ToF-CIMS, IMS-TOF, and FIGAERO
DAQ5

Event Trigger Mode

ePToF

Friday - “CIMS and ToF-AMS DAQ updates”
Sunday - “Overview: Event Trigger and ePTOF”

il



Over 40 instruments

US, Europe, Asia
Lab, ground sites, aircraft, RVs

Collaborative user community — similar to AMS. 60
attendees at this year’s users meeting. Next meeting
will be in Finland in Spring 2016.

“Tofware” Advanced analysis software — paradigm
mimics Squirrel. Led by H. Stark and M. Cubison.
Diverse applications

lon chemistry -> Different classes of compounds
FIGAERO Inlet -> Aerosol and gas-phase sampling

Aerodyne ToF-CIMS

il




ToF-CIMS Hardware

Same TOF as AMS (CTOF, HTOF, or LTOF)

High pressure ion sources. Easily interchanged. 1N
*“APi” natural ions
*Po or x-ray IMR (Acetate, |-, Water Clusters) APl —=< _Lgl_
*Nitrate (aka, CI-APi)
*EESI (As presented by PSI, coming in 2017) = =
3 stages of differential pumping between source and 0 [I [I
HV pulser
*2 RF-only quadrupoles (SSQ, BSQ) 00O T Ml 5
*Focusing lenses controller |

1

1

1 1
1 1
1 1
1 1
1 1
1 t 1
[ 1

‘ 1 > preamp

SOOI,
R

l00do0oDO0OO0OODOa0
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LTOF and HTOF Versions

LToF-CIMS was released in 2016
1.5m

* Size: Same footprint, ~¥2x height of HToF-
CIMS

e Sensitivity: Approximately equal to HToF-
CIMS
0.8 m
* Resolving Power: 2x the HToF-CIMS,
approx. 10 000 and 5 000
 New acquisition mode (currently
being evaluated) that increases R of
LToF-CIMS 20 to 30%

LToF-CIMS HToF-CIMS

il




50 - 500 mbar

Flow Tube

Po-210 or X-ray ionizer
Acetate, H30(H20)n, I, ...
Compatible with FIGAERO

Nitrate

* 1000 mbar

* Drift Tube

e X-ray ionizer

* Nitrate

* Not compatible with FIGAERO




FIGAERO

TC for gas temperature

Zero air ¥
desorption flow d Desorption gas heater
From MFC

Heater, fan I Teflon Gas Inlet

and TC
connecto

; 4
Aerosol Inlet iy
gy |

Filter Inlet for Gas and Aerosol

* Mounts to face of IMR, replaces standard gas-phase inlet
e Parallel gas and aerosol inlets oriented into IMR
» Alternate gas / aerosol sampling by movement of linear actuator
Step 1 Gas sampled into IMR, while aerosol collected on filters
Step 2 Collected aerosol thermally desorbed into IMR, with no sampling of gas phase

e Sampling cycle programmatically controlled by EyeON electronics and software




lon mobility spectrometer (IMS) coupled to an API-

TOF

IMS separates ions by collision cross section (CCS)
e 2D separation increases peak capacity and

improved identification
* Resolve isomers — not possible with MS
Optional collision induced dissociation (CID)
between IMS and MS

Atmospheric-pressure, drift-tube IMS

l

Highest resolution of any commercial

IMS-TOF

\IMS
|

:

Reflectron

Detector

Pressure and Temperature Controlled IMS Cell Interface
lonization !
Nitrate ClI #- lon _'_' il
Gate I | ——
ESI i T I I I " I I Extractor
. L 100 mm |, 200 mm |
ESI Desolvation IMS Drift Tube

HTOF or LTOF

il




How does IMS work?

1. lons are generated
but stopped by the ion
gate

Electric Field Gradient

Resistive Glass Tube

ﬂ E | qMS

lon Generation lon Gate Detection
CLOSED

Slide from M Groesl, Tofwerk

il



How does IMS work?

2. lon gate is opened, Collision cross section o

ions are separated in depends on size, shape,

the drift tube and charge and mass 2>

detected by TOF MS Electric Field Gradient complementary to MS and
> chromatography

Resistive Glass Tube

Isomers

= THX  ofm

Collisions with the drift gas

lon Gate
OPEN
o = integrated collision Q=ion charge
1/2 cross section E = electric field
3 (2w QE  p=reduced massofthe . .
o = — . vy = drift velocity
16 ukT van analyte and the drift gas

, n = neutral gas number
k = Boltzmann’s constant

Slide from M Groesl, Tofwerk density

T =temperature

il 2



IMS can replace LC

Glucose Fructose
CH,OH
0 CH,OH 0 ' 1. Fructose
’ LC: 2 Glucose
OH HO . . 3. Sucrose
HO on © CH,0H Run Time > 20 min 4 Maltose
P 5. lactose
OH OH 1
CH,0H CH,OH ‘
. ) ,f O o H - ) T
H > L H H H BA1
AN CH,0H Nl
H OH OH H H OH
Sucrose Lactose
(a-p-Glucopyranosyl-(1— 2)-B-p-fructofuranose (B-p-Galactopyranosyl-(1— 4)- 0.-D-glucopyranose
1 | 1 ] ]
a 4 8 12 18
Min
IMS:
1-min analysis!
Maltose
(a-p-Glucopyranosyl-(1— 4)-a.-p-glucopyranose
Glucose Lactose
a Sucrose
& Fructose ] Maltose

356 36.0 364 368 372 376 380 384 388 39.2
IMS drift time (ms)

IMS drift time (ms)

dl; 10



Atmos. Meas. Tech., 9, 3245-3262, 2016 Atmospheric

www.atmos-meas-tech.net/9/3245/2016/
6x10 — doi:ll].lS194famt-9-[;245-2016 Measure_ment
© Author(s) 2016. CC Attribution 3.0 License. Techniques
2 o
S 27
0 J ‘Ll L‘LA A . proy o . N i .
100 200 300m i 400 500 600
60 A L Ion mobility spectrometry-mass spectrometry (IMS-MS) for on-
Averaged and offline analysis of atmospheric gas and aerosol species
x-range
g 50+ %,’ S m/z 50 - 600 Jordan E. Krechmer!-2, Michael Groessl®, Xuan Zhang*, Heikki Junninen®, Paola Massoli*, Andrew T. Lambe*®,
% o Joel R. Kimmel*#, Michael J. Cubison®, Stephan Graf®, Ying-Hsuan Lin’#, Sri H. Budisulistiorini’-", Haofei Zhang'-,
RS ‘g Jason D. SurrattT, Richard Knochenmuss3, John T. Jayne4, Douglas R. Worsnop“‘f', Jose-Luis Jimenez"z, and
;:_," = Manjula R. Canagaratna®
§ 401 : 33 1
8 ‘ 5 ' ﬁ m/z 315
g | ® - : /2 333
2301 f ‘ C——— 28 40-_- O O O@ "
Spesil s 10° 10 10' ] :
| ‘ g Counts 6“‘ 1 dimer
£ ' ! ! ' ! @ e 5,35_'_
100 200 300m/z 400 500 600 C; © :> O§ g | | /=215
ounts o :
- i @ @
- 2 - g dé 301 . monomer 9S04
Application of IMS-MS in SOAS campaign 5 V]
. . . T 1 OH
e Real-time gas-phase measurement with Nitrate CI & 1 meo7 .
5 5 . . . © ]
e Offline aerosol filter analysis using ESI. Resolution of WSOC Q 257 oH
isomers (not possible with MS alone) & sulfate
20,,,,,,
Above: 2D IMS-MS of complex sample 100 150 200 250 300 350 400
Right: Oligomers align on 2D trend line; structure confirmed by CID m/z
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site.google.com/site/tofamsdaq

 Downloads
* Release Notes
e Manual
* FAQs
e Updated with real questions!
e jkimmel@aerodyne.com
* Always available for questions and suggestions

Current Version(s)
Version Release Date Stability |Notes
41.0 05-May-2015 If upgrading from earlier DACY version note **Additional dils required for versions 4.0.28+** and change in NIDAGm= version (see table
below)
EXE only: 31-July-2015 heta \ersions 5.0.7.5 and above require
5.0.7.5 * Tofdaq File Version 1.99.395.0 or higher

Zipped directories (contains 5.0.7.5):
Unzip and save these files to C/AMS/exe dir
Unzip and save these files to C/AM Sitofdaq dir

* ADQ FW 18585 and ADQ API 19045
* Singlelon 2.3

See these instructions for checking your current Tofdaq Version
See these instructions for checking your ADQ FW and APl version

If you require a FW/AFI upgrade, contact Joel before updating to 5.0.6.0
Ifyou require a Tofdaq upgrade, download both of the zipped directories and copy/save files to the appropriate directories on your PC,
overwriting exsiting files

* The exe dir contains AMS DAQ 5.0.6.0 and three required Tofdag dlls

* The tofdaq dir contains Tofdag 1.98b (30-Jul02015) exes and dlls and Singlelon2.3

If you have the proper Tofdag version and only need the latest EXE, download the exe and save to C/AMS/exe

For PCle versions of the ADQ, itis recommended that you set TofdagRecorder exe (found in C/AMS#hofdag) to run as Administrator. This
reduces the risk of Windows hanging when acquisition switches toffrom Event Trigger mode.

il



Latest Versions

Current Version(s)
Release Date Stability |Notes
41.0 05-May-2015 ) i ﬁupgrading from earlier DAQ4 version note **Additional dils required for versions 4.0.28+** and change in NIDAQmx version (see table
below)
EXE only: 31-July-2015 beta \Versions 5.0.7.5 and above require
5.0.7.5 * Tofdaq File Version 1.99.395.0 or higher
* ADQ FW 18585 and ADQ API 19045
Zipped directories (contains 5.0.7.5): * Singlelon 2.3
Unzip and save these files to C/AMS/exe dir
Unzip and save these files to C/AMS/tofdaq dir See these instructions for checking your current Tofdaq Version

See these instructions for checking your ADQ FW and API version
If you require a FW/API upgrade, contact Joel before updating t0 5.0.6.0

If you require a Tofdaq upgrade, download both of the zipped directories and copy/save files to the appropriate directories on your PC,
overwriting exsiting files

* The exe dir contains AMS DAQ 5.0.6.0 and three required Tofdag dils

* The tofdaq dir contains Tofdaq 1.98b (30-Jul02015) exes and dlis and Singlelon2.3

If you have the proper Tofdaq version and only need the latest EXE, download the exe and save to C/AMS/exe

For PCle versions of the ADQ, itis recommended that you set TofdagRecorder exe (found in C/AMS/ofdaq) to run as Administrator. This
reduces the risk of Windows hanging when acquisition switches to/from Event Trigger mode

 4.1.0: Most widely used version on AP240 systems. No change in past 1 year.

 5.0.7.5: Latest release of DAQ5. (Sept 2016)
* For DAQS5, also check Tofdag versions, too




DAQS5 controls
the new variety
of hardware
configurations

User interface
adjusts based on
combination of
components in
use

_______lpaad DARs |

AP240

N16024E “Slow board”
TPS1

MS, PToF, FMS

Light Scattering
ADQ1600

ePToF

mini-AMS

TPS2

Event Trigger SP Mode
EyeON Electronics Box

Time Resolved Chopper
Movement (MS)

Auto-tuning

X X X X X

X X X X X X X X X X X X

DAQ5 also compatible with other NI cards

In beta for DAQ5 — runs simultaneous to ET

In beta for DAQ5

Can be used without AMS DAQ; DAQ5 has
some hand-shaking

il



Control of New Electronic Box (EyeON)
* Replaces slow board
 Pump control to be added soon

Time Resolved MS Data after Chopper Movement
* New dataset added to HDF file structure. For each run, this dataset
shows the first few seconds after chopper movement (for open and
closed) with 0.5s resolution.

Light Scattering
* Light scattering data will be acquired simultaneous to Event Trigger SP.
LS and MS data will be aligned in post processing based on timestamps
of LS signals and recorded events.

il



Time-Resolved MS after Chopper Movement

— Data Fil ‘
- ;c'i_, Openl Open2
File(s)
[V Auto Save Data Run Number |801_47

[~ Save ITX Flles

W Save HDF Files
Max HDF File Size (MB) [100.0

[V Apply GZIP to HDF

MS / PToF Defiate |g 3: IS 5:
</P\eso!ved spectra after chopper move (0.5 s/spectrum) id ;: >
— "

Closed?2

1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4

Optionally enabled on Avg and Save Tab Standard Dataset:
MSopen=01,1+01,2+01,3+01,4+02,1+02,2+02,3+02,4
In addition to saved MSopen and MSclosed data,

creates _tr datasets, that resolve the first n spectra Time Resolved Dataset:
(0.5 s each) after the movement of the chopper MSopen_trl1 =01,1+ 01,1
Msopen_tr2 = 01,2 + 01,2
User defines number of resolved spectra, n, to Msopen_tr3=01,3+01,3
save Msopen tr4 =01,4+ 01,4

Processing functionality included in Squirrel. All of
this needs testing.




In DAQA4, LS was tightly coupled to BFSP mode.
Used to trigger download of BFSP data.

In DAQS5, LS runs completely independent of
AMS acquisition. Can run standalone or in
parallel.

For single particle data, align LS pulses and
Event Trigger events (particles) in post
processing based on time stamps

This mode needs characterization and
development!

[||] ToF-AMS DAQ

Downloads
Release Notes (V5)
FAQs

Manual (V4)
Manual (V5)
About

Sitemap

Light Scattering

See: https://sites.google.com/site/tofamsdag/manual-v5/light-scattering

Manual (V5) >

Light Scattering

Beginning with version 5.0.7.0 (March 2016), DAQS includes a dedicated window for acquisition of Light Scattering (LS) data.

In DAQ4, the LS signal was used to trigger download of mass spectra (BFSP-type data).

In DAQS, BFSP mode has been replaced by Event Trigger acquisition. the LS signal no longer acts as a trigger. Instead, LS and ET modes independently acquire anc

Acquiring LS Data

LS acquisition runs from a "pop-up” window, NOT the main AMS data acquisition window. From the main form of the software open Tools->Light Scattering

a3 Light Scattering

Acqure | Setings |

Cntr: 78
Saved Particles: 25

Baseline: 475V
Viet 487V

" Particle Drift 3000.0 us
Panticie Intensity: 119V
Particle fwhm: 80,00 us
Particle Area. 496.87 V-us

W Asoscse X W Atoscae Y

-
@ i
£ B
s -
£ 3 o P
: e
R S
-
.
% ;
i Fo
i 3
:
g 7o
i PR s
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Event Trigger Single Particle Mode (ETSP)

Conceptually similar to BFSP
AMS data are filtered to save only those spectra that have user-

defined features thought to represent particles.
Size determined by PToF time.

Reduced file size.

* 10 to 30x less data per particle than BFSP.

Extreme improvement in efficiency.

il



Single Particle Modes of AMS Depend on a Low Abundance
Assumption

Specifically, 1 particle / chopper rotation

Above this limit we cannot assume recorded signals are single particles
“Saturation”

(This point can be reconsidered if we have LS)

Example of Saturation Limit:
For flow rate = 1.3 cc/s, 2% chopper duty cycle, 100 Hz

-> 50 particles/rotation (For 2% -> 1 particle transmitted per rotation)
-> 5000 particles/sec (100 rot/sec * 50 part/rot)
-> 3800 particles/cc (5000 particles/sec * 1 sec/1.3 cc)




Particle Detection Efficiency

PDE = Particle Detection Efficiency

Best Case: Record every transmitted particle. PDE = Chopper Duty Cycle = 0.02

BFSP: PDE = 0.04 * 0.02 = 0.0008
Bottlenecked by download of large data for every

chopper

LS: 0.02 (very low concentration) to 0.0008 (High conc)
Only download chopper with particle
Download becomes bottleneck if lots of particles
Same as BFSP at high concentration

ET: 0.02

200 — o Location: C:2015_ET_measurements:
A Gat: Too, Aor 21, 2015172027
( \ graphname: Graph2_1
§ 159 Max rate comparable to
@ \ 1 particle / chopper
£ 100 \\
\D\C‘\A
. R - £
0 T T T T T T
0 5 10 15 20 25 30

Total number of Segments

Maximum number of events/s as a function of number of segments/event.
(Segment = spectrum). HTOF with ~30,000 samples per spectrum.

il



PDE for ET depends on data dimension

200 —

C& ~30,000 samples per segment
150 — I
g “Pre-segments”
2 100 = = = - e e - - - - 100 Hz |
g \
i e PN
"\'{}\,
50 R IR 1| | | “Event-segments”
0 I | l I l l | |
0 5 10 15 20 25 30 -
Total number of Segments
| “Post-segments”
PDE in ET mode will depend on the size of the data per particle
I

Total data points per particle = (samples/segment) * Number segments

Number of samples determines mass range

Number of segments is also user adjustable (see right — we will come back to this)

il




How we filter for particles

Event: A single MS extraction or series of consecutive

extractions containing signals corresponding to the
detection of a particle

* Single extractions are continuously acquired without averaging

|
JUaAJ

il



How we filter for particles

This idealized example

* Want to define an ROI that captures growing
peaks in high mass range

* # of ions/event can be as low as 1 because
there is no background

Real world considerations

* Location of large background peaks -> do we
want these within ROI

 Summed background level in ROI -> affects #
of ions / event

* lonization efficiency: Small particles may
produce very few ions and be harder to
capture (see AN data from last year’s UM)

il



/\

Particle Detection Event

/ \ TOF=25us / TOF = 12.5 us \

N 7

50 us

We may be looking for a small number of ions at any given mass/charge

 Particularly small and/or mixed particles
* lons/particle increases with pulse frequency. At expense of mass range

il



Capture as many particles as possible

The objective is to

CAPTURE as many particles as possible = Wide Net Filters

WITHOUT getting bogged down by false positives

We will use more sophisticated filtering in post-processing Don’t need to sort
particle types at the acquisition step and can also afford some false positives
** This post-processing filtering could include LS data?!?

Set trigger levels high enough to reject noise (or background) but low enough not
to discriminate against small particles

il



Capture as many particles as possible

More considerations:

User is pre-defining what a particle signal looks like
 Must always acknowledge potential (pos and neg) bias

Can we ever “know” that an event is a particle? Particularly

small particle.

* LSis avaluable confirmation

* In post processing we can play with trigger levels, do
statistical analysis of collection, compare size to # of ions
recorded, etc ...




Quick Look Window

ggggg

Experiment with ROl settings

Run ET-only experiments in the Quick Look Window
(data are save!)

[0 =fes Hlss o o = Clear | ® 1oc  © isec
r T ™ r T r v
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" GenAlt

 Fast MS « Event Trigger

Event Trigger

Duration () |20.0 <

A menu is defined as ET for Menu Switching

¥ Enable Region 1

Startm |30 3: Endm |30 3:
Minimum lons |1.00
[~ Enable Region 2
Start m |45 3: End m |46 3:
Minimum lons |2.00
[~ Enable Region 3
Startm |55 3: Endm |55 3:
Winimum lons |1.00

— Region Combination Logic

T oR % AND

Pre Segments |2 P

Define Event Filter

Post Segments |5

Waveforms/Segment |1
Bufs |1D‘D P

Wirites |1ﬂ'|3

Amount of time to continuously acquire ET data

Define # of segments

Buf and Writes define length of an ET file
A file must have at least Event = Bufs in order to be readible

Settings




Event Trigger

Duration () |20.0

¥ Enable Region 1

Startm |30 3: Endm |30 3:
Minimum lons |1.00
[~ Enable Region 2
Start m |45 3: End m |46 3:
Minimum lons |2.00
[~ Enable Region 3
Startm |55 3: Endm |55 3:
Minimum lons (1.00

— Region Combination Logic

T oR % AND

Pre Segments |2
Post Segments |5

Waveforms/Segment |1
Bufs |1DD
Writes |1ﬂﬂ

Segments

Recall that efficiency will go down as number of segments goes up

Firmware places some limits on number of segments
e Total segments <= 255
* Pre segments <= 16

il



Event Trigger
Duration () |20.0

¥ Enable Region 1

Startm |30 3: Endm |30 5:
Winimum lons |1.00

[~ Enable Region 2

Startm |48 3: Endm |46 3:
Minimum lons |2.00

[~ Enable Region 3

Statm |55 5: Endm |55 3:
Minimum lons (1.00

Region Combination Logic -

T DR i AND

Pre Segments IE
Post Segments |5

Waveforms/Segment |1

Bufs 100

Wirites |1UU

Waveforms/Segments

waveform/segment value allows us to increase the duration of an event,

while holding down number of segments

Same process as co-adding in PToF Mode

‘

Note: These summed values are used for
filtering




Dedicated Tool for ET Analysis

F

] Tofware | v2.53 | Developer Tofware| File Browser
TOFWERH @ ietonss @ [Tosseierrovser | | [“summs ] [ showiocstion | ([ acausitontos ] [ aiscaiops ] (" Browseplotana | [(Aismestamps | [l showtianie B

Pooadser [ Browse HDF ] [ Broy

2 p || Browselr |

=

] Date&Time ims | Filename | Folder on disk | Comments segment list, e.g. "2,3" or "2-6"
Diagnostics 0 2014072414:55:46 || 12600 || AMS_2014.07.24-14h55m465.h5 CH A o
. — 1 2014-07-24 14:56:53 8400 AMS_2014.07.24-14h56m535.h5 C:Harald:TOF_documents:EventTrigge
Trigger m/z: | 36;40.5-100.4] 2 2014072414:58:25 7700  AMS_2014.07.24-14h58m25s.hS C:Harald:TOF_documents:EventTrigss | trigger levels (one per m/z lst item)
3 2014-07-24 14:58:32 3500 AMS_2014.07.24-14h55m32s.h5 C:Harald:TOF_documents:EventTrigze 10
- 4 2014072415:00:40 7700  AMS_2014.07.24-15h00m40s.h5 C:Harald:TOF_documants:EventTrizse e
| Plot all Event Trigger stats for one file | 5 201407-2415:01:47 7000  AMS_2014.07.24-15h01m47s.h5 C:Harald:TOF_documents:EvantTrigze Logic Sting
6  2014072415:02:55 5600  AMS_2014.07.24-15h02mS55s.h5 C:Harald:TOF_documants:EvantTrizze [
7 2014-07-24 15:04:02 43900 AMS_2014.07.24-15h04m02s.h5 C:Harald:TOF_documents:EventTrigze P t fiters (will ov ite iz list]
8  2014072415:05:09 4200  AMS_2014.07.24-15H05m09s.hS C:Harald:TOF_documents:EventTrigge AU SRR IS
9 2014072415:06:16 700 AMS_2014.07.24-15h06m165.h5 C:Harald:TOF_documents:EventTrizze ]
10 l 2014.07-24 16-07-05 7700 AMS 2014 07 24-16h07mNS< hG C-Harald TOF doacrimeants-FuantTries: ¥
< i b
P ET _SegPlotidisp_Hist,...... =]
mfz| 36 display# [100 | start# |0 8 mecingex[8 |2 @ pToF O point number
/| individual /| ions per evenl sum istogram : istogram || show filtere iter... )1 show 10,100,1000nm DVa
dividual t [] [¥] hist [] ROl histogram [] show fitered [ Fiter.. ][] show 10,100,1000nm DV
14 —
HDF _filelD_0: — 100 £0
12— all segments shown on pToF scale ' o
3 O
GetList » ToF hist L 80 =
B I event pToF histogram =
- ()| create new | EEEEEEEEE | 10 sl et moflos, iz =38 24 3
F_ID2 todo-wave | [ 1oag | [ save g 5 s e s s = g & a ,;
— = = = = o : ROI2 = 5 =
HDF _filelD_1 [\hewtable_J [_Vlewselecnedmdo] "_'; ROI R?“ RO'2 R?B a 30 =
HDF: filelD. 2 = Hide files in list S 6 ROI2 1 1 s g
L Sian o n — 40 g 20 o
' RO ! 2 =
A Al &
— 20 A0 =
10 &
S

pToF (10° sec)




ePToF

5 measurements to determine the intensity of 5 colors

Single slit to ensure that at any given moment the
detector sees only a single color

Straightforward interpretation of data: First
measurement gives the intensity of red, etc

Total experiment duration = 5x the time required to
make a single measurement

Each color measured during 20% or the total experiment

*Note how sequence and signals shift linearly

il




ePToF

5 measurements to determine the intensity
of 5 colors

Multiple Slits Detector sees known
combination of colors in each measurement.

Interpret signal by solving set of linear
equations.

Total experiment duration same as single slit

Each color measured with greater duty cycle
than single slit ->

*Note how sequence and signals shift linearly

il




Single slit experiment has
tradeoffs

* Increase resolution -->
decrease time spent
measuring any particular
color

il




Multiplex decouples
resolution and duty cycle

Decrease slit width, increase
# of slits, maintain duty cycle

il




Time at detector

ea 10000 )
oL — . 000060

T UoIoesIX]

Like our spectroscopic mask, single slit modulates the signal so that only one particle size (color) strikes
detector at any single time

Our detector is a single TOF measurement. In this example, we have 5 TOF/chop

Extraction 1 measures PTOF1, and so on

il —




T uooesx3

In the multiplexed ptof experiment, we introduce particles into the drift region with each slit opening. Multiple
particle sizes from different slit opens can reach the TOF at the same time.

il




10110

In the multiplexed ptof experiment, the chopper rotates continuously, and the 5
TOF extractions are continuously averaged. -> wraparound of large particles to
arrive in smaller extraction #s.

il




o e Extraction 1

e e Extraction 2

Extraction 3

Extraction 4

e e a Extraction 5

=Y

o
L
L
o
i

08—

_mcow._m owE ]

The averaged PTOF data must be deconvolved to recover the PTOF spectrum

il




ePToF Timing

~ TOFMS -
Pulzer Period (us) 4355 P30 (kHz)

Trigger Delay (ns) 2000

Sampling Interval (ns) 0.625

Nbr of Samples (0580 Maxmz | Raw, encoded data waveform is saved. Deconvolved in Squirrel
+ Pulse Width (ns) 2000

- Pulse Width (ns) 2000
~PTOF

Chopper Freguency (Hz) g0.0 Ia_[; Hz)

Data Delay (us) 0.00
ToF Spectra / Chopper 254 Max Dwa |

ePTOF data are acquired in exactly the same manner as standard PTOF

Timing:

Requires exact synchronization between chopper and TOF

For input chopper frequency, DAQ calculates pulser period

Nor Co-Adds i Our encoding sequence has 127 elements (open and closed slits)

5 exane We generally oversample by 2 = 254 TOF extractions per chopper rotation
Sequence Length 127
Owversample G _[Eonfiqure |

For more discussion of timing, see:
https://sites.google.com/site/tofamsdaq/manual-v5/menu-window/configuring-eptof
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