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Overview

SDT

e Calibrations

e Evaluations/Checks
e Troubleshooting

Orbitrap Exploris Tune
o Calibrations/Checks
e Diagnostics
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SDT: Service Diagnostic Tool

« C:\Thermo\instruments\Exploris\1.0\System\Programs\
ServiceDiagnosticTool.exe

* Not available for customer

« Similar to Tune (Exactive Series)

ThermoFisher
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Mastercal File/ Tune Files

Location:
C:/ProgramData/Thermo/Exploris/instruments/msx_instrume
Nt
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FlexMix — Positive lon mode

B£16081 RT:100:49 NL:3.07E+008 Injection Time:0.4020
FIMS + p ESI Full ms [150.0000-2000.00001 Components: Accurate Mass (m/z) lon Type
10 e 5242648 1421.9783 15219714 Imidazole 69.04472 [M+H]*
1 R-9806 o Resws Triethylamine 102.12772 [M+H]*
= 80 z=1 =
EI 1321.8840 i Tetramethylpiperidine 142.15902 [M+H]*
Z 0] 1221.9910 17219623 .
% ] 393.2247 Gaz,z'g%zgsz 9;22_7121?67 1121.9966 e 1821.9535 Caffeine 195 06763 (M+H]*
2 a0 R-11206 = 2= R-6708 R=5206 MRFA 2+ 262.63609 [M+2H]2*
] z= — z=1
20 755%?5 808.0048 ’ . Hexamethoxyphosphazene 322.04808 [M+H]*
= R=7202
o ki | hl L, TRTIUIN Pov ZIZ.1 Zlfﬂ , | ‘ . . i - , " ! | MRFA 524.26491 [M+H]*
200 400 600 80 oo " 1200 1400 1600 1800 2000 Hexakis(2,2-difluoroethoxy)phosphazene 622.02888 [M+H]*
Hexakis(2,2,3,3-tetrafluoropropoxy)phosphazene 922.00967 [M+H]*
1022.00327 [M+H]*
1121.99687 [M+H]*
[F765860 RI:8573.63 NL1.GIE+008  Injection 1ime:0.9280 1221.99047 [M+H]+
FTMS + p ESI Full ms [40.0000-200.0000]
69.0450 1321.98407 [M+H]*
420340 R=109806
100R=13%06 z=1 Ultramark 1621 1421.97767 [M+H]*
10 1449823 1521.97127 [M+H]*
£ e 1621.96487 [M+H]*
% - w27 rconn 1721.95846 [M+H]*
g w 440800 21 “}7;"?"6 1950876 1821.95206 [M+H]*
1 R=98306 121.9663 =1 1921.94566 M+H]*
20| |irsane 600445 z=i 02200 Rega0z 163.1118 . [ J
i //2?1 I \ ‘ ] ] ,10?"0864 | ‘ R:;g?os 183.;743 1 Hexakis(1h,1h,7h-perfluoroheptoxy)phosphazene 2121.93286 [M+H]*
0+ o ‘. b - : : et o : L 7
40 0 80 70 80 %0 100 110 120 130 140 120 180 o 180 180 200 Hexakis(1h,1h,9h-
m/z perfluorononyloxy)phosphazene 2721.89445 [M+H]*
ThermoFisher
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FlexMix — Negative lon mode

[#273353 RT:8598:50 NL8.94E+008 Injection Time:0.1950
FTMS - p ESI Full ms [150.0000-2000.0000]

Proprietary & Confidential

162.9822
R=70806
100 =1 3189795 cor.9783
1 R=25_f[‘:06 Ro37006 Components: Accurate Mass
> 80] ’ z=-1 ’ (m/z) lon Type
§ 1 1433.9618 Eﬁ;ﬁg 1:332%768 LC-MS grade acetic acid 59.01384 [M-H]-
= 60— g a 0
. 643.9889 RZ23§06 =1 T e Trifluoroacetic acid (TFA) 112.98557 [M-H]-
2 a0 A R=35306 1033.9871 1333.9680 R-20906 S Pentafluoropropionic acid 162.98237 [M-H]-
4 _ P R=28006 = -
o] =1 4Ty 30070 =1 12339739 R=2030 Perfluoroheptanoic acid 362.96957 [M-HJ-
] =1 R:iz_s,oﬁ ‘ \ 1 | l l l 1 1 | [" 2,4,6-Tris(heptafluoropropyl)-1,3,5-
ol b bt L L L L L L L triazine 60197889 [M+OH
m/z Hexakis(2,2,3,3-
tetrafluoropropoxy)phosphazene 1033.98797 [M+TFA]
1133.98156 [M+TFAJ
1233.97516 [M+TFA]-
272992 RT:8597:39  NL:3.62E+009 Injection Time:0.1300
FTMS - p ESI Full ms [40.0000-200.0000] 1333.96876 [M+TFA]-
112.9857
R=85202 1433.96236 [M+TFA]-
100 i Ultramark 1533.95596  [M+TFAJ
2z 30: 1633.94956 [M+TFA]
g 1733.94316  [M+TFAJ-
R
] 689958 1833.93676 [M+TFA]-
3 1189925 !
2 ] et roa0e 193393036  [M+TFAJ
53.0138 z=0 o1 .
20-{ 40.7458 R=118202 89.0243 97.1458 132.8676 ;4153133 196.4906 HeXale(lh,lh,?h-
1R 166008 =0 R=89402 R=64000 R=72100 g R=41000 perfluoroheptoxy)phosphazene 2233.91115 [M+TFA]-
o — S T T N N 2 N P e Hexakis(1h,1h,9h-
60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 E
s perfluorononyloxy)phosphazene 2833.87275 [M+TFA]
ThermoFisher
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FlexMix/Calmix Quality Check

Signal te-Nelse ratio

FlexMix/Calmix quality and spray stability is checked before starting calibrations/evaluations
Can be disabled under Control>Configuration Settings>Performance & Procedures Settings

1400 -

1200 J

1uuu-f |

FlexMix/CalMix Auto-Detection Positive Mode

miz

T T T
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T T
1200

1400

1600 1800
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Calibrate HCD Gas Supply

e |Instrument>Procedures>By
Seguence>Service>Installation Acceptance>Positive lon Mode
Calibrations>

o Calibrate HCD Gas Supply

e Walit for Spray recovery (necessary if you're starting all procedures
together)

e Spectral Mass Accuracy Calibration (pos)
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Installation Acceptance Procedures

e Instrument>Procedures>By Sequence>Service>Installation Acceptance>Positive lon Mode
Calibrations>Calibrate HCD gas supply

e May have to manually adjust gas regulator inside right-hand panel
e Aim between the goal posts (red lines)

Adjust HCD Pre-Regulator

0.025

100 200 300 400 500 600
Time [s]
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Calibrate HCD Gas Supply

e Instrument>Procedures>By Sequence>Service>Installation Acceptance>Positive lon Mode
Calibrations>Calibrate HCD gas supply

e Evaluates gas ON/OFF rates of change

HCD response time -

0.020

0.015

essure [mbar]

T
0.010 -

0.005 4

10 ThermoFisher
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Spectral mass accuracy calibration

« Checks m/z 136, 195, 524, 1222, 1422, 1522 for mass accuracy

miz dev [ppm)]

&n S s =
L L

Acceptance limit

S -1
L

(%]
L

without lock mass

Tz T98.1 —

mz 735.1

Mass accurac

M 12220

14T —

iz 7RI —— RWEgevEin -

(=]

S ppm
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Installation Acceptance Procedures: System Calibration

e |Instrument>Procedures>By
Seguence>Service>Installation Acceptance>Positive lon Mode
Calibrations>System Calibration (pos)

12 ThermoFisher
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Electronics Calibration Smart Calibration

This procedure performs all electronics calibrations if the instrument has been vented
and baked out.

] 4 Systemn Calibration

| 4 System Calibration (pos)

| 4 Electronmics Calibration Smart Calibration
] 4 After Venting and Bake Out
]
]

Quadrupole RF Frequency Scan

Inject Filter RF Freguency Calibration

Cuadrupole RF Frequency Calibration

Specificatiohs CTrap RF Frequency Calibration I o,
« Inject filter High frequency: 850 kHz-1100 kHz ~ i= .
e Inject filter Low frequency: 467.5 kHz-605.0 kHz -+ — w0 —— ) a@ _________ R

o C-Trap RF Frequency:
[—— RF Amgiude —— RF Curen —— RF Sy Vollage —— RF Powsr |

» C Trap Supply voltage deviation: Value should *
not exceed 1 V = i

5"40 %2500 Ela
60 E g
oo E1

» C Trap Supply voltage deviation: Value should
not exceed 150 Vpp

requency [kHz]

1 , , ThermoFisher
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eFT Phase Calibration

o eFT Parameter: Determines the initial phase information

4 System Calibration (pos)
Electronics Calibration Smart Calibration
eFT Phase Calibration
Spectral Mass Accuracy Calibration
C-trap Entrance[};&ns Voltage Calibration
Bent Flatapole RF Scaling Calibration
eFT dispersion UL Calibration
eFT dispersion L Calibration
eFT dispersion H Calibration

- The eFT calibration determines the theoretical starting time of the signal t,, where
all ions are in phase.

« After changing analyzer values eFT calibration is required.
* A mass calibration is always required after the eFT was calibrated.

1 , , ThermoFisher
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Spectral mass accuracy calibration

« Checks m/z 136, 195, 524, 1222, 1422, 1522 for mass accuracy

miz dev [ppm)]

&n S s =
L L

Acceptance limit

S -1
L

(%]
L

without lock mass

Tz T98.1 —

mz 735.1

Mass accurac

M 12220

14T —

iz 7RI —— RWEgevEin -

(=]

S ppm
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C-Trap Entrance Lens Voltage Calibration

e This procedure calibrates or checks the C-trap Entrance Lens — Inject voltage to ensure optimal ion
transmission into the C-trap.

o If Flexmix ions are present and signal is sufficient, this procedure uses Flexmix ions to calibrate or check
the C-trap Entrance Lens -- Inject voltage. If Flexmix ions are not present or signal is too low, TIC will be
used for the optimization.

e After a calibration using TIC, it is suggested to re-run the calibrations a second time with Flexmix to
improve the calibration results.

¢ Since during normal operation the ions are stored in the IRM, this is only used for some of the
Ca|lbratI0nS C-trap Ent. Lens -- Inj. Calibration

— mZ 135033 B Indvidual Madma — MZ 524265 —_— Mz 1221991 — MZ 141978 — M 1621955
-—— ACCEOMENDE RangE(Low]  —--- AcoapEncE Eangs(Hign)  ----  Optmum Sstpom

11 5

1.0 4
au.&-
}u.s-
=07 ]
3
206
o054
L

5 0.4

E
5 2.3 4
=p24
0.1
0.0 - T

T T T T v
] 1 2 3 4 5 ] T 8 3
C-trap Ent. Lens — Inj. [V]

16 , , ThermoFisher
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Bent flatapole RF scaling

Calibration:

» This procedure ramps the bent flatapole RF amplitude while tracking low m/z ion intensities.

» It determines the LMCO RF for each ion and builds a calibration curve relating first mass and RF
amplitude.

» Specifications: The %RSD of m/z-normalized LMCO points must be less than 5% to ensure linearity.

Check:

« The average transmission difference between the current (saved) bent flatapole parameters and the
measured parameters cannot exceed 10% for all m/z. The absolute minimum or maximum transmission
difference observed must fall within +/- 30%

Bent Flatapole RF Transfer Characteristics
= M=sswr=d LMCO Poms —— Deni Fimagos A SN Cunve  —— Curen Senng Paames

1000 3
s00 3
_ 200 ]
£ 700 ]
g 500 4
2 500
£ 400 ]
00 §
200 4
100 3

miz
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PhiSDM Hi-Speed TMT Phase Calibration

Phased (®) Spectrum Deconvolution Method for Fourier Transform
Mass Spectrometry

« Alternative to eFT

« Higher resolution at the same transient length

* Only calibrated and applied for the TMT reporter ion mass range, due to high
computational demand.

https://pubs.acs.org/doi/abs/10.1021/acs.analchem.6b03636
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https://pubs.acs.org/doi/abs/10.1021/acs.analchem.6b03636

ICD Calibration (pos)

o Performs a full calibration of ICD and PrOSA, including
* |ICD Electronics Tests
* |CD compensation voltages calibration,
 |CD deflector voltage calibration,

19 , , ThermoFisher
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ICD/PrOSA: ICD Compensation Voltages

e This procedure calibrates or checks . EEEs=s.. fEsmmm . Peeses
* |ICD compensation voltages, i
* The cross-talk and

- leakage current compensation voltages. = e

e The ICD compensation voltages ensure that other instrument voltages do
not affect the ICD measurement results, and that the blank and signal

measurements are not offset (i.e. O cts are measured for no ion
current).

e |f this procedure fails (during a calibration or check), PrOSA
measurements are disabled. This prevents usage of PrOSA with an
un-calibrated ICD. A successful calibration with all ICD-relevant
procedures is required to re-enable PrOSA.

20

ThermoFisher
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ICD Calibration: Leakage Current

Evaluating ICD electronics test: Leakage Current Compensation (Positive)

[+ _coom=ema

w _ ICoSgra ]

o0 B o]

100 -

20 4

G0 4

40 4

Courts
b
=]
L

60

2 3 4
ICD Leakage Current Compensation Voltage [V]

Calibrating ICD Leakage Current Compensation [Positive)

[ Eoorema e

- o SgnafE]

ICC Siank

&

400 -

300 4

200 4

100 4

Courts

0 Jawswgng,

-100 -

-200 5

-300

2 3 4
Leakage Current Compensation Voltage [V]

21
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ICD Deflector Voltage Check

e This procedure calibrates or checks the ICD deflector voltage.

e The ICD deflector voltage is the voltage used to focus ions on the ICD
electrodes during the PrOSA measurement.

e This procedure requires that the ICD compensation voltages are
calibrated. If this procedure fails (during a calibration or check),
PrOSA measurements are disabled.

= ICDOfEma ] ] ] —— ICC Dferema Smoa —— 15D Sgra Smaan

22
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Mass Accuracy Transient length Dependency Calibration

e This procedure calibrates the dependency of Orbitrap transient length on
mass accuracy (via the resolution setting).

e The procedure acquires mass accuracy data at resolutions spanning from 7.5 -
240k and determines the mass accuracy correction needed as a function of
transient length.

o Lastly, the procedure checks if mass accuracy deviations are within specification
following the calibration.

Allowable deviations in mass accuracy are resolution-dependent.

SmemeE ——— Upeomn

uuuuuuuuuuuuuuu

23 ThermoFisher
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Mass Accuracy Space charge Dependency

* This procedure calibrates the dependency of space charge in the Orbitrap on mass accuracy (via the

AGC target setting).

* The procedure acquires mass accuracy data at AGC targets spanning from 1e5 - 3e6 and
determines the mass accuracy correction needed as a function of AGC target.
» Lastly, the procedure checks if mass accuracy deviations are within specification following the

calibration.

Allowable deviations in mass accuracy are AGC target-dependent.

1e5
2e5
55
Teb
2eb
3eb

f-20
(- 20
(- 20
(- 20
- 3.0
-4.0

Resolution | Specification [ppm]

P I T L SRR — TR - B TR |
T T T TR SOOI T T

Mass Accuracy Space Charge Dependency Check

[®@ Messwemems: —— Upperomit  —— Lowromi |

Mass Accaracy Spacs Charge Depandency Calbration

0.0

0.5 1.0 1.5 2.0 2.5
AGC Target (10°6)

30

35
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After Venting Quadrupole Isolation Calibration (rough)

Will perform a rough calibration of the quadrupole if the instrument was
vented.

25 ThermoFisher
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Inject Filter Res. DC Match

« This procedure calibrates or checks the injection filter resolving DC match (or

adjust) voltage.

« The match voltage ensures that the DC applied between rod pairs is matched so
that no isolation width discrepancies arise when alternating injection filter rod

polarity, as during normal operation.

Instrument>Procedures>By Sequence>Service>Installation Acceptance>Positive

lon Mode Calibrations>System Calibration(pos)>Injection Filter & Quadrupole

H H Inj. Filter Res. DC Match Calibration
Calibrations === .

Mz 14220 {raw) " mz 16220 {raw) —— mz 11220 (narad)

& Snaps Characiisics — mz 14220 {ifarad) — mz 15220 {iiflarad) ===- [Res. DG Mailch Wailage

——— R2s. DC Maich Voilage Lowsr Umit. ————  Res. OC Maich Vaitage Uppsr Umit

ra
o
(=1

- - =]
=] o =1
= (=1 =

lon Intensity (10°6)

en
=

(=1

m/z 1622
m/z 1422

Res. DC Match Voltage [V]

pafz=1422
[ Sy Ay o= T
4
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Inject Filter Low

This procedure calibrates or checks the injection filter low-m/z RF parameters.

The procedure measures injection filter RF profiles by scanning the injection filter RF in RF-only mode
and measuring the intensity of a variety of FlexMix ions and fragments thereof under m/z 400.

The LMCO RF amplitudes for each m/z's profile are determined.

A linear fit of m/z and LMCO RF is executed to find the slope and offset (-5 V for safety). The offset,
slope, and minimum RF amplitude are used to set the RF of the injection filter in low-m/z mode

(first mass < m/z 149).

Low-m/z Inj. Filter RF Profiles

" mz420(ran) = M7 (ran) = mz 101 {raw) Mz 131 (raw) " mz74l(raw) = mz 101 {raw) " mz 1381 (raw)
miz 1951 {raw) = mzad fraw) ™z 3762 (ran) —— maz 420 Hera) §  omlChIacancics —— mETAI(WEE]  —— Mz 01 (mEey
—— mzismi{iEa]  —— mz7id |t —— mziiliEe)  —— mz i3 ) mz 11 el —— mazid (e miz 6.2 {tiarad) 400
16
250
14
200 3
~12 —
@ § 250
o
=10 =
> g 200 4
Tz E
g 2 150
Ls =
c 100
24
50
2
L] 0
0 : :
300 am

Inj. Filter RF Amplitude [Vpp]

Low-Mass RF Transfer Characteristics

WEssred

100 200 300 400 500
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Injection Filter Isolation Calibration

o Calibrates the inject filter in low and high frequency. This calibration is
done only in positive ion mode. The calibration parameters determined
are valid for both ion polarities.

Inj. Filt. Low Frequency Mathieu Space

[ - warvsuSpacs 0 Maaswsmam Boints ----  Mzdmum Inj. Filler Resauton & Compstzd Masswramants
0.30 4

023 4

0.20 -

m 015 4

010

0.05 4

0.00

0.0

28 , , ThermoFisher
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Injection Filter Isolation Calibration

lon Intensity (1046)

20

Low-m/z Inj. Filter RF Profiles

m/z 42.0 (raw)

miz 138.1 (raw)
miz 138.1 (raw)
m/z 376.2 (raw)
m/z 110.1 (filtered)
—— miz 110.1 (filtered)
—— m/z 2711 (filtered)

+ o0

+  miz74.1 (raw) .
+  miz74.1 (raw) .
miz 195.1 (raw) .

—— miz 42.0 (filtered) o

—— mi/z 138.1 (filtered) —

—— miz 138.1 (filtered)
m/z 376.2 (filtered) [

miz 110.1 (raw)

miz 110.1 (raw)

miz 271.1 (raw)

miz 74 1 (filtered)
m/z 74 1 (filtered)
miz 195.1 (filtered)
Profile Characteristics

200 300
Inj. Filter RF Amplitude [Vpp]

400

500
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Injection Filter Isolation Check

e Failing Calibration (below)

Inj. Filter m/z and width deviation

Transmission

e e

miz 262.6, 200.0 +
miz 1822.0, 420.0 +
miz 262.6, 1222.0

miz 1022.0, 1822.0

miz 524.3,300.0
miz 195.1,524.3
m/z 524.3, 1022.0
miz 1622.0, 19219

miz 1122.0,350.0
miz 195.1,1122.0
miz 524.3,1622.0

30 L + mizCenter - Tsolation Width - Limit a0 500 T
O g
20 4 20 1
N © 400
E 4 .+ .
5 10 . . r “’E £ . "
g : M § g 300 | " ‘. ’ *
é’ ° ] ' ’ : [ og E v .; e‘“" ' +« * i
E : : é IREEI .
= ot - 4 * * -
€ 10 ] . ‘ [108 -5200 tae . . w S e " L.
- * *s
. %- 1 b1 4 :.,;' - ‘:‘. r: ¢:
20 ] . L-20 € 100 2 " -, "M
2 ] 3 .
E .
-30 . . . . . . -30 3 .
20 22 24 26 28 30 32 34 O - T 'X .
Featedzetation widtn [Tl 0 500 1000 1500 2000 2500
Isolation center m/z
30 ThermoFisher
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Injection Filter Isolation Check

e The specifications are given by the following function:
Center m/z and width: +/-(200 * width”-0.3)

Transmission

+  miz262.6,2000 + miz524.3,300.0 +  miz1122.0,3500
+  miz1822.0,420.0 ¢+ miz195.1,524.3 +  miz195.1, 11220

+ mz2628, 12220 miz5243,10220  + miz524.3, 16220

+ m/z 1022.0, 1822.0 miz 1622.0,1921.9
500

©

s

2 400 ..

= St .

3 300 - & .

T 300 -

£ M el o ;

- 1 P +

s 200 - ¢ { P : 4

— i L e ‘ -

s ] 3 N oudr: TS T

E - s S ,‘t.‘;‘ 2 : .‘c'f“ '

w - A e N L 0 te iy

§ 100 - s ‘t AC I el *"*.

E : M "3

0 500 1000 1500 2000 2500

Isolation center m/z
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Injection Filter Isolation Check

e Checks lon Signal first

e The Injection Filter Isolation Check evaluates the injection filter
Isolation calibration in alternating rod polarity (normal operation
mode of the injection filter) by scanning isolation profiles for
several m/z and widths spanning the operational range of the
Instrument. The actual center m/z and width are measured and checked

against specifications.

e All measurements must be within the specifications for the procedure to
pass and the injection filter to be considered successfully calibrated.

32
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Quadrupole Isolation Calibration (wide)

e Performs the wide quadrupole isolation calibration.

e The wide calibration further refines the coarse correction coefficients by
iterating to a particular isolation width.

e Together with the rough calibration, this calibration ensures quadrupole
performance at isolation widths > 1.5 amu.

33 ThermoFisher
Proprietary & Confidential SCTENTIFEIC



Quadrupole Isolation Calibration (wide)

e Instrument>Procedures>By Sequence>Factory>Initial

Calibrations>Positive lon Mode Calibrations>Injection Filter & Quadrupole

Calibrations

043)

<

11

3
s

Res DAC [

P
@

56.975 4

56.970

56.965

56.960

L

viation from Target Width [log(Ratio)]

56.955

56.950

56.945

56.940

56.935 1 i

Quadrupole Isolation Width Adjustment

—— Measured Isolation Width —— lteration Target (Lower Limit] ) —— lteration Target (Upper Limit] )
RF DAC Settin AC Setling

-0.05 4

=]
=]

o
o

A -020 4

D

=]
n
o

Iteration
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Quad Main and End Segment DC Calibrations

e This procedure calibrates or checks the mass-dependent DC offsets of
the main and end segments of the quadrupole while isolating.

e This calibration ensures that ions pass through the quadrupole with the
appropriate ion energy and that no ion storage effects arise.

e A consistency check after determination of the coefficients for the
main and end segments ensures that the delta voltage between
guadrupole main segment and bent flatapole is smaller than the delta
voltage between quadrupole end segments and bent flatapole (to prevent
lon storage).

e In the check procedure, guadrupole main segment DC profiles are
collected and fit for a selection of the mass list.

35
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Quad Main and End Segment DC Calibrations

e Instrument>Procedures>By Sequence>Factory>Initial

Calibrations>Positive lon Mode Calibrations>Injection Filter & Quadrupole
Calibrations

— GnimnSeewnEE _——

Quad Main and End Segment DC Offset Results

=== Gt Segmert

& === GwdEs T ]

Quad Segment BE [V]

1000

1500 2000

2500

3000

Normalized Peak Height

Quad Main

DC C Data A

08

0.6 4

——— iz 42.034 (ava, 1)
miz 524,265 (avg, filt)
miz 1821952 tavg, Tilty
miz 74.096 (sstting)
miz 262 636 (setting)
iz 1022,003 (seming)
miz 1621965 (setting)

Tz 74.096 (ava, D)

m/z 1022 003 (avg, ity

miz 42,034 (fity
miz 195.088 (fit)
miz 524,265 (fit)
miz 1321984 (i)
miz 1821952 dit)

Tz 195,008 (ava, 111
miz 1321084 (avg, Tilt)
iz 42,034 (setting)
miz 195,066 (s5tting)
miz 524 265 (setting)
iz 1321984 (seMling)
miz 1821952 (setting)

Z 262,636 (avg, 110

miz 1621 365 (avg, il

iz 74.096 (1it)
miz 262636 (fit)

miz 1022.003 (fity
iz 1621965 (1t}

4

Quad Main Segment DC Check: Saved Quad Main Segment DC Coeff.

Quad Main Segment DG Offset [V]

Quad Main Segment DC Offset [V]
bl bl o
o o o

w
m

w
5

—— Savad Coafickans

—— Umits

—— 5an Flatapaie Sating

6

®  Quad End Segmant OC St

—_—
\
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=)

T
200

T
400

§00

800

1000

T
1200

T
1400

1600

1800
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Quadrupole Isolation Calibration (Narrow)

e Performs the narrow quadrupole isolation calibration. The calibration
measures the isolation shapes for m/z spanning the mass range with
widths up to 2.0 amu.

e The measured (actual) isolation center m/z and width are used to create a
look-up table. The look-up table is used when quadrupole isolations from
m/z 50-2000, up to width 3 amu, are requested by the system.

e The coarse quadrupole isolation parameters overlap with the calibration
parameters determined here between 1.5 and 3 amu.
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Quadrupole Isolation Calibration (Narrow)

e Instrument>Procedures>By Sequence>Factory>Initial

Calibrations>Positive lon Mode Calibrations>Injection Filter & Quadrupole
Calibrations

e Checks in both rod polarity orientations

Quadrupole Isolation Calibration (narrow) passed: Narrow quadrupole calibration passed in both rod orientations.

Transmission

Transmission

Mz 74.1,0 miz 741,03 v miz41,05
v mzT41,02 Mz 74.1,03 v mEZ741,05 miz 7410 miz741 09 + mEzT41.15
+ miz741,07 + miz74.1,09 + miz741,15 miz 195.1,0.2 miz1951,03  + miz195.1,05
+  miz1951,02 miz195.1,03 ¢+ miz1951,05 miz 195.1.0.7 miz 195.1,0.9 miz 195.1,15
miz1951,07 miz195.1,0.9 miz195.1,15 miz 262.6, 0.4 miz 262.6, 0.6 +  miz262.6,09
+  mizZ2626,04 miz262.6,06 ¢+ miz2626,09 miz 262.6 15 miz5243 04 ¢+ miz5243 06
+ miz2626.15 miz524.3,0.4 miz 5243, 0.6 miz524.3,0.9 miz5243,15  + miz1022.0,03
+  miz524.3,08 miz 524.3,15 m/z 1022.0, 0.3 301 20 01,
MZ10220,07 . mi0220.10 | mz1022015 MEIGRZ0 10 . mEle020 .+ mElezis s
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Quadrupole Isolation Check

e The Quadrupole Isolation Check evaluates the quadrupole isolation
calibration by scanning isolation profiles for several m/z and widths
spanning the operational range of the instrument

e for both rod orientations

e The actual center m/z and width are measured and checked against
specifications.

e All measurements, for both rod orientations, must be within the
specifications for the procedure to pass and the quadrupole to be
considered successfully calibrated.
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Quadrupole Isolation Check (Quad Isolation Eval)

e Instrument>Procedures>By Sequence>Factory>Initial
Calibrations>Positive lon Mode Calibrations>Injection Filter & Quadrupole
Calibrations

e Checks in both rod polarity orientations

Quad m/z and width deviation
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60 60
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=

40 - -4
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After Venting Quad Transm./Rod config. Smart Cal.

e This procedure, executed only after the instrument is vented and baked
out, calibrates quadrupole transmission and rod polarity, and runs
additional quadrupole calibrations if necessary.

Transmission Score and Rod Equivalence
|————— Min. Rel. Trans. Score — Cuzd Rod 0 — OQuad Rod 1 == == Rod Switching Equivalence Lim'r|5|

T T T T 1
o 1 2 3 4 5 5
Izolation Mazs (1 =miz 69, 2=m/z 195, 3 =miz 524, 4 =m/z 1622)
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Low m/z Spectral mass accuracy calibration

« Checks m/z 42, 69, 102, 142, 195, 262 for mass accuracy

without lock mass with lock mass 69.04472 m/z
o = T ew o —ww —ww —me

B

Acceptance limit 3 ppm 1 ppm
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ICD PrOSA Scaling

e This procedure calibrates or checks the ICD PrOSA Scaling Factor.

e The ICD PrOSA Scaling Factor is the ratio between the signal detected by the
ICD and the signal detected by the Orbitrap under "clean" FlexMix conditions.

e This factor is used when PrOSA is enabled to support automatic gain control.

e Every 5-10 s, a PrOSA measurement is conducted during an analytical
measurement to determine if the detection ratio of ICD to Orbitrap has changed
relative to the factor determined here. If so, Orbitrap injection times are adjusted
to prevent overfilling or underfilling of the C-trap and Orbitrap.

e This procedure requires that the ICD compensation and deflector voltages
are calibrated. If this procedure fails (during a calibration or check), PrOSA
measurements are disabled.
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ICD PrOSA Scaling Check

Calibrating PrO SA Scaling (Positive)
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ICD PrOSA Scaling Calibration

@Upon success of the calibration, PrOSA will be enabled for
all measurements in this polarity. Start with ICD Electronics Tests
for statistics, currently does not affect calibration.
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Positive lon Mode Evaluations

4 Positive lon Mode evaluations

.

System Check (pos)

(1 Transmission Eval

Quadrupole Isolation Shape Check
HCD Fragmentation and Trapping Eff
HCD Axial Field Evaluation

HCD RF Amplitude Evaluation

HCD Trapping Gas Evaluation
Isotope Ratio Check

Cluster Evaluation

1::Positive lon Mode evaluations

1;;5ystem Check (pos)

1::0 Transmission Eval

1::Quadrupole Isolation Shape Check

1;;HCD Fragmentation and Trapping Efficiency Check
1::HCD Axial Field Evaluation

1;;HCD RF Amplitude Evaluation

1;;HCD Trapping Gas Evaluation

1::lsotope Ratio Check

1::Cluster Evaluation
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Quadrupole Transmission Evaluation

e This procedure evaluates the intensity loss due to quadrupole isolation relative to RF-only mode
in both quadrupole rod configurations

e The calibration determines which quadrupole rod configuration results in the least intensity
losses and selects this as the primary quadrupole rod configuration.

e The evaluation reports but does not apply the primary quadrupole rod configuration

e |f Quad Rod Switching is configured, the cumulative quadrupole transmission score each rod
configuration for each isolation center mass are compared. If all scores differ by no more than
15%, the quadrupole is suitable for rod switching applications
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Quadrupole Isolation Shape Check

e The Quadrupole Isolation Shape Check is not supported anymore and available in
“service” level only in 1.0
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HCD Fragmentation and Trapping Efficiency Check

» This procedure checks the trapping and fragmentation efficiency in
C-trap trapping, extended trapping (2 eV), and HCD fragmentation
modes.

« The HCD fragmentation spectra are compared for similarity against
gold standard HCD spectra and spectral distribution rules are
checked.

Trapping and Fragmentation Efficiency: Raw Data
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HCD Axial Field Evaluation

160 -

140

120
100
50

G0

lor Signal (106"

40 ]

20

o . =gy ?t

HCD Intensity profile

-50

50

100 150 200 250
HCD Field Gradient [V]

50 Proprietary & Confidential

ThermoFisher
S:CTENTITEIG



HCD RF Amplitude Evaluation
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HCD Trapping Gas Evaluation

« Evaluates the HCD Trapping Gas
fragmentation influence
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|Isotope Ratio Check

e Checks Isotopic Ratios

Isotope Ratios: Median Data
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Cluster Evaluation

e Checks for (absence of) acetonitrile clusters of Flexmix peaks:
e 195 (236, <3% of 195)
e and 262 (283, <10% of 262)
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Cluster Evaluation

SIM Intensity incl. Cluster
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Neg. Mode Calibration: Internal Calibrant Calibration

e Instrument>Procedures>By Sequence>Service>Installation
Acceptance>Negative lon Mode Calibrations>System Calibration(neg)>

e |CS Active HV Current Calibration
e |[CS Switch-on HV Current Calibration
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Neg. Mode Check:

e Instrument>Procedures>By Sequence>Service>Installation
Acceptance>Negative lon Mode Evaluation>System Check(neg)>

e |CS Switch-on HV Time Evaluation (neg)
e |CS Switch-off HV Time Evaluation (neg)
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Troubleshooting

1;Troubleshooting

4 Troubleshooting
4 By Topic
Readback and voltage check
Lens and Multipole Connectivity Check
4 lon Detection
Harmonics evaluation
Long Term Mass Accuracy
Signal to Noise Evaluation
FT Transmission Evaluation (pos)
Orbitrap Transient Decay Diagnostic
Side Band Detection
4 Performance Checks
Q Transmission Eval
Q Isolation Eval
HCD Fragmentation and Trapping Eff
4 Charging Diagnostics
Charge-up Evaluation (Mild)
Discharge Evaluation (Medium)
Charging Evaluation (Aggressive)
Quadrupole Maintenance Check

4 By Symptom

1;:By Topic

1;;:Readback and voltage check

1;;Lens and Multipole Connectivity Check
1zlon Detection

1:Harmonics evaluation

1;;Long Term Mass Accuracy

1;;5ignal to Moise Evaluation

1;:FT Transmission Evaluation (pos)
1;;0rbitrap Transient Decay Diagnostic
1::Side Band Detection

1:Performance Checks

1;;Q Transmission Eval

1::Q Isolation Eval

1;;:HCD Fragmentation and Trapping Efficiency Ch
1;:Charging Diagnostics

1;;Charge-up Evaluation (Mild)
1;:Discharge Evaluation (Medium)
1;;Charging Evaluation (Aggressive)
1;;Quadrupole Maintenance Check

1:Bv Symptom

4 By Symptom

4 Mo len Signal
Readback and voltage check
Lens and Multipole Connectivity Chec

4 Low M51 Intensity
Readback and voltage check
Lens and Multipole Connectivity Chec
Discharge Evaluation (Medium)
Orbitrap Transient Decay Diagnostic
FT Transmission Evaluation (pos)

4 Low M52 Intensity
Readback and voltage check
Lens and Multipole Connectivity Chec
Q Isolation Eval
Q Transmission Eval
HCD Fragmentation and Trapping Eff

Quadrupole Maintenance Check

1;:By Symptom

1:Mo lon Signal

1::Readback and voltage check

1;;Lens and Multipole Connectivity Check
1;:Low M51 Intensity

1;;Readback and voltage check

1::Lens and Multipole Connectivity Check
1;;Discharge Evaluation (Medium)
1;;0rbitrap Transient Decay Diagnostic
1;;FT Transmission Evaluation (pos)
T:low MS2 Intensity

1;;Readback and voltage check

1;;Lens and Multipole Connectivity Check
1::Q Isolation Eval

1;:Q Transmission Eval

1;;HCD Fragmentation and Trapping Efficiency Check

1;;Quadrupole Maintenance Check
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Quadrupole Transmission Evaluation

Quadrupole Transmission Evaluation
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Quadrupole Maintenance Check

e This check tries to charge up potential contamination inside the quadrupole.
e |t uses ions of both polarities, so
e stable and bright spray is required

e recommended to set the source gases and temperatures to the same levels
In positive and negative ion mode.

e On a clean quadrupole, no charge can be deposited, so the plot will
show a straight line. With increasing contamination of the quadrupole, the plot will
start showing a slope. This is expected and to a certain level tolerated by the
Instrument.

e Once the fail threshold is reached the quadrupole should be cleaned. The cycle
time between two cleanings depends strongly on the sample type and the sample
amount injected.

e procedures takes less than 10 min
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Quadrupole Maintenance Check
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Charging Evaluation (Mild)

From Source to C-Trap actively charges ion optical elements (pos. lons)
and subsequently evaluates transmission trend.
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Charging Evaluation (Medium)

« From Source to C-Trap actively discharges system (neg. lons) and
subsequently evaluates transmission trend

» lon optics Maintenance Check in Orbitrap Exploris Tune (available for
customer)

Digcharging evaluation
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Charging Evaluation (Aggressive)

From Source to C-Trap, discharges system (neg. lons), actively charges ion
optical elements (pos. lons) and subsequently evaluates transmission trend
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Orbitrap Exploris Tune Diagnostics

e Available for customer

thermoscientific 0
Orbitrap Exploris 480 o

10N SOURCE DEFINE SCAN CALIBRATION

Diagnostics

* System
[] Bake Vacuum Chamber
[[] Examine Failed Sub-Procedure
[] len Optics Connectivity Check
[[] Transfer Tube Maintenance Check
[] lon Optics Maintenance Check
[ Quadrupole Maintenance Check

»  HCD Cell
v [] FAIMS
b [] Tools
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Orbitrap Exploris Tune Diagnostics

e Bake Vacuum Chamber

e Examine Failed Sub-Procedure: Restarts procedures which were faioling in the
System calibration or check only.

» lon Optics connectivity Check: See Lens connection test
e Transfer Tube Maintenance Check: Checks Fore Vacuum pressure

e |lon optics Maintenance Check: See Discharging Evaluation (Medium) but stops at
Bent flatapole exit lens

e Quadrupole Maintenance Check (See Quadrupole Maintenance Check in SDT)
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