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e A CAMAC modulewith four complete spectroscopic
channels.

T&M /O Trigger &
Lines(7) Clock
[ ACQUISITION . J
LongFIFO CONTROL LOGIC Lines (4)
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Input #0 ANALOG Multiplicity]
. eoe —
CONDITIONING
- AD2181 DSP
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Y L h Event Rate Digital
FIFO & Digitization Rate Real Time ) .
Digital Signal Processing Unit Signal Processing
E
o
Input #2 Signal Conditioning, ADC, Long l— g DMA
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Digital Signal Processing Unit 5 ToHost
o CAMAC Computer
Input #3 Signal Conditioning, ADC, Long k—  f— INTERFACE M
& FIFO & Digitization Rate Real Time [CAMAC
Digital Signal Processing Unit Dataway]
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® Each channel processes all eventsindependently
(Analogue part, ADC, FIFO, FPGA).

® L ogic generatesa fast multiplicity signal, which can be
used to decide if event isinteresting.
® Eventscan bevalidated by an external NIM signal.
. Thisvalidation must be provided after the slow filter
time (i.e. =10 pys after fast trigger).
® A single (AD2181) DSP processes validated events.
~. Eventswhich are not validated are thrown away with
zer o dead time,

® The DSP buffersdatafor CAMAC readout. The CAMAC
protocol ishandled by afifth FPGA (the system FPGA).

T Sold by X-ray Instrument Associates, California (USA) - www.xia.com



Xia provide uswith images for the FPGA chipsand
executablesfor the DSP.

These are simply fileswhich are either downloaded from
their website or sent to us by e-mail.

Without this firmware and software the DGF is only
capable of responding to a couple of very smple CAMAC
write cycles.

Thefirst thing to do, therefore, after switching on the
CAMAC crateisto usethose commandsto" programme”
the system FPGA. It isthe system FPGA firmwar e which
Implementsthe full fast CAMAC level 1 protocol.

~. 1.e. beforethe system code is uploaded to the DGF, it
cannot understand CAMAC read commands and
consequently prevents other CAMAC modulesfrom
working.

Oncethe system codeisloaded, thefilter/trigger FPGAS
can be" programmed" . We have different FPGA codes for
each decimation. We can also have specialised FPGA
codesfor "unusual" detectors.

Finally, we programmethe DSP. We can use the object
code provided by Xiatolink to code of our own if we want.

. e.g. the pulse-shape analysis code for Miniball.



e |f we have morethan four detectors, we need use more
than one DGF.

e Tofind timedifferences between signals from different
DGFswe simply substract the absolute values of their
timestamps.

~. Remember: the DGF has a counter which isincremented
for each ADC sample (every 25 ns). The value of this
counter (timestamp) for each trigger iswritten into the
datastream.

® Clearly thetimestampsfor different DGF modules must
be synchronized.

~. Weneed to consider clock drift. Each DGF has an
Internal 40 MHz clock but if each module usesitsown
clock, imperfectionsin the clocks will causethem to
drift apart.

~ Thesolution isto usejust one clock and to distributeit
to all modules.

-, Either weusetheinternal clock of one module and
distributeit or we use an external clock.

- Notethat therevision D version of the DGF hasa bug.
Only a special external clock developped by George
Pascovici herein Cologne will work.

-~ Revision E version doesn’t havethis bug.



® \Weneed to beableto zero all the counterson the same
clock tick when we start.

- Toachievethis, each DGF generatesa BUSY signal
when it isnot acquiring, which is available on the
front panel.

~ Wegeneratethelogical OR of these BUSY signalsand
fan theresult back tothe SYNCH input of each DGF.

~ When thelast module starts, thissignal goes from logic
1 to logic O and we program the DGFsto zero their
clocks when this happens.

Input #0 Input #0 Input #0
Input #1 Input #1 Input #1
Input #2 Input #2 Input #2
Input #3 Input #3 Input #3
Mult In Mult In Mult In
Mult Out Mult Out Mult Out
Trigger Trigger Trigger
Busy Busy Busy
GFLT GFLT GFLT
GSLT GSLT GSLT
Synch Synch Synch




® For some applications, it isnecessary for one channel to
trigger another.
. For segmented detectors (e.g. Miniball) thereis
useful information ( e.g. mirror charges) on segments
even if they have no net signal.
~. Soweneed tousethecoreasatrigger and alwaysread
out the segments.

® Astherearemorethan four signals, we haveto make one
DGF (with the core signal) trigger another (with a segment).
~. The DGF provides a bus on the back panel which can be
used to connect thefast trigger and event trigger of
adjacent modules.

FiPPl  ADC  Signal input

Event trigger bus
Fast trigger bus




e Validation isperformed using the Global First Level
Trigger (GFLT) together with external electronics which
can use the Mult Out signal and possibly signals from other
systemsto decideif the event isinteresting.

Input #0 Input #0 Input #0
Input #1 Input #1 Input #1
Input #2 Input #2 Input #2
Input #3 Input #3 Input #3
Mult In Mult In Mult In
Mult Out Mult Out Mult Out
Trigger Trigger Trigger
Busy Busy Busy
GFLT GFLT GFLT
GSLT GSLT GSLT
Synch Synch Synch
=2={|COINC
Other detector UNIT
electronics >

® TheGFLT hasto beapplied at the time when the DSP
receives an interrupt from the FPGA (DSP trigger) at
the end of the dow filter.

Mult OutH

Smwmter/x
GFLT H

0 5 10 15 20 ps



® Themost basic function we can perform with digital
electronicsisreading a series of samples.

® The DGF can acquiretraceswithout atrigger. The
untriggered traces can be used to monitor a signal,
determinethelevel of the basdine etc.

- In thismode, we obtain up to 8192 samplesare
separated by X\WAI T x 25 ns.

® It isalso possibleto acquire samples whenever atrigger
occurs. Thiscan be donein two ways:

- Either we program the DGF to useitsinternal FIFO to
store up to 4096 samples each separated by 25 ns (just
over 100 ps). The parameter TRACELENGTH controls
the number of samplesto acquire. This modeis useful
for studying therising flank of the signals.

~ Or weget the DGF to acquire samplesin real time.
Then they are separated by (3 + X\WAI T) x 25 ns. This
mode is used to study the exponential decay of the
signals and can be used to determine the 1 constant of
the preamplifier which the DGF needsto know.



® The DGF needsto know the time constant T of the
preamplifer, which isgiven asthe parameter
PREAMPTAWU.

e \We can determineT by acquiring a signal and
performing aleast-sguar esfit.
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® Alternatively, we can usethe nominal 50 pusvalue asa
starting point and then adjust 1 to get the best peak
shape and resolution in the resulting spectrum.

e Thelatter method generally givesthe best results.

® Thisvalueisparticularly important for high count rates,
because then, the probability of a second signal occuring
on thefalling flank of a signal is higher.



® The DGF hasone FPGA per channd.

® Thereisafast branch, which applies afast trapezoidal
filter, used for pulse detection, the pileup inspector and
the peak capturelogic.

® Thereisalso aslow branch, which decimates the samples,
appliesa slow trapezoidal filter and performs most of the
ener gy deter mination.
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e The FPGA analyses all signals continuoudly, detecting
peaks, filtering and performing pileup inspection.

® When a peak isdetected, if triggering is enabled on that
channdl, it setsaflagtoindicateit hasvalid data. If
validation isnot required, it sendsan interrupt to the DSP.
If validation isrequired, thisinterrupt isgated by the
validation signal. When the DSP receives an interrupt, it
reads out all the channels which have data.



e Each channel of the DGF can work as a multichannel
analyzer, acquiring a spectrum without help from the
host computer with minimal dead time.

Additional onboard paged memory is used to storethe
spectra with 32768 bins each with 24 bits.

® Thehost computer configuresthe DGF and then starts
the acquisition and does not need to communicate again
with the DGF until it tellsit to stop acquiring.

e After the measurement, the spectra can be downloaded
to the host computer which doesn’t need to communicate
with the DGF during the measurement.

e Unfortunately, it isnot possibleto read the spectra
without interrupting the measurement because a special
DSP control task isneeded to access the paged memory.

e Thiskind of measurement isuseful for experimentswhere
just a single spectrum is needed from each detector and no
yy-coincidences arerequired.



® Themain use of the DGF isto acquire listmode data.

e Conventional ADCsneed to beread out for each event
which means any delay in readout caused by latency
problemsin the host computer result in dead time.

~. A workaround isto use additional hardwareto read
out the ADCs and buffer the data and send it to the
host computer (e.g. the FERA system used in Cologne).

. Another solution isto use multi-hit ADCs. Such
modules can buffer several ADC conversionswhich are
then read out together.

® Moremodern systemslikethe DGF package data into
lar ge buffersand are designed to beread out in buffered
mode.

~ The DSP of the DGF uses 8 kwords of itsinternal
memory as a buffer into which it can put hundreds of
events (in the shortest data format).

~. The host computer only hasto read out data occasionally
but then receives large packets of data. For most modern
communications systems the handling of a large packet of
data is mor e efficient than handling the same volume of
data in small packets.



e Not all usersrequirethe same data. Some need only the
energies and times of each y ray which was validated.
Others need additional data such as pulse shape
infor mation.

The DGF implementsthree different data formatsto
suit different applications.

e All theformatsstart with a buffer header, which indicates
from which module the data come, the format of therest
of the data and the 48-bit timestamp for the start of the
buffer.

Word #|Variable Description

BUF NDATA Number of wordsin this buffer
BUF MODUM |Module number

BUF FORMAT |Format descriptor

BUF TIMEHI Run start time, high word
BUF TIMEMI |Run start time, middle word
BUF TIMELO |Run start time, low word

[62] EX [¢8] N [ (@)

® Then for each event, thereisan event header, which
Indicates which channelsfired and givesthelast 32 bits

The 16 most significant bits have to be worked out
knowing their value at the start of the buffer and that
the timestamps always increase.

Word #|Variable Description
0 EVT PATTERN |Hit pattern
1 EVT TIMEHI Event time, high word
2 EVT TIMELO |Event time, low word

® Then we havethe datafor each channel which fired (as
specified by EVT_PATTERN) in the format specified
by BUF FORMAT. Thisdata always containsthe energies
and times, but may also contain wavefor ms, times
deter mined with a constant fraction algorithm or pulse-
shape analysisinformation.



® The DGF provides several different run tasks for
acquiring in different ways.
A long format with full pulse-shape data and possibly

wavefor ms.
Word #|Variable Description
0 CHAN NDATA Number of wordsfor this channel
1 CHAN TRIGTIME Fast trigger time
2 CHAN ENERGY Energy
3 CHAN XIAPSA CFD time (0.1 ns bins)
4 CHAN USERPSA User PSA value
5 CHAN GSLTHI GSLT timestamp, high word
6 CHAN GSLTMI GSLT timestamp, middle word
7 CHAN GSLTLO GSLT timestamp, low word
8 CHAN_REALTIEMHI [High word of real time

An intermediate format with just energy, time and and
PSA data.

Word #]Variable Description

1 CHAN TRIGTIME Fast trigger time

2 CHAN ENERGY Energy

3 CHAN XIAPSA CFED time (0.1 ns bins)
4 CHAN_USERPSA User PSA value

A short format with just energy and time.

Word #|Variable Description
1 CHAN TRIGTIME Fast trigger time
2 CHAN_ENERGY Energy

® Thereisalso arun task for the acquisition with only the
MCA. (i.e. without any list mode data.)

Note, however, that M CA spectra can be acquired in
parallel with list mode datain all the other run tasks.

® Run tasksare performed by setting up the DSP
parameters, then writing a bit to the control-status
register and the waiting for the DGF to reset that bit
when it has finished acquiring.



® |n addition to therun tasks (actual acquisition), it is often
necessary to perform other tasksto control specific parts
of the hardware. Thisisdone via control tasks. These tasks
include:

- Programming the gain and offset DACs. (i.e. we
copy the valuesfrom DSP memory to the DACs).

. Setting thefilter parametersin the FPGA.
~. Ramping the offset DAC to find the optimum value.
~ Acquiring untriggered signals.

- Reading/writing the paged memory used to storethe
M CA histograms. Notethat it isonly possibleto
accessone 4K page at atime. So eight control tasks
are needed to read a whole M CA spectrum for one
channel.

® Thesetasksareperformed in asimilar way to run tasks
by setting the DSP parameters and writing a bit in the
control-statusregister and waiting for the DGF to reset
that bit.



® The DGF allowstheuser towritecodefor the DSP
which iscalled for each event. This code can
be used to perform application-specific tasks. E.g.,
with Miniball user DSP code'was written to perform
pulse-shape analysis.

® Theuser providesfiveroutines:.

—

—

—

—

—

UserBegin - called when the DGF isinitialised.
User Runlnit - called when arun isstarted.

User Channel - called for each channel which ishit.
User Event - called for each each event.

User RunFinish - called when arunisended.

® UserBegin isalwayscalled, but the othersare only called
If aflagis set.

® Thecodehasto bewritten in ADSP-2181 assembler:

User Begi n:

ar ="RTBuf ; /* UserQut[0] =address of R seTi nmeBuffer */

ar =ar +0x4000;

dm( UserCQut)=ar; /* address as seen fromthe host */

ar =%RTBuf ;

dm( User Qut +1) =ar; /[* UserQut[1l]=length of RiseTineBuffer */
/* To communi cate address */
/* and size of buffer to host. */

ar ="Pol yBuf ; /* UserQut[2] =address of Pol ygonBuffer */

ar =ar +0x4000;

dm( User Qut +2) =ar; /* address as seen fromthe host */

ar =%Pol yBuf ;

dm( User Qut +3) =ar; /[* UserQut[3]=length of PolygonBuffer */
/* To comuni cat e address */
/* and size of buffer to host. */

JUWP User Begi nRet ur n;

T Written by Martin Lauer, Max Planck Institut, Heidelberg.



