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Abstract

The present work deals with a new approach for the reverse time of
flight (RTOF) analysis of the diffraction spectra. The approach is based on
the same RTOF concept used for the design of a separate RTOF analyzer and
applies, for data acquisition, a special interface card and software program
installed in a PC computer, to perform the cross-correlation functions
between the three signals received from the chopper decoder, detector and the
pulsed neutron source respectively. The new approach have been realized for
use with a Fourier diffractometer facility based on the RTOF concept. It has
been found from test measurements performed with the high resolution
Fourier diffractometer (HRFD) at the IBR-2 reactor (JINR, Dubna) that the
new approach can successfully replace the RTOF analyzer.

Key words: diffractometer, neutron spectra, correlation method

1. INTRODUCTION

The time-of-flight(TOF) method has been used successfully for studying the
properties of condensed matter as it allows to study the sample under exceptional
conditions e.g. at high pressure or temperature. Correlation TOF methods, using either
Fourier or pseudo-random beam modulation, have been developed [1,2] for using the
available neutron flux in a way more economic than the usual Fermi chopper systems,
and without deterioration of the resolution. The Fourier approach offers, regardless of
resolution requirements, a high duty cycle combined with the possibility of exploiting
a large beam area; it allows for a duty ratio up to 50% while the Fermi chopper
systems make use only of -0.1-0.5% of the available neutrons[3,4]. The Fourier
method has been improved by the reverse time-of-flight (RTOF) concept [5-7] which
is based on the triggering of the TOF analyzer by the detected neutrons instead of the
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position of the rotor. At present, there are four Fourier diiTractometers in the world in
operation [8-11]. All of them apply a special (Finnish made) RTOF analyzer, which is
expensive and has to be especially manufactured. Consequently there was a need for a
new approach for the RTOF analysis of the measured diffraction spectra. Such
approach was introduced and tested [121 at the Cairc Fourier diffracton-i^v facility
[CFDF]. The approach is based on. the same RTOF concept of the Finnish made
analyzer. It applies an interface card attached to a fast PC computer with especially
designed software. The obtained results of the test measurements at the CFDF were
not good enough due to the high level of noise and background, observed in the
measured diffraction spectra; compared with the results obtained from the Finnish
analyzer. Accordingly, the new approach has been further developed and improved.
It is presented in this paper along with test measurements performed with the high
resolution Fourier diffractometer (HRFD) at the IBR-2 reactor (JINR, Dubna).

2. THE RTOF ANALYZER ARRANGEMENT

The electronic system, combined with the Fourier chopper, and used for the
RTOF analysis of the measured spectrum is schematically given in Fig.l.
Accordingly, the Fourier chopper modulates the neutron beam intensity following the
X(u))(t) law. Simultaneously the chopper optical sensor produces the Y ^ t ) basic

c a m p i *

FIG. 1 The electronic system used for the RTOF analysis for the steady state reactors

electrical reference pick-up signals in phase with X(w)(t) intensity of the neutron beam
The modulation frequency, u>, is determined by the rotation speed of the chopper disk
and changes, according to a special frequency window g(u>), from zero to a maximum
value f2. In addition, the RTOF analyzer has a main memory with N channels and a
shift register, of the same number of channels, contains a pattern of the reference pick-
up signal, which is changing with time over the interval from (t-AN) to t. The
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reference pick-up signal is connected to the main input of the shift register while pulses
from the clock generator with a period of A(determines the channel width) are
connected tc the control input. Each yukz from the clock generator executes moving
of the contents of all shift register channels by one channel to the right and as a result,
the first channel acquires acting in the given moment t significance of an auxiliary
signal (0 or 1). Thus, inside the shift register appears a running pattern of rectangular
pulses, which exactly reflects the time behavior of the auxiliary signal Y^t-Tj), where
i is the channel number and r, is the time delay (ri=i.A).

Storing of the experimental spectrum Z, in a Fourier analyzer occurs as follows.
The parallel transfer logic starts at the moment of registration by a detector of a
neutron and reads out contents of each channel of the shift register and adds up these
contents in the appropriate channel of the main memory. Consequently, the
accumulated data in the RTOF analyzer represents the measured spectrum. More
details can be found in Refs.[9,13,14].

3. THE NEW DATA ACQUISITION SYSTEM

The new data acquisition system has been considered to replace the RTOF

analyzer. It makes use of an interface card designed especially for data acquisition and

a software program to drive the interface card and to perform the correlation analysis.

3.1. The interface card

The interface card has been designed to be inserted in one of the PC 's EISA
slits, where the addresses from 0x300 to 0x3 IF have been devoted for it. Accordingly
the interface card receives the pick-up, the neutron intensity and the start signals from
the chopper, detector and the pulsed neutron source (in the case of a pulsed beam
reactor) respectively. Thus, the function of the interface card is to adapt the data
collected from these input signals in order to be ready in the binary form when the
program makes access to the interface card. The block diagram of the interface card is
given in Fig. 2. The address decoder unit generates a device select signal when a
certain address is present on the PC address bus. So, the interface card will be
accessed only when the program performs an I/O operation includes that address. The
function of the uock generator is to generate the different clock frequencies which are
required for signals synchronization and the timing of data transfer between the
different units of the interface card. The output frequencies of this unit are : 20 MHz,
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time-channel clock(500, 250 or .125 kHz) and double-time-channel clock. The source
and pick-up units receives the signals coming from the pulsed reactor and the chopper
respectively to bi_ latched a\ two separate latch regibten> triggered by the time-channel
clock. The detector unit allows to receive the neutron intensity signals from two
separate detectors to be synchronized with the 20 MHz clock and then count the
number of neutrons detected by each of them during every time-channel. So, a
separate 4-bits counter is used for each detector. Instead of resetting these counters at
the end of every time-channel, to avoid losing of detector pulses which may arrive
during the reset time, the contents of each counter are latched in 4-bits latch register
synchronously with the rising edge of the time-channel pulse. This means that the
contents of this register always equal the counter value at the end of the previous time-

pu lied
tource

FIG. 2 The block diagram of the interface card

channel. The outputs of the counter and the latch register are connected to a
subtractor. So, as a result, the output is the difference between the current value of the
counter and its old value by the end of the previous time-channel. This output will be
latched in a 3-bits latch register triggered by the positive edge of the time-channel
clock. Every time-channel, there will be 8-bits of data distributed as: 3,3,1 and 1 bit
from detector-1, detector-2, pick-up unit, and the source unit respectively. The
computer can not be forced to read this data synchronously with the time-channel
clock- because the CPU can be internally interrupted at any moment giving rise to
losing the current data and consequently distortion in the resultant diffraction pattern.
To avoid this critical situation, the data will be stored in FIFO memory (some kind of
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memory based on the first-input-first-oulput technique) to be retrieved later by the
computer in the same sequence (first in first out). The complete utilization of the 16-
bits IESA bus of the PC will reduce the time required for the I/O operations.
Accordingly, the program will read the data from the interface card as 16-bits words
instead of 8-bii- ones. To achieve thk mjrno^e. every two successive 8-bifs of data
will be written simultaneously into two parallel FIFO units(FIFO-l and FIFO-2, each
of 9-bits width and 2048 word depth in the current design). So, the 8-bits of data
available by the end of the odd time-channel will be saved in temporary register. The
next 8-bits available by the end of the even time-channel will be written to FIFO-2
simultaneously with moving the first 8-bits from the temporary register to FIFO-1.
The positive and negative edges of the double-time-channel clock are used to perform
this operation. The operation of writing data to FIFOs is independent of what the
computer is doing at the moment to avoid data losing during the CPU internal
interrupts. At the same time, the program retrieves the data stored in the FIFOs in the
same order (first input first output). The speed of the computer as well as the depth of
the FIFO memory must be large enough to compromise between the rate of writing
data to FIFOs and the rate of reading this data by the program. The empty flag(EF) of
FIFO indicates whether the device is empty or not. Also, the full flag(FF) will go
LOW, inhibiting further write operations, when the device is full. These flags will be
used through the program to manage the read operations.

3.2. The software program

Although the interface card was designed to work with the steady state reactor
as well as the pulsed one, the situation for the program is completely different. There
are two versions of the program, one for the pulsed reactor and the other for the steady
state one. Concerning the high resolution Fourier diffractometer attached to the pulsed
beam reactor IBR-2, where the pulsing frequency is 5Hz, the time interval between
each two successive start pulses is 200 ms. The effective neutrons pulse width is 440
micro seconds. The program begins by acquiring the required parameters from the
operator, these parameters are : the measurement time (in minutes), channel width
(in /J,S), number of channels(usually less than 9000 channels), reactor pulse width (in
/is), pick-up delay (in channels), and start pulse delay (in channels). Accord ng to the
measurement time, the program calculates the number of start pulses which should be
received from the reactor via the interface card. Then the program performs an output
operation to reset the FIFOs and set the time-channel frequency. The program
continues sensoring the pick-up signal until its value changes indicating that the
chopper begins to rotate which means the start of the measurement time. Since the
time required for reading 9000 channels is 9000 x channel-time width, ther for 4 u,s
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time-channel width, such time equals 36 ms. During this time the program is dedicated
only for retrieving data without performing any calculations. The performance of the
program was so maximized that it can retrieve the data collected during the neutron
pulse duration and calculate the correlation functions within the remaining time(164
ms). Consequently, the speed of the computer should be high enough to be able to
complete the required calculations prior to the arriving of the next reactor pulse. It has
been found experimentally using a logic analyzer to sense the foil flag(FF) that the
program finishes successfully the required calculations in time less than 160 ms for
one detector only. Then the program performs an output operation to reset the FIFOs
to remove the undesirable data waiting for the next start signal from the reactor. The
program calculates the cross-correlation functions between the neutron intensity
registered by the detector and the sequence of delayed modulation functions of the
neutron flux produced by the pulsed source and the chopper. For the case of the pulsed
beam reactor (IBR-2) where the electronic layout represented in Fig.l (for the steady
state reactor) becomes as given in Fig.3. The process of spectrum formation proceeds
in a real time mode and amounts to calculating the following function over the entire
period of experiment:

S(n) = / I(t) C(t - Lc/vn) M(t - Lm/vn) dt (1)
Where.

C :neutron beam modulation function by the Fourier chopper,
M:pulse of the reactor neutron burst,
n :analyzer time channel number,
Lm:neutron source to detector distance,
Lc:chopper to detector distance,
vn .-neutron velocity corresponding to the chosen analyzer channel,
I registered neutron flux intensity.
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FIG. 3 The electronic system used for the RTOF analysis for pulsed beam reactors

The sum of counts accumulated in each of the analyzer channels during one neutron
pulse can be appiaumuidy repicicnicJ ds[9]:

i=j+P

S[n] = £ I, Cn (2)
•=j
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Where:
j : [n . Lm /Lc],
p: neutron pulse width in time interval steps,

I,, C,: stepwise signal representation I(t), C(t).

It is obviously clear that, for each detector, the time required for performing the
cross-correlation functions depends on the number of channels and the neutron
intensity during the time of measurement. In order to suppress the background
component of the detector signal, which is not modulated by the chopper, ihe opposite
phase of the chopper modulation signal is obtained, through the program, by inverting
the binary pattern of the received pick-up signal. Then the above formula is applied
twice, one for the positive phase of the chopper and the other for the negative phase.
The high resolution spectrum could then be deduced from the difference of these two

spectra.
On the other side, for the steady state reactor, the correlation process can not be

performed in the real time with the available computers. Instead, the data collected
every double-time channel will be saved in the disk to be processed later as soon as the
measurement time ends.

4. MEASUREMENTS AND RESULTS

The new approach (the interface card and the program) have been tested, using
a Pentium 233 computer, installed in parallel with the RTOF analyzer of the HRFD.
The system has been operating in the DOS mode to dedicate the CPU time completely
for the system (except for the internal interrupts time). For the experiment and the
existing pulse parameters of the IBR-2 reactor: frequency - 5Hz, pulse width - 440 us,
and channel width - 4 \is, it has been found that the system can operate in the real time
mode for neutron intensity less than 4000 n/s. Higher neutron intensities can be
reached safely using a faster PC. The two patterns, obtained from the new approach
and the HRFD analyzers respectively, were treated with the proper software (Origin)
and are displayed in Fig. 4a and Fig. 4b respectively. Accordingly, the peak positions
are the same for the two patterns. Also, it is noticeable that both diffraction patterns
are consistent, except for very little more background and noise in the pattern obtained
with the new system. The noise level is increased from about 600 neutron counts to
about" 1000 neutron counts and the peak to background ratio of the strongest peak is
reduced from about 12 to about 8. This is mainly due to the limited size of the FIFO
unit (2048 bytes) and the limited speed oi the computer.
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FIG.4 The measured diffraction patterns

a-measured using the new data acquisition system

b-measured using the RTOF analyzer

5. CONCLUSIONS

-It has been verified that the new data acquisition system can be used successfully for
the analysis of the reverse time of flight spectra.

-The data collected during the measurement time, due to the software flexibility, can
be processed later even for different parameters (number of channels, pick-up delay
and start-delay) and without a need for new measurements.
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-The new approach can participate in reducing the time of measurements and allows to
observe the behaviour of the chopper and the real frequency window using the
previously stored pick-up signal.
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