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Computer Simulation Study of Fringing Field Effect on a Circular
Quadrupole Mass Filter

Hidenobu Ishida

Fringing field effect on a circular quadrupole mass filter with a pre-rod is studied using
computer simulation, to investigate the mechanism of formation of undesired mass peak
shapes such as precursor peaks and peak separations. Some fringing filed effect functions
are given not only for quadrupole potential between an aperture and a pre-rod, but also
for rod bias and DC potential bias voltage between the pre-rod and main rod.

Peak profiles are calculated for a relative low mass number, 69 and mass resolution of
about 100. The result for this case shows no peak separation and no precursor peaks when
the fringing field functions derived potential filed calculations are used. The peak height
depends on the aperture-rod distance. And some precursor peaks and a peak separation are
observed when the fringing field function is deformed to loosen the slope. This means
precursor peaks and peak separations may appear depending on fringing field distribution,

even if the main rod is assembled exactly.
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Fig.1 schematic diagram of a quadrupole mass filter
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Fig.2 Plot of fi(z) . z=0 locates at the midpoint  Fig.3 Plot of fy(z) for the cases d=0.25r,0.5ry
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—,respectively. z=0 locates at the aperture

4. FHE

AT, QA TRDO SN D ENE SO ELEBE LicA A O HRAAEHE L Ea—HT
BEITHENT, 7y RNOA F U ORuEZ RS, A A onry REEELFHE L, E5IE 20 S
R ETER L2, AT 24 4134 500 6 T, AR T /~—F v O HEBNICHE 30 S, £
IinbAFrEmy NG AS S, £72. EHOMMAIT 1 EAMA 20 5FI L. SACEIx L 500
DA A > OfEZFF L. A7 10000 DA 4 OEHR #1772, Z LT, TOHnba v K
BT 51 A AR AE A, vy FEREEZRD M Lz, ZOFELZEESFEE 100 FREE O EAR
1285/ A—H g aDFEAEITH L TITO KIS g 2Rl s T2~ A —2 a7 7 A VR,

BONCT VY ROBLGAELRWEAEEZ, vy L T RO 2856 & 20WiGE LilAa b
4580 OHMABEDEZIEY | TNENDOEETA AL OFBBRNED L IITEVR S D it aiT-> T
iz, Figd X, ZORRKERT,

ZORNIEBWT, 48 OMAEDOEZNENIZDOWNT, T/8—F v-1 v RHEOEEEORIFN: 2 bk
LCWb, 7V ey RERY FIT20WEAIE, 73—F v & ay NEOEEIIT-ST 7250854 4 %8
KN@EL, —FH, Ve RERYATEEAET SA—F v Loy NEOBEENLE ST 7208 A 4%
WEBNENZ ERDND, BREOREEVDOIL, 7y =7 3—F ¥ RIS 1.0r0 T, 7YV r vy R
&, vy RS TAFYVOBET, BREMREOHELV L 5 FIFERERMEERT,

— 316 —



ey ROWMEM~ AT 4V Y —I2x 32 E0EEMBEOI ¥ a—F—3Ial—g v

1.2

Q 1
2
g 08 / —&— without both a pre-
g - / rod and rod bias
2 0.6 o —— with a pre-rod ,
g 0.4 D( without rod bias
2 0.
g — N —a— with rod bias,
+ 0.2 —A without a pre-rod
0 T T ) with both a pre-rod
0 05 1 15 and rod bias

distance beween rod and aperture

Fig4 Dependence of the transmission rate on the aperture-pre-rod distance d for 4 cases without both a pre-rod
and rod bias, with a pre-rod and without rod bias, with rod bias and with a pre-rod, and with both a pre-rod and
rod bias, represented by lines with dot marks B, 4,A and X, respectively. These lines are calculated for the
aperture size is 0.157p and ¢=0.7040.
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Fig.5 Plots of the transmission rate curves calculated using the fringing effect functions f(z) ,f1(z) and fy(z).
(a) d=1.0ry,(b)d=0.5r( and (c)d=0.25r.
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Fig.6 Plots of another two types of f3(z)
represented by a solid line, compared with a
dotted line ot the plot of f(z) in fig2. z=0
locates at the midpoint between the pre-rod and
main rod.
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Fig.7 Plot of two types of f3(z) represented by a
solid line, compared with a dotted line
reproduced using the exponential function f(z)
given by Hunter et al.(1989). z=0 locates at the
aperture.
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Fig.8 Plots of the transmission rate curves calculated using f3(z) instead of fj(z) without change of f(z).

d=1.070,(b)d=0.5r¢ and (c)d=0.257,.
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Fig.9 Plots of the transmission rate curves calculated replacing both f(z) and fi(z) to the same f3(z). (a)
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