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A fast multigrid ion chamber for the detection of ¯uorescent X-rays

has been developed. The structure of 17 grids with close separation

was employed to maximize the time response as well as to give

suf®cient detection ef®ciency. The measured rise/fall response time to

cyclic X-rays was shorter than that of an existing three-grid ion

chamber by more than one order of magnitude. A 0.13 ms time

response was obtained at the 500 V applied voltage, where the

detector can stably operate without any discharge. The available

frequency range is as high as 1 kHz with a practical amplitude

response.
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1. Introduction

The recent development of X-ray modulation spectroscopy (Suzuki et

al., 1998, 2000, 2001) has signi®cantly improved the signal-to-noise

ratio in X-ray magnetic circular dichroism (XMCD) measurements.

The helicity-modulation technique (Suzuki et al., 1998, 1999) gives, in

a shorter measuring time, extremely high-quality XMCD spectra that

enable us to discuss ®ne structures of the order of 10ÿ4. The

temperature (Maruyama, 2001; Uemoto et al., 2001) or the sample-

composition (Kawamura et al., 2001) dependence of XMCD has

become achievable in a practical measuring time.

The modulation technique is well adapted to the X-ray absorption

measurements in a transmission geometry using two conventional ion

chambers with parallel plane electrodes. Extension of the modulation

spectroscopy to ¯uorescent X-ray measurements will allow us to

investigate diluted magnetic materials as well as single/multilayer

systems on X-ray opaque substrates by means of XMCD. However,

currently available ¯uorescent X-ray detectors do not have suf®-

ciently fast time response, being incompatible with the modulation

technique (typically at 40 Hz). A three-grid ¯uorescent ion chamber

(Stern & Heald, 1979; Lytle et al., 1984) supplied from The EXAFS

Company is widely used for ¯uorescent XAFS/XMCD measure-

ments. Despite its high performance in a static operation, such as

large aperture for ¯uorescent X-rays, low dark current and high

stability, the time response of the detector is too slow to follow the

incident X-rays modulated at several tens of Hz. If the detector was

improved to have a faster time response, it would be better suited to

the ¯uorescent X-ray measurement in modulation mode.

One of the key parameters that determine the time response of the

ion chamber is the electric ®eld between the electrode grids: a higher

electric ®eld gives a faster response. The higher electric ®eld can be

realised by narrowing the separation between the grids. The number

of grids should be increased to give suf®cient absorption length of ®ll

gas and to conserve the ef®ciency of the detector. In addition, the

detector should operate with the applied voltage as high as possible.

Some special manufacturing processes are needed to avoid any

discharge that causes the transient noise within the detector.

By including the modi®cations above, we have built a new 17-grid

¯uorescent X-ray ion chamber of faster response. The rise/fall

response time of this multigrid detector was measured using X-rays

from synchrotron radiation and compared with that of an existing

three-grid ion chamber. The response time of the multigrid detector

was more than one order of magnitude faster than that of the three-

grid detector. The frequency response curve was estimated from the

measured rise/fall time.

2. Design and construction of the multigrid ion chamber

The design target of the new multigrid ion chamber was to have the

time response fast enough to follow cyclic X-rays at several tens of

Hz. For this aim, the electric ®eld between the grids was optimized

and transient discharges within the detector were minimized. In

Table 1 the design parameters of the multigrid detector are compared

with those of an existing three-grid detector, together with the

measured rise/fall time, which will be described in x4.

Fig. 1 shows the grid structure of the multigrid detector. The new

detector has eight collector grids and nine spacer grids. Both the
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Figure 1
A schematic diagram of the multigrid ¯uorescent ion chamber. The skeleton
frame shows the detector body. Both the spacer (grey) and the collector
(white) grids are made of X-ray-transparent Mylar sheets. The units for the
dimensions are mm.

Table 1
Parameters of three-grid and multigrid ion chamber detectors.

Three-grid detector Multigrid detector

Number of grids (collector + spacer) 3 (1 + 2) 17 (8 + 9)
Separation of grids (mm) 17 5
Collector grid material Ni mesh Aluminized Mylar
Window aperture (mm) 86 (diameter) 77 � 77
Discharge voltage (full of Ar) (V) 200 550
Electric ®eld (kV mÿ1)² 8.8 100
Rise/fall time (ms)² 4.5 0.13

² With 150 V applied for three-grid detector and 500 V for multigrid detector.
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collector and the spacer grids are made of X-ray-transparent 6 mm

Mylar sheets aluminized on both sides of thickness 500 nm. The

opening size of the front X-ray window (the ®rst spacer grid) is the

same as that of the existing ¯uorescent ion chambers. The separation

between the grids is 5 mm, which is 3.4 times closer than in the three-

grid detector with a 17 mm separation. With the closer grid separa-

tion the response time of the detector should be shorter than that of

the three-grid detector. These 17 grids result in an effective ion

chamber depth approximately the same as that with the existing ®ve-

grid unit, 80 mm. For high-energy ¯uorescent X-rays, the total

absorption by the 17 grids is much less than by a ®ll gas such as Ar.

Each collector or spacer grid can be separately activated by making a

connection to the appropriate grids. This allows the use of a smaller

number of grids, which is particularly useful for softer X-rays mini-

mizing unwanted absorption by the grids as well as some leakage

current or electrical noise. The detector has been assembled with care

to minimize sharp points on the screws used to hold the grid frames

together. The aluminium frames and brass screws are totally covered

by a Delrin frame, which is a much better insulator than the Te¯on

used in the existing detectors. These modi®cations allowed stable

operation at higher voltages than previous EXAFS Company

detectors.

3. Experimental

Output waveforms for the input square-wave cyclic X-rays were used

for the evaluation of the time response of both the new multigrid

detector and the existing three-grid detector. The input cyclic X-rays

were prepared using ¯uorescent X-rays from a Cu plate (0.1 mm-

thick) irradiated by chopped monochromatic X-rays (E = 8998 eV,

10 eV above the absorption threshold of the Cu K-edge). A

mechanical chopper made of four brass blades (0.7 mm-thick) was

placed upstream of an I0 monitor ion chamber to produce a square

wave of X-ray intensity with almost 100% duty cycle. Owing to the

different time response between the detectors, the chopping

frequency was set to 10 Hz for the three-grid detector and to 100 Hz

for the multigrid detector. In order to keep the detection stable, a

constant ¯ow of Ar (N2) gas was supplied to the ¯uorescent (I0) ion

chamber during the measurement. The measurements were

performed at undulator beamline BL39XU of SPring-8 using the set-

up shown in Fig. 2.

The output waveform dependence on the applied voltage was

measured for both ¯uorescent ion chambers. To record the output

waveforms, the output current of the ion chamber was ampli®ed and

converted to a voltage signal using a current ampli®er (Keithley 428,

108 V/A gain, no ®lter), then digitized with an analog±digital

converter (National Instruments PCI-MIO-16XE-50) at a 50 ms

sampling rate to store in computer memories.

4. Performance of the multigrid detector

The dependence of the output waveform on the applied voltage is

shown in Fig. 3(a) for the three-grid chamber, and in Fig. 3(b) for the

multigrid chamber with all the collector and the spacer grids enabled.

The vertical scale plots the output voltage of the current ampli®er.

Data averaged for ten periods are displayed. The measured output

response shows a two-stage process: the faster time response corre-

sponds to the drift of the electrons between grids, and the slower

response is due to the positive ions. The waveforms show a time

structure typical of the transient response of a conventional ion

chamber (Knoll, 1989). Consideration of only the slower process is

suf®cient to evaluate the practical time response of the detector. For

this purpose the equivalent circuit of an RC low-pass ®lter gives a

good approximation of an ion chamber operated in a cyclic mode.

Then, the time responses, Rr�t� for the rising edge and Rf�t� for the

falling edge, are represented as

Rr�t� � Rr 1� � 1ÿ exp ÿt=�r� �� �
; �1�

Rf�t� � Rf�0� exp ÿt=�f� �; �2�
where t is the time after the beam is turned on/off, Rr�1� is the

output expected for d.c. input, and Rf�0� is the output when the beam

has just been turned off. The rise and fall times (�r and �f , respec-

tively) are functions of the applied voltage. They were evaluated for

each applied voltage through a least-squares ®t of the output wave-

forms to equations (1) or (2).

Fig. 4 shows the rise time �r as a function of the applied voltage.

The result for the three-grid ion chamber is displayed by the open

circles, and the closed circles are for that of the multigrid chamber.

The data points include the correction for the 40 ms output rise time

of the current ampli®er. This contribution was at most 7% for the

multigrid detector at 650 V. The error bars on the markers show the

standard deviation resulting from the least-squares ®t. The rise time

Figure 2
Set-up for the measurement of the time response of ¯uorescent ion chambers.



of the new multigrid detector is ten times shorter than that of the

three-grid detector when the same voltage is applied.

For both the three-grid and the multigrid detector we found a log-

linear response of the rise/fall time versus the applied voltage, V. The

best-®t functions are tabulated in Table 2 and are also shown by the

solid lines in Fig. 4. A similar dependence of the rise and the fall time

was obtained for both the three-grid and the multigrid chamber.

In addition to the ten-times faster response at the same applied

voltage, the multigrid detector shows high stability at higher voltage.

No transient noise was observed up to 500 V, in contrast with the

three-grid detector which was found to be noisy above 200 V.

Therefore, the practical rise/fall time of the three-grid detector is

limited to 3.5 ms, whereas the multigrid detector can operate with the

rise/fall time as fast as 0.1 ms at a higher applied voltage.

The frequency response of the multigrid detector was estimated

from the measured rise/fall time using a function giving the response

of an RC low-pass ®lter,

F�f � � 1� 2�f�� �2� �ÿ1=2
; �3�

where f is the frequency and � is the rise/fall time of the ion chamber.

The plots in Fig. 5 are the response curves for � = 15, 1.2, 1.3 and

0.13 ms, corresponding to the three-grid detector used at 50 and

500 V and the multigrid detector used at 50 and 500 V, respectively.
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Figure 3
(a) The output waveforms of an existing three-grid ¯uorescent ion chamber at
the different applied voltages. The incident ¯uorescent X-rays were chopped
into a square wave at 10 Hz. (b) The output waveforms of the new multigrid
ion chamber to the incident X-rays at 100 Hz, displayed in the reduced
time scale.

Figure 4
The observed rise time of the multigrid ion chamber (closed circles) as a
function of the applied voltage. The result for the three-grid ion chamber is
shown by open circles for comparison. The solid lines show the best-®t
functions.

Table 2
Response time of the three-grid/multigrid ion chambers.

Detector �r (ms) �f (ms)

Three-grid 940 Vÿ1.07 960 Vÿ1.07

Multigrid 65 Vÿ1.01 71 Vÿ1.02

Figure 5
The frequency response of the ¯uorescent ion chambers. The curves were
calculated for different output response times, � = 15, 1.2, 1.3 and 0.13 ms,
which correspond to the three-grid detector used at 50 and 500 V, and the
multigrid detector at 50 and 500 V, respectively.
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For � = 15 ms (three-grid at 50 V), the response will be 70% at 10 Hz

and decrease to only 25% at 40 Hz, which is the typical frequency at

which we perform the helicity-modulation XMCD measurements. If a

voltage of 500 V is applied to the three-grid detector (� = 1.2 ms), a

response higher than 95% is obtainable at 40 Hz. However, the

output signal was found to be noisy at an applied voltage higher than

200 V owing to some transient discharge inside the chamber.

Therefore, the three-grid detector operated at 500 V is of no

practical use.

For the multigrid ion chamber, the desirable response is obtainable

at a lower applied voltage: the frequency response of the multigrid

detector at 50 V (� = 1.3 ms) is comparable with the three-grid

detector operated at 500 V. As shown by the curve for 500 V

(� = 0.13 ms), a higher applied voltage allows a faster response to high

frequency. The response at 40 Hz is 100%, which is suf®cient for the

X-ray modulation spectroscopy presently established. Furthermore,

the multigrid detector can operate at 1 kHz with a reasonable

amplitude response of 75%. This compatibility to high frequency

leads to further improvement of the signal-to-noise ratio of the X-ray

modulation spectroscopy using faster modulation.

5. Conclusion

We have developed a new ¯uorescent ion chamber with 17 grids and a

5 mm grid separation. The rise/fall time of the detector is shortened

by more than one order of magnitude compared with the existing

three-grid ion chamber. The available response time is as fast as

0.1 ms. The multigrid detector shows suf®ciently fast response for the

X-ray modulation spectroscopy at 40 Hz. In addition to the high

performance in the cyclic mode, the multigrid detector can operate in

a conventional d.c. mode, in which the detector shows better linearity

owing to the higher electric ®eld between grids. We have already

performed a preliminary experiment of ¯uorescence XMCD in the

helicity-modulation mode using the multigrid detector. The

compatibility to higher frequency leads to the feasibility of ¯uor-

escent XMCD experiments with higher sensitivity in diluted magnetic

materials as well as magnetic thin ®lms/multilayer systems, using the

helicity modulation in the kHz range.
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