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JUHENHASI HOHHASA JIOBYIIIKA C OCTPOBOM CTABWJIBHOCTH,
OOPMUPYEMbBIM KBA/IPYIIOJIBHBIM BO3BYXJIEHUEM

PaccMOTpeHBI ycI0BHsS Macc-CENIEKTHBHOTO BBIOpOCa MOHOB HAa TPaHUIE OCTPOBA CTAOMIBHOCTH, (opMHpYyeMOTo
KBaJIpYMOJIBHBIM JIOTIOJHUTEIBHBIM HAIPSHKEHUEM C 4acToTol w = Q /2. B mpezenax octpoBa HaleHbI TTapaMeTphbl
B 1 f,, onpenensroniue CIeKTp KouebaHuil HOHOB 10 MONEPEeYHbIM KOOpANHATaM X 1 Y KBaApyHmonbHOro GuibTpa
Macc. [IpencTaBieH KOHTYp BO30YKICHHS BOIHM3H rpaHUIlbl CTaOMIBHOCTH ¢; = 0.9082 ¢ OTHOCUTENILHOU MIMPUHOMN

q,/ Ag = 3000.

Kniouegvie cnosa: kBaapynonbHeIil GUIBTp Macc, KBaAPYHOIbHOE BO30YKIEHUE, OCTPOB CTAOMIIBHOCTH, TMHEHHAS

MOHHAS JIOBYIIIKA, KOHTYP BO30YKICHUS

BBEJEHUE

Pe3onaHcHOe KBaapyIojabHOE BO30YXIEHHE KOJle-
0aHWl WOHOB B KBAJAPYMOJBHOM (UIBTPE Macc
(K®M) BBI3BIBaET MOSIBICHHUE MTOJIOC HECTAOMIBHOCTH
Ha a—q auarpamme Mathbe, ClIeqyIoUMX BAOJIb U30JI1-
Huil mapametpa f [1, 2]. [lapametp f 3aBHCHUT OT KO-
opAWHATH (@, ) W OMpEAeNsieT CIEKTp KoiebaHWi
WOHOB B KBaJPYMNOJIbHOM 3JIEKTpHUYecKoM rmoine [3].
VYpaBHEeHHS IBIKEHHSI HOHOB IIPU HAJIMUUH JOTIOJIHU-

TEJBHOTO ~ KBaJPYNOJNLHOTO — HANpSKeHus V, =
= V. cos wt UMeroT BUJ [2]
2
j; =—[a-2gcos(2(£-&,))-2g, cos2v¢ |x, (1)
d’y
E = +[a —2qcos(2(£-&,))-2q, cos2v§]y, )

IZle a ¥ ¢ — napaMeTpsl ypaBHeHHs Martke, onpene-
nsieMble, KaK

g 8eU g= 4eV
(m/z)Q2r02 ’ (m/z)ero2 ’ 3
B 4eV o 3)
= (m/z)o’r}’ Q

31ech X U y —TIONEPEUHbIE KOOPAMHATHI KBaJpYy-
nonpHoro ¢uinptpa wmacc (KOM), (U +
+ V cosQt + V, coswt) — HampsuKeHHe, PUKIAIbI-
Baemoe K anekTpogam KOM, ze — 3apsia uoHa, ry —
pazuyc BIHCAaHHOM OKPYXHOCTH MEXAY BEpLIMHAMH
JIEKTPOJOB.

Lenp Hacrosmieil paOOTBI COCTOMT B H3YYECHUH
HMOHHO-ONTHYECKUX CBOWCTB OCTPOBa CTaOMJIBHOCTH

38

M0 OCH ¢, CO37aBaeMOro KBaApYIOJIbHBEIM BO30YXe-
HueM Ha yactore v = (0.5. DT0o 03Hayaer, 4TO, €CIIU
yacToTa OCHOBHOTO HampsbkeHus paBHa 2 MI'w, To 4a-
CTOTa JIOTIOJIHUTEIIEHOTO KBaApYHOIHHOTO HaIpshKe-
Hus coctaBisier 1 MI'n. B wacTHOCTH, paboTa BKITIO-
YaeT pacyeT MOJOXKEeHHUs] OCTPOBa CTAOMITBHOCTH B (DYHK-
o1 OT aMIIMTYAbI ¢, U 94aCTOTHL vV, OIIPEACIICHUC I1a-
pamerpa f W TIOYyOWHBI TOTCHIMAIBHONH  SIMBI
B 3aBHCHMOCTH OT TIOJOXEHHs pabodell TOYKH ¢,
Ha OCHOBE 3TOT'0 MOJIEIMPOBAaHHE KOHTYpa MPOIycKa-
Huss KOM u KkoHTypa BO3OYXKIEHHS TIpH Macc-
CEJIEKTUBHOM BBIOpPOCE MOHOB M3 JIOBYILIKH Ha TPaHU-
11e CTaOMITBHOCTH.

JUATPAMMA CTABMJIBHOCTHU

Ha puc. 1 mokazana MomuuiupoBaHHas ua-
rpamMmMa crtabuiabHOCTH KOM mpm KBaapymoiIbsHOM
BO30YxeHUU ¢ Oe3pa3MepHoit ammuuTyaoi ¢, = 0.01
u ¢, = 0.1. ITockonbKy 4acToTa pe30HaHCHOTO BO30Y-
xpaeans v = 0.5, mOI0Ckl HECTAOMIFHOCTH CIIEAYIOT
Boab u3onuHuit B, = f, = 0.5. C yBennueHueM am-
IUIATYAB! ¢, LIMPHHA II0JIOCHI HECTAOMIBHOCTH BO3-
pacTaeT — Ha nopsAok npu g, = 0.1, npu 3TOM pas-
Mepsl ocTpoBa ctabmibHOCTH (B), pacmonosxeHHOTO
Mo OCH ¢, yMeHbInaroTcsa. Hac mHTepecyeT MHTEpBal
CTaOMIILHOCTH 110 OcH ¢ Tipu a = (.

Meton TOCTpOEHHsI AuarpaMMbl CTaOMJIBHOCTH
(puc. 1) 3axmoyaeTcss B 3aJaHUM NPSIMOYTOJIBHOMN
CeTKH Ha a—¢ IUIOCKOCTH. B 3aiaHHBIX y371aX CETKH
(a;, g;) paccunThiBaIach MaTpuiia M mpeodpa3oBaHuUs
KOOpAMHAT U CKOPOCTEH, KaK M B Cllyyae ypaBHEHHS
Martse [3, 4]. DnemMeHTs MaTpuLibl M paccUnuTHIBaIOT-
Cs YHCIIEHHBIM WHTErprupoBaHueM ypaBHeHui (1)
1 (2) mpu HavaIbHBIX YCIOBUAX: (a) ug =0, uy' =1
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Puc. 1. OctpoBa crabumsHOCTH (A, B).
[Ipn mapamerpax KBapyMOJbHOTO BO30OYXIEHHSA: YacToTa v =
=0.5, ammmutyzns! ¢, = 0.01 u ¢, = 0.1; mapameTpsl cTabUIBHO-

ctu B =p,=0.5

u (b) up =1, uy'= 0. 3nech u = x unu y. B Hamem ciy-
yae ypaBHeHHs IBkeHMs (1) u (2) — 3T0 ypaBHEHHS
Xwumia. [loaToMy HHTErpUPOBAHUE OCYLIECTBIISIOCH
Ha wuHTtepBane (0, 2m), TOCKONBKY  (PYHKIHU
2g-cos[2(¢ — &)] u 2¢, cos2vé UMEIOT HaMMEHBIIIHH
oOmmit nepuox 27, Eciu cien MaTpuIis

My + moy|x <2 & |myy + myp|y <2,

TO Touka (a;, ¢;) momamaeT B 00JacTh CTaOWIBHOCTH
[5]. Hanee dopmupyercs MaccuB CTaOMIBHBIX TOYEK
(ai, q;), KOTOPBIH U OIIPENENSIeT PACIIONIOKEHUE OCTPO-
BOB ctabuipHOCTH (puc. 1 m puc. 2). Yncno Touek
Ha TPSIMOYrojibHyt obmacte a (—0.3, 0.3), ¢ (0, 1)
coctasisieT 10 000.

PE3VIJIbTATDI

Ha puc. 2 npexacraBieH B jaeTaisix OCTPOB CTa-
OmmpHOCTH TIpU TlapaMeTrpe Bo3OyxaeHus ¢, = 0.1
n gacrore v =0.5.

WntepBan crabunbHOCTH (¢, ¢2) TIO OCH ¢ TIpU @ =
= (0 KOHTPOJHUPYETCS AMIUINTYJO0W BO3OYXKICHUS (.
OT10 wumocTpupyercs Ha puc. 2. U3 puc. 1 BuaHO, 9T0
MpH yBEIMYCHUH ¢, TI0JI0ca TPOMyCKaHUA (¢, ¢2)
ymeHbIIaeTcs. OMHAKO PEXHAM cenapaluyd TOJIBKO
B BbIcOKOUacTOoTHOM (BY) pexxume B 3TOM OCTpOBE
CTaOMJIBHOCTH IPAKTUYECKH HEBO3MOXKEH, TOCKOJIBKY
NEePBbI OCTPOB CTAOMIBHOCTH BOJM3M Hayalla Koop-
muHat "3areHseT" paboumit octpoB B (puc. 1). OT0
03HaYyaeT, YTO Macc-CIEeKTPbl OT OCTPOBOB OyIyT Ha-
KJIIbIBATHCS.
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Puc. 2. OctpoB cradbuibHOCTH B.
IIpu a = 0 B mHTEepBaNe (¢, ¢») C aMILTUTYA0H BO30OYyX1e-
Hus ¢, = 0.1 u gacrotoii v = 0.5

Ha puc. 3 nmpuBeneHs 3aBHCHMOCTH [6] 9aCTOTHBIX
napamerpoB S, u f, ot mapameTpa MaTbe g s OCT-
poBa B (¢ = 0). OTu 3aBHCHMOCTH ITOKA3BIBAIOT, YTO
YaCTOTHBIN CHEKTp KoyeOaHuii HOHOB 1Mo X U Y Koop-
OMHATaM oOTiIn4YaeTca. B o0macT COBMECTHOHR CTa-
OWJIFPHOCTH 10 JBYM KOOpAWHATAM, OTMEUYEHHOMH
IMYHKTUPHBIMU BEPTHUKAJIbHBIMHA JIMHUAMMU, KOHe6aHI/I$I
HMOHOB I10 X JIeKaT B HU3KOYACTOTHOM 00JIacTH, a 110
Y — B BBICOKOYACTOTHOM.
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Puc. 3. 3aBucumocty napamerpos S, u f, OT mapaMerpa g U Iiy-
OMHBI NOTEHIMATBHOU MBI D / V 11t X 1 Y onepeyHbIx KOOpAu-

HaT npu a = 0.

Taxoxe Ha puc. 3 mpHUBeIeHB 3aBUCUMOCTH TIIyOH-
Hbl D / V IOTEHIIMAILHOW SIMBI KBaJ[PYHOJIBHOTO MOJIS
[7] mnst Mmoaenu, mpeaioxkeHHOH B pabdote [8]. B men-
Tpe 00JacTH cTaOMIBHOCTH OJHOBPEMEHHAs IITyOnHa
JNOCTUraeT MakCcuMyMma. BakHO OTMETUTh, YTO Mak-
CUMYM I‘J'Iy6I/IHI)I HOTGHHI/I&HLHOI‘/’I sAMbl OOCTUIACT
HauOOJIBIIEH BETMYMHBI IO KOOpAWHATE X MPH 3HAYE-
HUH ¢p, KOTJA IO ¥ KOOpAMHATE BEIWYMHA ¢ IOCTHUTra-

€T TPaHUIBI CTAOMIBHOCTH. DTO MOXKET CITy’KUTh OC-
HOBaHUEM pealii3alliid Macc-CeJIeKTHBHOTO BBIOpOCca
HOHOB 4epe3 Y CTep)KHU NPHU AOCTHKEHUU T'PAHHIIBI
q» (puc. 3) [6, 9].

Ha puc. 4 wumoctpupyercsi Macc-CelIeKTUBHOCTh
pe30HaHCHOTO BRIOpOoca Ha rpanuie g, = 0.9064 (¢, =
=0.1) u Ha rpanune g, = 0.9082 (¢,= 0.01).

1000 - .
—e— 1=100 j ’
—e— 17=200 I ;
800 - - n'=300 } :
—— n =500 ! &
—o— 7= 100 | {
—— n=500 \ {
600 | |
[
|
q/Ag= 3750 | —@/Ag=3100
400 } |
|
[
| {
200 | |
| 4 |
e = 7,=0.01,
ppt : — : el
0.904 0905 0906 0907 0908 0909  0.910

Puc. 4. 3aBucuMocTH uuCla HMOHOB S, JOCTUTIIMX IOBEPXHOCTH

3NIEKTPOJIOB Y, OT mapamertpa g.

Jnst AByX 3HaueHMH aMIUIMTYIbl KBaAPYHOJIBHOTO BO30YXKIEHHS
q, = 0.01 u g, = 0.1; n — ymuciI0 NEPUOJOB UHTEIPUPOBAHUSI YpaB-

HEHUI JABWIKCHU B TOYKE ¢
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IToctpoenne 3aBucumocter S(g) TPOM3BOAUIOCH
clenyrmuM o0pazoM. B Touke ¢ BONHM3M TpaHUIIBI
paccunteiBasioch 1000 TpaekTopuit Ha uHTepBaie (0,
AT) ¥ ONIPENENsIOCh YUCIO S TPACKTOPHHA, aMIUTATY 1a
KOTOPBIX MpeBblIana 7y KolndecTBEHHO Macc-
CEJIEKTUBHOCTh MOXKHO OIPEAEINTh KaK OTHOIIECHHE
g ¥ monoce Ag no 50% ypoBHIO 4mcIia BBEIOPOIIICH-
HBIX MOHOB W3 JIOBYIIKA. Bennunna ¢,/ Ag coctaBis-
et nopsaka 3000 u cnabo 3aBUCUT OT CKOPOCTH CKa-
HupoBanusi f/n, toe f = Q/2n — wyacrora BY-
reHeparopa, n — 4HCJIO NEPHUOI0B WHTEIPUPOBAHUS.
Kontyp Bo30yxaenus 7(g) TpanchopmupyeTcs Kpae-
BBIMU MOJSIMH JIEKTPOAA U BXOAHBIMU MOJSIMH [ie-
TEKTOpa B MacCOBBIN UK.

[NocnenoBarenbHBIN BRIOPOC HOHOB IO MaccaM M3 JIO-
BYIIKH JIOCTUTAE€TCSl YBEJIIMYEHUEM AaAMILUIUTYIbl V'
BU-reneparopa. U3 popmy (3) cienyer, uto

vo=Lyo %l 61103 mge=0.1
g,  0.9064

uV,=0.01103V nns g, = 0.01.

Bropoii ciyuaii (g, = 0.01) 6onee mpenmodtute-
JIeH, TOCKOJIBbKY TpeOyeMas aMIuuTyAa V., AONONHU-
TENBHOTO KBaJpymnojpbHOro HampspkeHus [10, 11]
Ha TIOPSIOK MEHbIIE, a MaccoBas €MKOCTH JIOBYIIKH
0OJIBIIIE M COCTABIISIET

M, g, 091 _
M, ¢, 0.65

1.4.

IIpy aMmmuTyIHOM pa3BepTKE IO IIKaJe Macc OT-
HoleHue V,/ V MOJKHO OBbITh MOCTOSTHHBIM. Tak, mpu
ammmutyne V' = 2000 B MakcumanbHas aMIuiuTyna
J100aBOYHOTO HampsbKeHMst paBHa 22 B.

3AKJIFOYEHUE

B pabote ommcaHbl 0CTpoBa CTAOUIHLHOCTH MO OCH
g, bopMupyeMblie JTOMOJHUTEIBHBIM KBaJIPYIOJIbHBIM
HarpspkerueM [12—-15] ¢ gactotoit w = 0.5 Q. Ha nan-
HOM dYacToTe mepBas oOmacth cradbmimbHOocTH KOM
paciiervisiercs Ha 4YeThIpe OCTpOBa, INpPHUYEM JBa
u3 HUX nepecekarot ock a = 0. IlokazaHo, 4TO cy1ie-
CTBYIOT OJIarONPHSITHBIE YCIIOBUS, TIPU KOTOPBIX B OC-
TpoBe B B ciiyuae a =0 npoucXoIuT Macc-celek-
TUBHBIA BBIOPOC MOHOB Ha Y TpaHUIIE, YTO OJHOBpE-
MEHHO COOTBETCTBYET MAaKCHUMyMy IJIyOMHBI IOTEH-
HUAJIBHOW AMBI 10 X KoopauHaTte. B 3ToM pexume
JIOCTUTAETCS MacC-CEJISKTUBHOCTh ¢, / Ag = 3000.
Tpebyercs Manasi BeTUUMHA JOIIOJHUTEIBHOIO KBal-
PYIOJBHOTO HANpsDKEHHUS IOpPSAKa HECKOJIBKHX Je-
CSITKOB BOJIBT, YTO YIPOILAET cXeMy (OPMHUPOBAHUS
JIOTIOJTHUTENBHOTO  KBAJPYMOJBHOTO  HalpsKeHUS
Ha DJIEKTPoAax (QIIbTpa Macc.
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LINEAR ION TRAP WITH AN ISLAND OF STABILITY
FORMED BY QUADRUPOLE EXCITATION

A. L Ivanov" 2, P.V. Bugrovl, N. V. Konenkov'

'Ryazan State University named for S.A. Yesenin, Ryazan, Russia
?Ryazan State Medical University named after acad. I.P. Pavlov, Ryazan, Russia

The conditions of mass-selective ion ejection at the boundary of the island of stability formed by a quadru-
pole additional voltage with a frequency of w = /2 are considered. Within the island, the parameters £, and ,
are found, which determine the spectrum of ion oscillations along the transverse coordinates X and Y of the qua-
drupole mass filter. An excitation contour near the stability boundary g, = 0.9082 with a relative width of
g5/ Ag = 3000 is presented.

Keywords: quadrupole mass filter, quadrupole excitation, island of stability, linear ion trap, excitation contour
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INTRODUCTION

Resonant quadrupole excitation of ion oscillations
in a quadrupole mass filter (QMF) causes the appear-
ance of instability bands on the a—g Mathieu diagram,
following the isolines of the parameter S [1, 2]. The
parameter S depends on the coordinate (a, ¢) and de-
termines the spectrum of ion oscillations in a quadru-
pole electric field [3]. The equations of ion motion
given an additional quadrupole voltage V, =
= V. cos wt have the form [2]

j—gz—[a—2q005(2(§—50))—2qx0052v§}x, (D)
3;=+[a—2qcos(2(§—50))—2qxcos2v§]y, 2)

where a and ¢ are the parameters of the Mathieu equa-
tion, defined as

_ 8eU B 4eV
_(m/z)eroz’ q_(m/z)eroz’ 3
4eV 0] 3)

X

ql:(m/z)a)zroz’ o

Here x and y are the transverse coordinates of the qu-
adrupole mass filter (QMF), =(U + V cosQt +
+ V. cos wt) is the voltage applied to the QMF elec-
trodes, ze is the ion charge, ry is the radius of the cir-
cle inscribed between the electrode vertices.

The aim of this work is to study the ion-optical
properties of the stability island along the ¢ axis
created by quadrupole excitation at a frequency of v =
=0.5. This means that if the frequency of the main
voltage is 2 MHz, then the frequency of the additional
quadrupole voltage is 1 MHz. In particular, the work
includes the calculation of the position of the stability
island as a function of the amplitude ¢, and frequency
v, determination of the parameter § and the depth of
the potential well depending on the position of the
operating point g, and. based on this, modeling the
transmission contour of the QFM and the excitation
contour during mass-selective ejection of ions from
the trap at the stability boundary.

STABILITY DIAGRAM

Figure 1 shows a modified stability diagram of the
QFM under quadrupole excitation with a dimension-
less amplitude ¢, = 0.01 and ¢, = 0.1. Since the reso-
nant excitation frequency v = 0.5, the instability bands
follow the isolines f, = f, = 0.5. With an increase in
the amplitude g,, the width of the instability band in-
creases — by an order of magnitude at ¢, = 0.1, while
the dimensions of the stability island (B), located

along the ¢ axis, decrease. We are curious about the
stability interval along the g-axis at a = 0.

Fig. 1. Stability islands (A, B).

With the quadrupole excitation parameters: frequency
v = 0.5, amplitudes g, = 0.01 and ¢, = 0.1; stability
parameters f, = f, = 0.5

The method for constructing the stability diagram
(Fig. 1) consists of specifying a rectangular grid on
the a—q plane. At the specified grid nodes (a;, ¢;), the
matrix M of coordinate and velocity transformations
was calculated, as in the case of the Mathieu equation
[3, 4]. The elements of the matrix M are calculated by
numerically integrating equations (1) and (2) under
the initial conditions: (a) up =0, uy' =1 and (b) up =1,
uy' = 0. Here u = x or y. In our case, the equations of
motion (1) and (2) are the Hill equations. Therefore,
the integration was performed on the interval (0, 2m),
since the functions 2g-cos[2(¢ — &)] and 2g, cos2vé
have the least common period of 2. If the trace of the
matrix

[myy + mp|x <2 & [myy + mo|y <2,

then the point (a;, ¢;) falls into the stability region [5].
Next, an array of stable points («;, ¢;) is formed, which
determines the location of the stability islands (Figs. 1
and 2). The number of points per the rectangular re-
gion a a (0.3, 0.3), ¢ (0, 1) is 10 000.

Fig. 2. Stability island B.
For a = 0 in the interval (g, g,) with excitation ampli-
tude ¢, = 0.1 and frequency v=10.5

RESULTS

Figure 2 shows in detail the stability island for the
excitation parameter g, = 0.1 and the frequency v =
=0.5.

The stability interval (¢, ¢») along the ¢ axis for
a =0 is controlled by the excitation amplitude ¢,. This
is illustrated in Fig. 2. It is evident from Fig. 1 that
with increasing ¢, the passband (g;, ¢,) decreases.
However, the separation mode only in the high-
frequency (HF) mode is practically impossible in this
stability island, since the first stability island near the
origin "shadows" the working island B (Fig. 1). This
means that the mass spectra from the islands will
overlap.

Figure 3 shows the dependences [6] of the fre-
quency parameters £, and $, on the Mathieu parameter
g for island B (a = 0). These dependencies show that
the frequency spectrum of ion oscillations along the X
and Y coordinates differs. In the region of joint stabili-
ty lying along two coordinates and marked by dashed



vertical lines, ion oscillations along X lie in the low-
frequency region, and along Y — in the high-
frequency region.

Fig. 3. Dependencies of the parameters §, and 5, on
the parameter ¢ and the depth of the potential well
D/ V for the X and Y transverse coordinates at a = 0.

Figure 3 also shows the dependences of the depth
D / V of the potential well of the quadrupole field [7]
for the model proposed in [8]. In the center of the sta-
bility region, the simultaneous depth reaches a maxi-
mum. It is important to note that the maximum of the
potential well depth reaches its greatest value along
the X coordinate at the value of g, when the value of
g along the Y coordinate reaches the stability boun-
dary. This can serve as the basis for the implementa-
tion of mass-selective ejection of ions through the Y
rods upon reaching the boundary ¢, (Fig. 3) [6, 9].

Figure 4 illustrates the mass selectivity of the reso-
nant ejection at the boundary ¢, = 0.9064 (¢, = 0.1)
and the boundary g,= 0.9082 (g,= 0.01).

Fig. 4. Dependences of the number of ions S that
reached the surface of the Y electrodes on the para-
meter q.

For two values of the quadrupole excitation am-
plitude ¢, = 0.01 and ¢, = 0.1; n is the number of
periods of integration of the equations of motion at
point ¢

The construction of the S(g) dependencies was per-
formed as follows. At the point ¢ near the boundary,
1000 trajectories were calculated on the interval (O,
nm) and the number S of trajectories which amplitude
exceeded 7y was determined. Quantitatively, mass se-
lectivity can be defined as the ratio of ¢, to the band-
width Ag at the 50% level of the number of ions
ejected from the trap. The value of ¢,/Aq is about
3000 and weakly depends on the scanning rate f/ n,
where f=Q/2n is the frequency of the HF generator,

n is the number of integration periods. The excitation
contour 7(q) is transformed by the edge fields of the
electrode and the input fields of the detector into
a mass peak.

Sequential ejection of ions by mass from the trap is
achieved by increasing the amplitude V' of the HF ge-
nerator. From formulas (3) it follows that

v =ﬁV _ 0.1
q, 0.9064

and V, =0.01103V for ¢, = 0.01.

The second case (g, = 0.01) is more preferable,
since the required amplitude V', of the additional qua-
drupole voltage [10, 11] is an order of magnitude
smaller, and the mass capacitance of the trap is larger
and is

V' =0.1103V for g, =0.1

M, ¢, 091

= =14.
M, g, 0.65

With amplitude scanning on the mass scale, the ra-
tio V,/ V should be constant. Thus, with an amplitude
of V'=2000 V, the maximum amplitude of the addi-
tional voltage is 22 V.

CONCLUSION

The paper describes the islands of stability along
the ¢ axis formed by an additional quadrupole voltage
[12-15] with a frequency of w = 0.5 Q. At this fre-
quency, the first stability region of the QFM splits into
four islands, two of which intersect the axis a = 0. It is
demonstrated that there exist advantageous circums-
tances in which, on island B, if a = 0, a mass-selective
ion ejection takes place at the Y boundary and concur-
rently correlates with the potential well's maximum
depth along the X coordinate. In this mode, the mass
selectivity ¢,/ Ag = 3000 is achieved. A small value
of the additional quadrupole voltage of the order of
several tens of volts is required, this simplifies the
scheme for forming the additional quadrupole voltage
on the mass filter electrodes.



