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John D. Meng 
Lawrence Berkeley Laboratc y 
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Berkeley, California 94720 U.S.A. 

ABSTRACT 

We have produced, over the past three years, three ai"omated x-ray fluores
cence based elemental analysis systems, that combine a mi icomputer and a 
microcomputer to perform intricate sample and data manipulations. The mini-
micro combination facilitates the reuse of sizable sections of hardware and 
programs for different x-ray analysis projects. Each of our systems has been 
a step closer to what we believe to be an optimum general solution. The com
bination reaps economic benefits through out development, fabrication and main
tenance, an import lit consideration for designers of custom-built, one-of-a-
kind data analysi . systems such as these. 

INTRODUCTION 

In elemental analysis with x-ray fluorescence, samples are stimulated via 
x-irradiation into reradiating x-rays at energies peculiar to the elements in 
the samples.[1] The reradiated x-rays impinge on a detector system that pro
duces a stream of pulses whose amplitudes are proportional to the energy of 
the reradiated x-rays. These pulses are fed to an analog-to-digital converter 
(ADC), and the result is a string of tenor twelve-bit binary numbers occurring 
at random times with ar. average rate that may approach 100 KHz. 
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The data analysis required to extract elemental concentrations from tĥ 's 
number stream begins by generating a histogram, one axis corresponding to the 
energy of the x-ray, the other to the number of times each x-ray energy is 
detected. It may progress through a phase of corrective and stripping opera
tions performed on the histogram and finish with a statistical analysis of the 
results. The histogram is formed by using the binary number from the ADC as 
an address for a random access memory. When selected, the address contents 
are incremented by one; thus each x-ray occurring with the energy specified by 
the digitized pulse amplitude is counted. 

Th's incrementing operation is common to all the x-ray analysis systems we 
have built. It is important that the memory and incrementing functions not 
become the 'lowest link in the chain. Since the final data analysis is statis
tically based, the precision of the results depends heavily on the volume of 
data accumulated. The time required to collect sufficient data to perform a 
satisfactory analysis is therefore proportional to the data collection rate. 
In an automated system, where thousands of sample analyses may be required, 
this collection time becomes critical, often making a hard-wired incrementing 
function necessary for the memory used to accumulate histograms. 

The accumulation of sufficient data to perform a satisfactory analysis 
will typically require about 100 seconds and is followed in automated systems 
by sample changing and positioning operations. The data analysis itself is a 
computational function that can be overlapped with data taking and sample 
movements. The analysis may end with a visual CRT display, printed summary of 
results and storage on magnetic tape. Finally, a human interface is requiied 
to preset data analysis conditions, to manually control the mechanical and 
x-ray parts of the system, and to monitor the automatic operations. 

System operations can be separated into four broad classes, as shown in 
Table I. 
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TABLE I 

Four basic functions of an automated x-ray fluorescence analyzer. 

PHASE FUNCTION 

Data Gathering High-Speed Memory Increment 
(Histogramirr'ng) 

Sample Low-Speed Electromechanical 
Manipulation 
Data Analysis Data Movements 

IK Word Data Base 
Data to Storage 
Data to Display 

Computation 
Arithmetic3) 
Statistical 

Human Interactive Manual Controls and Displays 
Switches and Indicators 

^Arithmetic operations in the data analysis are used to remove the effects 
of amplifier drift and background radiation. 

ECONOMIC CHOICES 

Economics, as a rule, governs the choice of techniques available for 
implementing a system. When minicomputers were $20,000 items, each mini was 
stretched as far as it could go in terms of the number and types of functions 
to be performed. With equivalent (sometimes much more powerful) computers, 
now called microcomputers, presently selling for a J1,000 or less, economics 
does not demand that each unit be stretched nearly so far. Instead, more hard
ware can be applied to save the expense of stretching, which often demanded 
considerable engineering, and programming time. Two 40-hour weeks of an 
engineer's or programmer's time at $50 an hour is the equivalent of a well-
stocked microcomputer. 
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EVOLUTION 
SAXAS 

Our first successful attempt to use a joined system resulted in SAXAS 
(Scanning Automated X-ray Analysis Spectrometer),[2,3] controlled by the com
bination of a programmable desktop calculator executing BASIC and a 16-bit 
microcomputer executing an in-house developed language tailored to the func
tions required of the unit.[4] SAXAS non-destructively analyzes individual 
strands of hair for trace elements. 

The SAXAS controller segments the problem into two parts. Data analysis 
and gross commands to the hardware are carried out by the calculator. Data 
taking, details of hardware functioning ind manual hardware control commands 
(pushbuttons) are under the control of the microcomputer. The microcomputer 
and programmable calculator are joined by a 40-bit interconnection. The hard
ware for the interconnection was purchased as an option from the calculator 
manufacturer, and the microcomputer end is implemented with compatible input-
output chips. The only major item requiring custom design and construction 
was the manual control and display panel. 

During setup of this system, a simple protocol for communicating between 
the two units was developed. The calculator is given command and is responsi
ble for initiating each communication. The microcomputer responds, generally 
with an echo of the command issued, at the completion of the demanded opera
tion. If a single word of data (such as status) is required from the micro, 
however, the echo is the required word. The calculator may request block 
transfers of data to or from the micro's data accumulation memory. Block 
transfers begin with a calculator-generated command that includes the block 
size and memory address, and during the actual data transfer, no echos take 
place. If the calculator wishes to read 100 words of data from memory, for 
example, the setup sequence informs the micro that 100 words are to be sent to 
the calculator and from what address the transfer is to start. The micro then 
performs 100 data transfers without any additional communications passing from 
the calculator to the micro. 

The calculator converses at the level of "MOVE SAMPLE IN 10 STFPS" or 
"HOVE SAMPLE STACK TO LOAD POSITION." The micro executes at the level of 
"SEND PULSE TO STEPPER MOTOR, WAIT FOR RESPONSE, COUNT STEPS, RETURN IF DONE, 
ELSE 00 AGAIN."[3] The calculator is relieved of the details of hardware and 
is concerned only with the YES-NO of an operation being completed. 
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PDAS 

Our second venture into a joined control and analysis system (Fig. 3) 
looked very much like SAXAS. But whereas SAXAS analyzed hair samples, PDAS 
(Powder Diffraction Analysis System) is used to detect the presence of various 
compounds in powdered samples of material. Despite these different purposes, 
both systems employ mechanical controls, x-ray systems, and data acquisition 
from an x-ray detector. PDAS uses a minicomputer in place of the programmable 
desktop calculator, although the calculator could have served. The protocol 
for mini-micro communications is the same. Two major innovations were included 
in PDAS and in the third device. 

First, the microcomputer was purchased with extra RAM and an add-one box 
was built to hardware-connect the ADC to the microcomputer memory. In SAXAS, 
the ADC was serviced by the microcomputer program and the data acquisition 
memory was attached as a peripheral device to the micro. Although the SAXAS 
hardware was simpler, the ADC service confronted the microcomputer programming 
effort with continuous concerns. Every lengthy operation was required to make 
provision for potential ADC demands. In PDAS, ADC data transfers ire serviced 
by the add-one hardware and the program needs only to be concerned with the 
gross functions of ENABLE/DISABLE commands to the ADC hardware. 

The second innovation was in the manual control and display panel. This 
panel serves as a continuous display of the state of various mechanical sensors 
in the system. It also serves as a manual control point, via pushbuttons and 
switches, for mechanical devices and the x-ray controller. In SAXAS, we mount
ed components on the front panel plate and then hand-wired them into the sys
tem. In PDAS, this panel was constructed from the wiring outward. In other 
words, we laid out a matrix of connections on a large printed circuit board in 
a general fashion and brought the connections out to the connector at the 
bottom of the board. Switches and indicators were attached to the board after 
the number required was determined, and finally holes were drilled in the 
metal front panel to match the positions of the switches and indicators. The 
result is a minimum of hand wiring and the flexibility to adapt the basic 
board and connections to new systems. 
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APTSA 

The third system, the Air Particulate Thin Sample Analyzer (APTSA), replac
ed one that used a single minicomputer to perform all functions. The original 
analyzer was used extensively in studies of the elemental components of par
ticulate air pollutants. Moving from PDAS to APTSA involved mainly minor re
finements in the front panel matrix board, and the minicomputer software used 
to converse with the microcomputer remained unchanged. 

DISCUSSION AND CONCLUSIONS 

Economics opened the possibility of using more than one processor in a 
small control system. We developed one unit (SAXAS) using two intelligent 
devices--a programmable desktop calculator and a microcomputer. We wanted to 
develop an economic means of controlling an extended sequence of x-ray anal
ysis systems without having to make major changes in the controller for each 
successive unit. A major evolution occurred between the first unit, control
ling SAXAS, and the second unit, controlling PDAS. We were successful in 
controlling the third unit (APTSA) without modifying the PDAS controller. A 
large percentage of software w?r transferrable as well. 

Separating the job into two independent parts with a single joining link 
has made it practical to start each succeeding job at a high level of accom
plished function. Had we developed each of these three projects using a single 
minicomputer, the part that does require major revision--the data analysis-
would have been inseparable from the hardware controls. Each job would have 
started nearly from ground level because in each integrated system we would 
have had to reconsider the operations of the various pieces of hardware in the 
context of the simultaneous operation of the data analysis and an operating 
system. All this being within the same mainframe, a single person would have 
h?d to assume the responsibility for all the programs. By separating functions 
and assigning them to two different but joined controllers, it has been prac
tical to let the scientist do the scientific parts of data analysis program 
development, and leave hardware control programming to the hardware developer. 
Since programming for the hardware does not have to change much from system to 
system, this stability becomes a major asset when moving from one x-ray system 
to another. 

V 



-7- LBL-11371 

Although data analysis may require changes in minicomputer types from time 
to time, these changes will not obsolete the hardware controller. We have 
achieved a stability of devices and programs that allows us to build control
lers for our future systems without being bankrupted by the need to start from 
scratch each time. 
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Fig. 1. Data generation and storage in a typical x-ray fluorescence analyzer. 
X-rays reradiated from the sample (unknown) result in pulses with amplitudes 
proportional to x-ray energy, the totals being accumulated in a histogram. 
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Fig. ?. Functional organization of SAXAS. The ADC is serviced by program, each 
read being followed by an add-one to the data accumulation memory, which acts as 
a peripheral device to the microcomputer. 
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Fig. 3. Powder D i f f r a c t i o n Analysis System (PDAS) and A i r Pa r t i cu la te Thin 
Sample Analysis System (APTSA). These systems include a d i r e c t connection 
from the ADC to add-one hardware attached to memory res id ing w i t h i n the pro
gram space o f the micro. 




