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Introduction

1.

The Wiley-McLaren type [1] of TOF is the one us¢dC&RF in Madison — there is an old
manual but due to many changes, it is not up-te-dayymore. The old manual is located at
the VLS-PGM beamline (red folder: CSRF Time-offlidvianual).

The following chapters describe the vacuum, highages, signal connections and provide
the background information needed for operatingl aouble shooting) the instrument.

About the vacuum and the connection to the beamline

If the setup is not connected to the beamlines itnder vacuum (with pumps on) somewhere
adjacent to the beamline. Vacuum is required becMGPs used both in ion and electron
detectors tend to get damaged in poor vacuum getidly in atmosphere.

2.1 Venting the TOF-chamber

Make sure that all the high voltages are turneds#ge Ch. 3 for details or ask beamline
scientists). Stop the turbo pump from Varian cdigroThe rough pump is connected to
the same circuit so it will stop automatically. WYéime chamber with nitrogen, if possible.

2.2 Connecting the chamber to the beamline

Performing gas phase experiments, like those with TOF, the experimental station
must be isolated from the beamline by a window. th¢ moment, there are two
possibilities: to use a butterfly valve with excgaable windows (Al, C, Si) or to use a
CF35 manual gate valve which can be equipped wathlaminum window. The window

size in the butterfly valve is 10mm in diameter véss the gate valve window is
somewhat larger: 16mm in diameter.

The butterfly valve is installed to the CF35 Tedhd TOF chamber (the tee piece houses
also the cold cathode gauge) so that the cone-dhagaptor is pointing towards the
beamline. After that, a 150 mm edge welded bellowsed to connect the chamber to the
beamline. The gate valve is also installed to tke @nd proper distance to the source
point is achieved by using 125mm nipple and 90mhowgsee e.g. Appendix 4).



2.3 Pumping down the chamber

After the vacuum connection is ready and the paabéie of the turbo pump controller is
plugged, the turbo pump can simply be started ®s$ng the START button of the
controller. If there are no leaks, the chamber khoeach 10 Torr pressure range in

about half an hour. The base pressure after pumpitgshould be in low 10 Torr
range.

2.4 Complications due to the use of a window

When the window valve is closed, the volume betwienlast beamline valve and the
window will not be pumped at all. Therefore it ecommendable to close also the valve
upstream of the last valve (the second last vadkbislled as VVR.4-121-02) — this can be
done by using the PGM Beamline Panel running in afythe beamline control
computers (note that the Photon Shutter PSH3 mastlbsed!). After the above
mentioned valve is closed, the window valve carclbeed and the last beamline valve
opened. After the sample gas is introduced (be thatenone of the high voltages are on
in this stage!) into the chamber and the pressustabilized, also the second last valve
can be opened. This valve should always be clos&atd changing anything in the gas
line or gas flow during the experiments!

2.5 Typical vacuum conditions and few warnings

The cold cathode gauge of the TOF chamber musbieected to one of the beamline’s
readout units (the same applies to the thermocaymige). In the controller/readout unit,
the upper threshold for allowing to open the bemenlvalve is set to (B0°® Torr.
Typically the sample gas pressure is betwed@@ 5110° Torr and due to the window
the pressure in the differential pumping sectioimithe 10'° Torr range — if that pressure
is found to be proportional to the TOF chamberspuee, the window is damaged and
must be replaced.

NB!

* The detectors need good vacuum to operate withauiade; do not turn
on the high voltages for the detectors if the pressn the chamber is
higher than 5x16Torr!

* Be sure that the second last valve of the bean(lireeone which can be
controlled from PGM Beamline Panel, VVR.4-121-02)GLOSED before
doing any changes to the gas inlet system!



2. High Voltage Supplies and Connections
The TOF setup is equipped with an electron detesrtdran ion time-of-flight spectrometer.
Both detectors require high voltage to operat@ddition, the other components like drift
tube, grids and lenses require high voltages. dhewing figure shows schematically the
detectors and related elements:

Electron Sample
Ion MCP

FEM FI Lens DT MCPG FFMCP

hy
Figure 1. Schematic diagram of the experimental TORpparatus [2].

The high voltage supplies needed for the setujnatalled into two NIM crates located in the
support frame of the TOF chamber. The crates arpped like seen below — the actual crates
are, however, installed in top of each other, restidee each other:

BERTAN 35K HY SUPLLY MA-TL-HN

o]

o

f
OOO0EI0000 | 0000EFHI0000

QO000=2I0000 | OOCOFO0OO| ¢

Figure 2. NIM crates and the supplies (blue arrows)

The unit in the upper crate (left in the figure)as adjustable 0...5 kV power supply which

provides high voltage to the back plate of thedetector MCP stack. Therefore it is marked as
BBMCP. Although this supply is in the NIM crate,dbes not take the operating voltage from
the backbone of the crate but it must be connectermal 110V jack. Rest of the electronics
in this crate is for processing the signals fromdletectors and can be neglected for now.

Each BERTAN supply in the lower crate (right in tfigure) has two channels, A and B, as
marked in the front and also in the back whereothtput connectors are. The first supply (Bertan
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362, 0..2kV) provides voltages for the electron and ionesideshes right beside the source
region — they are called First Electron Mesh (FERNgnnel A) and First lon Mesh (FIM; channel
B), respectively. The second supply (Bertan 3655RY) is connected to the Drift Tube (DT,
channel A) of the TOF spectrometer and to the befbre the MCP detector (MCPG, channel
B). The third supply (Bertan 362/5, 0...2kV and 0...5kMovides high voltages to the grids
before the electron detector (G2, G3; channel A) tanthe front plate of the ion MCP detector
(FFMCP; channel B). The last supply gives the higliage needed for the (de)focusing lens
(LENS).

There is no supply for the electron side MCP in kB crate. The high voltage is taken from
one of the HV-outputs of the beamline’s HV supptycan be controlled from the PGM Control
Panel window running in the beamline control coreput

The HV cables are usually left connected (exceptttie electron side high voltage, which is
disconnected from the beamline’s supply when motmgchamber) but they also marked with
white labels — that should be enough to make tin@@ctions as shown in Appendix 1.

3. Signals and Signal Connections

4.1 Signals up to the Timing devices

The big ‘LeCroy’ ion PAD (preamplifier discriminafounit, which includes also the HV
divider chain for the ion detector, is used to a@fg@nd shape both the electron signal
and the ion signal. The box is powered from tharOp-plug that locates in the NIM
crate (use the panel with only one plug!). lon aligis internally decoupled from the
anode and only the output is provided (marked as 6ut’: there are two equal BNC
outputs). Electron signal (‘Signal’ connector froime electron side HV divider box) must
be fed into LeCroy box (e-in) and taken out (e-dat)further processing. Both of these
outputs provide fast negative pulses (rise timens)5The signals from the outputs are
shown below:

——
—

Figure 3. Signals from e-out (left) and I-out (righ) connections in LeCroy box. Horizontal
division is 10ns whereas the vertical one is 100mV.
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The preamplified signals are then fed into a consfeaction discriminator (CFD;
Tennelec TC454) found in the upper NIM crate. TBBD unit has four independent
‘channels’, which all have three (identical) ouguihe uppermost CFD is usually
reserved for electron signal and the second onéofosignal. One of the outputs (the
outputs are NIM level pulses: about 50ns wide dn@\¢ deep) in both of them must be
connected to the timing electronics which locatehia half sized rack beside the TOF
setup. It is quite convenient to connect one of dgputs in both channels to the
oscilloscope — by that one can read the frequerafigbe pulses and also see that the
pulses look fine. There are also two ratemeterthéenNIM crate but they require TTL
level input signal. Therefore the third outputs trius connected to a pulse level adapter
that reads in NIM pulses and gives out TTL puldesCfoy 688AL). The output can be
connected to the ratemeter ‘POS IN’ in the fronmtgdaf the unit. The ratemeter signals
are useful for finding out the frequency of thectlen and ion signals if there is no
oscilloscope. In addition, the output of the rateen¢at the back) can be connected into
one of the Keithley Picoammeters of the beamlirthis- must be done through a1k
resistor. These Keithleys can be read using thea DFatquisition software of the
beamline.

4.2 Timing electronics

The timing electronics is described in CLS-wiki pag[3] and that material is also
attached to this manual as Appendix 2. All the tignelectronics is in the half sized rack
beside the TOF setup. Shortly, the measuremenheofidn time-of-flight is based on

effectively using the electron signal as a startjrne zero, and measuring the ion arrival
time relative to that — all this is performed by EX V1290N time to digital converter

(TDC) which is installed to the VME crate in thelfhack (there are two crates: NIM

crate at the top and VME rack below).

In this case, however, it is not adequate to usg tte TDC with electron as a start and
ion as a stop. First of all, the TDC board trigggsut works only in 25ns resolution,
which would limit the TOF resolution (typically s@ins resolution is required from the
electronics). Secondly, the frequency from the ted&csignal is higher than that of the
ion signal. That means that even if the TDC waggered, there would be no ion to
measure. To overcome these limitations, additionaiponents are required.

The electron and ion signals are first fed intoaa-kh Fan-out unit (CAEN N454, NIM
crate) — it is simply used to multiply the signal that it can be used in all the required
devices. The uppermost quarter is reserved fortreles and the second quarter to ion
signals. One of the electron outputs is connecteztttly to the TDC unit (channel 12)
and also one of the ion outputs is connected tf@r@nnel 0). To resolve the limitations
mentioned above, the electron signal must be @ifstll delayed and then led to pre-
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coincidence circuit; to match with this delay, tba signal must be stretched also before
feeding it to the pre-coincidence circuit. The pagacidence circuit (CAEN N485) gives
an output only if there is an ion and an electrathiw a defined time window. This
output is used to trigger the TDC. By this, the T Cworking only if it really has
something to measure — this saves some time aneérmisethe case where we would be
limited by the time spent in measuring the gratstevents.

In practise all this is achieved by taking oneh# électron outputs and connecting it into
the START of the lower delay circuit in CAEN N93&& Timer unit (NIM crate). The
delayed output is taken from END MARKER connectand led into the uppermost IN
of the CAEN N485 Three Fold Logic Unit. One of tlbae outputs is led into the START
of the upper delay circuit in CAEN N938 Dual Timanit. The stretched signal is taken
out from the corresponding OUT jack and conneatéal the second uppermost IN of the
CAEN N485. The output (OUT) of this logic unit isrmected into the TRIGGER jack of
CAEN V1290N TDC (note that the other trigger inpotist be terminated with a €0
resistor).

The required delay and stretch values vary fromegrpent to experiment but the present
values are following: Delay for electron signal9s8us (corresponding potentiometer
reading is 6.94) and the ion signal is stretche®®8us (corresponding potentiometer
reading is 7.06).

4. Operation

The high voltages used in the TOF are high enoaglaimage the equipment if not turned on in
proper order. In most elements, the only risk @rkipg and subsequent shower of electrons to
the detectors but the MCPs can suffer serious daniafe voltage over pair of them exceeds
2.4 kV. The procedure below describes how to ramthe voltages safelyNB! Do not change
anything in the gas inlet system if the high voltags are on or beamline open- the mistake in
the opening/closing direction of the valve may dangge your detectors (they should never be
on if pressure is higher than 5x18Torr) and compromise the UHV environment of the
beamline!!

5.1 Ramping up the high voltages

The voltages below are not the only possible ongsate just chosen as an example. In
general, the voltages of various elements can loellaged relative to the desired field in

the interaction region, practically relative to Fijdr FEM) as shown on the right hand

side of the chosen voltages. The final adjustmérthe voltages should be made by
optimizing the signal (intensity, line shape andtviof atomic peak).



UFFMCP -3360V 8.4xFIM (:DT)

Usemce -1260V 8.4xFIM +2100 (=DT+2100)
Uwmcre -3230V 8.4xFIM+130 (=DT+130)
Upt -3360V 8.4xFIM

ULens -1760V 4.4xFIM

Urm -400V FIM

Urem +400V -FIM

U263 -100V -100

Ue_side MCP +254OV +2540

Power up both NIM bins (upper one is needed to palae LeCroy preamp box) to begin
ramping up the voltages. Turn on the scope. Itusmrecommended to use a multimeter
to read the analog outputs from the power supibesy Bertan 362, 365 and 362/365
supplies has such outputs in the front): conneet dlounding probe (black) of the
multimeter to the GND plug of the lower NIM cratadathe signal probe (red) of the
multimeter to the analog reference output of the $i\dply; the output is located in the
middle of the front panel of the supply. Left masttput (black) is for channel A and
rightmost one (yellow) is for channel B. The anatagput’'s 1mV corresponds to a Volt
of the HV output (i.e. if multimeter shows 1.260hetactual HV is 1260V).

Start by ramping up the voltages of the ion detedfothe chamber has been vented
recently, increase the voltage in step 5 with ¢ameall steps and wait after the increase;
typically wait one minute after an increase of 1p0Me procedure is following:

1. Power on FFMCP supply, Power on BBMCP supply

2. Ramp up FFMCP to -600V slowlyand after that BBMCP up to -500V (the latter is
achieved by rotating the rough adjustment knobstep)

3. Increase FFMCP to -1200\and after that BBMCP up to -1000V (use the rough
adjustment knob again)

4. Increase FFMCP to -1608\and BBMCP to -1260V (to achieve this, leave thegto
adjustment knob to 1000V setting and use the fajesément knob to get reading 260
to the potentiometer)

5. Increase FFMCP to full -3360V slowlyyou should see some signals in the scope
already at around -3000V

1 If the ramp is done for the first time after theamber was vented, ramp-up speed should be lowt aBd/sec
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Although the detectors are designed to stand hagtage differences, the rest of the
elements are not — therefore it is better to rasléages in stages to avoid very large
voltage differences between adjacent elements.ekample instead of ramping up the
MCPG directly to -3200V, ramp it up to -1000V amen ramp up the DT also to -1000V
and then continue with MCPG and DT until desiretfages are achieved.

6. MCPG up to -3200V

7. Drift tube (DT) up to -3360V
8. Lens upto-1760V

9. FIM up to -400V

10.FIM up to 400V

11.G2, G3 up to -100V

Finally turn on the HV for electron detector froncM® control (2540V). The control
window shows the actual value of the high voltagevpled — it takes some time to ramp
up to the operation voltage — again, use scopeédisat everything is fine (i.e. no huge
signals of high frequency noise).

lon TOFs have typically very good transmission dses the electron detector because it
sees the sample point directly); therefore it istdseto have quite small slits in the
beamline before letting light into the interacti@gion when the HVs are on. Start with
10/10pm entrance/exit slit and open/close thosemeéded — with typical working
pressure, this setting should provide signal rafeabout 1 kHz even at low energies.
Avoid very high signal rates as they reduce ttedihfie of the MCP plates.

5.2 Ramping down the high voltages

When the experiments are done or there is othed teeeamp down the voltages (for
example change the sample gas or decrease/indteageessure), do it in the opposite
order to one shown above.

5.3 The ladder and its effects on background counts

The gas is introduced to the interaction region butxtends quickly to the whole
chamber. Therefore ions are produces in the chamtbardistance of almost 1m. The
ions created can see the extractor and repellenesesnd both electrons and ions are
accelerated towards the interaction region. Byohiicing an aperture (see Appendix 3)
the distance where ion are produead see the interaction region is reduced.
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6. Measurements and the software

The TDC board is connected to epics system uséldeaCLS. There are two ways to use the
TDC: to record a TOF spectrum (this can be donegugie software developed for this purpose)
or to use TOF data as just another input chanrreUer Data Acquisition software (this is

suitable, for example, for measuring TOFs as atfancof photon energy). Both ways are

described in detail below.

6.1 Measurements using ‘Time of Flight’ software

The software is started by double clicking the ‘@inf Flight’ icon (see Fig. 4 below) in
the desktop of any of the beam line control comysute

Time of Flight Controls

integrate.  Integration time

_ Stopped | 10005

TDC Controls

Start TDC Continuous Event data as:

Chi ROID Chl ROID ChZ ROI0 Ch3 ROID

0 0 0 0

Scaler Controls
Integrate Continuous

[ stoppea |[ tomar |

Cchi Chi chz Ch3

16 Count | 0 Count 0 Count 4 Count

Saving Event-by-Event TDC Data in:

directory: 7home/pgm/Desktop/USERS/Sankariy  TMe Seq

] number
with filename - =
root isrgon_ ]

Figure 4. Desktop icon for Time of Flight softwareand the following main window.

At this point, the most important information istime bottom of the window where one
chooses the destination directory and the nameséwing the experiment. Another
important button is the one in the upper part @& window stating ASCIlI Stream. By
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clicking this, a list appears and the user can sadetween ‘No stream’, ‘Binary stream’
or ‘ASCII stream’. Although the ASCII format data not as effectively packed as the
binary data, it is far easier to handle with mdghe analysis software.

To record a spectrum and to change the settingseof DC card one must first click the
uppermost CONFIGURE button in the window. This wilen another window (Fig. 5)
where are all the required controls.

Save User

Header/Trailer Configuration

Clear Histograms On Record

Load User

Clear Buffers On Record Configuration

Bus Emmor

Load Default [

Almost Full Level Configuration

Rename and number i birectore | i
e oo nuber, | moveEventoata in ry | Momelpymbin

INL Compensation

Channel Enables

Win Width (+25ns) ext search Win Offset Reject Margin
o [Enabled J | J)

Setpoint 360 8 410 4
feedhack 260 8 -#10 4

PairedResolution PairedPulseWidth

Edge Detection ps __l

C}

UnPairedResolutior

Channel Dead Time
Between Hits

Max Hils Per
Event

Readout Fifo
Size

[ ho umie ]

Figure 5. Configure window of the TDC board.

The user adjustable settings are in the lower righiner. The button labelled as
‘UnPairedResolution” defines the bin size (or chanwidth) used. This value is
hardware related and all the possible values alecith the ones given here. To change the
value, click the button and choose desired valomfthe list (25ps, 100ps, 200ps, and
800ps). Other relevant values are ‘Win Offset’ awin Width’. These parameters are
related to the way the TDC is used. As describe€lapter 4, the electron and ion
signals are fed to the TDC directly without anyaysl or stretches whereas the trigger
signal, which comes from the pre-coincidence ctraaidelayed. The ‘Win Offset’ tells
the TDC how far away back its measurement windoaukhgo relative to trigger to
cover all the events (both electrons and ions). e Width’ defines the width of the
window starting from the place defined by the ‘V@ffset’. Both of these parameters are
given as multiples of 25ns (again, dictated by hhedware). The values seen above, -
410 (corresponding to 10250ns) and 360 (correspgniti 9000ns) can be changed by
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clicking the values — those should match the raofjenterest and can vary from
experiment to experiment.

At the top of the window, beside the active CONFRRJtab, is the TRIGGER MATCH
tab, by pressing that, the actual measurement wiragipears (see Fig. 6):

[ V1250N MultiHit TDC

[ Configure | Triggertateh | Continuous |  Steam Eventhy-Event data as: [

Start TDC  Integrate Intagration Time Record Data  Clear Histograms L [ —————————— ] Amostran
‘Stopped .300-0005 Update ||| Stwpmi ) Clear I Ready Rootname: | Targon_ Index: ‘9 Full E

All Histagrams

Bins {800 ps

Chamnel 3 (1215) | | HOWO
o

Channel 0 (0-3)

Figure 6. Trigger Match window.

The spectrum acquisition time is set as the ‘lraggn Time’. After that, the TDC must

be started by pressing the button ‘Start TDC’ —ldb#on should change from ‘Stopped’
to ‘Running’. The experiment begins by pressing art —button. After the set

integration time, the spectrum appears both to uppd lower panels. The upper panel
shows both electron and ion arrival time with electarrival being set as time equals
zero by software — therefore the ion signals arelhpavisible in that panel. The lower

panel shows the ion time of flight relative to #meival of the electron signal. The x-axis
is in channels (or bins) and to obtain the actlight time, the bin humber must be
multiplied with the bin width.

To save the spectrum, you should press the gresare‘Bvent Data’ button. By that, not
only the histogram (the one seen in lower paneghefTrigger Match Window) but also
the list-form data is saved — the latter kind ofads needed if one wants to find out
whether the event was triggered by one, two or nabeetrons and if the number of
detected ions per trigger is of interest. Theentfile is the list-form file whereas the

.spectrafile includes the data in histogram form for fastwing.
13



6.2 Measurements using the general ‘Data Acquisition’ software

The User Data Acquisition software is describethambeamline manual. There are three
TOF related configuration files available and eaxperiment is described shortly below:

ioad Configuration File
Create Dir Delate File | Rename File |
fomespgmiDeskiop/USERS
Directories & |Files &
o Energy_Scan. ToF_asGasCell
oF Energy_Scan_ToF_asGasCell_with_scaler
§ MEW. Energy Scan USERS
& Prafty PGh PY names. sy
Ar ToF testf TaF_Energy_Scan_ USERS
Asvraths #EQL_Energy_Scan USERS
Bancroft k¢
Cawell R
Cialais -
Miffarant Canficnratinne? ;
Belection: shamespgm/DeskiopUSERS
Dk | Cancel |
L _1

Figure 7. Configuration file choices including the three T@ated files.

6.2.1. ToF_Energy_Scan_USERS

In this configuration, the TOFs are recorded atgheton energy range (and step)
defined in the scan tab. The acquisition time toe TOFs can be set in the
beamline control window (see PGM User Manual):ititegration time (‘dwell’)

in the window controls the acquisition time of sééel instruments Typical
values range from 10...60 seconds depending on tdmalsstrength. After the
scan is finished, two files are produced:

» gpectrum.dat files contain the ‘normal’ information of tsean: the values
of the PVs, photon energy, ring current etc. aneedan column form,
each row corresponds to one energy position. Iitiaddo conventional
information, this file has extra columns that shtve readings of the

2Users can choose which instruments are controliedhle dwell time set in the beamline control window
(tmax=300s). The default is scaler & Keithleys but al€oF (V1290TDC) and XEOL (USB4000 spectrometer) can
be included using the Beamline Dwell Time —shortduhe desktop (use Configure —button to add @syic
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scalers. They are used to record the number ofretecand ions directly
(well, in theory, the practise is not so straightward...see below) from
the detectors and they provide the total electnmh tatal ion spectra in
addition to those obtained with Keithley Picoammete

» gpectrum_spectra.dat files contain the TOFs recorded ah gdwton
energy of the scan. The format is simple: every cowesponds to a TOF
spectrum i.e. the rows are of the type:

binl_of TOF1, bin2_of TOF1,..., last_bin_of TOF1...and same for e-TOF
binl_of TOF2, bin2_of TOF2,..., last_bin_of TOF2...and same for e-TOF

These files are quite big but the format is cleat @asy to read in. Usually
the electron part is omitted completely i.e. onlgtfhalf in each row is
read in. At the moment, it is not possible to stuglgctron-ion-ion
correlation as function of the photon energy beeansdividual list files
are not saved in this mode.

The scalers..as told before, the ratemeters representing thetrefe and ion
signals are connected to Keithley Picoammetersutird K2 resistor. The output
of the Keithleys is connected to the beamline datquisition electronics and
therefore we can have information about the sitgadls both in electron and ion
channels. There are, however, some complicatiolserk to this setup: The
ratemeter must be in proper scale to give reasenahtput. Secondly, the
ratemeter is a bit slow in reacting to the changlsrefore it might generate
artefacts in fast scans. To overcome these diffezjlthe electron and ion signals
are connected to the scaler unit located in oneheffull size racks of the
beamline. The signals can be taken from the FANFAN-OUT unit in the
timing half rack. The electron and ion signals taken from one of the available
outputs to the input of the NIM-TTL-NIM level ad&ptsituated in the same NIM
crate. The TTL level signal is connected to a LEM®@e piece with a 30
terminator in one end. The remaining connectorhef Tee is then connected to
the input of the scaler. Currently, the electrons @nnected in channel 1 and
ions (with similar Tee piece) to channel 4. Simylao the TDC card, the data
acquisition time for the scalers must be set seéglgréo, e.g., 5 seconds (double
clicking the ‘scalers’ icon in the desktop).
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6.2.2. Energy_Scan_ToF_asGasCell

When the TOF is installed into the beamline, it ¢@nused e.g. for resolution
tests by putting for example Argon in and studyitsgabsorption structures by
recording the total electron and ion yields througithleys. This is quite useful
mode but one should pay attention to the settifghe ratemeters. This mode
requires only that the ratemeters are connectethdoKeithleys through Xk
resistor boxes.

6.2.3. Energy_Scan_ToF_asGasCell with scaler

This is an extended version of the previous coméigon; this requires that the
scalers are connected as described above; thisolsalgy the most suitable
configuration if TOF is to be used to define thealation of the beamline. Note
that the dwell time for the scalers is limited mmigly to 215 seconds — after that
time, the scaler simply stops and direct comparisetween the TDC counts and
the scaler counts is not possible anymore. Theldimet for the Keithley signal
is also limited (by the software) to 20s. The lattestrument is measuring just
current, which means that only the statistical rersoaffected by shorter-than-
intended dwell times whereas the scaler signatsighcounts) might look strange
in comparison to other values.

The Beamline Control Panel’s dwell time settingnsted to 20sby default. This
can be changed #00sby giving following command in the terminal window

setLongDwells.sh "long"
To change back to default, one can give a command:

setLongDwells.sh

16
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Page 1 of 11

Setting Up Time of Flight Acquisition System

From CID

Note: this document is still a very rough draft.

Contents

n 1 Initial Setup
» 1.1 Hardware
= 1.2 Software
= 2 Parameters
m 2.1 The Problem
n 2.2 The Adjustments

2.2.1 Trigger Delay

2.2.2 Data Pulse Stretcher
2.2.3 Window Offset
2.2.4 Window Width
2.2.5 UnPairedResolution

3 Adjustments for Experiments
n 4 Testing with Signal Generator
n 5 Troubleshooting

= 5.1 NIM Electronics

n 5.2 VME TDC

Initial Setup

Hardware

For the moment, most of the electronics is in a rolling half-rack that contains 1 NIM bin, 1 VME crate, and 1
Linux IOC (currently IOC0000-009).

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition Systemé&pri...
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The NIM bin should contain at least these modules:
u
u
u
u

The VME crate should contain at least these modules:

CAEN N454 4-8 Logic Fan-in Fan-out
CAEN N485 3-Fold Logic Unit
CAEN N89 NIM-TTL-NIM Adapter
CAEN N938 Dual Timer

m SIS 3100 Gigabit Crate Controller
= CAEN VI1290N TDC

Most of the wiring and other connections should be in place, however when the rack is moved, the external

http://wiki.clsi.ca/index. php ?title=Setting Up Time of Flight Acquisition Systemé&pri... 14/10/2008
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The NIM bin should contain at least these modules:

n CAEN N454 4-8 Logic Fan-in Fan-out
s CAEN N485 3-Fold Logic Unit

= CAEN N89 NIM-TTL-NIM Adapter

s CAEN N938 Dual Timer

The VME crate should contain at least these modules:

m SIS 3100 Gigabit Crate Controller
s CAENV1290N TDC

Most of the wiring and other connections should be in place, however when the rack is moved, the external
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services are disconnected.

Connect the Linux PC's network card to a network port on the 10.111 subnet.
Connect the rack's power bar to an AC outlet.

Power up the VME crate if it hasn't automatically done so.

Power up the NIM bin

Turn on the Linux IOC

Further configuration is discussed later.
Software

The control software starts automatically when the Linux IOC is rebooted. All that remains are the user interfaces
(UI). But some explanation is required before proceding.

Parameters

The settings for the Time of Flight Acqisition System requires some careful thought in advance. It helps to have a
pulser and oscilloscope to make some of the adjustments. Also, you may have to iterate adjustments in hardware
and software.

The Problem

The main problem is that the V1290 TDC does not measure the timing difference between the trigger and the data
inputs, rather it records time stamps. This means an accurate time of flight requires measuring the trigger's time as
if it was a data signal. Often there is no correlation between the trigger and the real data, so one ends up with a lot
of data that is actually self-timed trigger times (i.¢. junk). Thus we are forced to impose an external correlation so
that the measured trigger time is only attempted when at least one of the real data lines has data.

The Adjustments

To accomplish this the trigger needs to be delayed past the longest time of flight of interest, and the data
signals must be stretched by the same amount plus at least 10ns. This is because the timing of the logical
AND (the correlation) of the two sets of signals is determined by the signal that comes later (i.e. the time at which
both signals are on). The N938 Dual Timer has two channels, so one module handles both signals. The resulting
signal is then sent to the TDC's trigger input and one data input.

That signal comes much later than the data signals, which is good because the TDC requires this. All that remains
is setting up the TDC. The V1290 has a programmable correlation window, in both width and offset from the
trigger signal, and it has a programmable time resolution. The window width is measured in increments of 25ns.

So, there are 5 parameters to adjust, indicated in the pictures below:

Dual Timer channel 2: trigger delay

Dual Timer channel 1: data pulse stretcher
UI: Window Width (Win Width)

UI: Window Offset (Win Offset)

UI: UnPairedRsolution

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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Stretchad

Looking at the picture of the NIM electronics, above, there are only two components that normally need to be
handled by a user: the Data Stretch Adjust and the Trigger Delay Adjust, both indicated in green. For each of
the adjustments, the lower knob provides fine adjustment, and typically this is all one ever needs to change. Do
not adjust or disconnect any other component shown (e.g. highlighted in yellow).

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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Win VAdth ("25ns) ext search Yin Offset  Reject Margin
 Betpoint 160 a8 Alg0 4
Teedhack 160 8 120 1

FalbedBesoludion ' PapredPulaeVdih

Edye Detection

UnPairedResolutior

Looking at the picture of a section on the User Interface's configuration panel, the 3 controls of interest are the
Win Width, Win Offset, and UnPairedResolution, indicated in green. Clicking on the control will pop up an
input panel.

Trigger Delay

The trigger delay (channel 2 of the CAEN N938 module) should be longer than the longest time of flight of
interest. If you know the ions of interest will take 5 microseconds on average to arrive after the undelayed trigger
and no more than 10 microseconds, then the trigger delay must be at least 10 microseconds long. Don't make it
excessivly long (e.g. twice as long is too long), as that will impact your counting live time. But it should be at
least 10 ns longer, to accomodate electronics response time.

For measurements with very short flight times (e.g. in tens of ns), you may find the above rules a bit off, That's
because signal propagation can be altered significantly by electronics and wiring at those time scales. You will
have to use trial and error to determine if you need more delay or have too much delay.

Data Pulse Stretcher

The data pulse stretch (channel 1 on the CAEN N938 module) should be wider than the range of interest of ion
arrival times. Another way of looking at it is that it has to be long enough that the earliest ion of interest will catch
the delayed trigger before it closes. In principle, that means the stretch should be as long as the trigger delay
above. You should add at least 10 ns to accomodate electronics trigger response time.

However, not all events with the shortest times are of interest, so you can shorten the stretch to the width of the
window of correlation relative to the longest flight time of interest. For example, taking the earlier example,
suppose you are not interested in events that arrive earlier than 3 microseconds after the undelayed trigger. Then
instead of making the stretch 10 microseconds (the trigger delay time), make it 7 microseconds.

Again, for short flight times, there is bound to be a lot of variance, and some trial and error will probably be
needed to determine the final adjustments.

‘Window Offset
Again, this is independent of the data pulse stretch and trigger delay. This parameter shares a characteristic of the

data pulse stretch in that it is measured from the delayed trigger. Thus it tends to be negative. The control values
are in units of 25 ns, i.e. § units on the control panel is 100 ns.

Using the same example, we decided to set the pulse stretch to 7 microseconds, so we could set the offset to -280.

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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But that might result in the loss of the earliest events in our coincidence window or in our range of interest, so we
setitto -285 (i.e. earlier by 125 ns).

‘Window Width

The window width in the TDC is independent of the previous parameters, thus it must be adjusted to match
separately. As with the Window Offset, the control values are in units of 25 ns. Basically, try to set it wider than
your range of interest, and wider than the stretched data pulse. Further, you need to consider the Window Offset,
which should have been set earlier than the earliest of any of the data/ion channels and the measured trigger
channel (12). The ext search and Reject Margin should take care of all this (defaults are 8 and 4 bins, or 200 and
100 ns, resepectively), but nonetheless, you should add at least whatever offset you added to the Window Offset.
This ensures that other instruments (like scalers) will see the same correlations as the TDC if they also use the
coincidence signal. Note, with this TDC, data signals that are counted by one trigger are still available for other
triggers, so accidental correlations for signals that fall outside the hardware coincidence and inside the TDC
window are not lost.

Using the same example, we decided to set the pulse stretch to 7 microseconds. We could set the width to 280, but
we had set the offest 5 bins more negative or earlier, so we need to make this at least 285. But to make sure we
catch the latest events of interest, particularly associated with the hardware coincidence window, we add 5 more
bins, or 125 ng, for a total of 290.

UnPairedResolution

This is the bin resolution of the TDC data; you will not get any times separated by less than this quantity. It has no
impact on the window width and offset settings, thus it is completely independent of all of the other parameters.
However, if your detector and associated electronics is capable of better resolution that your current setting, you
might consider setting this to smaller values.

Adjustments for Experiments

On any OPL,

double-click on the "Time of Flight" icon. A small control window should appear.

n there are two "Configure” buttons. Click on the upper one (in the "TDC Controls” section). A large
window with graphs should appear.

If the "Start TDC" button shows "Running”, stop it. That should enable the "Configure" button in the upper
left.

click on the "Configure” button. This should change views in the control window.

Testing with Signal Generator

Ru's signal generator is configured to run at 1kHz with it's output channel mimicking an electron arm and it's
trigger output mimicking an ion delayed from the electron by 500 ns. To use it:

plug in and turn on the signal generator

plug the output (left plug) to the Trigger Input Fan-in/Fan-out section.
plug the trigger output to the Data Input Fan-in/Fan-out section.

press the Recall button

select Setup 1

press the button next to the Recall menu item on the screen

press the On button above the output

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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This should set up the generator with the following settings:

Frequencey: 1kHz
Delay: 500 ns
High: 0V

Low: -900 mV
Width: 999.0 us

If you need to change something, press the Freq/Period button, or similar.

On an oscilloscope, you should see:

n the leading edges of the Trigger Input and Trigger Delay OUT matching closely

the Data Input 500 ns later

n the trailing edge of the Trigger Delay OUT matching closely to the TDC Trigger Input, if the timings are
set correctly

n the trailing edge of the Data Stretch OUT closing some time after the trailing edge of the Trigger Delay
OUT, if the timings are set correctly.

Troubleshooting
NIM Electronics
Check the following indicators:

» red LEDs on right side of Data Stretcher and Trigger Delay: these flash when data and trigger signals are
present

s red LED on top right of Coinc module: this flashes when viable correlations exist between data and trigger

» yellow LEDs on center of Coinc: the top two should be lit

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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Stretehad
Dats Ot

If the red LED on the top right of the Coinc is not flashing, then the Stretched Data and the Delayed Trigger are
not overlapping.

n if the top two yellow center LEDs are not lit
» make sure the toggle switches are fully to the right
» make sure the other two switches are fully to the left (unless, the third one really is in use, e.g. ring
timing signal).
n if that isn't the problem, then the timing is off
n plug one channel of an oscilloscope into the OUT of the Trigger Delay Adjust, and trigger on this channel
= You should see a long pulse: the leading edge corresponds to the start signal going into channel 12
of the TDC and the traling edge corresponds to the delayed trigger.
n the latter must fall within the window of the Stretched Data.
m plug the second channel of the oscilloscope into the OUT of the Data Stretch Adjust
= You should see a long pulse, comparable (but not identical) to the other scope channel. It should

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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generally arrive after the latter.
n The trailing edge of scope channel 1 should fall within the stretched pulses of interest on scope channel 2.
n If not, adjust either or both timings.
n Don't forget to make the associated change in the TDC control

If the Data Stretcher or the Trigger Delay lights aren't flashing, then the respective signal is not reaching them.

» Make sure your detectors are operational.
n Then check for loose cables (see photo above and schematic below).
» Make sure the Data Stretcher input is connected to the output of the second section of the Fan-
in/Fan-out module.
n Make sure the Trigger Delay input is connected to the first section of the Fan-in/Fan-out module.
» Make sure the respective inputs to the Fan-in/Fan-out module come from the trigger source and that
data source (e.g. electron and ion detectors, respectively).
» Use an oscilloscope and work your way from the detectors toward the strether or delay, making sure there
is a viable signal at every point.
» Make sure the course settings aren't unreasonable (e.g. between 1 and 10 us)

Lok (1] YHE
TTL-HIK  Fan-by'
foapler  Fansont

Data
Dietacior
SR ',x";
Tipning
VME TDC

Check the following indicators:

n yellow Data Ready LED: should be lit if triggers arrive at TDC
» red Buffer Full LED: should never be lit
» yellow Data Ack LED: should flash pretty much all of the time

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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If the Data Ready light is not on

n TDC IOC application may be idling
n check that the TDC GUI is running in "Running" mode
n there may be no triggers
m check the source (e.g. detector may be off)
n check the NIM modules as per NIM modules troubleshooting, starting with the Coinc

If the Data Ack is not flashing, chances are the TDC IOC application is hung up or not running at all. In either
case, restart the IOC application (see setup instructions above).

Buffer Full should only heppen under high data rate conditions, ¢.g. above 100 kHz. When that happens, chances
are you must restart the IOC application (see setup instructions above).

http://wiki.clsi.ca/index.php ?title=Setting Up Time of Flight Acquisition System&pri... 14/10/2008
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For more expert help, consult Ru Igarashi, David Beauregard (esp. for TDC control software), or Johannes Vogt
(esp. for NIM electronics).

Retrieved from "http://wiki.clsi.ca/index.php/Setting Up Time of Flight Acquisition System”
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