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FLUORESCENT X-RAY ION CHAMBER DETECTOR

OPERATIONAL NOTES

As shown in Figs. 1 and 2, the sample is positioned at 450 to the
incident x-ray beam within the sample box which can be flushed with He tc
- minimize absorption and scattered radiation. The filuorescent x-rays from
the sample pass through a filter (see Table 1) chosen to be absorbing at the
absorption edge but that will transmit the fluorescent radiation, i. e. the
appropriate atomic number of the absorbing material is Z-1 for the K edge of
elements above Ti. After the filter the fluorescent x-rays pass through a siit
assembly (1) oriented so as to minimize the passage of secondary
fluorescent radiation arising in the filter while maximizing passage of the
desired fluorescent radiation into the chamber. In effect the slit assembly
makes the filter about 10 times more effective than without it (2). Note that
the siit assembly can be unscrewed and rotated 180° and the sampie
hoider fixed in the alternate position in order to reverse the beam direction
through the detector. Itis important that the relative positions of the
sample holder, slits and x-ray beam are as shown in Fig. i. Thie siits
point in the same direction as the x-ray beam! In Table 1 a range ¢f
elements, appropriate thicknesses, and their filtering efficiency are iisted.
Suitable fiiters are available from EXAFS Materials Co., 871 El Cerro Blve.
Danville, CA 94526, phone (415) 838-7162. The problem of choosing filers
for L edge spectroscopy is more difficult but usually can be managed wit
the K edges of the available elements (2).

ELECTRONICS

The ion chamber consists of a gas tight, 6 pM aluminized Mylar outer
window and two inner grids of 90% transparent Ni mesh. The Mylar wincow
and both meshes are captured at their edges between conducting rings
separated from each other within the ion chamber body by Teflon insuiatc-s.
Electricai contact with the rings is made internally through the BNC
connectors to either the ground plane (coax 2 and 3) or the amplifier (coax
1). The entrance window and back plane (EQ) of the ion chamber are heia
at -45 V with respect to the center collecting mesh which collects the -
secondary electrons produced by the fluorescent x-rays. It is neld at virtua



ground by the inverting input of the Analog Devices 310K Varactor Bridge
Cperational Amplifier (AD310K). Different gains of the AD310K first stage
amplifier can be achieved by changing the feedback resistor R1 (Available
from Victoreen, 6000 Cochran Road, Soion, Ohio 44138, phone (216) 248-
9300; part number RX-1 Hi Meg Resistor, sizes from 106 to 1012 Q) In
typical ion chambers when delivered R1 = 109 Q + 5 %. This special
. carbon resistor is sealed in glass and has a temperature coefficient of 1000
ppm/OC and may show some long term drift. This may be accommodated
with the zero adjust, discussed below. However, the more critical effect of
temperature on R1 can be condensation on the glass envelope of the
resistor which provides a leakage path which will short out the amplifier.
The output voltage of the AD310K is the input current (amps) times
the R1 feedback resistor (ohms), thus 100 pico amps in the ion chamber
produces 0.1 volt at the AD310K output when R1 = 109Q. A low leakage
(>1014 Q) polystyrene capacitor C1 is wired in parallel with R1 to reduce
noise and set the time constant of the device. For R1 = 108 Q and C1 =20
pf the time constant is 0.018 second. This value should be matched with
the time constant of the | detector. There is also a concurrent reduction
in bandwidth which is proportional to 1/R1xC1. The tme constani and
bandwidth may be arbitrarily adjusted by varying C1. The gain of the 310K
may be varied only by varying R1. Early versions of this unit were shipped
with R1 = 1010Q; however, the more intense beam lines available today
often produced instances where the detector was saturated. Consequently,
R1 was changed to 109 Q.
ZEROADJUST
The AD310K must be balanced by adjusting a 10 turn trimpot (R8) while
measuring the voltage at the output of the 310K. This point is identified as
“i" on the circuit board. Access must be made by first removing the
aluminum cover. The proper balance is achieved when the output is zerc
‘when no radiation is entering the ion chamber. The output of the AD310K
first stage is coupled to the non-inverting input of the secord stage OP27EJ
low noise operational amplifier, through R6 and C3 which provide isolation
and noise filtering. The gain of this stage (1, 10, 100, 1000) is controlled by
switch S1 and the feedback resistor network. Resistors R2, R3, R4 and R5
divide the output and return it to the inverting input of the OP 27EJ. The
impedance seen by the inverting input is held constant at 10KQ by R14,




R15, R16, and R17 depending on the gain selected. Since input bias
currents flow through equal resistances, the offset voltages produced cance:
each other. I[f this offset is nulled out at the highest gain selected, it will be
nuiled on all ranges. The offset is nulled by adjusting trimpot R9 which is
identified on the outside of the aluminum cover and is accessible through a
hole. The value is measured at the output BNC. Since most analog to

- digital converters must have a positive voltage, the null shouid be adjustec
to ~ 0.01V. Note that a sensitive, digital mifii-volt meter must be used for
these adjustments.

Capacitor C2 reduces the noise of the second stage without being a
significant factor in the bandpass of the overall amplifier, since the time
constant of R1C1 is much more restrictive than the time constant RS1C2 ( =
2 x 104 seconds, worst case). The output of the OP27EJ is protected from
external shorts by a 100 Q resistor (R7) which is connected to the output

BNC. Both the amplifiers are powered by an isolated and regulated + 15V
power supply, P1. To minimize noise this power supply is hcused -

externaity from the primary circuit board using a twisted pair (TP1) cable. Tc
filter the power supply noise from the AD310K, an RC network composed of
two Ta electroiytic capacitors (C4, C8), two ceramic capacitors (C5, C7) anc
two resistors (R12,R13) are used along with the LC circuit of C8 and L1, L2
(0.7 pH ferrite beads). A less sophisticated power supply filter is used for
the OP27EJ which is composed of two ceramic capacitors (C3, C10).
Ultmately, the noise of the overall system is limited by the input current
noise of the first stage AD310K amplifier. The input current noise

specification is ~ § x 10719 amps. Thus, with B1 = 109 and & maximum gair
of 103 for the second stage the approximate low limit ampilifier noise is 5 x
10719x10%x 103 = ~ 5 mV. This value has been measured using a fast

sampling digital volt meter.
The normal operation mode consists of: mounting the sample on the

back side of the sample holder, purge the sample chamber with He when
operating at the Ti K edge or below--allow purge time after changing the
sampie, use a very slow Ar flow through the ion chamber with no bubbler in
line to minimize microphonic noise generated by motion of the ion chamber
window, balance the AD310K using R8 and then obtain some offset (~ 0.0*
V) at the BNC output using RS.



For use at high or low x-ray energies use the appropriate fill gas from
Table 2. Select one so that the mean free path of the detected x-rays is
approximately 1 cm. The absorption path within the ion chamber is £ 1.5 cm
from the center collector. Typically use nitrogen below 3 KeV, argen from 3-
7 KeV and krypton above 7 KeV. Even at 20 KeV the detector will detect
most of the incident x-rays. For economy use low purity krypton and after
flushing, valve off the ion chamber to seal it. Diffusion is slow enough so
that filling once per shift should be adequate (see Fig. 3). Pinch clamps and
flexible tubing work well but be careful about the valving sequence or
pressure on the fragile window will blow it off! The performance of the
ion chamber at energies down to 2.4 KeV has been described (3).

IF THE PERFORMANCE OF THE AMPLIFIER IS UNSATISFACTORY FOR
ANY REASON, AN EXTERNAL AMPLIFIER (KEITHLEY) MAY BE
SUBSTITUTED BY CONNECTING DIRECTLY TO THE CENTER (WHITE)
BNC. KEEP THE OTHER TWO BNCS CONNECTED SO THAT PROPER
VOLTAGES WILL BE APPLIED TO THE COLLECTING GRIDS IN THE ION
CHAMBER.
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PARTS LIST

AD310K - hnalog Devices 310K Amplifier.

81 - &5 V Battery, Eveready 415 or equivalent

BP1, BP2 - Miniature Spring-loaded Binding Posts (opticicl).
C1 - Polystyrene Capacitor - 20 pf.

c2 - Ceramic Capacitor - 2000 pf.

C3 - Ceramic Capacitor - 22 pf.

C4, C6 - Tantalum Electrolytic Capacitor - 10 uf.

€5, C7, 09, C10 - Ceramic Capacitor - 0.1 uf.

c8 - Ceramic Capacitor - 0.01 uf.
- Ceramic Capacitor - 0.1 uf.

COAX 1, COAX 2/3 - Low Noise 509 Coaxial Cable (Amp 21-537).

EQ - Outer Electrodes - One &um Al Mylar, One Ni Mesh Screen.
EC - Central Electrode - Ni Mesh Screen.

OP27EJ - National Semiconductor FET Operational Amplifier.

L1, L2 - Ferrite Beads (0.7 uH).

P1 - 15 Volt, Isolated, Regulated Power Supply (Accpian 1505).
R1 - - 1082 to 10129 (typ. 107 ) Victoreen Carbon Resistor. («5%;.
R2 - 1% Resistor 90 KQ

R3 - 1% Resistor 9 Kq

R4 - 1% Resistor 900Q

RS - 1% Resistor 100Q

R6 - Resistor 10 Kq

R7, R12, R13 - Resistor 1009

R8 - 10 Turn Trimpot 100 Kq

R - 10 Turn Trimpot 5 Kq

R10, R11 - Resistor 5KQ

R14 ’ - 1% Resistor 10 Ko

R15 - 1% Resistor 1 Kq

R16 - 1% Resistor 9.09 Kq

R17 - 1% Resistor 10 Kq

S1 - 4 Position Rotary Switch

TP1 - Twisted Pair Cable



Table 1. FILTERS FOR FLUORESCENT EXAFS DETECTOR

Cogsider a filter of 3 absorption lengths thickness, i.e., (u/p) oX = 3,
e~2 = .05.

Thus there would be 95% rejection of the scattered radiation. Two filters
for 6 = (u/p) oX] would give 99.75% rejection.

. Thickness
Mass Absorption (microns)
Coef. Below and for 3 Transmission Below
Density, Above Kéedge Absorption Ii?d(gsov?/gd%g)
Element gm/cm3 u/p, Cm-/gm Lengths 0 0
Ti 4.54 93 .665 .445
685 9.6 .050 .0025
v 6.1 77 .686 .47
612 8.0 .05 .0025
Cr 7.19 74 .606 .367
445 9.4 .05 .0025
Mn 7.42 64 .641 .410
43 9.4 .05 .0025
Fe 7.86 60 .635 .404
397 9.6 .05 .0025
Co 8.90 54 .677 .458
416 8.1 .05 .0025
Ni 8.90 47 .614 .378
290 11.6 .05 .0025
Cu 8.94 4 .644 .415
280 12.0 .05 .0025
In 7.14 36 .680 .462
280 15.0 .05 .0025
Ga 5.90 K} .669 .447
231 22.0 .05 .0025
Ge 5.32 30 .651 .42¢

210 26.8 .05 .0025

Beginning with Vanadium the correct K-edge filter is that element defined
by Z-1. Beginning with Ru the correct K-edge filter is Z-2. For L-edges
appropriate K-edges may usually be found for filters.



PROPERTIES OF GASES FOR X-RAY DETECTOR

Table 2. _ 5
PHOTOELECTRIC ABSORPTION COEF., cm®/gm
AND
(one absorption length, cm)
Element ;H?__,“,___ N Ne Ar Kr Xe
Density, gm/cms 1.78x107% | 1.25x1073 | 9.0x107% | 1.78x1073 | 3.74x1073 | 5.9x107 3
Absorption Edge(s)eV | 24.6 401.6 866.9 3202.9 14325.6 34=31.4
1921.0 LI 5£32.8
1727.2 LII 5723.7
Energy, KeV 1674.9 LIIT 4732.2
2 6.317 493.0 1258 513.5 3870 2158
(887) (1.62) (.88) (.92) (.059) (.279)
3 1.561° 148.2 405.6 167.4 1359 7¢=.0
(3589) (5.40) (2.74) (3.35) (.12) (.21)
5 .2611 30.66 91.06 438.6 348.9 652
(21459) (26.1) (12.2) (1.28) (.77) (.26) :
8 .04951 6.853 21.81 120.2 95.92 312.5 ;
(114000) (117) (50.9) (4.66) (2.8) (.35) ?
10 .02241 | 3.324 10.90 | 63.38 51.26 172.3
(250,000) | (241) (102) (8.8) (5.2) (1.0) ;
15 .00530 .8793 3.037 19.14 115.2 55.96 ?
(etc.) (910) (366) (29) (2.3) (3.0) |
20 .001909 .3396 1.213 8.01 54.84 24 .97 %
(2356) (916) (70) (4.9) (6.8) {
30 .0004558 .0884 .3294 2.295 18.13 7.2 i
(9050) (3374) (244) (14.7) (22) |
|
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