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ABSTRACT a

This report covers theoretical and computer analyses of the unstable
ions in a quadrupole mass spectrometer. It covers the use of ion source
masking to eliminate penetrating unstable ions. Test results of ilon source
nozzle masking with the associated decrease in peak tails are also included.
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B T . o ot

This report covers the use of ion masking of the ion source in o

3 quadrupole mass filter to eliminate the penetrating unstable ions that

- normally appear as tails on either side of the given mass peaks. It covers
theoretical as well as extensive computer analyses of the unstable ions and
the affect of masking upon these ions.

Wi

Results of these analyses show that the peak tails may be reduced by
either an angle mask (elimination of small angles) or a position mask
(elimination of small amplitudes). By use of the computer data it was
possible to determine some relations of all the viriables, which define
the amplitudes and intensities of the unstable ions. These variables
include initial angle of entrance, initial amplitude and phase as well as
other parameters such as distance from the stability regioc:n, resolution,

. and number of RF cycles the ion spends in the quadrupole. The relationship
f' of mask size to tail intensity is also developed in this report.

oy i s g

4 This report also covers experimental results of quadrupole runs with
f and without masking (amplitude masking), which show considerable improve-
B ment of operation of the quadrupole filter when masking is utilized. These

test results show good agreement with the analytical predictions.
1 () INTRODUCTION

Understanding the operation of the quadrupole mass filter has been
somewhat less tlian complete. In order to gain greater insight into the
modes and parameters of operation, several analytical and empirical efferts
have been conducted. The analytical methods include a theoretical approach
to the operation of the quadrupole and extensive computer runs of the un-
stable ion trajectories. Analytically, operation may be improved by imple-
mentation of such methods as masking the ion entrance aperture or gating of
the ions. Improved operation is obtained by reducing the peak tails which
are caused by acceptance of unstable ions by the quadrupole.

g ' The major portion of this report will deal with understanding and
manipulating the unstable ion cont:ibution.




THEORETICAL ANALYSIS

The quadrupole mass filter derives its mass discriminating ability by
use of the fields of the four rods., Under such fields only a given e/m
ratio 1s stable while all other ions are theoretically unstable for an
infinite quadrupole length.

The potential in the space between the hyperbolic rods is given by:

V= (Vo + V,, cos ut) (X% - srz)/::o2 (1)

AC

with gradients in the x and y axes

E = (V .+ V

y be AC ©O8 wt) (2y/r02) (2a)

2
Ex = (VDC + VAC cos wt) (-2x/ro ) (2b)

The above equations show that the x and y components of motion are
independent of each other. The equations of motion are then readily
derived to be:

M& = eEx | (3a)
M} = eEy ' (3b)

It is possible to transform equations (2) and (3) into Mathieu
functions by the dimensionless variables a, q, and T where:

2 2 |
a = 8e Vp,/Mr “w (4a)
q = 4e V, /Mr 2 " (4b)
T = .‘é’_‘: (4c)

T




resulting:

—% + (a+2q cos 21) x = 0 (5a)
dr

dy

——%‘ - (a+2q cos 21) y =0 (5b)
dt

Solutions to the above equations are found in literature and are
characterized by stable and unstable regions.

The region of operation of the quadrupole mass filter 1s usually in
the first stability region as shown in Figure 1. The curves a, and b; are
reflected (flipped) upwards at the zero Vpg value. This results in an
almost triangularly shaped stability region as shown in Figure 2. Figure 2
1s divided into four sections representing stability of ions in a given axis.
Section I represents an x-stable, y-unstable condition. Section II depicts
2n unstable region for both x and y axes. Section III is a y~stable
x-unstable region, while Section IV is a stable region in both x and y axes.
The scan line shown in this figure is the path that the ions take to tra-
verse from zero ac and dc to the full value of these two potentials within
the quadrupole analyzer, the variations of the fields as the masses are
scanned. The value of the dc potential at q, equal to 0.706 (the perpen-
dicular line through the apex of the stability diagram), determined the
resolution of the system. At zero dc all particles are stable. At a dc
equal to the apex, the theoretical resolution is infinite.

Unfortunately, however, this 1s true only for an infinitely long
quadrupole. For finite rod lengths, the amplitudes of some of the unstable
ions might be smaller than the separation of the rods. This will allow some
unstable ions to be detected as stab!e and will appear on either side of the
peak as tails, which can mask adjacent peaks.

Understanding the mechanics of ion trajectories, allows partial
elimination of these tails.

The amplitude of an unstable ion is proportional to the number of ac
cycles it spends within the quadrupole.

A=NA () | ' - (6)
where w 1s the ac frequency ¢ )

and N 4is the number of:cycles spent by the ion in the ac field.




The amplitude of an ilon, however, 1s also determined by the distance
of the scan line to the stability boundary. The closer the ion to the
stability boundary, the smialler its absclute amplitude at any given number
of cycles within the quadrupole,

Using Brubaker'sl approach, the vertical distance between the scan line
and the stability region (at any q) can be considered as a spring constant
of an oscillator. If the scan line is above the stability region (Section
I, II, or III), then this distance is positive; thus an unstable oscillator,.
If the scan line is within the stability region (Section 1V), the vertical
distance is negative; thus a stable oscillator. This analysis shows that
as the scan line approaches the stability region the spring constant de-
creases thus giving the ion less amplitude when measured at a given number
of ecycles down the quadrupole. As shown experimentally, the number of
cycles required by an unstable ion, one mass unit away, to reach an ampli~
tude of r, (half a rod separation is proportional to the square root of the
resolution,

For resolving power of 100:

1/2

N = 3.5 (M/AM) (7a)

r, ZK /a2 A (w) (7b)

From the above relation, for a given ion energy and a given resolution

the length of the quadrupole rods must be long enough to allow the number
of cycles to build the amplitude to at least a value of r,

Raether discovered that

/ v \1/2
L >> rm Z-VQEE q (8)
DC

where Vace = lon accelerating potential. The above analysis applies only to
ions which enter the quadrupolie in axis with no initial angle. If an angle
other than zero is considered, then the amplitude of an ion will increase

1, A Study of the Introduction of Ions Into the Region of Strong Fields
Within a Quadrupcle Mass Spectrometer, W.M. Brubaker, Final Report,
Contract NASW-1798, 1967. ;
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proporticnally. This increase in entrance angle, or ¥, will allow the de~
crease of the rod length or an increase in resolution for the same number of
unstable ilons accepted. Unfortunately however, the amplitude of the stable
ions also increases which decreases the intensity. Another parameter which
influences the amplitude, is the off-axis distance (n) at which the ions
tater the quadrupole. Computer analysis has shown (see Section 3) that

2 e
A, ?i Ay; for n =.0 (9a)
and Al w22 Al fory om0 (9b)
2 Ny 1’ '

This can also be verified mathematically for finite n and vy
simultaneously.
Let X(wt, ¢) be the amplitude function for either X or Y. Also, let

wt ; ¢ giving X = X (t). Since the Mathieu function is a second order

differential equation there can be two independent sclutions X3 (1) and Xp
(t) with a linea~ combination

't'-

X = alxl + azxz (10)
By use of initial conditions the coefficients can be obtained
Xo X2(o) Xl(o) xo
' '
X
a, =52 x2(°: . (11)
1 Xl(o) Xz(o) ’
' '
Xl(o) Xz(a)
L. - L
where
by , i
Xl = 022 cos (L + B/2)21 (12a)
g | |
X2 = 022 sin (& + B/2)21 (12b)
Xo = Yo = 0% (12¢)




' ' 2e V

. . - AC
XonYonvosiny Y M

by substitution

(124)

2e V
2nr i (2 + B/2) Cy, cos [(& + 3/2)-‘”“‘/""&‘& z C,, sin [(% + B/2)¢]

%
4 " X, (0) - X,(0)
X;(o) x;(o) Wronskian (W) (13a)
p 2e VAC » ‘
-ano 1 022, sin [(& + B/2)p ]~y ——-I;{———ﬂ" sz cos [(R + B/2)¢) (13b)
i X, (0) X, (0) |
X, (o) X, (0)
Substituting in the original equation (10)
X = 2nA ~yB (14)
A= {[2 (2 + B/2) C,, cos (L + 3/2)¢][ ;‘: 022 cos (& + B/2) (wt + qﬁ).] -
[}y stn 4 ar228] [ 0y stn G+ o/ et ]} (15)
2¢ V
B %J- — ;[ﬁ Gy, cos (4 + 5/2)«»] [i C,, sin (% + 8/2) (ut +-¢)] -
J
{i CZ!L sin (¢ _+ 8/2)¢:} {i sz cos (L + B/2) (wt +¢)] (16)




Note that the functions A and B are functions of a, q (in the C»1 coef-
QE: ficigents) wt and ¢, but are not functions of n and y. Given some initial
conditions, or the values of A and B, the trajectory (amplitude) of an ion
will be given by the simple relation of equation (l4) for any n and y. From
the above, note by increasing n or vy of the entering ions, the amplitude of
the unstable ions can be increased, provided of course that the possible
decrease in intensity can be¢ tolerated.

By understanding the behavior of ions under given n and y, the tails of
the peazks can be decreased thus providing more desirable operating condi-
tions. In order to illustrate the above statement the maximum alplitude
2nvelope of the ion trajectories are shown in Figure 3. From Figure 3A note
that for a larger y, tne amplitude of an lon does not require as long to hit
the rods as an ion with smaller y. The same holds true for n variations.
This can be translated into use of a smaller rod length required to elimi-
nate tiie unstable ions.

With a given normal entrance aperture, however, there is a continuous
distribution of ions with all possible n and v up to some cutoff point as
shown in Figures 4A and B. Every ion therefore, can have any combination
of n and Y. Such a distribution of n and y will not allow much data improve-
ment, if any, by increasing the maximum values of n or y for a given ion. In
fact, the total intensity will decrease without much improvement of the peak

tails.
- Another variable which can have a detrimental affect on the data is the
(;2 phase (¢) at which the ions enter the quadrupole region relative to the ac
‘ field.

The affect of phase makes the analysis very difficult, because no mat-
ter how much n and y are increased, there will be some phases at which the
amplitude is very small, causing the unstable ions to be detected as tails.
If the phase affect is momentarily neglected, it becomes possible to affect
the trajectories so as to allow only unstable ions with large amplitudes to
enter the quadrvpole region.

The trajectories of ions as a function of n and y &are shown in Figure 5A
and B. These amplitudes are at a given Aq from the stability region (percent
away from stability) as shown, ions of n or y values greater than the maximum
detectable will strike the rods and be eliminated. This also illustrates the
relation that the longer the rod, the more unstable ions will be eliminated.
The same holds true for the number of cycles spent in the quadrupole. As Aq
increases the amplitude of the ions will increase; effectively spreading the
intensity of unstable ions in such a manner as to favor the rod collision.
The ratio of ions colliding with the rods to the unstable ions transmitted
will be W2termined by the maximum detectable n and y (n max-det; y max-det)
and by Figures 4A and B. '

The net result, or percentage of transmission of unstable ions will be
as shown in Figures 6A and B.




The relation of Aq (distance from stability boundary) to the ion ampli- -
tudes An and Ay are shown in Figures 7A and B. Combining the above trajec- i—)
torles it becomes possible to obtain the theoretical intensity of the tails -
It in terms of Aq, for a given number of cycles down the quadrupole (Figures
84 and B). The intensity is of course, proportional to y and n and I is nor-
malized for maximum intensity at Aq equal to zero. Figures 9A and B show the
intensity of tails as a function of Aq.

Since ions can combine any n with any y (within the maxima), developing a
a combined affect plot similar to those shown in Figure 9 is desirable. This
combination plot will be done in the computer section where actual values are
presented.

The above analysis suggests a method for reducing the tails by merely
eliminating low values of n or y. From Figures 5 and 6, note that the ions
which contribute to the tails are 1ons with n or y below the maximum detect-
able value. Theoretically, therefore, if these ions are eliminated, the
tajls would be eliminated. Again it must be emphasized that phase is
neglected.

One such method of tail reduction is to eliminate small values of y by
making the ion source exit aperture in the shape of a ring. Such an aper-
ture and the accompanying vy is shown in Figure 10. The trajectories of botih
stable and unstable ions are shown in Figure 1l. The peak shape for unsta-
ble ions, maximum detectable y hitting the rod at Aq equal to zero, would
be as shown in Figure 12. A possible added advantage of ion source mask-
ing is the reduction of netural ions. Since all ions enter with some finite 1:)
vy, the probability that such ions will strike the rods increases directly k
proportional to the sine of the angle. A ring aperture eliminates low
angles in at least cne axis, but not necessarily in both axes. ‘

A second method of eliminating penetrating unstable ions is to mask
the nozzle exit of the analyzer. Prior masking of the ion source com-
pletely eliminated small y but maintained small values of n (including
zero); masking the nozzle completely eliminates the low values of n, but
maintains emall y (including zero).

When the neutral detection level is compared between the two masking
locations, ion source masking is expected to have a considerable lower
neutral component.

One type of nozzle masking configuration is shown in Figure 13. Since
the phase of ion entrance to the ac field is so important to the amplitude
of ion trajectories (thus operation) and such data is presented by the com-
puter runs, consideration of this computer data is advisable prior to any
further analysis.
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3
(:f COMPUTER ANALYSIS |

Computations of the lcn trajectories were run for ions which theoreti- 1
cally are unstable in their y axes. The variable parameters considered were
100 and 200 resolution; 5, 20, and 100 percent of peak width from the stabil-
ity region; various n and y values and various phase values. The computer [
program is normalized to the particular quadrupole so that when the amplitude ;
of the ion oscillations reach unity the ions would impact into the rods, thus ‘
being stopped. The limit of motion in the z direction (parallel to the length
of the rods) was taken at 16,000 degrees or 44.4 cycles.

Tabulation of points of ion impact, in degrees, or highest amplitude at
16,000 degrees are given in Table 1 for some of the computer runs. Using
this table note that vy has a greater effect than n upon the trajectory of an
ion. This difference for low values of n and y however, is only on the order
of 25 percent,

In order to more readily visualize the behavior of the ions for the
given parameters, several charts were made and are presented in the accompa-
nying figures. The plots show only the upper boundary of the trajectory
envelopes. Figure 14 shows the trajectories for several initial phases with
given values of n and y for 5, 20, and 100 percent of Aq (where Aq = one peak
width at a given resolution). ‘fhe above figure is a plot of resolution 200,

- but as can be seen from Table 1 the points of impact for resolution 100 at
1C~§ the same values of n and y are not drastically different from the values for
' resolution 200. The difference appears to be on the order of the square

root of resolution, as stated in the previous section.

Figure 14 1s the actual maximum trajectory envelope and is to be com-
pared with Figvres 5A and B. From this figure (14) it can be noted immedi~
ately that the maximum amplitude for y = 0, n > O unstable ions is at 90
degrees and 270 degrees phase angle. For ions with initial y > 0, n = O the
maximum amplitude is at 180 degrees with minimum at zero degrees.

Before involvement of phase, it would be of interest to determine the
intensity of tails with some actual expected parameters. Figure 15 shows
the geometry of the actual quadrupole.

In order to determine the amplitude of any ion, the number of cycles N
(or w/27m) the ion spends within the quadrupole must first be calculated.

To do this, the following must ' known:

a. Mass of ion M
b. Velocity of ion V
C. Length of quadrupole L

d. Separation of rods r,

(:*} e.  Frequency of AC w,




g TABLE 1. POINTS OF ION IMPACT

)
INITIAL PERCENT FROM -
PHASE (°) n Y STABILITY (%) | RESOLUTION | POSITION (°) | AMPLITUDE
! 0 |0.0314 5 100 4,141 1.0782
| 0 |o0.0314 5 200 4,141 1.0707
| 90 0 [0.0314 5 100 3,062 1.0884
§ 90 0 |0.0314 5 200 3,062 10854
| 180 0o |0.0314 5 100 2,342 1,0881
| 180 0 [0.0314 5 200 2,342 1.0878
| 270 o |o,0314 5 100 3,062 1,0478
| 270 0 |0.0314 5 200 3,062 1.0453
: 0 0 |0.0314 20 100 3,782 1.0513
0 0 lo,0314 20 200 3,782 1,0202
90 0 |0.0314 20 100 3,062 1.1357
90 0 |0.0314 20 200 3,062 1,1162
180 0 |[0.0314 20 100 2,343 1.1130
180 0 |0.0314 20 200 2,343 1,1039 |
270 0 |0.0314 20 100 3,062 1.1900 )
270 0 [0.0314 20 200 3,062 1.0728
0 0 |[0.0314 100 100 3,063 1.0419
0 0 |0.0314 100 200 3,063 1.0389
90 0 |c.0314 100 100 2,703 1.1613
) 90 0 |0.0314 100 200 2,703 1.1601
180 o |o.0314 |, 100 100 2,343 1.2498
180 0 |0.0314 100 200 2,343 1,2504
270 0 |0.0314 100 100 2,703 1.0947
270 0 |0.0314 100 200 2,703 1.0938
0 0.0025| © 5 100 - -
9 0.0025| o0 5 200 15,660 0.0116
0 0.0025| 0 20 100 15,661 0.0599
0 0.0025| 0 20 200 15,661 0.0358
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TABLE 1 (Concluded)

A

INITIAL PERCENT FROM
PHASE (°) n y | STABILITY (%) | RESOLUTION | POSITION (°) | AMPLITUDE

0 0.0025 0 100 100 13,502 1.0464

0.0025 0 , 100 | 200 13,502 1.0320

90 0.0025 0 5 100 - -

90 0.0025 0 5 200 15,661 -0.5028

90 0.0025 0 20 100 14,581 -1.0404

90 0.0025 0 20 200 15,661 ~0.9322

90 0.0025 0 100 100 8,822 ~1.1694

, 90 0.0025 0 100 200 8,822 -1,1678
180 0.0025 0 5 100 - -—

180 0.0025 0 5 200 15,660 0.0058

180 | 0.0025 0 20 100 15,661 0.0292

180 0.0025 0 20 200 15,661 0.0175

180 0.0025 0 100 100 15,302 1.1022

( 180 0.0025 0 100 - 200 15,302 1.0820

h 270 0.0025 | o 5 100 - —

270 0.0025 0 5 200 | 15,661 0.5129

270 0.0025 0 20 100 14,221 1.0047

270 0.0025 0 20 200 15,661 0.9628

270 0.0025 0 100 100 8,462 1.0847

270 0.0025 0 100 200 8,462 1.0829

11




The velocity of the ion is given by

i )
V=1,39 x 10 -Vﬁ cm/sec., (17)

where E, is the energy of the ion in ev, Let:

E = 10 ev
v

L = 15.24 em

r = 1

o

M = 50

wf = 1.5 MHZ "
giving

V=13 x 106 %% 2. 0,63 x 106 cm/sec
since -

t = %-= 15,24 z 24 x 10-6 sec (18)

.63 x 10

therefore the number of cycles an ion spends in the quadrupole is

§
N = tw (1§g:)

f

= (24) (1.5) = 36 = 12,960°

Armed with the number of cycles for a typical ion, analyzing amplitudes
and intensities for given n, Yy and ¢ is now possible using the computer runs.

The design of the existing quadrupole is such that the maximum y is
about 0.02 (for an angle of a = 1°10'). The maximum n is about 0.025 equi-~
valent to 0.01 inch diameter. The ion distribution as a function of n or ¥y
is shown in Figures 16A and B. Figure 17 shows the trajectories (maximum
amplitude) for different values of n and ¢ at zero y. ‘ -

In order to determine the intensity of the tails, Figure 17 is com-
bined with Figure 16A and cutoff at w equal to 12.960 degrees. By knowing
what value of n reaches the value of r, at a known phase, superimposing ro
in the combined plot, Figure 18 is now possible. )

12




- Figure 18 is divided into three sections. Region I indicates the trans-
(: mission of all ions with n value up to and including maximum detectable (nMD)
; lrrespective of initial phase. Region II will transmit ions of n maximum
with initial phase within the bandwidth shown as ¢1. Ions with n values less
than the maximum will have an increasing bandwidth as n approaches nMp at
which time the passable bandwidth is 100 percent. Region III is a region
where ions are impacting the rods.

Having a constant intensity distribution with respect to n (Figure 16)
and with respect to phase, determination of the percent transmission (tail
amplitude) of unstable ions with y equal to zero is now possible.

Figure 19 shows the percent contribution of each of the above regions.
This figure shows that for a resolution of about 200, a Aq of 20 percent,
an ion mass of 50, an ion energy of 10 ev and an ac frequency of 1.5 MHz,

' there is a 34 percent transmission of unstable ions. From this figure,
predicting the decrease in tail amplitude is also possible if a nozzle mask
was used to eliminate all ions up to a certain value of n. Two mask sizes
are considered in this figure, with the appropriate total tail intensity
shown below the intensity plot. Figure 20 1s similar to Figure 18 except
that it shows the amplitudes for ions at Aq = 5 percent. Since the ioms
are more stable at that point, a larger value of n is therefore detect-
able. After rearrangement of the data Figure 21 is obtained showing the
total tail intensity. Similar treatment of the ions at Aq = 100 percent is
presented in Figure 22, The change in tail intepnsity as a function of Aq
(for ¥ = 0) is shown in Figure 23. The conclusion reached from the above

( ) data is that the size of the mask under the conditions stsai2d above need not

' exceed an n value of 0.0075 or 0.003 inch. A higher n mask will of course
decrease the tails further, but will also decrease the total intensity by
blocking more of the nozzle aperture.

In order to correctly analyze the tail data, all ions must be allowed
to assume any value of y from zero to some maximum. As a first step, the
ion amplitudes will now be considered with n value equal to zero. This is |
done in order to simplify the problem before combining the two affects. ~ %

Figure 24 shows the amplitudes as a function of y in a similar form as , |
Figure 17 for n. This figure is for Aq = 20 percent and resolution of 100.
The amplitude for a resolving power of 200 is not too different from that
L at 100 . ’

Data was run at different phases to obtain the change of amplitude as a
b function of phase. Some of this data is given in Figure 25. The total tail
intensity at Aq = 20 percent is shown in Fiugre 26. The tails are consider-
ably smaller in the y parameter than in the n. If a y mask was used (masking
of the ion source exit) it appears that the tails could be reduced consider=
ably without much reduction of the total ion intensity. Final comparison of
tail reduction must be made with a combination of y and n.

¢
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The combination of amplitude contributions of n and y with respect to
phase is a linear combination. To provide a clearer visualization of this .
fact, the data has been plotted on a polar coordinate plot (Figure 27). iﬁ
This plot shows the n and y components and the resultant from combining :
these components.

(N

Equal values of n and y were chosen to show the relative contribution
of the two parameters, The resultant can be approximated when y is equal
to or greater than n, by ,

Ay = a(l-k' cos (k¢)) (20) 2

ify2n

where a,k' and k are functions of y and n. When y = n then k 2 C.75 and takes
the value of unity when y >> 1. The general equation for ion amplitude is of ,

the form

»
ST e L e e

a=ClNy (L+ [stnd]) +kn (L - sin(4)) et (Wm0 (21)

where C is a function of resolution; Aq, r, and N is the number of cycles an §
ion has spent in the quadrupole iields. g‘

Figure 28 shows the amplitudes of the 0.003 inch mask (minimum n ions) ;
and amplitudes of the maximum n. It also shows the maximum detectable Y. ?
The amplitudes at the maximum y are too large to be shown here. In order to
derive the total intensity of the tails, the ion distributions in ¢, y and n
are taken independent of each other. This means that a given bandwidth (A¢,
AY, An) contains the same number of ions as any other bandwidth of the same

variable.

thus: .
Ag = Ay - Ay
I = s I = I = (22)

3 ~
¢ 2m Y Ymax n "max™ "mask

if I, is the number of ions entering the quadrupole then

] o (b)) _tn
Tiatl IoI¢IyIn L (Zn Y N N ask (23)

max max

a computer program was run with

B4 = My (|3 BY = 0,002 3 &n = 0.002

thus:
. -1 (4 )(.002)( 002 ) _.01081, A
s tail = Yo {360\ L02/\T025-.0075/ = 0:0198 1 5 30

14
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x(‘ The increment A¢, is the phase bandwidth within which the ions will pass

. through the quadrupole without hitting the rods (see Figure 29). 1Ions
passing through with all possible phases will, obviously, possess a A¢ which
is equal to 360. This means one hundred percent tranamission of those ions
with respect to phase. Depending on initial conditions, ion trajectories,
with respect to phase distribution will c¢xoss the rod displacement under one
of these conditions:

a. Will not cross rgo = 100% transmission.
b. Will cross ry once = initial large y small n, or small y small n.
c. Will cross r, two times = initial large y medium n.

. d. Will cross r, three times = initial small y large n.

2. Will cross ry four times = initial medium y large n or small ¥y
, medium n.

The computer run was such that the points of crossover, either positive
or negative, were calculated for each ion under the givea initial conditions.
Knowing the phase at the crossover points and the general phase - amplitude
distribution for n and y, determination of phase transmission is relatively
simple. By merely summing all the phase transmissions of all the An and Ay
increments the final amplitude of the tails can be obtained with any of the

- mentioned initial conditions. A test case was run for a mass 50 at a fre-
("‘ quency of 1.5 MHz, a Aq = 20 percent, six inch quadrupole rods, ion energy
of 10 ev and a resolution of 200.

The equation used in this program is the amplitude equation given above
with the initial conditions evaluated and the evaluation of amplitude equal
to the absolute value of unity.

|1] = %k, v(1 + sin -gi ) + k,n (1-k, sin ¢) (24)

giving ;

: |1] = 216.5y +6.1n +216.5 (ysin £ - nsin ¢) (25)
or 1 ‘

, .168 zjn +36.1 (y + ysin-% - nsin ¢) | (26) ?

The computer evaluated the above equation for all possiblg n and vy from
known increments and solved for the phase ¢. A sample of the daia output is
given in Figure 30.
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The smallest phase increment with which the computer was calculating was
a one degree increment. Such a large increment would cause the computer to
miss a large number of crossover points which at the one degree increment
were farther away from unity than the |1.000 +0.050| amplitude tolerance. By
knowing the general shape of phase distribution of the trajectories, estimat-
ing all the crossovers of almost all of the roughly one hundred incremental
combinations of n and y was possible. From this data it was estimated that
for the above mass (m/e 50) and under the above conditions, the y-axis tail
should be about 12 percent at 20 percent of Aq. When this is compared with
empirical data, there 1s relatively good agreement.

Note that the distribution of percent ions (tail) with respect to Aq
for a given n and zero y (Figure 23) is similar in shape to the tail dis-
tribution of both vy and n and also with respect to the number of cycles the
ion spends in the quadrupole.

TEST RESULTS

To evaluate the hyperbolic rod quadrupole in a configuration more
closely resembling the upcoming flight systems the high pressure ion source
was replaced with the dual filament ion source. It was felt that this source
should provide results at least comparable to the high pressure source.

Testing with the dual filament ion source installed in the analyzer
began 9 June 1969. The instrument was found to perform at a level much lower
than that with the high pressure ion source. With the high pressure ion
source, neglecting peak tail, a resolution of one part in 43 with a top-to-
base of 59 percent was attained. However, with the dual filament lon source
a resolution of one part in 43 yielded only a 46 percent top-to-base ratio
and the peak tail was much greater with the dual filament ion source. This
comparison is shown in Figures 31 and 32.

In tests using the high pressure ion source and under certain defocused
ion source conditions a better peak quality was obtained. This was probably
due to lower ion entry angles. A similar approach toward improving the peak
quality was then undertaken with the dual filament ion source, however, this
technique yielded no improvement. Apparently, the angular output of ion
source was either too great to be affected significantly by the focusing
system or the ion optics were such that little additional angular constraint
by electrode biasing could be imposed upon the ion beam,

The decision then was to reduce the ion energy and proportionally reduce
the extraction potential. This test yielded a much improved peak shape and
tail reduction at the cost of greatly reduced system sensitivity. That is,
the top-to-base ratio went from 48 percent to 71 percent as a resolution of
one part in 34, with a sensitivity loss of about 86 percent as shown in
Figure 33.
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The question then was whether the major improvement was due to the reduc~
tion in V4, AVion or a combination of both factors. This led to the next
test where Vy{,, was reduced but the extraction potential was held constant
at ten volts. Some peak improvement was obtained but the most improvement
was obtained with the proportionally reduced extraction potential. This
improvement 1is shown in Figure 34.

A plot of peak quality versus sourre sensitivity

+

Q= (1 -1/p) 4R (27)

was made for the serlies of scans under both operating conditions and is

shown in Figure 35. For consistency in measurement and for peak quality cal-

culation the peak shape measurements were made five percent down from the top

and five percent up from the base with the measurement confined to a XN ideal-
ized trapezoid.

Using this plot, a compromise setting could be obtained. However, this
plot does not take into account peak top nonuniformity amd peak tail. There-
fore, additional data reduction would be required to obtain the most desirable
compromise. Even with the compremise condition the dual filament ion source
performance would still be below the operating performance provided by the
high pressure lon source, therefore, additional testing was warranted.

To reduce the ion energy spread and angular dispersion a number of tests
were devised whereby the soursy side electrodes, passive electron accelera-
tion and anode voltages were dropped below the lon acceleration where a gen-
eral peak shape and peak tall improvement was noted, but again with a large
sensitivity loss. However, with these electrodes near the ion acceleration
potential peak characteristics, improvement was obtained with only moderate
sensitivity loss.

The major portion of tha poorly formed peak top was on the X side of the
peak, and as noted on several occasions quad bias was below the accelerator
potential. Figure 36 is an example of this phenomenon. Corrective techniques
were not immediately forthcoming, however, closer scrutiny of this phenomenon
could possibly provideé peak top corrective adjustments.

A new series of tests were conducted, including a set of quad bias cut-
off curves. In these tests the analyzer was set to the m/e 28 peak top and
bilas was railsed to cutoff the ion current. This was done with an X-Y plotter
making automatic plots of the cutoff curve. Plots were made with various ion
source conditions and the changes noted in these source voltages mainly
affected only the quad bias potential at the cutoff knee with respect to the
accelerator potential and not the shape or slope of the curve. Figure 37 is
a typical plot of this test series where the ion extraction and basic energy
are changed. :
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The next experiment was to change the focusing conditions of the elec- -
tron beam in an attempt to minimize the thickness of the electron beam in the
ionizing region. This would tend to reduce the ion energy spread and if
accomplished would reduce the peak taills., This test produced no significant
improvement in the analyzer operation.

et

An examination of the ion focusing curves shown in Figure 38 revealed
that with Ion Focus Lens A at 266.7 volts the ion output is still increasing
with Ion Focus Lens B at zero volts. The.decision then was to examine the
focusing characteristics with Ion Focus Lens B at a negative potential.
Figure 39 is a plot of these characteristics. This source condition indi-
cated an increase in source sensltivity of approximately 22 percent but had
little affect upon the general peak quality.

Returning to the positive Ion Focus B source tuning condition, the next
test was to tie two electron accelerators and anodes together and bias them
from 320 volts down to 260 volts with the ion accelerator at 275 volts. 1In
this case, little improvement of the peak shape was obtained with large sen-
sitivity losses.

At this point the lon source investigation was temporarily halted and a
five mil wire was installed on the nozzle. A single wire was installed and
was aligned with the x-axis (positive rods) of the quadrupole.

Upon retest of the analyzer with the five mil wire mask installed and
using a logarithmic electrometer the y peak tail reduction was actually (&
apparent to the extent that the m/e 27-28 (y) valley was down significantly ﬂ;)
more than the m/e 28-~29 (x) valley. Figures 40 and 41 are peak tail com-
parison scans with and without the mask. Resolution was still limited by
the deterioration of the peak top at the higher resolving power. The quad~-
rupole VDC's were then reversed to observe the affect of the mask upon the
x-tall, A dramatic x-tail reduction was noted here and while increasing

the y~-tail back to the no-mask level as shown in Figures 42 and 43.

Testing with the five mil wire was limited because of the ore axis
affect and therefore, more productive testing was thought possible by
changing to a 0,003 inch cross mask. This would then reduce both the x and
y tails and also help to determine a threshold mask size. The five mil mask
was replaced with this new configuration and data taken for comparison with
the previous configuration (see Figure 44). Both x and y tails were reduced,
however, the y tail was not fully reduced. It was found that by reversing
the rod dc potentials that the y tail was reduced adequately (see Figure 45).
This meant that the mask alignment was not within a minimum tolerance require-
ment. Unfortunately, the dc orientation where the y tail was reduced the most
had typically been a condition where the peak top was poor. In the past all
quadrupoles have had a preferred rod dc polarity orientation and this instru-
ment was no exception, with the x-side peak top exhibiting simiiar degrada-
tion. This problem clearly had to be rectified if a good top-to-base ratio
was to be obtained at the higher resclving powers.
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The quadrupole entry and exit boundaries were areas which had not yet
been explored. As an approach it was decided to raise the nozzle and einzel,
lens potentials toward the quadrupole bias potentlal to reduce the electric
field pradient between them. First, the einzel lens potential was changed
while making scans of m/e 28. The x-side peak top was somewhat improved at
the more positive values, up to about 300 volts where ion cutoff begins.

With the einzel lenses set at 295 volts the nozzle vcoltage was taken posi-
tive while making scans of m/e 28. At nozzle potentials above ground the
peak shape begins an immediate trend toward flatness of the top and at 120
volts a very good peak shape is acquired. Figures 46 and 47 are scans versus
both the nozzle and #inzel lens wvoltages. At nozzle potentials above 120
volts more rapid sensitivity losses pnccur with little additional peak shape
improvement. However, with the nozzle potential at 120 volts the y-side peak
tail was considerably larger. Also, peak tails at these operating ;arameters
can be minimized wiht masking since the tests were performed with the yuad-
rupole x~and-y axis oriented for leas: tail reduction and considering that
the mask has a misalignment.

With the ability %o regain the x-side peak top an expanded m/e 28 peak
scan was made and quad bias cutoff potential versus peak top position was
superimposed upon the scan. The quad bias anomaly on the x-side peak top
was no longer present, as shown in Fiugre 48, and all stable ions above the
accelerator potential were able to pass through the quadrupole unimpeded.
Following this test, quad bias cutoff curves were generzited for the two
nozzle potentials. Figure 49 is an x-y plot of these curves. Here there 1s
28 percent system sensitivity loss with the elevated nozzle potential, but
the knee of the quad bias cutoff curve is shifted well above the icn accel-
eration potential and, also, AV required to cutoff the ion bzam is less than
with the nozzle potential at zero. Curiously, the fact that 4Vyg 1s less at
elevated nozzle potentials should suggest that AV;,, is less and that the
peak tails should be less instead of greater. However, under these condi-
tions the unstable particles have better initial quadrupole entrance con-
ditions and become more stable; thus negating the affects of reduced energy
spread. Note that the quad bias cutoff curve is not simply a measure of
ion source ion energy spread. Ions entering the quadrupcle fields at cer-
tain phases will in some cases gain or lose energy, thus creating a larger
ion energv spread than the source delivers.

A more thorough understanding of the nozzla blasing affects is neces-
sary. The question being whether the improvement was a function of the
auadrupole entrance boundary condition or the ion energy. A test was
devised where pzak tail, system sensitivity and peak quality were analyzed
for ion source nozzle potential variations and for similar variation in ion
energy.

The slopz of the peak tail, with arbitrarily defined units, was used
as a measure of the extznt of the tail. Since all runs were made at nearly
the same resolution peak top-to-base ratios were considered a measure cf
the peak quality.
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Plots of this data were tl'en made taking ore axis, peak top~to-base
ratio, slope of the peak tail, and sensitivity versus V nozzle in one case
and Vion in the other.

The two variations in source conditions yielded similar data; however,
where Vig, was reduced the top-to-base ratio improvement at lower ion
energies was greater than with the nozzle biasing technique. These plots
are shown in Figures 50 and 51.

With the nozzle biasing technique, knowing the effect of neutral par-
ticle production becomes important. This required that the ion source be
operated in a differentially pumped mode. This operating mode was easily
accomplished utilizing existing tooling developed for the high pressure ion
source.

Two sets of logarithmic scale mass scans were taken. The first, with
the nozzle at zero gotential, the second, with the nozzle biased 95 volts
positive., System IT and I° outputs were then plotted for both cases. The
result was Li#t biasing the nozzle to 95 volts positive reduced the relative
neutral level to about 50 percent of that experienced with the nozzle at
zero potential, as shown in Figures 52 and 533.

Summing up the relative advantages and disadvantages of nozzle biasing,
a positive bias of 100 volts improved the peak top-to-base ratio approxi-
mately ten percent, the neutral level is decressed by fifty percent, and the
quad bjas level may be set at the ion accelerator potential while maintain-
ing peak top flatness. On the other hand, the peak tail is worse and a
sensitivity loss of about twelve percent is incurred. These disadvantages
could possibly be overcome with a properly aligned mask, removing the objec~-
tionable peak tail and a sensitivity increase of approximately twenty per-
cent could be obtained by operating the Ifon Focus Lens B at a negative
potential where some increase in neutrnal current will be incurred (in a
straight multiplier).

The data shown previously was taken with units of '"nonflight'" con-
figuration., The flight configuration unit has a different nozzle con-
figuration plus za deflector multiplier.

The deflector multiplier is designed to eliminate any neutral molecules
from the overall signal by deflecting the ions to be counted. Neutral mole-
cules will of course, not be deflected, thus being absorbed by the first
dynode and will be eliminated from the overall signal.

A deflector multiplier will provide data with lower background noise.
Also, the different gecmetry of the nozzle is such that it provides a more
collimated ion beam which should in turn provide lower tails.

0
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Tests run with the first "flight configuration' unit did in fact show
much improved data. A typical mass scan is shown in Figure 54. Note from
this figure that the data is the best ever obtained under the same con-
ditions for this type of quadrupole. The data is so improved as to allow
the separation of the peaks of carbon dioxide and propane (see Figure 55).
The minimum resolution required for such a separation is one part in six
hundred and fifty. Resolving powers of over seven hundred and fifty could
be obtained with this unit while sacrificing sensitivity. To improve the
sensitivity the nozzle was redesigned o allow a higher intensity of ions
to enter the analyzer region.

CONCLUSIONS

In the previous sections it was shown theoretically that by masking off
small amplitude ions, a large reduction of peak tails would occur. 8Such a
reduction improves the quadrupole operation in terms of better shaped penks
and iancreased resolution. These predictions.were verified by experiment as
the actual data in the test results section shows. Although considerabl.e
improvement was realized by the use of amplitude masking, including resolu-
tions of close to 1000, it is felt that hy use of perhaps angle masking or
some optimum combination further improvement can be made.
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0.

6.
13.
13.
17.
19.
19.
23,
30.
31.
39.
42.
43.
44,
44,
45.
51.
52.
56.
56.
60.
A3.
69.
76.
77.
82.
83.
86.
92.
94.
94.

.0235
.0215
.0215
.0235
0175
.0235
.0235
.0195
.0115
.0095
.0255
0115
0155
.0095
.0235
.0135
.0215
.0175
.0095
.0235
.0195
.0195
.0155
.0255
.0255
.0255
.0255
.0195
.0235
.0055
.0155

FIGURE 30.

004
.006
.008
.000
.000
.002
.010
.002
.008
.000
.008
.002
004
.008
.008
.010
.008
.006
.002
.016
014
.008
.006
.012
.012
.012
012
014
.Gl6
.008
0606

1.024
1.027
1.027
-1.021
-1.020
-1.028
1.024
-1.031
1.022
-1.019
-1.029
~1.026
-1.030
1.07%
~1.030
1.025
-1.028
-1.029
-1.029
1.031
1.025
-1.025
-1.022
-1.024
-1.028
-1.029
-1.024
1.021
1.029
1.021
-~1.023

Typical A¢ Data (Sheet 1 of 2)
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99.

29.
112.
114.
115.
115.
117.
130.
130.
133.
134,
135.
146.
149.
150.
152,
154.
158.
163.
166.
167.
180

0135
.0195
.0255
.0155

.0095

.0115
.0075
.0115
.0195
.0175
.0155
.0215
.0235
.0095
.0235
.0195
.0175
.0095
.G175
.0155
.0235
.0235

FIGURE 30.

.010
.008
.010
.010
.002
.008
.06
.002
.010
004
.008
010
004
.000
.008
.002
.006
.004
.000
.004
.000
002

1.023
-1.021
~-1.023

1.025
-1.026

1.022

1.022
-1.030

1.027
-1.023

1.022

1.020
-1.027
-1.020

1.019
-1.029

1.025

1.020
-1,020

1.024
~1.021

1.024

Typical A¢ Data (Sheet 2 of 2)
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FIGURE 35. Peak Quality vs Source Sensitivity




jSel INOYITM - UOTITSO4 ¥ead sA Jjoan) gd °9¢ FWNOIA

: _
PPN p NS
892 097 (lz it o082 [4:14 1374 €82 €8z €87 87
. s, 19 A 1+ 3301n2 MO138 1SAF SINTVA 90
- A
A o = JVZZON,
a3y

S8Z = A
sLz = I,
WSz = GO/A QINVIS Hvid

53

+ cd



£

suny jjoan) selg pend /¢ TANOIJ

a0
00¢ S62 062 582 08¢ Siz 0LZ 592

NIV o 01 X €0

s ogz = 90,

stz = 1

caz = 934,

W2 =2 M =z Fn = W = %)

14

54



(v su@7) saain) 3uyendog uol °g¢ MINOI1J

mu_>

(S170A)
A 052 007 0S1 001 0S 0

NV

:
-— 3
. ~
o O
- %
=
b
O
>
L€l 0L
0°8lZ 6
0'0 8
8°SE &
0°sZl 9
0°SLIL §
Z0Z = 932 m.wmw m
£0Z = EjX 0°982
GNM = U = B e w 4
L9927 |
_ <u_>
374005 114 VNa
1# NN9 =
: 5 43y
szoz 1™ 3ag = N
Wy |01 x 0°z 3amvs w1 ASW O/A
l# NNY

& ey o

55



(4 sua7) seaan) Suysndog U0l ‘6f TANOII

(s110a) 31,
S3A¥NI 3SIHL 40

- g5 +— - e osi- oz~ 30NLINOVW ONY 3dVHS
I ] I I | | 3HL ATIVIIQVY SIONVHI
SIOYLI10A ue pue e3
‘43 NI SIONVHI 1IVWS
1310Nx
g ;ll‘)u‘u'.’)‘l"}-\ll’d
9
: o
~
/ < o
ol =
®
> L°€LZ Ol
ww 0°8LZ 6
6 00 8
).(l.).lll)\\(l\(/ : o°sL (L
= 05zl 9
0°sL{l S
h 0°SZZ 4
1 0°0sZ €
0°$8Z ¢
L°99Z |
'Nﬂ = UP = .N M <.&—
A
stz = I, a3
& | "SOd ¥04
mww “ auu> 69-6-9 “1# NNy 33S
e INIWI¥3ax3 ¥ 93w
Linw
SZ0Z L_u> SYW 0/M
1.0t ¥ S°1 “Tg
L# NNy

O
(Ta



jsel Inoy3 Ty adeys yeeq

NI/A 170

0% TWNO1A

0

NI/A O°L

8z NNy

n - ¥
1g.01 x 2y

gz o/w

NSYW O/M

57



(-

STXV-X U0 SB[ YIUI §00°0 YITM =deys yesq

‘TY JWNO14

stseal——

(T 3/u

0 2y

81# NNY

gz /u

1IN S Y.SYW/M

€ 0l

NIZA |

58



g sy . L T T -

STXy-A U0 Jse 7% MANOI1d

0 2%
‘ >
e
6.0l
S NSYW/M
SQOY¥ +/M 3INIT NI 31ZZON SSO¥IV J¥IM s
9014 2PA+ 8z A 00ZZ - “7TA
S1# NN | Lg.0t xyg "t

59



o ?

SEXY-X U0 Jse °ty% MNO1A

0 2%
. A

e

60!
S NSVW/M
8z 3/
Q0¥ +/M 3INIT NI 31ZZON SSO¥IV 3¥IM L g0t XnE i
S01d PA +
b1 NNY

60



jsel $S01) Yul €000 YITM odeys jead vy MNOIA

61

6z I (7 s
901d 2PA +
gz SSO¥) 1IN £/M
Z NNY 338 b —
L# NNY




(pesaoady TETIWRIO4 DA POY)
jAseR $S01) Youl £00°0 YITM °odeys yeeg ¢y MNOLI

62 o NSYW O/M 3Z1S 11Vl

8z o/w

INTM Q3NIITV ATQVE V 3LVIIAGNI SNNY 3S3HL _ _ _

SOld 2PA + SSO¥) TIW €/M

62



W/3 MIL CROSS

RUN #3

YNOZZLE = O V
EINZEL LENS RUN

"
VACC 275
Vegp 285
+200 V
ov
=500 V
-1.5 kv
__g—
FICURE 46. Peak Shape vs Einzel Lens Potential

63




€

1eTIua304 27220y sa 2deys jyead /v WNOII

fi Y \ 1 j

0 oL+ ST+ O+

1v3d3y
76+ 0Z1+ 0zZ1+
SIVIINILOd 3-Z70N 34V °A MOI38 $S0¥) 1IW £/M
IA1LiSOd u._-oz> 133 £1:14 ¢u¢>
S6Z+ 1V S, 19/M srz 2

64



UOTITSO4 e3d SA 3JJoia) g0 "8y FJANOIJ

3018 x 3018 A
82
U
saz 43,
siz M
rno6z + V% stz 9Lz $iz siz 9Lz 9Lz 9Lz 9Lz
A Of| + JVIION, A 1+ 330107 MOT3S ISAF S3INTWA 8D
9Z = ¥ 69/TT/9 “1# NNY/A NOSI¥VEWOD ¥O4 A €17 = gD/M QINNVIS NV3d

9% NN¥

65



TBTIUa304 @[ZZON SA S3AIN) jJoIn) serq pend ‘g% TINOId

a0

A
S6Z 062 S82 082 SLZ LT 592 097 174
‘4
>
o
o
m
i
m
pr o)
>
e
o
=
=
2 M i
m
C 2
- = 82,
o > +
B} s
o
—
m
-
"
= A JZ1 = 31ZZON
>
A O = 31ZZON
HY3INIT 440100 6D 1#F N SSO¥D TIW £/M

66



240

220

200

|
)
180

o
160

{

—ay
140

i20
V NOZZLE (VOLTS)

100

80

60

Nozzle Potential vs Peak Parameters

FIGURE 50.

20

88

82

o
0

g

o)

66—
6k

!
[
~ R

13d

@
0

62
58

N O
~ ~
1

—

8/

| |
- o : .

O('ll\-l-l ON ‘0 = W) 71VL M¥3d 4C 3d07S

&R 8 R 3 R RAK =2°

B?Nnﬂlldo 40 IN3J¥3d) ALIAILISNIS W3LSAS

sl
6

I

67

X
ST SIS AR TSI Y R

TR TE]

TR




68

35

————f—

75

115

—0.
135

155

ey
ki
175

e
195

e~ w
~
4
w
~
o~
wn
w
o~
AL
\ e
~~
A -
" -
& = 5§ K2 R R S 9 2 3 33
A(19d) 8/1
L 1 | ‘ |
s R - - -
(VL ON ‘0 = W) TIVL %Y3d 40 3d0TS
‘ | 1 | | 1 | 1
$ % 8 K. 5 23 % 8 = °
[ (WNWILdO 40 LN3D¥3d) ALIAILISNIS W3LSAS

V ACCELERATOR (VOLTS)

vs Peak Parameters

vion

FIGURE 51.



T T S L N

(S6 = A ®TZzoN YITM)
S2TITSUSIUT ] Pue T SATILTY

e T L TR e,

*2S WNO1A

A

~
Tl TEI F3EEH ik
23 8 ti1E 3
4 121
IBE 8 1
iy m 1
' .—4 1T
. STERER1
s ULV B
3 '™ 4 ttrihttiitttte sdrastie
Tt Tt R 1941 118 .;H
t S ' I 1444 L IEE3: IRE T 44
9 8 i T i | } ir44 Hw‘ 4+
: 'S B T 3 131 IZ2E S sssges 3 p= 2 —F
§ §Se ¥ i I IR RS 33 EINEESEEEREEIRESS
sRidd 11143314833 -+ gz s 3133333 s
- : iit3R1133 Y it BSSES 5 : 381 : ==
1 + 'y + v+ 44+ b+ - <+ 1 R - D gun
} i ! 1111 31 3¢ 3 3 ~
: b % stesaEs it H SESEm=EaE
4 : 1 i ! z BEESIEE i4) H i 1
3 1 G e s 1 ] [S3E B S8 It 1 B
i i3 g | ] 3 Sz aapas ) H s e
3 e s : T3 T Im o e ey
. .. .- — M ‘- »u . 44 frrerded D e
T - s 4 “ha 4 e S8 + " e
ety . - - .- ‘s + 4 - m - 041 -»Hvﬂ - ——
. - o ® e o 3 ! : : T 113 ” 1399009 o !
4 o e IB88 & Fam + i S TS § 8 .4.H i .Y4 W&i. 049/ ‘r;* 1 —1 -4
4 oo ' 4 8 e e e | 23l 88 .:ﬂ. 1 194 (984 ! - o<
. . >t 4 ' . i R4414 449 et PR E R wz 4 0
! '
: = 5 IREE NS B HHAHH HUT HHE (.
S W i EEERE B R 11111+ AIL e b - DR i + — o
¢ b 4444844 H‘L‘ IR 4444 1444 Qw
: - gt 4 cafriri g H1t IRl R ¢L.1.._I..V~‘ﬂ
3 T : BB 12883 ICSEIESo=E 13133322823 58 - e m = —
24 3 =23 581 JIRE] REES3 EESSS HitisE #im.w . T g w
3 2 ; —% 31883 s SSSES SE=SE 153it5ss: 135 82323 3
$ z - - - . .. - ‘e ead -
++ N\ e =] 3t S : aspdaz wad
: $ $ i s o o s e e s 3 PR o 15113 2881 SR8 28555 m,f == e
3 3 33T g v s (34 138333 i s H = =
~ e - - —— o oo - Ll 3 = —
3 : g : S ipsaissvas m : o
. s = o shaas sa #3824 3 Q.
.  — +33 g8 - onpe. : " o HHHH . 33t -
. : < i1 53 e 8 b Be 1
. il o 3 b 1 SPST B o et skt 15 . - 18 ¢ -
- - . . - 4. . + 4 de — == -
=33 : : e - 1sssigpnag TR sses
- 832 1
v : o et
: n . -, 3 o tdass I 1 1
hee . e —d ) O SR | b+ e ee
- Bay B 1113162581 11OTT A W o u 1888 19
b —— - + o frbetsiiifibtrsteie - S-S+ NWL - - +
s RS HIEFLI 1301115084 1 I s T I
- - - - R e - |34+ 4 .H
i
> Spe +y i BEREFTTE (AR ITESI L :
e 4 M BT ST 330 0T340 +
- - - . R B B e et s . 4 1
Db g | " sddiisbde SSSSESEE SN S -1 + 3 +
oo - - .- .- - R - S e - }
: : as 983 181 1 iR !
iy . B S N . ++ 4 Rt REREE tissssiie i P.v. He T
4 H 444 114 1440448 T SI3ENEEN s
IIISEENE ERNRR NN ! 1 L 10 1f§asEeR0 RRE xrﬁ
jam | AR M 4 | i1 H .va_ 1B o
. . trgrbrrad g — 4 s St = R R - 4+ = o
—
presy
.
]
-

o
T
-
(SdWv) |
~
!
...

10°8

69



€9

(0 = A @TZzZoN Y3ITM)
FITSULjU]l I pPuE I SATIBTIY
o

‘€S MNO1A

Y T ogey pa T T =TT
$-4 2 IR 3 HIESE i .“w« wa« s 1%1 -
13  § b (SRR SRARI IRE0E 2 14 +4: e 49 -4
§ 18 15802 8RS 33 s 1 =
. 3 133§ : 3
! il =
1L : 313 111 v @ —
s 4 ' 174 ] 3 | v - -
‘-4 ' | IS EEE! + - . -
4 § o 1:1ik} 84 8. -1 13- -
+ ) ! S5 LE0Es ISR IR R 1 3 T
$+44 I S . - ¢ : } 1.+ 044 2% B ams -4 -
P O i : ‘ H e H 4 4 4 '_. vﬁ +
/ s - | * s hidiige eI FR R w Y +1 .
8 | i a8 -
4 088! +t
il i3 3+ + 3 =34~
11i:33 3 33 it .
i 3 3 : -
. + -
! 4 J 13 H  ; mEEEE S
$33i3 133 ]
: : 1331 13888 111 ]
IR IR E1 - ' e - 4 ——
4 :« $ v.uA + “I > 113 -4
2 44y +4-4 N I3 R - -/ R
: » ih44 4 b [ S8 EEaS 14— -
. - -t
14 19297 pRpSE paB A T B o e
: IR 3333 ap 888 nw = =3
} 14 HE $333 |SS S8 —
} s L naai e 313 »mxp.“ s = =
: s o e g T : 19850889, = B 100080089 104 o o m T3 - 2 RR
-e 4 " + — : 4 ot b 4 .H.. ro7m 4 R R SRERESEEES 3 +85s ..
- 54 : 4 s : IERES Fu 8 +44 + 444+ + o
: - i LRSI .m‘ i 11
‘ 3 T
- 44444 i e —+++ -4 L
B %536 o : Lf»ﬂrl% m + 113 - =
) B 00 P O | 4 ISSE1 8800 BN H TERERRARY 1 MA 4
- . - - 2 T 4 < - ‘ desred - - -
' 024 E5REE BESEE 114 EEI01 18 0 8 ac: -
r v s~ 3 (3 3B 3351 12 31 - =
= hs (3 E8E) BEEER EEE I T 3 + £ "
S L. - 335 133222l SIS S S it i H = e ke il
- -~ . ‘ 3 s3 e R IR : 4 -
N g $133 St e fmhih =388 3 3 =
- " ¢ bus soRad bodul O mw 3 -
3 ¢ = o Soess EE2 S BE 3335588 117 333333 —
: rerw o o " T4 nes 1S AN e e m 100 sanas pwy SR s 3 - o
. - e e e - 2 ropeee -+ + 1t +- - :
R e = T .- IEES B 28 DRSS SOHBES B + + I.Wﬂe
BB g ISR D e S S SIS S5 ¢SO % S SEN 18 SERS0 S04 P me s i3 4 e g
b P IR 45 & I as = = W . et +e ++ v¢vu 444 + .
ISSDEE SN B o $ebb ISEE SRS ISEE 8884 DG 106500004 ® 88 -
> IR R R o S S 4 r et s o Ie Snest 44
- - .. —b s b e e b » Pl e .. rres -+ T T
4 .- e T S e s I P s o) e R -
~ B B @ G o €SS 8363 1ABE 18 » '
o st ettt . 13-4+
- ) SSense: $+4 44— . 11
- A ‘ISAESS FRAEEEmmm i i iy + o
-t 8. 1ENSSS SEENE W E W= . +H++ e 4 +1
’ ESOs SENEE S EE . e . S 4&11
5, "3551 na D wmm . b H 4 isasassane
- : PSS 00 BEE R B H4
jats bat
1 : 34— 4} ++ 4 H L
11l ++
BERAA ¢ b i - siofe R g f B
- > b - - + -~ . . - e S
$ ISENEI St d gl LS TREE 144
i S3088. VENNEY NS 30 _ il 18
d i | $ I - } 4+ +4 < : w .1
* * + 4+ e B (381 tEaat AeSEt sntns AnEnE SR B e : 4 -+ = . H
1434 Foliladind i ee 8 TRRNS STTY IRSST SUE .owﬂ, 444 .1.?-.% 4 uﬁ 1
| {111 il !
+iq + 4844 $ 4444 . IREEY 191 IS8 SREST 3 ..:;.H IR B
. {11} | Ui 31 AR & h T . o
. rree B & . vy e ‘. 1%¢ 0
—
o bt
— —
s .0
—_— g —

(SdWv) |

10°8L

o

70



—
~

Al
AT - LIAT, s8uey oqweusq *$C TWNOTI

% Fi

AN

L3INOVW O/M gT 3/uw

vt Loy = 9



9LL0" %y = W

+8HE>

&9

1333wo130adg ssel arodnapend d170qraddH °GC TANOII

" 3/W

~

,

—

€ 3I/W

—

6£00°4% = W

+%02

-

ﬁ

NSYW SSO¥) £00°0 HLIM S09 = WV/W
XIW 3NVdO¥d - 301X01Q NOS¥YI

NO11NT70S3Y

72



	GeneralDisclaimer.pdf
	0050A01.pdf
	0050A02.pdf
	0050A03.pdf
	0050A04.pdf
	0050A05.pdf
	0050A06.pdf
	0050A07.pdf
	0050A08.pdf
	0050A09.pdf
	0050A10.pdf
	0050A11.pdf
	0050B01.pdf
	0050B02.pdf
	0050B03.pdf
	0050B04.pdf
	0050B05.pdf
	0050B06.pdf
	0050B07.pdf
	0050B08.pdf
	0050B09.pdf
	0050B10.pdf
	0050B11.pdf
	0050B12.pdf
	0050C01.pdf
	0050C02.pdf
	0050C03.pdf
	0050C04.pdf
	0050C05.pdf
	0050C06.pdf
	0050C07.pdf
	0050C08.pdf
	0050C09.pdf
	0050C10.pdf
	0050C11.pdf
	0050C12.pdf
	0050D01.pdf
	0050D02.pdf
	0050D03.pdf
	0050D04.pdf
	0050D05.pdf
	0050D06.pdf
	0050D07.pdf
	0050D08.pdf
	0050D09.pdf
	0050D10.pdf
	0050D11.pdf
	0050D12.pdf
	0050E01.pdf
	0050E02.pdf
	0050E03.pdf
	0050E04.pdf
	0050E05.pdf
	0050E06.pdf
	0050E07.pdf
	0050E08.pdf
	0050E09.pdf
	0050E10.pdf
	0050E11.pdf
	0050E12.pdf
	0051A01.pdf
	0051A02.pdf
	0051A03.pdf
	0051A04.pdf
	0051A05.pdf
	0051A06.pdf
	0051A07.pdf
	0051A08.pdf
	0051A09.pdf
	0051A10.pdf
	0051A11.pdf
	0051B01.pdf
	0051B02.pdf
	0051B03.pdf
	0051B04.pdf
	0051B05.pdf
	0051B06.pdf
	0051B07.pdf

