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Design of Broad Energy Range Focusing Reflectron
for Time of Flight Mass Spectrometer
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WANG Wei, SHEN Xiao-pan, WANG Wen-liang, YUE Dong-ning
(Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: Ion energy distribution is one of the main factors that influence the resolution
of time-of-flight mass spectrometer (TOF MS). One-stage or dual-stage energy focusing
method was used to improve the resolution of TOF MS by reducing the ion flight time
range. This method was very efficient for the ions with low energy range and large
energy range ions, the resolution reduced rapidly. Thus, a broad energy range focusing
reflectron method was proposed by Vlasak P. R. for TOF MS, which was applied the
various voltages for the electrodes with certain distances. In this paper, a modified
method was put forward by optimizing the distance and voltage of the electrodes for the
reflectron simultaneously, and the validity of the method was proved by SIMION simu-
lation. The errors caused by machining precision and assembly accuracy could be com-

pensated by adjusting the voltages of the electrodes. To prevent the penetration of the
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fields, the electrodes should be equipped with grids. But the transmission of the ions

will decrease very fast with the number of the grids increasing. By this method, the

intensity of the first stage electric field was much larger than the others. Apart from the

first two stage electric field, the intensity of the electric field was only a little larger

than the field before. So all the grids can be removed but only the first two grids, which

can prevent the first stage electric field penetrate to other fields. The penetration of oth-

er fields can be compensated by adjusting the electrodes voltages a bit. The simulation

results showed that the method is simple and effective, and has strong practicability.

Key words: time-of-flight mass spectrometer (TOF MS); energy focusing; reflectron;

resolution; penetration of electric field
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Fig. 1 Relationship of flight time and

ion energy at one-stage energy focusing
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Fig.2 Partial structure of TOF MS

with dual-stage ion reflectrons
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Fig. 3 Relationship of flight time and ion energy
calculated by formula (4)
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27.710F Table 2 Broad energy range focusing reflectron

2 27705y segment configuration in the literature
g 27 5 B o
— T D
&= 27.695 E&3 F A% 8] B
e Calculated
p} 27.690 Segment Distance/cm
27 685 potential/V
27'680 1 1.054 1647. 99
' 2 0. 527 1771. 63
27675 T T T T T
2200 2300 2400 2500 2600 2700 2800 3 0.527 1863. 17
BFRER/EV 4 0. 527 1942.73
5 0.527 2015. 89
4 FREAAR(S).(6)IHEFBIK
B4 RAAK(S).(6)IHHEBEM s 0,527 2084, 07
BT 4= Bt 1t =3 b =2 'y a1y
BFUTHEBE FREENELXR 7 0.527 9151, 91
Fig. 4 Relationship of flight time and ion energy 38 1. 054 2277.09
calculated by formula (5) and (6) 9 1. 054 2398. 36
10 1. 054 2516. 46
X1 “HEBEELZHT, 11 1. 054 2632. 38
12 1. 054 2746.79
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Table 1 Relationships of resolution and ion energy

distribution at dual-stage energy focusing
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Energy Relative energy ﬁﬂ?i
ranges/eV dispersion/ % Resolution

[2450,2550] 4 160800
[2400,2600] 8 19902
[2350,2650] 12 5800
[2300,2700] 16 2390
[2250,2750] 20 1187
[2200,2800] 24 661
[2150,2850] 28 397
[2100,2900] 32 252
[2050,2950] 36 166

[2000,3000] 40 112
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configuration in the literature**)
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configuration in the literaturet'*]
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Fig. 7 Flow chart to design the broad energy

range focusing reflectrons in this paper
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Table 3 Broad energy range focusing reflectron

segment configuration designed in this paper

o A A 18] S RGNS WA Z 5 L
Segment Distance/ Calculated Adjusted
cm potential/V potential/V
1 1 1360. 00 1383. 50
2 4.73 2000. 00 2014.75
3 1.72 2233.08 2229.70
4 0. 87 2351. 40 2354. 06
5 0.72 2449.73 2443. 20
6 0. 64 2537.52 2534.70
7 0. 60 2620. 21 2619.95
8 0. 57 2699. 14 2698. 07
9 0. 54 2774. 28 2773. 38
10 0.52 2847. 00 2844. 90
11 0.51 2918. 67 2916. 77
12 0. 50 2989. 29 2987.49
13 0. 49 3058. 86 3057.55
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Fig. 8 Relationship of voltage and the distance

to the exit of the reflectron configuration with table 3
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Table 4 Broad energy range focusing reflectron
segment configuration with electrodes distance rounded

to millimeter designed by the method in this paper

R

Calculated

834 i

Segment Distance/cm

potential/V

1 1 1360. 00
2 4.73 2000. 00
3 1.7 2230. 37
4 0.8 2339. 16
5 0.7 2434. 69
6 0.6 2516. 93
7 0.5 2585. 74
8 0.5 2654. 80
9 0.5 2724.17
10 0.5 2793. 84
11 0.5 2863. 84
12 0.5 2934.19
13 0.5 3004. 89
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Fig. 10 Relationship of inverse resolution (2At/t,) and
ion energy according to the reflectron segment

configuration with table 4
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Fig. 11 Contour lines of the reflectrons

with different configuration

| 50 cm RN

The starting point of the ions T “‘***—-\i\_\
\ \

N\ —~ E— Reflectron

Detector R

12 mat=sf AR B AT A &M M SIMION {F E4£ R

Fig. 12 SIMION simulation when the first two electrodes were reserved

Gt BB T AT E) 5 B AR R Y OC
/\/jf\‘ﬂ:g 130

SO S 3K B 1 53 B2 (20 /200 29 24 2 000,
ZPrLABGAE] 4 000 B3 B, EEA LT L



5514

AR A QAT I ) 5 0 B e R AR R T AR T

35

FURE D #H T NGB BRG] 05 F0R B2
HA 0.2 mm/gu 17 76 315 55 B2 o A oRS B AR BR
2 0. 1 mm;2) BARAFTE R PRt 25 R —
8 /% B3 55 T L 3 03 A L (B B R R AR AE
(2000 €V,3000 eV {71 T HEER E] 100 ()
ST PERA R DR BB B E X

26.834
26.833
26.832
26.831

t/us

26.830
26.829
26.828
26.827

26.826
2000

2600 2800

2200 2400
lon energy/eV

3000

B 13 EGINEFITRE
BETFREENTAXE
Fig. 13 Relationship of flight time and
ion energy in the SIMION simulation

4 Zig

ARG X Viasak 1 58 68 7 5 48 O 4%
BT e T — Rkt gy 58 . 8 R W] s X
ST 4 25 DK BE RN A5 AR AR T I 48 1) e R A T
T, fe 6% T A R0 52 5 A 2 1 AE A 0 A v TR R
KGO0 T B CATE B BTG 7 e, o T
BT AR ROR e 7 FAR R h HULR BT )
B 308 sk %o FEL AR FEL e AR AT R S R e
7R Fiikiie A

S % 30K :

[1] WILEY W C, MCLAREN I H. Time-of-flight
mass spectrometer with improved resolution[]J].
Review of Scientific Instruments, 1955, 26(12) .
1 150-1 157.

[2] SECCOMBE D P, REDDISH T ]J. Theoretical
study of space focusing in linear time-of-flight
mass spectrometers[ J|. Review of Scientific In-
struments, 2001, 72(2). 1 330-1 338.

[3] GARDNER B D, HOLLAND J F. Nonlinear ion

[4]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

acceleration for improved space focusing in time-
of-flight mass spectrometry[J]. Journal of the
American Society for Mass Spectrometry, 1999,
10(11): 1 067-1 073.

MAMYRIN B A, KARATAEV V I, SHMIKK
D V, et al. The mass-reflectron, a new non-
magnetic time-of-flight mass spectrometer with
high resolution[ J]. Journal of Experimental &
Theoretical Physics, 1973, 37(1): 45-48.
MAMYRIN B A. Time-of-flight mass spectrom-
etry (concepts, achievements, and prospects)
[J]. International Journal of Mass Spectrometry,
2001, 206(3): 251-266.

WANG T I, CHU C W, HUNG H M, et al.
Design parameters of dual-stage ion reflectrons
[J]. Review of Scientific Instruments, 1994, 65
(5): 1 585-1 589.

BIMURZAEV S B. A time-of-flight mass reflec-
tron with controlled ion-energy spread in the
packet generated by an ion source[ J]. Technical
Physics Letters, 2014, 40(2). 108-111.
KUTSCHER R, GRIX R, LI G, et al. A trans-
versally and longitudinally focusing time-of-flight
mass spectrometer[ J]. International Journal of
Mass Spectrometry & Ion Processes, 1991, 103
(s2/s3): 117-128.
ZHANG ], ENKE C G. Simple cylindrical ion
mirror with three elements[J]. Journal of the
American Society for Mass Spectrometry, 2000,
11(9): 759-764.

ZHANG J, GARDNER B D, ENKE C G. Sim-
ple geometry gridless ion mirror[J]. Journal of
the American Society for Mass Spectrometry,
2000, 11(9): 765-769.

GUILHAUS M. Principles and instrumentation
in time-of-flight mass spectrometry[J]. ] Mass
Spectrom, 1995, 99(11). 1-39.

GUILHAUS M. MLYNSKI V., SELBY D. Per-
fect timing: time-of-flight mass spectrometry[ ] ].
Rapid Communications in Mass Spectrometry,
1997, 11(9): 951-962.

VLASAK P R, BEUSSMAN D J, JI Q. et al.
Method for the design of broad energy range fo-
cusing reflectrons[J]. ] Am Soc Mass Spectrom,

1996, 7(10): 1 002-1 008.





