Two ey oped for analysing two
toxic elements, biky Sl LUEl oils. The basic
function of this \\ se height analysis

tﬂchnique in Ei 1e enne - * & :‘:\k"_ g “?E mﬁ. m an
accumulating dat - : : & pulse height fallsg
within the energy wih 1s 'se % the E and A E controls,

Thus a partic energy by the

Proportional detectfr ofibo sefleredland counted alone in the

L]

Energy Spectruam
SO 2.3 keV  Ph b= 10,549 oy

= 12611 ke
| E_l = 14,162 key
E-48E = LD =

a R =
= B R 1T T ,"' LDy LDy Encrgy

SCA. 2

T

Er AE;

Fig. 3.1 Simplified diagram of two channel analyzer,



In diagram of Fig. 3.1, the primary X-ray from
exciting source induces the sample 'to emit the fluorescent.
X-ray. When the chafacteristic X-ray of each ‘element incidents
°n a proportional detector, the inert gas in the detector will
be ionized and created the ion-pairs, undér the influence of

the electric field be

ion-pairs correspond - fig MEVPNOLEW Cnstay. The collected
charges on the & e -0f -det oo - i tegrated by charge
sensitive amplifier ar AL '_n. Zed these signal into

voltage pulses, pOLESS ap ."n?‘ € amplitude to
suitable range by u ol #1867 arnd & OV \ output. pulse in
Guassian éh&pe.f' » nutﬁut are selected

by the two sets F e EA& first channel for E1
(range from 1.978 dihe second channel for
s as shown in Fig. 3.1.

Two apectral lines 1fur K X nd leet; jX4ray are

Ez (range from 9.748 ke
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The selected pulse height from SCA are accumulated by
the counter, as a data of intensity equivalents to the area
under peak of fluorescent X-ray of the element in the sample.
By these data, the concentration of known element can be

calculated by comparing to standard sample.

3.2

of some elements

technique. The

onf 1 gligh £ Tow y > \ 1 analyzer are
comprised of four n | ¥ AL \"" r, amplifier, F.IJ,BE

height analyzer 4r s Show

in Fig. 3.3

o FENTE
4 , | : : Scaler
a ! ' L]
Delector mmr R et ,“f‘f‘_"f _____ E al:l U :
A ﬂ\iﬂ‘iﬁh{&mﬂ i e
ch. , |
A BT T T 1 B R < e e s
Fulse inlﬂt amalyzer Dala display

Fig. 3.2 Block diagram of two channel analyzer.
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The detector cl‘naml_mr consists of a proportional
X-ray detector with xenon gas filled, a high voltage power
supply in range of 0-2500 volts to provide the operating bias
for detector anr.i.a chamber set which designs in two purposes,
| one for the guick changing of two exciting sources (Fe-55 and

Cd-109), to obtain the suitable gbsorption energy and sample

loading, the other for the pi PP at.mn protection
The construction of deteclo e in éig. 3.4
/ S for
"l 2 f | 7 NN Fo
=== a b = N PE-.'
[ ‘ —— .
Y .E"‘ le
pa s Oylindrical
[ - 2 tube :
= = Sonrce
e2is
T Detector

Fig. 3;491-» . : | Shanbes
mﬁmm AR IHY AR Tt et

One is preamphhar. the other is a magn amplifier@s The charg
smﬂlmmliw ‘um &m‘a& which is
n:l'.le:vﬁlnped in the detector during each absurbad photon event into
a step pulse output which the amplitude is proportional to the

total accumalated-charges in the event. The main amplifier stage
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funct.ions as a selectable gain and serves to shape the pulse.
The filter shaping network is used to refine and make the pulse
symmetry, minimize the variation of output amplitude in
detector rise time and maximize signal to noise ratio.

Unipolar shaping is achieved by a differentiator and two
integrators.

Fig. 3.5 shows se waveforms of amplifier.

-_" i - \?:‘-__ 4
B
Fig. 3.5 P
The pulse heig o units of

smgle channel ar ‘ Siyver,
;?f‘ strallinemni

lead X-ray spectral ‘lge. reapecti@ly. Each um.t of SCA
st oA A B RBTHEI R e
amplifier h&"penh:t.ly and generates ifs laggic output
e R WIANGAR, o
lower 1 el (E) and window (AE) ten-turn potentiometer controls. :
The reference levels for the comparison of coming pulses are

called lower level and upper level discriminators, respectively.

Thet function of single channel analyvzer is shown in Fig. 3.6
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Upper-Level Discriminalor ) C

Lower-Level Dhscrimmnalor

SCA Gul.nm

Data d f two channel
analyzer, it con t.i-er with preset
controls. The co nter s 3 mber of SCA output

‘ pulse during countind pebis ., e timer establishes the

duration time of o COUNEING pé fhe data display is

'ﬂuﬂqwﬂwswﬂdnﬁ B

demmlamlyzdcmit is, shown in Fig. 3.1 and

s.0, Bl LANLEIU AU FAREL: oo

a) Preamplifier and. amplifier.
b) Single channel analvzer.

c) Counter and tiner..

d) High voltage power supply.

e) Low voltage power supply.

All circuits are shown from Fig. A.1 to A.8 in Appendix A.
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Upper-Level Discriminalor C

Lower-Level Discriminator

S e /T\\ 7 \\

SCA Quipult

Fig. 3.6

analyzer, it containgfof ! ';'5;‘ mten and timer with preset
controls. The counfeifsimply colmts the Mumber of SCA output
_ pulse during count £ 5=;;4:u;i e timer establishes the

duration time of the cimiting pe The data display is

Fi wo Chamn nalvzer.

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ?ﬂi

Twu channel analyzef circuit is shown in.E(ﬂ 3.1 and

2.2, 80l WLt o bl e hde b Erd B b otions:

a) Praamplifier and amplifier.
b) Single channel analyzer.

¢) Counter and timer.

d) High voltage power supply.

e) Low voltage power supply.

All circuits are shown from Fig. A.1 to A.8 in Appendix A,
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3.3.1. Preamplifier and Amplifier®

Fig. 3.7

plifier can be

~ written into functiomal/dis: i in Fig. 3.7. The first

stage fum%:tims as a _charge onverter. Ri, Rz and

ik

c3 form as deck ,’m—?i“?ﬁ";- _' or bias voltage.
Qi through Qs & It oitage Hain, as an
operat.icnul anpl:.f*ar Ca clm loop as the feedback and

G pete “ﬁ%@%ﬁiﬂﬂ%ﬁnmh
waammmmwmaﬂ

and

TABERL
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The resistor R4 is I'Equi:ra:i for discharge the
accumulated charge at each photon event in Cs in order to
prevent the saturation output of preamplifier. The second stage,
pole/zero stage, is used to compensate the storage charge in
coupling network for optimum baseline operation. VRi, Cs and Rs

are formed as the differentis circuit with a pole/zero

adjustment. Rs and Cs & le for adding the nominal

50 ps tail pulse.
through Q11. It

stage, consists of Q7

i o
/ / ‘\\\\\

The loop is close

amplifier. The %

= signal from d.etactor

enters at Cz and converte ks v se. The pulse is

ﬂﬂp‘llflﬂi and ! yl—mﬂ; cs' R!

Fig. 3.8 Functional schematic of amplifier.
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The pulse signal from preamplifier with long
decay time constant, comes to the first stage. Being buffer for
the gain control (VR1), A1 provides unity gain. The pulse from
A1 stage are differentiated between AL, Az. Pole/zero
compensation (Ri1, Ci,/Rz2) is also performed in the coupling.

Az is operated as an invertine

oop with the voltage gain of

R3 = 10. A3 is the seds A el e of amplifier, its
R RS :
iflverting loop has tha™elthee i fhies5 = 10. The total gain

of amplifier is abcub " % ',‘lmpgains of Az and

A3 have Cz and ¢ for pulse integration.

However, the com e differentiator
and pulse in pulse nearly
Gaussian with the linear range of
pulse height anpli s volts is seperated in
2 ways: CH.1 of SCA
One thort] T

flong ok
gAY

Fig. 3.9 Functional schematic of single channel analvzer.
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The energy pulses from amplifier can be analysed
by comparing the peak voltage level of 1t.!fm.-ae input pulses
to the stable DC. reference voltage which provides by zener
diode D1 and A1 at 10 volts. The comparisons are made
for low level discriminator (LLD) and upper level discriminator

(ULD), by setting of VRz and VRi, respe;:tivvely. The pulse

discrimination takes placelin|tBd grecision dual comparator Az,
A3. In case of the pishse height ._the LLD reference level
only, the LLD outpil Chedeis gencrated and triggered the

' ignal on Gz is used
j,set at 0.5 ps.
output from one

_ start of new pulse.
If the pulse height M ‘ ULD reference level,

et FF1 before generating

the SCA out. The SCA o J‘»,

is operated in
normal mode, sigs LLD and ULD to set the réifry window.
3.3.3

ﬂ‘NEl’JVIEJ‘VI’iWEJ’]ﬂ’i

masmlers?gemiatsufamlt:mﬁ—demde

MﬂWWW%Wﬂ T

ahmm in Fig. 3.12. A real time 5-decade counter is
LSI chip MC 14534B. It is a complementary MOS circuit which is
composed of five decade ripple counters that have their respective

output times multiplexed using an internal scanner. BCD output
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Fig. 3.10
of each mter is fed _ ""‘“"— d converts into seven
mt, rm’:“‘ "v ¥ - e L —y - ,,,,,__;! -”".-?-c:JII.' t {:ﬂlﬂ i,B

tlisplay. The digit
- i¥ |

aaele-::t is control ? by digit scammr Gi1 acts as control gate,

fon. ot “ﬂﬂ%&i’%‘ﬁﬁ%‘%ﬂﬁ’“}ﬂ%m e

controls ing period b:ri.he t.:l.ner. In order edune the

R R 1 W%?Mﬂd i

zero suppressed cimt .
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A4
I:l —{ Dala seleclor

Gonlrol output
Dadal

t 'A .Iﬂm
- §

. Progrannab jg®
divider

-y ‘i 15'
Fig . 3 . ;".. e
‘.‘| : _ 1l

P Wﬁmﬂﬂ‘?ﬂ‘ﬁ“‘ e

consists ofl/time base and preset tlmer section.,
oG 4FES R 5§ B 491 Wﬁ‘”““’“
{3.531&1:.1 with a programmable divider which generates the
frequency of 60 Hz. To obtain the selectable step .of interval
time, the output frequency of time base section is divided in

step of divided by 6, and 5 stages of divided by 10.
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The preset time can be selected by BCD-thumbwheel
switch (Nx10") in range of 1-9x10% seconds. With a series of
decade divider, each output will present 109, 101, 102, 103
and 10% period of time. These periods are used for
controlling the index of 10M by BCD-thumbwheel at data selector
{A1). The selected data output are fed to the presettable

countdown (Az) and set by

’Ew”,.~1mﬁmtmatnmmgmm

The borrow output, wh __, cuntdDwi_ gaes to zero, is used to
reset R-S5 latch. Ths s Wi¥ehg@enerates during start

orval | ,
and stop mode, is #ﬂj{pqﬁ$§;:?‘

e

Q,, 0, PR TN comerter
‘Astable '
"fwultivibrator

“oscillator TR A b | multiplie :

AURANYNINYNS

mandsplinsirmndy |

Fig. 3.12 Functional schematic of high voltage power supply
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The detector bias supply or high voltage power supply
can be divided in 2 main parts, as shows in Fig.3.14, DC.to DC.
converter and voltage regulator. In the first part, DC to DC
converter, Q1 and Q2 acts as astable multivibrator which
converts DC. voltage supply to AC. square wave with the

frequency of 7 kHz. The ow of Q1 and @2 is alternated

drive the base of Qi.ah s in switching mode, supply

current in the priftr ernately. The ferrite
core transformer™i1l L"afl 3_ CondATy winding (turn
ratio 1:100) and _\' s which can be

express in

insulation in core, age Vs is limited. So,

the higher voltas oltage multiplier.

-

the set of D{CY¥ Through D2 : glddrupler voltage

m
5 4 B UYTECC

ﬂxummmmmm s
Zfa“ﬁ’i.fé“ﬁnsmm AL

frm divider network of Ra, Rb is fed to voltage comparator

multiplier gi

Ar. The comparing cutput of A1 between sampling voltage and
reference voltage is fed to control @5 and We to compensale
Ve. The high veoltage output is wvaried by varying the voltage

reference, Vreet.



4

Fig. 3.13 Functional

et AR e i L a d S -.g. . an impn‘.rm
L, 1

part for energ:.m & *‘F =l analyzer.
l

The LV. power Suppl* consists of step dmm tranfnrmr, line

il “‘ﬁ"ﬁ&lﬁ'ﬁ EW]‘%%%%

regulator, ahuwn in Fig. 2 e R 1 1 ia genaratad

@Wﬂﬁﬂéﬂﬂ@?ﬂﬁ%

three ml.nnla regulator.
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