIN detector for X-Ray
detection).

The internal configuration of Si-PIN detector (model XR-100CR), from Amptek, INC., is shown in fig.1. It
requires a dual tracking £9VDC, a +2.1V max DC cooler power and a +110V max detector bias. Nowadays, more
and more such detectors are adopted in PXRF spectrometry. Since the special power supply and shaper amplifier
(model PX2CR) can’t work in field without AC power. Designing a battery powered supply system with small
dimension, high efficiency and well reliability is extremely critical.

* Supported by the National Science Foundation of China (40274048, 40374051) and the Youth Science Foundation of
Slhengdu University of Technology (2004QJ21).
Collected by Paper Collection of International radiation physics society workshop on frontier research in radiation

physics and related areas, Nov. 2004.
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A Si-PIN X-Ray detector based PXRF spectrometry for geologic survey, Model IED-2000P, was successfully
designed in Chengdu University of Technology (CDUT) in 1999“). Some other study on practically techniques for
In-situ XRF sampling, and some relative electronic units as well, is supported by the National Science Foundation
of China (40274048, 40374051) and the Youth Science Foundation of CDUT (2004QJ21). Here’s some
application hints for Si-PIN detector power supply designing, which were obtained in the study.

Schematic diagram-

1.1 Basic schematic diagram

»  Dual tracking [ ° 9V
Lithium-ion »| PWM
»  Chargepump [——° 100V
» PWM cooler —o0 2.1V max

Amplifier < Temperature sensor

Fig.2 Basic schematic diagram of pocket power supply for Si-PIN detector

The system consists of a lithium-ion battery, a +5V pre-regulator, a dual tracking +9V converter, a
self-adjustable voltage regulator for electric cooler, and a high voltage bias for Si-PIN detector, etc.

The PWM based pre-regulator generates a regulated +5V DC from the lithium-ion battery. The dual
tracking +£9V and the high voltage converters work in the fixed input condition. Thus, the stability would be
improved.

The thermo-electric cooler would sink current of +650 to +700mA, and consume up to1.3W or so. It’s
wise to power the self-adjustable regulator from the battery directly. The self-adjustable control method is carried
out to decrease power consumption. The design idea would be described later.

1.2 Pre-regulator and dual tracking +9V DC-DC converter

The MAX1687 step-up DC-DC converter provides over 90% conversion efficiency. The device can
provide a +5V output with high current burst ability from a single Lithium-ion cell. It is idea for the application of
pre-regulator. The typical operating circuit provided in the device datasheet works well. Hence, no more
description is necessary.

The dual tracking DC-DC converter is based on the device MAX743. For the device is designed to
provide £12V or 15V from a single +5V input voltage, some treatment should be done to make the device
supports £9V output directly. Two resistors could be paralleled with each internal feedback resistors to change the
feedback factor. The optional Pi filters should be used to decrease the level of ripple noise.

1.3 PWM based self-adjustable voltage regulator for electric cooler

Once the temperature gets below -10°C, the performance of the XR-100CR system will not change with
a temperature variation of a few degrees. Hence, accurate temperature control is not necessary ) Nevertheless,
negative feedback should be adopted in a battery-powered system. Along with the decreasing of temperature, the
regulator should self-adjust the output voltage to a lower level to decrease power consumption.

The configuration of the self-adjustable voltage regulator for electric cooler is offered in fig.3. Where
the output voltage of the amplifier, which is proportional to the temperature of the detector, acts as the reference

2
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voltage Vref for the PWM controller and adjusts the output of the whole regulator. The diode should be fast

Vee

—

Vbat

Diffe Vref MOSFET
R ==
[] ; PW Lo Output

F.B. s 2
A L
Diode ICO
=
Sensor Within =
Detector Box ‘E Feedback

recovery type. This output voltage can ranges from 1.5V to 2.1V corresponds to —30°C up to 70C.
Fig.3 schematic diagram of self-adjustable voltage regulator for electric cooler
1.4 Charge pump based transformerless low ripple noise high voltage bias

Refer to fig.4, the single chip voltage doubling and inverting charge pump converts the +5V input
voltage into £10V. The sine wave generator and the BTL driver are powered from this dual tracking voltage. A
low impedance sine wave signal is generated. The signal is 17V peak-peak height or so. And it is pumped to a
level of more than 110V DC by the voltage multiplying rectifier. A micro-power high voltage allowed linear
regulator is adopted. The linear regulator, whose quiescent current is only 150pA, is realized with four transistors,
several resistors, and capacitors. However, it has good performance as we will see soon.

|
L ] Voltage ;
: Sine wave BTL | | i Micro-power
| | generator driver T; > mu l? e > linear regulator [—© +100V output
: | rectifier
A _T_ Flis T_ ___
Voltage doubling and inverting charge pump |« Single +5V input

Fig.4 Diagram of charge pump based high voltage bias

System testing

A protocol system is made. Most of the components are in SMT package. The whole system is finally housed
in a box sizing 100x60x25 mm”. It fits in a shirt pocket.

As the designing purpose, the circuit of pre-regulator, the dual tracking converter, and the self-adjustable
regulator works well. For shortage of time, only the high voltage bias for detector has been tested detailedly by
now. Some testing data and results are list in table.1. As the real world detector would sink 10pA from the bias. An
equivalent resistance load of 10MQ was used except load regulation testing.

Table.1 Testing data and results of charge pump based high voltage bias

Output voltage Output voltage Output voltage
- vs. load current vs. input voltage vs. air temperature
Testing .

5 0 rA 100.79 V 45V 100.72 V -5 C 100.85 V
condition and

- 10 1A 100.77 V 5V 100.76 V 120 '€ 100.79 V
original data

50 v A 100.69 V 6 V 100.77 V 14: 'C 100.77 V

100 1A 100.49 V 7.V 100.78 V 43 C 100.32 V
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Results based Load regulation Voltage regulation Temperature coefficient
on the data
above 0.30 % 0.06 % 0.0112 %/°C
Other testing | Ripple noise range: 15mV max; Long-term stability: 0.02% ( 72h, room temperature).
results Quiescent current: 27mA max;
Conclusion

A pocket power supply system for Si-PIN detector was designed. The protocol system was found out to be
high efficient and well reliable. Techniques and idea mentioned here might be useful for Si-PIN detector based
XRF spectrometry designing. There may be much detail improvement to be made after further testing.
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Patterns of atmospheric dust trace heavy metal element

concentrations in Chengdu, China

Chen Min™”* Zhang Chengjiang® Ni Shijun® Shi Zeming®
a College of Nuclear Techniques and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China
b China Academy of Engineering Physics, P.O. Box 919-71, Mianyang 621900, China

Abstract

Atmospheric dust sample were selected in over 300 sites surrounding center of Chengdu city. Element concentrations of
samples were determined by chemical methods to explain probable source types and source regions of observed heavy elements.
Ratio of element pairs and concentration show that chromium, lead and cadmium in dust is higher than them in soil. Concentrations
for the elements displayed that were effected by industries.

Keywords: atmospheric dust; element; metal; China

Introduction

Heavy metal elements have been determined in atmosphere dust for several decades and for variety of
reasons. Some have gone so far as to suggest that certain geographical areas have such strong sources of various
elements that they have unique regional emission patterns that can be used to distinguish the contribution of the
different regions at distant receptor locations. Z.G. Guo studies elemental and organic characteristics of dust in
Qingdao, China (Guo et al. 2004) . Nikolaos S. Thomaidis characterizes some heavy metal element in
atmosphere in Greece (Nikolaos et al. 2003). Marek Lisiewicz studies concentration of the toxic and toxic element

in door dust (Marek et al. 2000). Studies to characterize heavy elements in atmospheric dust in Chengdu city can

help understand diffusion transfer pattern of element, despite the need to assess heavy element impacts on human
health and environment. The authors, through statistical analysis and comparison with information available in the
literature, were able to identify four types of sources impacting the region. These sources include: coal-fired
power plants,,inci‘nerators, iron and steel works, and motor vehicles (Olmez et al. 2004).

The Sichuan Basin is a fertile, subtropical expanse of low hills and plains completely encircled by mountains.
Temperatures in the Sichuan Basin are mild with very warm summers (26 to 29°C) and cool winters (5 to 8°C).
Mountains to the north of the basin moderate winter cold by blocking the southward movement of cold air from
Central Asia. Because the climate is humid and surrounding mountains impede air circulation, the Sichuan Basin
is prone to temperature inversions. Summers are often overcast or very hazy and fog is present many days during
the winter. Climate for Chengdu is typical of cities located on high upland plateaus: the rage between summer and
winter temperatures is extreme, so appropriate seasonal clothing is strongly advised. In fact, Chengdu locating in
the western part of the Sichuan Basin averages more than 300 days a year of foggy weather. The objective of this
study was to collect and analyze dust samples for Chengdu city and explain probable source types and source
regions for observed heavy element concentrations. 305 sampling sites were selected from center of city to outside
of highway surrounding city (see Fig.1). In fact, sampling zone includes that longitude of sampling zone is from
E103.9389° to E104.2026°, and latitude of it is from N30.56369° to N30.75028".

* Corresponding Author, Cheng Min, Tel:+86-2866834807, E-mail address: cm907@126.com
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Fig.1 Atmosphere dust sampling zone in Chengdu, China

Experimental

Samples of old atmosphere dust are collect by brush from wall, window and door which aren’t coated any
paint. In every sampling site mass of collecting dust sample is over 100g. The collected samples were packaged
small zip-lock polyethylene bags. All measurement is finished by Sichuan Analytical and Testing Center for
Mining. The concentration of element were determined such as Hg, Cd, As, Cr, Pb, Cu, Zn, Ni, Al, Ca, Co, Fe, K,
Mg, Mn, Na, S, P, Si, Ti, V, and so on. Samples were determined by ICP-MS and electrochemical method.

Analytical results were compared with certified values.

During collecting sample, GPS is used to record the position. In this work, GIS is used to locate sampling site
in city and find neighbor industries and company, etc., which is the Statewide Chinese Map (Map Center of China,
2005).

Results and Discussion

Comparing with ratio of special elements can help obtain information about diffusion transfer of element.
The authors have confirmed some ratio between special elements in soil. The ratio of element pairs was applied to
confirm the origin of obsidian sample (Almzéan-Torres et al. 2004). Table 1 summarizes the results of elementary
ratio in dust and them in soil which given by other authors (Liu et al. 1984; Xing et al. 2003). It shows that
concentration of chromium rises from data of V/Cr and Mn/Cr. Meanwhile, concentration of lead and cadmium
rises, too. In general, there is distinct difference elementary ratio between dust and soil. Data in table 2 confirm it,
too. Concentration of chromium, lead and cadmium in dust are higher than them in soil. It shows that there are

extrinsic sources.
Table 1. Elementary ratio in dust and soil (pg/g)
Element pair Ratio in soil (R, SD) Ratio in dust (R, SD)

V/Cr 1.6+0.63 0.48+0.21
Ni/Co 2.29+0.75 ; 20.88+6.84
Mn/Cr 8.86+5.39 6.63+4.03
Zn/Cu 3.48+1.55 4.96+2.21
Zn/Pb 3.65+1.55 3.04+1.29
Zn/Cd 641+346 276+149

6
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Table 2. Elementary concentration in dust and soil for Chengdu (pg/g)

Element Concentration in dust Concentration in soil(Zhu et al. 2004)
min max  average min max average
Cr 1898 647.08 111.98 17.900 145.000 79.454
Pb 119.76 132742 372.01 21.00 311.00 50.768
Cd 0.17 20.80 4.33 0.100 0.710 0.2116

For acquainting with pollution distribution of heavy trace element, concentration of elements is summarized
as from fig.2 to fig.4 and color bar is used to show its concentration. Meanwhile, sites whose concentration is
more half than the average are drawn another on right side so that can help to recognize distribution of trace heavy
metal element. Fig.2 shows that main pollution sites by chromium distributes from southeast to northeast. There
are zone with high concentration of chromium closing the second cycle highway (see fig.2C). In fact, the site with
high concentration of chromium is close a leather company. Of course, confirming pollution source need more
work.
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Fig. 2 Distribution of chromium concentration

The pollution site with high concentration of lead distributes from southeast to northeast, too (see fig.3B).
Then there are some distinct pollution sites in the northeast corner of city. The main pollution sites are along with
the highway such as Road Wuhou, the third cycle highway, and so on, especially in the southwest of the third
cycle highway (see fig.3C). It shows that the main source is traffic tools because lead adds in gasoline. Therefore,
the time of gasoline added compounds of lead need stop.
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Fig. 3 Distribution of lead concentration

However, the poliution site with high concentration of cadmium distributes from east to west (see fig.3B). It
is found from GIS (Map Center of China, 2005) that the main pollution sites are along with the railway which is a

cycle line combined by part of Railway Baocheng, Railway Chengyu and Railway Chengkun. The zone with high
concentration of cadmium is close the zone of steel industry (see fig.4C). It is possible that some industries release
waste with compounds of cadmium because firing coal and plating release cadmium to environment.
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Fig. 4 Distribution of cadmium concentration
Conclusions
There are different distribution patterns for different element. However, all of they are results which human’s
action affects environment, especially, industries and traffic. There is obviously difference for the ratio between
element pair between soil and atmospheric dust. Lead, cadmium and chromium in dust are higher than in soil. It
shows that city environment is polluted.
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3.1 AR AT
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LR WIRE .
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AL B B M TR A : Ti(B0~47%)MIFe(29~35%)i&%T O. Si  Mn. Ca . Al . S. K. Na .
Mg 5 NI & BE28%~41% [A].

BT Fe. Ti FEEE, Ti MWRIRAES DT Fe MASE X STEESELMAERE, RIBL, 76 Fe. Ti &
RIFORERE ST R, Fe Xt Ti ATHURAAFIERG IR, Ti X Fe 478 MHFGE MR -

BT, #E5MHT Feu Ti AR, ARMUY EHE Ti 3 Fe MIMRMBOSS. Fe X Ti MIFFIEIETRA. Mn
%t Fe (T RAILE TR AMBBOEN.. 7RISR L2000 RBOEAS & RAE AN, B 5 LU B bL ik

BOEHERITTR MR, T8 REERIE # 1 XRF 47 SHEZEAE N
Ti X} Fe AIFFUETRBOHN . Fe ﬁgj’r’&ﬁ (DabiE | dixtinse AR R 2
= o
HAFREtE SR REGET R MR IERET 3438 34.36 0.02 0.058
B4R T 33.83 33.83 0 0
) 34.64 34.66 0.02 0.058
Fe%=a+bRFe+cRTi+dRMn (1)
29.25 29.24 0.01 0.034
a=19.64 , b=-0.1126 29.32 29.33 0.01 0.034
AR i SEH{E 32.28 0.012 0.037
Ti S EHEE | (2 KXo daxt iR FHARZE
Ti%=a+bRFe+cRTi+dRMn ) i 1 e %
a=44.12 , b=-2357 46.38 46.32 0.06 0.129
46.28 46.26 0.02 0.043
PO, | O 46.09 46.16 0.07 0.151
37.18% 37:12 0.06 0.161
38.31 38.38 0.07 0.182
b, Fe%. Ti%4r50 Fe. Ti TEMNSE; RYE SEHME 42.85 0.056 0.131
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XRF TECHNIQUE FOR RAPID DETERMINATION OF Fe.Ti. CONTENT OF

Fe.Ti-METAL ORE CONCENTRATES

Guo Sheng-Liang Lai Wang-Chang Cheng Feng Guo Wei

(Chengdu University of Technology, Chengdou, 610059 )

[Abstract] This paper deals with X-ray fluorescence technique for rapid determination of Fe. Ti content of Fe. Ti-metal ore
concentrates. The analytical precision and accuracy of this technique are consistent with the chemical analytical error standard and
can meet the practical production requirements.

Overcoming matrix effect is a key problem in XRF. The authors analyze the X-rays fluorescence counts and content of each
element . On this basis , the equation of joint application of ‘the ratio of characteristic to scatter and the correction of experience
coefficient” is built to overcome matrix effect .

The detecting system is IED 200P which is consisted of a 2**Pu source, a Si-PIN electrical refrigeration semiconductor detector.
Selecting 100s as a measure time.

[Key words] X-ray fluorescence analysis ; matrix effect ;  Fe-Ti concentrate
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