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Mutiichannel analysers (MCA'S) are in general the most probabie data
e qumlmn PuiliprnPHI you can see inside a pnytu‘v eSeal G l.murawn

Freguently they are also the most expensive and sophisticaled piece of
electionic equipment used by the reseatoli gloun
Modern MCA'S are build around one or more microprecessors and alse

around DEF'S ,some are stand alone units and others are plug in boards

Ey now you are suposed to be able lo undetstand in full theil architelure
and hopetully, abie lo design simple MCA'S systerns,

Let's have a look on the history of MCA's

Alook onithis is also a tock on the evolulion of elestionics,

We can report this story o fifly vears ago when physicists were dealing
with hard func Hons lke fhis one

Y=1(X)

where :
Y-irensity.nurber of events, elc

X-energy,wave lenth, eic
Yhat did they do 7

Tr‘ey divide X info a farge number ¢ equal pieces and made tedicus dala
acquisition runs for every piece of X.

A typical example of this is the following {gama-spectroscopy)
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Froblems:
: - Tire consuming
- Boring
- Limniied number of channels

- Difficult and expensive o alomate
- Wasles the majorily of the events

And because of the ast one, it was impossible to do speclioscopy of
shorl_lived radionuclides { m§).

To overcome this problem they used this solution:

in's and oui's:
- Cleary a very expensive solution, EUT
- You don't wasle timie and locse evenls
- BUT still unsatistaclory, because it was impossible
1o profitin full the high resclution of the semi-
conduclors deleclors Ge(Li) and SifLj) intro-
duced by then.



And hiere comes Frof, Wilkins
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To star with we need # anzlcg memory,
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Typical frequencies: 50,-100, 450 MHz
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Althe and of the conversion the coritent ot the counter is an address,so we

have:

read the corlent of tha addres

increment content by one
store this value in address



In fact Wikinson ADC's are niol very fast and the time for one converion i
afunclion of the amplitude of the signal you are converling.

Maximumi nu. of channels* clock period
Tipicaily 8192 * 10 nS =80 uS, plus some consiani =5 to 10 US

in general they are free of infegral and differencial non linearity and by thal,
adequate for precise and high resolution spectroscopy.

We are now at the point,
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in general memory is organised in 24 bits words

- 20 bits for counling il 10
- 4 bifs reserved for flags

By this time all MCA's normally provide live displays.
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The live display of histograrns is also an extra source of dead lime lo the
systern.

Modern MCA's use net the “oscilloscope type "display ,bul the video
(raster) display, here the coils are rotated 90 degrees; inslead the plug in boards
use the display partl of the computer.



The architecture ot MCA's is quit similat to the atchiteclure of a computer.

So, why don't we use a minicomputer or a microcomputer ?
in fact it as been used with minicomputers (PDF's 8, MULTI 8, MULT! 20,
HP's}. But there is always a probiem and the problem with minis was thai the

CPU could nol be used during acquisition.

- Takes o Jong to read -increment -store 24bits words
- Difficult to have live display

The second solution adopied was te use DMA,

Erillant conclusion:
- Minicompulers based MCA's were {o expensive
So, fixed _programmed (hardwired) sysiems were prefered.
The Mictoprocessors changed all this.

in fact they are cheap, easy o use, i's why they are inside MCA's,

Now a days we have a very large choise of models.

Stand alone MCA's are aliways uP {one or two) based, but slili dedicaled
add-one circuits for the conlrol in general and of the display must be used
because of ime constraints, as a consequence the price is still high

8000 USE fo 50000 USY

Question?

Is it possible o build an MCA arround a persenal computer?



The answer is yes and we carn find some boards thal can be added ag
plug_in boards to popular computers that wiil be configuraled as MCA's.

Will this solution the cost effective is aboul a half or a third of the price of
the other ones.

others,
We still think that it is possible to design a MCA arcund a low ¢ost
cormputer, perforning the same tasks,
if we have a ook we see thal, lo starl wilh, the compuler soives a lot of
probierms:
- Graphs display
- Input/output
- Mass storage
- High level tangquages
- Frogrammable

Bulin general they have no DMA possibiiities, .
Wiih our experience on MCA's it was nol very difficull to impiernent a plug_in
board the following stides try to give you tiie idea,

- Purpose
- General purpose interface
- Mullichannel analyser

- - MCA (block diagramj
- Schemalics



Softwere:
=W ndowrs
-gF g compiled program written in Pasis)

The MCA hardware is divided into two toards:

-The Main board
-Control bosrd.

The firstis g PC_KT size board witch containg memory buffers Hme courters and connsctors (ADC snd
GFI).

The second 13 & piggy back board of the farmer and supports the logic control implementad with stzndsed
TTL femilydevices.

With the piogy back cption is possible to improve the control with oifferent salutions and other Yogic

devices
The Main board is designed in such & way that can support elao the Gensrs) Purposs Interface st csn te

plugaed ingide the PC.
At this moment the Genersl Purpase Interface is ready snd the pob's of the MIA are grrivi ng 1o be

debiugged.
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