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ABSTRACT

A microprocessor based data acquisition system is described,
which was developed for use in Moessbauer spectroscopy. It
is designed to record two spectra simultaneously, one of
which could be a calibration spectrum. It is autonomous,
but uses a host computer for initialization and permanent
storage of data. The host communication software is also
described.



INTRODUCTION

In Moessbauer spectroscopy
in a sample is studied
velocity between the gamma
If the source is moved
of velocities is covered during

(MS) the absorption of gamma rays
as a function of the relative
ray source and the sample (1).

with a non-zero acceleration a range
the motion. To improve the

statistics of the measurement, a cyclic source motion is
used to obtain a repeated scanning of the velocity range.

In a classical Moessbauer experiment the data is stored in a
multichannel analyzer (MCA), used in a multiscaling mode
(2). The MCA is synchronized with the motion of the source
so that each channel is activated once during each cycle and
thus corresponds to a given velocity (fig 1). The motion is
defined and controlled by a Moessbauer function generator
and a servo driver.

The use of a mini- or microcomputer system as an experiment
controller, replacing the multichannel analyzer, will allow
an increased flexibility in the choice of experimental
parameters. Reference 3 describes such a system based on a
NOVA 2 minicomputer. In this system the NOVA is also used
in the analysis of the data.

"he present paper describes an alternative microcomputer
based solution. This controller is designed to be used as
in autonomous peripheral to a host computer, where the
latter will be responsible for the storage, analysis and
display functions. The complexity of the controller can
thus be reduced, leading to improved reliability.

2. SYSTEM ENVIRONMENT

The system has been used for Depth Selective Moessbauer
Conversion Electron Spectroscopy (DCEMS) (4). Rather than
directly detecting the transmitted gamma rays as in
transmission MS, DCEMS indirectly records the absorbed gamma
rays by detecting conversion electrons. These are, with a
certain probability, emitted when the nucleus responsible
for the absorption returns to its ground state. However,
only conversion electrons from a region close to the surface
of the sample will emerge. The events thus recorded will
have a certain depth profile (distribution of the depth of
origin). The depth profile can be modified by restricting
the energies of the detected electrons i.e. by using a
electron spectrometer as an electron energy filter, which
only detects electrons within a certain energy range. From
several spectra, recorded with different depth profiles, it
is possible to extract the depth dependence of the gamma
absorption.

The measurement control and storage system requirements in
DCEMS are similar to those of transmission Moessbauer
spectroscopy, but the measurements are usually more time



Fig 1
Block diagram of a MCA based
transmission Mossbauer setup.

experlmental

Fig 2
Block diagram of a microprocessor based
experimental transmission Mossbauer setup.



consuming, which stresses the need of good system
reliability and stability. It is therefore often desirable
to monitor the measurement by a simultaneous recording of a
calibration spectrum. From the latter it will be possible
to estimate the stability of the system as well as obtain a
proper calibration. The controller was thus designed to
store two spectra simultaneously. It also provides the
velocity reference signal for a closed loop control of the
source motion. This function *s performed in a separate
analog servo driver, which uses the reference signal and a
feedback signal, proportional to the actual spoed of the
source, to create a drive signal for the transducer (fig 2).

To correct for discrepancies between the reference signal
and the feedback signal that are not completely eliminated
by the feedback process it has proved convenient to add a
second microprocessor generated signal, the correction
signal, to the drive signal. This open loop correction is
needed, for example, when the acceleration changes
discontinuously. However, if situations like this are
avoided or if the channels adjacent to this event are not
used for analysis, the correction signal is superfluous.

In some experimental environments, where it is not necessary
to store a calibration spectrum during the measurement, the
secondary storage area may be used for another experiment.
The correction signal can, in this case, be used as a
reference signal for the second experiment.

Provisions have been made for the control of the energy
setting on the electron spectrometer, but it is not yet
implemented.

3. HARDWARE

The controller (fig 3) is based on a single board
microprocessor system (Zilog MDB) equipped with a 2.5 MHz
Z80 CPU and 16 kB of random access memory. The RAM memory
is used both for program and data memory. A special
interface board was developed for Moessbauer applications.

The controller uses an internal clock or an optional
externally connected clock as a time base. A counter and
timer unit (Z80 CTC) divides the clock rate into a rate
suitable for the channel advancement of the MCA function.
At each channel advancement two 12-bit binary numbers are
transferred from the memory to two double buffered
registers, which in turn feed two 12 bit digital to analog
converters (OAC), generating the reference and the
correction signal (fig 3). The double buffering ensures
correct synchronization of the reference and the correction
signal to the channel advance pulse.

The detection events are stored in counters, which are
cleared at one channel advance and read by the CPU at the
next. To reduce the dead time two counters are used for
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Fig 3
A hardware block diagram describing the Mossbauer
controller. The first timer and counter circuit
(CTC) generates a clock signal, which also
controls the channel advance. The second CTC is
used for storing data. Channels 0 and 2 store
data during odd clock periods, while channels 1
and 3 store data during even clock periods.



each data channel. While one is storing data, the other is
being read by the CPU. A toggling flip-flop activated by
channel advance selects which of the two counters is
currently storing data.

4. SOFTWARE

The microprocessor resident software consists of routines
for initializing its programmable peripherals, implementing
the communication protocol and routines for recognition and
execution of commands. The program, which is written in Z80
assembler, requires about 6 kB of memory.

All I/O operations associated with the storage of data and
drive signal generation are driven by a channel advance
activated interrupt.

4.1 COMMUNICATION PROTOCOL

When the microprocessor is permanently connected to a host
computer via a regular RS 232 terminal line, it must only
respond to relevant commands and not to any broadcasted
system message it may receive. This is solved by defining
two communication states: active or passive. In its
passive state the controller will only listen and wait for
an activation message. This message consists of a three
character sequence, where the last character, the unit
identifier, should match the setting of an identity switch
on the CPU-board. This method makes it possible to connect
several controllers to the same host computer node.

In the active state the controller will echo any character
received, so that it may also be connected to a terminal.
In this state the program will respond to any command given.
The transition back to the passive state occurs
automatically after a time out period of one minute, i.e.
one minute after the last cummunicat ion.

The controller uses
output control.

the XON-XOFF handshake protocol for

4.2 COMMANDS

The commands known to the program are summarized in table 1.
Some of these are only permissible when the system is in a
specific state (see restrictions in table 1) defined by the
value of a system status word. This statur. word contains
bits signaling whether the reference and the correction
signal has been activated and if so if channel 1, channel 2
or both are measuring. The current value of this status
word is displayed on the front panel.

Start or stop drive
correction signal.

controls the periodic reference and
Start and stop channel 1 or 2 controls



the measurements. The activation of the latter commands are
synchronized with the reference signal, so that each
measurement contains an integer number of cycles. A timer,
which keeps track of the total measuring time in each
channel is also controlled by these commands.

Clear is used to reinitialize the measuring areas and the
corresponding timers.

R reads a reference signal or a correction signal into the
memory.

W writes the contents of the different areas.

T gives information about the total uptime and the current
measuring times.

Command Attribute

TABLE 1

Funct ion Restr ict ions
Valid when Not valid

when

<

>

c

F

R

W

T

X

D
1
2

D
1
2

1
2

R
W

R
C

1
2
R
C

R

Start drive
channel 1
channel 2

Stop drive
channel 1
channel 2

Clear channel 1
channel 2

Frequence read
write

Read reference
Correction

Write channel 1
channel 2
reference
correct ion

Write times

Text read

D
D

D
1
2

D

w wr i te

D
1
2

1,2

1
2

1 .2
1.2

1
2

The abbreviations D, 1 and 2 under restrictions
signify: that the drive is active, channel 1 or
channel 2 are measuring, respectively.



X finally, reads and writes a text string to
controller memory. This string should contain
of the current experiment.

or from the
a desc rlpti on

4.3 HOST PROCESSOR COMMUNICATION PROGRAM

A program (see table 2) was developed for the host computer
(a VAX 11/780), which communicates with the Moessbauer
controller. It has a transparent mode, which allows direct
communication between a terminal and the controller, via the
host computer. The program can also be used to transfer
data between files in the host system and the controller.
Reference and control data are easily transferred.
Moessbauer data can be stored on file, displayed or plotted
on a graphic terminal.

TABLE 2

THE FOLLOWING COMMANDS ARE DEFINED:

N
I
T
Q

WX

sx
PX
PX4

NEW, INITIALIZE MEASUREMENT
TYPE MEASUREMENT DESCRIPTION
ENTER TRANSPARENT MODE
TERMINATE SESSION

DATA SET X IS TYPED ON THE SCREEN
DATA SET X IS STORED ON DISC
DATA SET X IS PLOTTED ON THE SCREEN
DATA SET X IS FOLDED AND THEN
PLOTTED ON THE SCREEN

X CAN BE ONE OF THE FOLLOWING:
1 DATA AREA NR 1
2 DATA AREA NR 2
R VELOCITY REFERENCE
C CORRECTION SIGNAL

RR READ REFERENCE SIGNAL
RC READ CORRECTION SIGNAL

The help menu belonging to the communication
program in the host computer.

5. DISCUSSION

The microprocessor based experiment controller described in
this paper has been used under long measurement periods and
has proved reliable. The connection to a host computer
makes it possible to remotely monitor and control the
measurements from any terminal attached directly, or via
telephone modem, to the computer. This is convenient when
the measurements are carried out over long time periods. A
preliminary evaluation of the data during the measurement



can be used as a base for a decision to prolong, or cut
short, the measuring time. The measurements have, up to
now, only used standard velocity reference signals, such as
sawtooth and triangle. However, the flexibility in the
choice of reference signal can be used for more exotic
experiments for example where a multiple constant velocity
mode is required.

The maximum frequency of the source motion is 6 Hz with 800
channels spectra. This value is fully adequate for its
purpose.
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