10.15 - 10.45 WP1. Theory, instrument overview and status
10.45-11.15 WP1. IMS Electronics & IMS Mechanical design

11.15 — 11.45 Coffee break

11.45 —-12.15 WP2. Implementation of CAD, ECD, HECD, UV, IR, PD, and EID MS/MS
' techniques in Omnitrap

12.15-12.45 WP3. Development and application of H-atom bombardment
techniques

12.45-13.45 Lunch

13.45-14.15 WP4. Development and application of Coulomb explosion MS/MS
technique
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The Omnitrap activation platform

functionality

Trapping regions for processing ions:

=N ]

2 »Q2: Resolving DC & duty cycle isolation
” |ﬁ|:| dipolar excitation for CID, AC wave multi-notch isolation

» Q5: external injection of electrons, ions and activated neutrals
dipolar excitation for CID

” |-|:| »Q8: optical access for photoionizagtion & accumulation

>

Rectangular RF employed for radial trapping:
»extended m/z range trapping
»frequency jumps - fast g, parking
»external injection of charged particles

-
e Multi-level switched DCs applied to segments:
»lossless axial ion transfer
<
» multiple trapping regions for sequential or parallel processing
- » KE resolved external injection of electrons, neutrals & ions
e 7
e Dynamic control of pressure:
» CID at elevated pressure — dipolar excitation sin wave

»collision free ion isolation, ECD, EID
»fast thermalization



Omnitrap lon Activation Network
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WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

External RC Distribution Network

agg.ggﬁ% !

I:ll | N L . “

26 individual signals

applied to trap electrodes



WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

ol L - -
- 14 tﬁ*lltr

Omnitrap v2

250V, Rectangular RF Generator \/
Ext RC Distribution Network
RF Amplitude Ctrl \/

TOPSPEC 1 gl -
‘Lﬁ‘éj’gi : Sweep Isolation Resolution (83ms - 12.5MHz) \/

upgraded design
Y g RF Duty Cycle Isolation (35% @ 1MHZz)

Phase-Coherent Frequency Transitions \/
Dipolar Excitation in Q5 (ECD-CID) \/
Pulsed Electron Source (v2) \/

Thermal (v3) & Hyperthermal H atom guns (v1)

lon mobility drift cell / MSn-IMSn (v2)




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

QExactive HF mass spectrometer
used for developing and debugging
the omnitrap platform in Athens

Items evaluated experimentally and
redesigned for further testing :

Electron source (v2)

Thermal He source (v3)
Hyperthermal He source (v1)
lon Mobility Drift Cell (v2)
400V,, rect RF generator (v2)
FPGA (v2)




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Omnitrap QExactive™ HF Omnitrap Exploris™ 480

€ Target both existing and new
instrument platforms

@ Exploris 480 offers Higher
Resolution

New features: Upgraded vacuum chamber design for enhanced pumping speed in RF hex bridge
New H, screen for minimizing gas load to orbitrap mass analyzer
New multipin feedthru for driving segmented extended-length RF hex bridge (Exploris config)



WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Omnitrap Exploris™ 480
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WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

FPGA Board 1/3 FPGA Board 2/3 FPGA Board 3/3 Electron Source Ctrl Unit




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

new electron source design with two-stage deflectors in both vertical and horizontal directions

new electronics for pulsed operation at high voltage



WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

20V 400V 60V 700V OV

17V 570V -35V

electron optics simulations are performed for dense electron beams

space charge effects are taken into account for an electron current of 40pA
electrode geometry was optimized for focusing electrons over an extended kinetic energy range



WP1 — Omnitrap & IMS development and testing

RF confinement mm IMS Dirift Cell Injection Entrance Omnitrap Hexapole
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WP1 — Omnitrap & IMS development and testing

IL4II Hexapole I I IMS Drift Cell I I Hexapole I
= RFA RFB RFA RFB RFA RFB|_
1 N z 2
5 >
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150 z = 150
v “7 “: v
= =
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N
PULSER3
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control |
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I |

T1.1 — mech design & pulsed EI source

(

IMS Main Ctrl Board \




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Capacitor Bank
IMS Switch Board & Floating Switch Cards P




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source
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e _ . trapping BN Gat
\ \ trapping trappng region 3 ate
region 1 region

Entrance  wire free drift region
funnel injection gate /
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WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Variable DC Grad Across Drift Cell and Exit Funnel Mobility Separation of lons with Coinciding m/z values

IM:300V - F:100V RF:100V,, @ 1.5MHz 9.9Td

Helium — 3 Torr / 4 mbar
1 1 1 1 1 1 1 l*
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201 @ 2.5mbar He__ 555 p. (1)
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w
.S 104 m/z=750/1 m/2=1500/2 m/z=1250/2 m/z=1875/3 m/2=1500/3
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WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source
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WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Omnitrap IMS drift cell v2

Hex IMS Gate BN Gate Hex

)
—ﬂ mmmm'? m'm Y] —ﬂ s I 00O 0000000 0 0 I|||||-----|

e g S O A B ]| ===
S R

—_— . o - S DC Gradient Flip
§ —— —— T




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

_
\\ &

N

N

wire-free
injection gate

)

exit DC funnel >3
K




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Omnitrap IMS coupled to Exploris




WP1 — Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source
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Omnitrap IMS coupled to Exploris




WP1 - Omnitrap & IMS development and testing T1.1 — mech design & pulsed EI source

Omnitrap IMS coupled to Exploris
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WP1 — Omnitrap & IMS development and testing
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WP1 — Omnitrap & IMS development and testing

Resolving DC Isolation
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WP1 — Omnitrap & IMS development and testing
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WP1 — Omnitrap & IMS development and testing
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WP1 - Omnitrap & IMS development and testing T1.2 —ion isolation simulation

symmetric trap +0.5mm stretching iny
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WP1 — Omnitrap & IMS development and testing
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Amplitude [code]

WP1 — Omnitrap & IMS development and testing

RF: 725KHz — 250V,
LMCO=388.5r,=4.1mm

500 B00 700

25ms injection window

100pA — 15M charges

a00

T1.2 —ion isolation simulation

50ms injection window

100pA — 30M charges



WP1 — Omnitrap & IMS development and testing

Amplitude [V]
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T1.3 —rect RF Generator

400V,, rectangular RF
generator v3



WP1 — Omnitrap & IMS development and testing T1.4 — assembly of omni’s & ims JUL 20

omnitrap parts received
assembly scheduled for February-end
ordering is still underway

400V,, rectangular RF
generator v3



WP1 — Omnitrap & IMS development and testing T1.4 — assembly of omni’s & ims JUL 20

IMS outer & inner housing, drift pcb-electrode assembly, vacuum pcb’s and electronics circuitries



WP1 — Omnitrap & IMS development and testing

T1.5 — ctrl software
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WP1 — Omnitrap & IMS development and testing

T1.6 — electronics testing and QE synch
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WP1 — Omnitrap & IMS development and testing T1.6 — electronics testing and QE synch  JuL 20

Q8

thermal ionization
cavity source



WP1 — Omnitrap & IMS development and testing T1.6 — electronics testing and QE synch  JuL 20

omni trigger ions ejected back omni trigger
10V to HCD cell
HCD DC offset v l
~_ 80ms 2000ms %
l +50V | |
HCD DC grad
-50v

| | |

ion transfer from HCD to omnitrap ion processing in omnitrap orbitrap detection



Omnitrap Instrumentation Development Overview

Design > Assembly —> Tests —> Revisions
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Omnitrap-IMS QE HF Electronics v~ Electronics v Electronics Hyperthermal He Source
Software v Software v Software v Software Updates
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Omnitrap-IMS Exploris

—> Installation
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