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MOLECULAR BEAM SOURCES FABRICATED FROM MULTICHANNEL ARRAYS
Part II - Effect of Source Size and Aligrment

Donald R. Olander

~Inorganic Materials Research Division, Lawrence Radiation Laboratory,
Department of Nuclear Engineering, College of Engineering,
University of California, Berkeley, California

ABSTRACT

The effedv of the gross diameter of a molecular beam source and
its alignmenﬁ iﬁ the system upon'SOufce'éfficiency haVe been investigated
analytically.‘ If the diameter of the source approaches that of the colli-
mating orifice used to form the molecular beam, the efficiency may be
reduced by 50% or mére. Reasonable displacement and tilt misaligﬁments
can be tolerated before source efficiency is substantially reduced.
The effects of size and misalignment are more critical for multichannel -

sources with highly peaked angular distributions than for cosine sources.
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/// INTRODUCTION

The pﬁime purpose of a molécular beam source is to generate the
largest pgssible centerline intensity at a specified total flow rate.
Part I/éemonstréfed that multichannel.sources are éapable of pfoducing
significantly stronger beams than thin-walled orifices. Here the effects
of the size of the source and imperfect alignment of the source tube
upon the utilization of the very favorableﬂangular distributions in
practical systems.are investigated.

The strength of the usable molecular beam depends upon the geometry
of the system>in'which‘the source is placed as well as on the angular
distribution from the source. The three essential elements of the
geométry are: (1) the source; (2) the collimétor; and (3) the target.

- Since multichannel sources require packing together of a large
number of small bore tubes, the overall radius of the tube bundle is
\ . : .
generaily too large to be adequately approximated as a poiht emitter.
Thé gross radius of the source ié denotéd.by ry

In nearly all molecular beam systems, fhe central portion of the
efflux from the source is skimmed off by a collimator downstream of the
source to form the molecular beam. The collimator radius is r. and its

1

distance from the source is d. The target is located at a distance dT

downstream‘of the source. These dimensions are depicted in Fig. 1,

which represents a typical molecular beam apparatus.¥*

The insertion of a buffer chamber between the two chambers shown in
Fig. 1 does not alter the calculations here. The primary purpose of a
buffer chamber is to permit differential pumping, and -it does not

contribute to beam formation.
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As 'in Part I, beam intensiﬁies arg referencea to the stfengfh of the
beam from an ideal ﬁhin—walled orifice emitting at the same total'fétévand
subject to the same geometrical restraints ex¢epf_that of source sizé.

. The reference césine emitter is assumed to be a true point source (rs }HO),
These reference.conditions have been éhdsen'because they represent the
method by which molecular beamvsystems are currently deéigned.- Thé'résults
of the present analysis can be used simply as multiplicative correction i
-factors to'aécount for the effecfs_of sourée size, non—cbsine emiséioﬁ; ;
and Qosgibie.Misalignments in‘assembiy; |

By referring the actual”soufce to the point cosine stahdara;'Only
three charaéteristic dimensions are needed for the computations. These .

have been chosen as the ratios:

..Q = I,‘sb/‘rl ) : o ‘ (1) .
R = rl/dv o .(2)
\ TEajay (3

In many beam systeﬁs,vthe'source and collimator diameters are both°
approximately equal, and the ratio Q is of the order of unity. The axial
distances d and d,; are génerally much larger than either r or'rs, and

T 1

the ratio'R is'véry'small (~0.01). -The ratio T'ié typically between
0.2 and 0.9.
The ;adius of thé beam'impinging on .the target'is'generélly designéd
to be that of a beamvfrom a_trﬁevpoint—gource, or . : _ : |
T =’rl(§§_) o | (4)
In the case of a true point soﬁrce, all beam moleculés striking thé
targét are contained in a ciréie of radius r,. F§r'a source of non-zer;

T

dimension, a penumbré is created, and a portion of the beam strikes the

.

e
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target at radial distances greater than r In many systems, the penumbra

T

- may be purposely eliminated by insertion of a second collimating aperture

between the first orifice and the ﬁargef. In other experiments, the
nature of the target itself may render the penumbral portion of the beam
unusable. TFor the.purposes of this computation, the molecules in the

penumbra afé disregarded and only the flux within radius r at the target

T

is calculated.

Given a source of gfoss radius ros the entire active area of which
emits moiecules in a specified angular distribution pattern and with a
hemispherical strength of S'molecules/émz—éec, the following two
quantities can be computed:

(a) The beam intensity as a function of position on the target.

(b) The rate at which molecules strike the usable portion of the”

).

target (i.e., the integral of (a) up to a target radius of T

‘The centerline beam intensity from a point source with a cosine dis-

, e \ 2
tribution is o) = of == molecules (5)

? 2
dT 7 cmé-gec

If, in addition, the geometry is such that the radius of the
collimating aperture is much smaller than the source-to-collimator

distance, the total impingement rate on the target from a point cosine

emmitter is:

2 .
2 rl molecules .
N*:znrs S(E’)i “seo . (6)

For the actual source, the ratios [I(QT, ¢T>/I*(Q)] and.N/N* are computed,

where P and h

bep denote the radial and azimuthal coordinates of an off-

center location on the target.

These ratios can be interpreted in terms of peaking factors intro-

: *
duced in Part I. The ratio I/I is the peaking factor as a function of
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location on the target. -If N and N* are both divided by _nr2, the
ratio N/N¥* can be viewed as the average peaking'factor. Thus:
X = 0. T% ’ ’ »
X = N/u¥ T (8)
The peaking factor discussed in Part I is X(0). The usable

quantity in a real experiment, however, is X...

X(pT5¢T) and.§ ban be expressed in terms of the length ratios Q, R,

and T and similar parameters denoting the'extentvof miéaiignment of the:
source tube»wiﬁh respect to the axis defined by the normal to the colli-

mating aperture.

=
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THE EFFECT OF SOURCE SIZE

The effect of source radii greater than zero is to reduce the
average peaking factof3€ beloﬁ the maximum valueX (0). In this computation,
alignment of the soﬁrce tube is assumed to be peffebt, and the effect of
Q on the peaking factor is determined for a cosine emitter and a fypical
highly peaked multichannel source.

The diagram for performing the calculations is shown in Fig. 2. The
rate of emission of molecules from an element of area dAS on the source
disk into a unit solid angle at polar éngle 0 is SJ(@)dAS, where J(8) is
thevangular distribution function of the source, normalized so ﬁhat: ,

2rrflJ(6)d(cose) =1 . (9)

The soiid angle subtendedoby an element of target area dAT éeen |
from dAS is cOsedAT/ye. The product of these two factors is the rate at
which molecules from dAS strike dAT. From Fig. 2, it caﬂ be seen that:

cosh = dT/y

2 _ 2 2 2 '
yo= dT Tep TR EpsoTcos¢s

Using these relations and integrating over the portion of the source
disk which can see the spot on the target at a radial location Prp yields
the beam intensity:

dp J(e)

m 0 . : .
I(OT) = 28/ d¢sf 52 _ psdps (10)
min 2 2 2 3/2°
: ¢s psl [dT + pT + ps - 2PspT cos ¢s] '

Because of azimuthal symmetry, the beam intensity is not a function of ¢T'
Using the dimensionless Variables

U

h

os/rl o (11)

vV = pT/rl _ (12)
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Gl = psl/rl._ S ’ (13)
Gy = Pgp/Ty () \
and aividing by I*(O) yields: ‘
o - < J(e) vau . ‘ (15)
x(0) = 2 [ ao_f - 7
QQ(RT)?’ ¢m_in S G ‘[(R‘T)—2+ V2 + 1P - 2UVeos ¢._s]3/'2

For a cosihe emitter (J(8) ='COSe/ﬂ:), the U integrél:céh-be performed
analypically. | ‘

The limits on the integrals in this eqﬁg&i@nwneQuire;SOme_eXami——44—
netion of the geometry ofithevsyétem._ For a given ﬁéinﬁ'pT (Qr V) on
the target, only a‘part of the source disk.may be capable df contributiﬁg
to the current at a particular location on the target. This region is
the common area of overlap between the source disk of radlus ry (or Q)
and the figure resulting from projection of thé colllmatlng orlflce on
the source plane fromvthe locatlon quon the target. It can be shown:
that this image of the collimator is a circle the radius of which. is
1ndependent of P and equal to (——=— The centef'of this circle is

dfﬂ ¥1-

d)pT from the center of the source disk. Made dimension-

a distance (
. dT-

less with respect to r the radius of the collimator image on the

l,

source plane is:

W. = 1 v ' ’ (16) .
oo - »
and the distaince from the center of the source disk is: ’ B ('
. _ T’V *
W=1"T7 (17)

The integration limits in Eq. (15) depend on whether Wi is larger of
smaller than W. The regions of integration on the source plane for these

two cases are shaded in Fig. (3). The limits of integration are:
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(a) (the umbra) 0 < V <1/T:
i =0 (18)

G. =0 (19)

Wwe _we ] (20)

»Gg = (Wﬁcos ¢s)[.4_t 1+ * or Q,vwhichever is smallen

(W cos ¢ )2
s’ .
The positive root applies for Of§¢s§ m/2 and the négative root for
ﬂ/2§¢é§ﬂ.
(b) - (the penumbra) 1/T<V<1/T + @
The upper limit on V corresponds to the point of tangency of the two
circles in Fig. (3b). At this position on the target, the source disk

has just disappeared from view:

. 5 5 -
¢min _ |l - W - < (21)
s °°F 2WQ ‘
. 2 2 .
G, = (W cos ¢s) [-1 + wi - .1 (22)
: (W cos ¢s) '
G, = Q o , (23)

2
The average peaking factor is obtained by integration of Eq. (15)

over the umbra:

5 [T
R = 2T f w(V) vav (24)

0
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' AVERAGE'PEAKING'FACTOR‘FOR"COSINE'SOURCES

.In a_practical molecular beam éystem, the rédii ofvthe séurce disk,
the collimator, and the beam spdt oﬁlthe'tafget are all much smaller thén
-either the source-to—coiiimator or the source-to-target distances. This
meéns fhat the coésine of the emission,anglebe.can be approximated by :
unity. The bracketed term in Eq. (15) réduceé to (RT)’3, which is.can;
célled by the same‘term outside éf the integral. LConsequently; thé beam
'intensity and flux ratios are independent of R, and are functions of the
collimator radius only_ through the parametef Q. rFig; (4) shows the
variation of X with Q for a number of values of T. This plot is valid
for all R between O.OOSIand 0.1. The lower curve represents théTlimit:
as T » 0, The loss of poinf SOUrce.characté},is.greéteSt'for.lafge'Q and
small T.

In designing a molecular beam system, it'is'desirable to maintain
the sourcébradius rs'(or the'dimensionleés parameter’Q) as small'as'f
>possible. This wiil‘insufé thé£5§ is close to unity.and;that thé source
can be adequately approximated by a point. The efficiency of a pafticUlar
source design utilizing a cosine.emitter can be determined_directly'from
Fig. L. | |

The computations‘for a non-cosine emittér’are straight-forward, bﬁt
the U'integral of Eq. (15) can no longer b¢ performed analytically, né?
can the cosine of thg emission angle be approximated by.unity. The
average peaking factor is a function of tﬁé angular distribution J(G)-i
whiéh characterizes the source and the three ratios Q;R;‘énd T which

characterize the system geometry.

%

o
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VARTATTION OF THE BEAM INTENSITY OVER THE TARGET

The intensity I(pT) or the peaking factor X (V) represents the
strength of the molecular beam at various radial poéitions bn the target.
Results of the beam intensity profile calculations are shown in Fig. S 1

for R and T values of a typical molecular beam appéraius and two Q values,:

zero (representing a true point source) and unity (a typical value for a

practical source).

For a point cosine source, the beam intensity remains cohstant up -
to the edge of:the umbra, and thereafter is zero. If this same source is
spread over a finite area (dashed Q = 1 curve), the beam intensity_begins
to drop off at approximately L0% of the usable tafget radius and there is
a substantial tail in the ﬁenumbra. ‘The average peaking factor, or the
ratio of the usable beam for the>finite source to that from the point
source, is 0.734. The loss in average beam strength due to the-nop—zero
source dimension is not severe for the cosine emitter.

The same calculations were repeated for the highly peaked distribution
of Fig. 16 of Part I. The angular Aistribution from this source was |

approximated analytically by

4,01 6 < 0.026
J(e) = 33.33 e_8.5e, 0.026<6< 0.1k o (25)"
.79 u.oe’ 60 .11

. The central peaking factor X(O) is 12.6 for this source. The same geometry

(R and T) was used in the calculations. The beam intensity profiles for

Q@ =0 and Q = 1 are also shown in Fig. 5. Even for the pcint source,

2

the beam intensity drops by nearly half as the outer edge of the umbra is
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approached. By contrast, the point.gosine soﬁr¢é iﬁ the same geometry
yielded a uniform beam ingensity in thé uﬁbré; In the case of'veryv' L "
peakéd sources, howevef;’the small polaf angle at the outer portion of“ 
the umbra (0.0uk radiéns in this example) is sufficient to cause a sub-
'stantial arop in the.beamjintensity; Tﬁis effect can be seen directly.
from'the‘angulér disﬁribution of Fig. 16 of Part I [Eg;-(zs)j.” The
centerline intensity of 12.6 in Fig. 5 cbrrespond'to‘the'péak of this
distribution. |

I The loss.in average beam strength is éVen'mdre severe if the highiy
peaked source is spread.over a finite area (solid Q =1 curve of Fig. 5)_
In this case even the centerline intensity >«b) doeé not achieve the
maximum ‘value of 12.6;_the,outer portion of the éource disk muét emif'ét
a polar angle of rs/rT = QRT = 0.016 off the individualvchanpei axis in
order to contribute to thé centerline flux. Even this small angle is
enough to cause the beam intensity to decrease 20% below its value
along the akis of the individual channeis. _Thevavéfage peaking factor:

is 6.10,

A
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"EFFECT‘OF‘SCURCE‘MISALIGNMENT
'Becaﬁss of the.extremely peaksd character of fhe angular distributions
such as.the one shownbin Fig.' 16 of Psrt I, the design of a molecular
beamvsystem utilizing such a source must consider the effect of imperfect
alignment of the sourcé tube with respect to the axis through the csll-

imator. Fig. 6 illustrates the two possible types of misalignment.

(1) Displacemenp - the center of the sourcé disk is displaced from
the point of intersection of thevcsllimator sxis and the source plane by
a distance e, or in dimensionless terms,

E = e/rl (26)

(2) Tilt - the plane contéining the source disk is tilted by an
angle o with respect to the collimator a#is. | |

For perfect alignment, both E‘and a are zero..‘

In place of Eq. (15), the local beam intensity on the target is

given by:
o 27 G '
1 ‘ 2 cos § .
X(V,¢T) = —?———2/ dreh, J(8) — uau (27)
Q" (RT)"Jy " T ¢ ,

where Y is the dimensionless distance (with respect to the collimator radius)

between a point on the source disk at ps’¢s and a location on the target

at pT,¢T:'
Tt 1 ) )
72 = bi --(,9’_2— b’l)z £V + U2 - oy cos(¢_~B) (28)

where U and ¢S are, as before, the coordinates of the source plane, and

t . N . : .

v =V [sin2¢T + (COS¢T) %]1/2 . (29)
\cosa /- : : »

B = tan-l [cosa tan¢T] S (30)

2 = (R'I‘)fl + U-cos¢s sina _ (31)

1
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ﬁ'g = (RT)fl + V cos¢y tana (32)

® 1s the angle between the normal to the target plane and the ray

Joining a spot on the source disk with the particulér-target location

cos B =-,61/Y- B : o - (33)
The emission angle 6 is given by: -
- _ coso 2 ég 2 21 _v :
| cos® "o B, [Y + (5557 - X ] (34)
where N o o (39)

2 : v 2 . 2
= - U i -U si
X [12; tana - V cos¢T + cosq>s cosa] + [V s:an)T : s1n¢s]

If o 5 0, Eq. (27) reduces to Eq. (15).

. The limits of integrétion are determined‘by the region of overlap
between the source.disk and the image of the_collimatoprrqjected on the
source plane from a point on the target plane. ’The iﬂage curve 1is ﬁo
longer a circle of fixed.radius, as it was for an untilted source plane.

Rather, it is obtained. by determining the intersection of the source

plane with the surface represented by the locus of lines in Fig. 6 eman- -

ating from the target location and passing through the circle described
by the collimator orifice periphery. The equation of the image curve in

terms of the source plane coordinates U and ¢S-is:

. |U cos¢_ cosa + (ZX~) cosd, (RU cos¢ sino + 1) 24
C s 1-T T S .

. ) TV . ‘ . - oyvle
[U sing_ + (l-T) 51n¢T(RU cos¢_ sina + l)] =

[l +F(i%§J(RU cos¢S sina + l)] 2 , | | (36)

which reduces to a cirele of radius 1/(1-T) displaced from the'ofigin by

a distance TV/(1-T) when o = 0.

el
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The equation for the source disk is

2 2

(U coso_ + B) + (V sing )7 = q (37)
where E is the extent of displacement, given by Eq. (26).

It prbved too cumbersome to expfess the:integration limits Gl; G2, and

amin NP o
Dy analytically for the case of the two curves represented by Egs.

(36) and (37). Instead, a procedure readily adapted to machine compu-
ﬁation was ufilized. For each angle on the source.plane ¢S,'fhe roots

‘of Eqs. (36) and (37) were determined. If the roots of either one of
these equations were imaginary,bthe line fhrough the coordinate origin

on the source plane at-the selected‘qaS did not intersect that curve. The
U integral at this value of ¢S‘was set equal to zZero. This method is
equivalent to analytical determination of.the limits onzthé ¢s'in$egrai
of Eq. (27). At source plane angles for which the roots of both equations
were feal, a series of sign and relative magnitude checks was used to

determine whether there was a true segment of overlap in the chosen

direction. The limits of the U integral in Eq. (27) were selected from

" the four possibilities (two roots from each curve) and thevihtegration'

performed numerically. ' _ : o
Since the beam intensity on the target, or X(\L¢T), depends upon

five geometrical parameteré (Q,R,T,E, and o) and the angular distribution

function characterizing the particular source[ J(8)], the effect of all

possible parameter combinations could not be explored. 1Instead, the
geometrical parameters of the molecular beam apparatus were fixed and

the effect of the two types of misalignment'were investigated separately

"for a cosine source and the multichannel source characterized by the

angular distribution of Eq. (25). The geometrical parameﬁers were those
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previously used in the calculation of theveffeC£ of source size (R = 0.0k

and T = 0.37). The éource size paramétef; Q, was fixed at.unity. The ]
beam intensity pfofiles for pérfect alighment‘of fhe two soﬁrces are

shown in Fig. 5. The average peaking factors for the Q = 1 source size

are 0.734 for the cosine emitter and 6.10 for the multichannel source.

A polar diagram of the beam intensity contours.for the perfectly
aligned multichannelISOurcé is shown in Fig. 7. The same spurée ﬁié; A
aligﬁéd by.éne collimafor'fadius displadeﬁéﬁf of the source tube'axis_;
from tﬁe collimator éxis generates thé'cbntouré'shownviniIig.-8. " The
effecf of a tilt misalignment of .6° from the collimator axis is shown
in Fig. 9. TFor both types of misélignmenf,_the peak intensity is sigﬁi—
ficaﬁtly less than that of thevperfectly alignedvéource and thevlbcation
of the maximum.has'moved from the targét center in.the expécted diréction.

Average peaking factors are‘obtained by integf;tibn.ofxﬁ(V,¢T) over
the region éontained within the dashed lines of figs. 7 —'9, whi¢h delineate
the boundary of the ﬁsable target éreaQ The effect of‘dispiaceﬁent mis-
élignmenﬁ on the average peaking factor shown in fﬁg. 10 is not as disas-
trous as might have been expected from the sharpness of the angﬁlar
distribution’ (Fig. 16 of Part I). The efficiency dr0ps.byvonly 28% for v
a displaéement of one collimator radiusv(for_a typical system, this‘ ”
represeﬁts about 1/2 mm). ﬁowever,vif the misalignment is-greatef than -
2 collimator radii, the overall-effi¢iency of the multiéhannel sourceiz Q“
is no better than that Qf a well—aligned point cosine source.

The effect of tilt misaliénment on the samé sour¢és is shown in .

Fg. 11. Here, the loss in average beam intensity on the target is

much more severe for the multichannel source than for a cosine source.
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However, the decrease in‘i with o is not as fapid as the decrease of the
angular distribution function with emission angle, which intuitively
would seem a reasonable first»approximation. The reason for the relatively
gradual loss in peaking factor with tilt angle lies in the geometry of
the source-target interaction. As the source plane is tiited from the
normal fo the collimator axis, only molecules emitted at an angle of «a
contribute to the beam. HoweVer, the weaker flux from the individual
channels is partially COmpenséted by the larger fraction of the source
disk which, because of the foreshorteﬁing‘aue to'the tilt, can bé seéﬁ
b& the target. |

The effect of simultaneous tilt and displacement was explored briefly.
In particular, it was of interest to determine whether the fractional
decrease in peaking factor due to each misalignment coﬂsidered‘separately
could be multiplied together to predict the general misalignment, or

whether the relation
% (E,a)~ % (B,0) ¥ (0,0)/ X (0,0) . (38)

could be used as a first approximation. ¥(1,0.1) calculated by fhe
above formula was 20% smaller than the result obtained from the full
computation. At least for the geometry chosen here, Eq. (38) provides a
conservative estimate of the combined misaiignment effects.

As discussed in connection with Fig. 4, the average peakingvfactors
for a cosine emitter are essentially independent of the parameter R
because of the insensitivity of a cosine distribution to polar angle iﬁ.
the neighborhood of the normal. Sources with angular distributions like
Eq. (25), on the other hénd,_are extremely sensitive to small change§ in

emission angle off the normal. These distributions exhibit cusps at 6 =0

!
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(see Fig. 16 of Part I) whereas a cosine distribution is nearly flat
at 8 = 0. A modest effect of the parameter R on ﬁhe average;peaking -

factor_was-computed for the multichannel source used as an. example in -

this study. Decreasiné R by a factor of two (from a value of 0.04kL):

produced a decrease of 10% in Xe

s
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" 'CONCLUSIONS

The computations presented here suggest that even highly peaked
multichannel sdurces are not overly susceptible to loss of efficiency
due to tilt or displacement misaligﬁments. If the tilt relative to the
collimator axis can be kept less than ~1° and the diéplacement less than
~1/2 of a éollimator radius, the single biggest loss in efficiency is
due to the size of the source disk rather than imperfect alignment.
Toierances'of'this.6rder”appear to be readily attainable with good
machining and assembly téchniqﬁeé and vacuum components of reasonable
quality. |

For the typical system geometry and source characteristics studied
.here, the price of bundling individual channels each with a centerline
peaking factors éf 12.6 into a source of overall diameter eqgual té that
of the collimating orifice is paid.for in the average peaking factor,
which is 6.1. 'The great imprbvement in directivity of the individual
channels over a cosine emitter has been reduced by 50% simply b& the un-
avoidable ﬁrocess of assembliné them into a source of ﬁon—zero diameter.
There are several methods Qf.avoiding this degradation of efficiency:
The first is to pack the individual charnels closer together. This is.
generally not practical, since sources of the type which give distributions
shown in Fig. 16 of Part I are already 50% transparent. ‘The second is to
make the collimating aperature larger, which reduceé the value of Q. |
However, there are generally limitations on the maximum size of the beam
spot on the target which can be tolerated, and the collimator radius is
usually fixed by these considerations. The third is to increase T(or ﬁhe

ratio d/dT),which for a fixed Q increases the average peaking factor
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(see Fig. U4 for this effect in cosine sources). Practically, a minimum

space between the collimator and the target is needed for a variety of

reasons (detector, beam flag, or modulator may be inserted here, the tar-

get may be_opefated'et high temperatures, etc.). Fer'e fixed_differeﬁce
between dT and d{ the rafio d./dT can be increase& only by making'dT
larger. This remedy, however, decreases the total beam 1nten31ty by the
l/(distance)» effect, and 1s the least des1rable approach

Consequently, it appears that practical molecular beam sources fabri-ef
cated from multichannel arrays cannot attain their maxiﬁum sinéle—channel
' peaking faetofs. When‘operated af high:KnudSen numbefs (or.low reduced'h
source pressures), éhey still can provide a 5-6 fold improvement_in |

aVerage intensity over a cosine emitter at the same leak rate, but prob-

ably never will realize the order of magnitude increase which was originally

'anticipated.
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2k~ ’ - UCRL-18700

Image  of collimator

Source
disc

" Collimator
. axis

—4

. Source plane

Collimator plane

Target plane /

XBL69)- 1520

Fig. 6 Beam geometry with displac'ement‘ and tilt misalignment.



1200

- B80°

. -25- . UCRL-18700

150° . 180°. ' 150°

90° |

120°

o0°

60°

30° o 30°
XBL69I-1524

Fig. 7 Beam intensity contours on target from pef-
fectly aligned multichannel source., Q = 1,
R = 0.0kL, T = 0.37. _

SR,



o8- | | ‘UCRL—18700’i

i
LU
| 1 I [ I
W
/.’"
~ Multichannel source '
r— —
— -
‘Cosine source -
. —
-‘-!-m-\\
L L e _
0] 0.5  LO .5 2.0 2.5 3.0
XBL69I - 152I Q
Fig. 10 Effectv»-of dispflace’ment on average peaking : .
' factor from multichannel source. Q =1, _ o p

" R = 0.0kk, T =0.37, & = 0.



x|

-29- " UCRL-18700

Multichannel source

%, —Cosine source

a, radians

XBL691-1522

Fig. 11 Effect of tilt on average peaking factor from
multichannel source. @ =1, R = 0,04k, T = 0.37,
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