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Abstract 
Recently, Quick-Scanning Extended X-ray Absorption 

Fine Structure Spectroscopy (QEXAFS) has become an 
important tool for in-situ characterization of materials and 
measurement of associated electronic structure for where 
samples have a short life due to X-ray damage. In this 
case, the time response of the ionization chamber affects 
the measurement resolution and therefore overall perfor-
mance of the QEXAFS system. Common parallel-plate 
ionization chambers have a step-response rise time of 
about 0.1 sec, which does not meet the requirements of 
QEXAFS. To speed up the response, we constructed a 
gridded ionization chamber with variable bias voltage and 
optional background gas (N2 or He, respectively). To 
characterize the system we used a high-frequency beam 
chopper upstream of the ionization chamber and a high-
speed, low-noise preamplifier to measure the step re-
sponse of the chamber as a function of bias voltage and 
background gas conditions. 

INTRODUCTION 
Since the Quick-scanning Extended X-ray Absorption 

Fine Structure Spectroscopy (QEXAFS) became an im-
portant tool for in-situ studies, the usage of it has become 
popular [1-4]. As is well known, XAFS is a very im-
portant tool for materials science since it can measure and 
characterize local atomic structure. This is beneficial for 
many fields such as biology, chemistry, electronics,  geo-
physics, metallurgy and material science. However, when 
it comes to QEXAFS, time response is an important fac-
tor for the whole system. The time resolution mainly 
depends on the photon flux (intensity of incident beam), 
performance of monochromators, preamplifiers, the ioni-
zation chambers and the data acquisition system. In order 
to get a full EXAFS spectrum in less than 100 ms across 
several 100s of eV, we need to have a fast step response 
ionization chamber. By using the gridded ionization 
chamber, we realized a rise time down to several micro-
seconds [5]. The rise time can be even less due to the 
limitation of the other factors such as the chopper speed 
as discussed in this paper. 

 

CHARACTERISTICS OF GRIDDED ION-
IZATION CHAMBERS 

Physical Construction 
In some synchrotron radiation experiments, such as X-

ray absorption spectroscopy, ionization chambers are used 
as a photon beam intensity monitor. Normally, ionization 
chambers consist of two parallel plates, which can collect 
the charge created by direct ionization within the gas by 
applying high voltage to create an electric field. The elec-
trons and ions are collected by the cathode and anode, 
respectively. In the ionization chamber, the output signal 
can be measured from the positive or the negative elec-
trode, so the drift of both electrons and ions contribute to 
the overall output signal. Drift velocity is an important 
parameter because it indicates how quickly the ions can 
be collected at the cathode. According to Ahmed (Physics 
and Engineering of radiation Detection, second edition, 
2014), the ion velocity is proportional to the ratio of elec-
tric field and gas pressure as long as no breakdown occurs 
in the gas.  =  

Here,  is the drift velocity of ions,  is the ion 
mobility in the gas (  is electron) , E is the applied 
electric field and P is the gas pressure.  

The ionization chamber output current is, 

= ∗ + 												0 < <∗ 																								 < < 	 	0																																								 ℎ  

Because the drift velocity of ions is two or three orders 
of magnitude lower than that of electrons, the slow 
movement of ions affects the step response of the ioniza-
tion chamber. If we can eliminate the influence of ions, 
we can increase the rise time of the ionization chamber 
response. 

In order to improve the performance of ionization 
chamber, we made a gridded ionization chamber similar 
to Müller [5]. Referring to Fig.1, a metal grid is inserted 
between the two parallel electrodes. In this way, only 
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electrons can pass through the grid and make contribution 
to the output current signal. As soon as the electrons reach 
the grid, the current signal starts to register, which signifi-
cantly changes the rise time of the ionization chamber.  
For our experiments, we tested the gridded ionization 
chamber with Nitrogen filling gas. Argon is considered as 
an ideal gas for gridded ionization chamber because it 
does not have negative ions by electron attachment [6].  

 

= ∗ 																									 < <0																																								 ℎ  

 

Figure 1: Structure of a gridded ionization chamber. 

Theoretical Step Response Analysis 
As a linear time invariant system, the behavior of the 

ion chamber (x-ray detector) can be described by its con-
volution kernel, ℎ ,  which comes from the incident 
x-ray flux, and the output signal, . 

 = ℎ −  

Consequently, the ion chamber impulse response 
should provide a rise time as short as possible. 

EXPERIMENTS AND VERIFICATION 
In order to verify the performance of gridded ionization 

chamber, we measured the step response of the ionization 
chamber. The whole experiment consisted of a X-ray light 
source, fast-speed chopper, the gridded ionization cham-
ber, a preamplifier and an oscilloscope (Fig. 2). 

The fast chopper could produce hundred microseconds 
X-ray pulses with a rise time of a few microsecond. Here, 
we used a Thorlabs MC2000 chopper control and chopper 
wheel with 100 blades. The frequency was changed au-
tomatically with software on a computer. To reduce the 
rise time limitation of the pre-amplifiers, we use high-
speed, low noise amplifiers (DHPCA-200 and DLPCA-
100)[7], the rise time of which can be down to 700ns. In 

the experiment, normally we used gains of 2 × 10 /  
and 2 × 10 / 	 (rise time down to 7 ). With the fast 
amplifier, the influence of the current-to-voltage conver-
sion stage was minimized. 

The ionization chamber, we provided a high voltage to 
the top plate and a high voltage to the grid. A high electric 
field intensities minimizes recombination effects. Accord-
ing to ion transport dynamics Nitrogen [8-9], and electron 
drift velocity curves [10], the velocity of ions is propor-
tional to field strength. Müller discussed how the applied 
voltage is independent in the rise time of response of 
ionization chamber [11]. Here, we chose an applied volt-
age for top plate and grid of -1000 V and -300V, respec-
tively. 

 

Figure 2: Measurement system configuration. 

 

EXPERIMENTAL RESULTS 
Preliminary ionization chamber experiments were per-

formed at the Stanford Synchrotron Radiation 
Lightsource (SSRL) beamline 2-1 and 7-2 at the photon 
energy of 12000eV and N2 as the filling gas. We used 
different amplifiers and variable chopper frequencies for 
several tests. When we set the chopper frequency to 
10kHz, the rise time of ionization chamber was observed 
as in Fig. 3 to be as fast as 20	 , which agrees well with 
theoretical analysis. In Fig. 3 (a) the chopper frequency is 
10 kHz and in Fig. 3 (b) the frequency is 5 kHz. As a 
result, we believe a faster chopper and smaller photon 
beam cross-section will generate more promising results. 
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(a) 

 
(b) 

Figure 3: Rise time measurements with different chopper 
frequencies (a) 10,000Hz, and (b) 5,000Hz. 

CONCLUSION 
In these experiments we first verified the performance 

of high-bandwidth pre-amplifiers for the fast ionization 
chamber measurements. The step response of amplifier 
met manufacturer specification. Fast rise time was rec-
orded with N2 as the background gas. We then used fast 
photodiodes for x-ray detection to do repeat the meas-
urements with 12kV X-rays on SSRL BL7-2, and it 
agrees with ion chamber. Since Argon does not generate 
ions in the future we will repeat the tests with a back-
ground Ar atmosphere. 

Compared to N2, when the filling gas is Helium, the 
signal is very week so it is harder for the detector to iden-
tify the low-amplitude signal.  As a result, the noise of the 
signal can be large. Research into how to further increase 
bandwidth and reduce noise in the system is the subject of 
future work.  

A rapid-scan monochromator has been installed at 
Beamline 2-2. Future, testing will occur at this beamline. 
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