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Abstract

Two and a half months after the completion of report number 2, the perspective has

again dramatically changed in light of both new information and better understanding of

the problems to be confronted. The design constraints appear now well estabiished and in

this essay I present, for the fi,rst time, a microscope design in detail, predict it's performance

and assess it's prospects for future improvement. It must now be deceided, upon the

information presented here, whether the design warrants proceeding to the construction

stage.

In Chapter 1 I discuss the factors limiting the maximum atom current which can be

focussed, through the agency of a Fresnel lens, down to a microscopic spot on the target

surface. The deleterious effects of finite source size are explained in the context of a high

pressure helium nozzle expansion. After calculating the focussed atom flux obtainable at

a resolution of 0.4 ;l for a low temperature helium beam, a comparison is made with the

performance of a simple lensless microscope design'

From Chapter 1 it becomes clear that due to the expected low primary beam inten-

sities, the feasibility of the microscope hangs upon the level of atom detection effi'ciency

which can be reached.. Chapter 2 therefore describes w'ays in which the performance of ex-

isting detectors can be improved for the specific application of use in an atom microscope'

AIso discussed are factors determining maximum sca,n rate for a particular microscope

design and in context, the concept of an optimum detector stagnation pressure.

A short conclusion is presented in Chapter 3.
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Figure 1.1 below.
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1. Optirnization of Primary Bearn

1.1 Experimental Setup

design for the generation of the focussed incident beam is shown in
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Figure 1.1

A high intensity. highly monochromatic helium beam is produced by the supersonic ex-

pansion of gas, at high pressure, through a small aperture of diameter ds. A skimmer,4l

of diameter d1 and at a distance 11 downstream from the nozzle serves to select a narrow,

forwardly directed atom beam. Furthermore, the skimmer restricts background pressure

in the second chamber, thereby limiting collisions between beam and background atoms

over the relatively large distance L14 to the much smaller aperture .42 downstream. The

aperture 42, diameter d2 serves as a small atom source, a demagnified image of which is

formed by the zone plate on the target surface. The ratio of skimmer diameter d1 to the

distance.Lra defines the angle a shown in the diagram. The zone p\ate ZP of diameter d3

is located a distance,L26 dow'nstream from aperture,42. The distance Lza is determined

by the chosen microscope demagnification factor AI and the intrinsic focal length of the



zone plate for a given source temperature ?e (see report number 2). The angle B shown

is determined by the ratio dt I Lza. The Microscope resolution wiil be determined by ihe

intrinsic resolution of the zone plate, the aperture diameter d2 and ihe demagnification

factor M . Il is the magnitude of the atom current -lf incident upon the zone piate surface

which, in combination with the detector efficiency, wiil determine the ultimate microscope

count rate.

I note that diffraction of the helium atoms, as they pass through the small aper-

ture L2, wiii result in not insignificant broadening of a cold atom beam relative to the

dimensions of the zone plate itself. From Optics [t], the full width at half maximum of the

intensity distribution of a plane wave truncated by an aperture of diameter d at a screen

a distance L away is given by the expression:

A,:7.22 metre-q (i. 1)

where .\ is the atom wavelength. In the example to follow, A is 30 7.t, for Lzd :48 cm

(corresponding to a demagnification factor of five), a heiium '"r'avelength of .\ : 1,1. and

aperture diameter dz = 2p,.

I.2 Intensity Calculations

As an illustration of vvhat could realistically be expected from such a configuration,

in terms of the focussed beam intensity for a given resolution, I assume the following set

of parameter values and make the follorn'ing assumptions in the calcuiations to follow:

(a) Using a helium source pressure Po of 80 bar, a source temperature ?6 of 78 "K and

a nozzle diarneter do of 10 p Bruce Doak [2] obtained a measured velocity spread Lu f u =
.6% i.e. a speed ratio of 275. I assume these parameter values in the present calculation as

LA
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they represent the best I have seen reported for a high intensity, high monochromaticity,

1ow temperature helium beam for the present application. A11 on axis intensities are

calculated using the formulae of Knuth [B].

In passing I note that the effective source size, intrinsic in the theory of Knuth [3],

relies upon the assumption that

L.r:1f ua: Lu11f u11. (1.2)

at the sudden freeze surface (see Figure (t.2)). Fbr the beam parameters above however,

Bruce Doak measured a much larger v-alue for the perpendicular as the paraliel velocity

spread. This measurement must cast some doubt on the theoretical predictions for intensity

in the present case for the following reason. In normal atom diffraction experiments, where

agreement between theoretical and experimental intensities has been well established, the

perpendicular velocity distribution at the sudden freeze surface has no significant bearing

upon the beam intensity ai a distant observation point. It is only when one introduces

extremely smail apertures in the beam path that this factor plays a paromount role in de-

termining on axis beam intensity. Therefore, agreement between predictions of theory and

experiment under normal conditions for atom diffraction experiments does not necessarily

imply agreement will exist in our particular geometrl,.

(b) A nozzle skimmer distance u 1 of 2 cm is assumed. The distan ce Ry to the sudden

freeze surface for anozzle diameter ds and a Mach number Mr is given by [2]:

Rr=tfii metres

'r'here 7 is the rario of specific heats (1.6J for Helium) and L
He). For a nazzle diameter ds of 10 microns and a Mach number

( 1.3)

is a constant (3.26 for

M7 of. - 300 in Doak's



experiments, the calcuiated distance to the sudden freeze surface is then B mm. Therefore,

it may be possible to position the skimrner closer to the nozzle than is presently assumed,

thereby gaining an increase in intensity, the size of which is given by equation (1.6) (see

pg. 9). However, the requirement of low background pressure around the nozzle to avoid

degredation in beam flow characteristics may preclude reductions in the distance c1 from

the present assumed value.

bV,
Vrr

v EL)C,TY
Rt ' 

'-5-r-Ftb'urpl,
:---+l+

NDZZLL

9rrq^l;n(
/

a/
l UOOEN
TAee*
tv&F n ,€- S(tnarEA A,

Figure 1.2

(c) I assume a zone plate diameter of 80 microns diameter with outer ring thickness

of .1 micron, focal length of 8 crn at liqui<i nitrogen temperatures (i.e atom wavelength of

1.0 Angstroms) and an intrinsic resoiution of .14 micron. These parameters correspond to

the best free standing zone plate the X-ray Physics Group, Goltingen, predict they could

rnake.

(d) A diameter of 2 microns for aperture A2 in conjunction with a demagnification of

a factor 5 to give a total microscope resolution of - .42 microns. Distance Lza is then fixed

at 48 cm. Furthermore, I assume a skimmer diameter of. Dt of 100 microns and assume

that the angles a and B in figure 1 are reiated by the relation a :29 (Justification given

in Appendix 1). .L1a is then fixed at 32 cm.
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With these assumptions, I calculate intensiiy with the following formulae [J]:

(1) The ideal gas law to calculate the density n6 in the source at temperature ?s and

pressure Ps i.e.

Ps
Il,n 

-" kTo

85x1.05x105

(1.4)

1.38 x 10-23

= 7.32 x 1027 m-3

(2) The atom density n1 al the skimmer entrance, a distance u1 awaf from the nozzle, is

related to the atom density n6 in the source by the expression:

nr : 0.156 (T)-'"0 (1.5)

: 0 156 (*#)-' . 7.32 x 1027

: 2.85 x 1020 m-3

where do is the nozzle dimension.

(3) The atom density n4 at aperture .42 is related to the density n1 at the skimmer

entrance by the expression:

nd,: nt(h') lt - r-t'2sin21-o""orrg^orf (1.6)

= 2.8b xtozo( 2x1o-2 \2
\_l x 0.88

: 1.10 x 1017 m-3

where ^91 is the beam speed ratio and €r,.,o, is the angle from nozzle to skimmer lip.



Choosing a= /3 (�max = 2.5 x 10-3 radians) and for a speed ratio S = 275 as reported 

by Doak [2], the factor [l - e-Si 
2

8 in
2

€maxcos2�max] = 0.38. This factor accounts for the 

reduction in intensity at A.2 due to the presence of the skimmer and would indeed be 1.0 if 

no skimmer were present. Therefore in the present example, the emitting surface seen at 

A2 would be more than 100 µ in the abscence of the skimmer. In other words, the effective 

source size is much larger than the nozzle dimension in the case of a high pressure gas 

expansion through a small nozzle. That the effective source size is much larger than the 

nozzle aperture greatly limits the amount of atom current which, for a given resolution, 

can be focussed onto the target surface. However, under the assumed beam parameters 

Doak [2) measured the effective souce size to be 500 µ. If he is right, then the calculated 

intensities to follow will be a factor '.:::'. 5 or more too high ! Note that the effect of reducing 

x 1 from 20 to 10 mm, proposed earlier as a possible improvement, would only increase nd 

by a factor of 2.2 from the above equation for the present parameter values. 

For the proposed design, the angle a is chosen to be 2 times larger than /3, not a, = /3

as assumed above. This choice results in a slightly improved value of atom number density 

at the zone plate. Indeed, the component of the atom number density nd* at aperture A2 

which contributes to intensity at the zone plate is calculated as: 

(1.7) 

The method by which this number was determined is described in Appendix 1. To 

obtain the number of atoms per second N focussed onto the target surface, nd* must be 

multiplied by the beam velocity v11, the area fd2 2 of the aperture A2 and divided by a

factor 20 to account for the fact that only 5 % of atoms incident upon the apodised zone 

plate are focussed into the first order diffraction peak. The beam velocity vii is related to 

the source temperature through the expression: 

g 



ull : 5 k roli

-t

mJ
5x1.38x 1023 x 78

(1.8)

( 1.e)lr : 
fru1;d 

r'ro*

:#x922xd22x

: 1.9 x 107 sec-r

4x1.67 x10-27

1.3 x 1017

(at .4 p" resolution)

:922 m s-l

Thus:

I note that by reducing the diameter of aperture A2 lo 1 p, for the same demagnification,

a resolution of .23 pr wouid be achieved with a concomitant factor 4 reduction in beam

intensity. Reducing the aperture diameter to .5 pl, a resolution of .16 pl wouid be achieved

rvith a factor 16 reduction in intensity. Here I have used the intrinsic zone plate resolution

oL722 p in quadrature 'a'ith the demagnified aperture size A2 f M to calcuiate the total

resoiution.

Finallg the microscope resolution depends not only upon the diffraction limited reso-

lution of the zone plate, the size of the source aperture A2 and the chosen demagnification

factor M bd also upon the angle at which the beam impinges upon the target surface,

as the calculated spot size is a measure of the microscope resolution only in the case of

normal incidence. By projecting the spot onto a surface ,n hose normal is at an angle q to

the beam direction, the spot lengthens by a factor dD and the resolution degrades by a

corresponding factor.

10



i.3 Pinhole Microscope

At this point it is interesting to compare the amount of flux delivered onto the target

surface, for a given resolution, by the Fresnel lens microscope described. above and one

consisting simply of an illuminated pinhole positioned close above the target surface. This

lensless microscope is shown schematically in Figure 1.3.
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Figure 1.3

I assume here, for the sake of comparison, the sarne atom source employed in the
preceeding calculations. i.e- a 70 pt diameter nozzle through which helium at g0 bar
pressure and at a temperature of 78 ' K expands, positioned. 20 mm behind a 100 p
skimmer' The size of the illuminated target area depends upon fir,e factors, namely the
skimmer diameter d1 and it's distance Ll from the pinhole P, the pinhole diameter d,2 and,

the distance L2 from pinhole to target surface and the wavelength ) of the illuminating
atom beam' The total microscope resolution 6rot is given approximately by the expression:

(1.10)

The first term in the main brackets accounts for demagnification of the source due to the
differences in distances -t1 and L2 (see dashed lines in figure), the second term accounts for

11



the finite size d2 of the pinhole itself and the ihird term accounts for resolution broadening

due to diffraction of atoms through the pinhole (see equation (1.1)). Taking as an example,

a pinhole size d2 of. .5 p, (the smallest commercially available aperture of which I am aware),

a distance -L1 from skimmer to pinhole of 20 cm and a distance .L2 from pinhole to target

surface of I mm, equation (1.10) yields:

6rot : tl;.s ,t + o.b p, + o.2b y.L2

: 0.Zg pr (1.11)

From equations (1.6) and (1.9), the number of atoms per second N passing through

aperture P onto the target surface is 2.4 x 108 atoms/second. This corresponds to an

improvement in atom flux of a factor of : 3.5 when compared to that which would be

achieved li'ith a zone piate for the same resolution i.e. by choosing the aperture diameter

Az as 4 rather than 2 pr (see figure 1.1). Inspection of equation (i.10) shows that to

obtain a factor 2 improvement in resolution one could halve the pinhole diameter d2 and

either haf i'e the distance L2 of. the pinhole to the surface or double the skimmer to pinhole

distance .L1 and use a beam of twice the temperature to reduce the size of the diffraction

term (1.22 +ra" in equation (1.10). If the alternative of moving the source back and

choosing a smaller aperture and higher source temperature is chosen, then a factor of 16

reduction in intensity follows for every factor 2 improvement in resolution ! In contrast,

the alternative of halving the distance L2 in combination with a smaller aperture size A2

results in only a factor 4 reduction in intensity. However, to bring the pinhoie P extremely

close to the target surface introduces severe practical difrculties in terms of interference

of the pinhole mount '*'ith the sca.ttered signai.
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2. Optimization of Atom Detector

2.7 Fundamentals

The final microscope count rate g will depend upon the detector performance as

weil as the characteristics of the incident beam. It's value is given by the product of

the detector ionization efficiency ((2, U., z,T) (ions/torr/m-3/sec) and the helium pressure

P(*,y, 
", 

&#,N, ?) integrated. over the ionization volume, where ? is the temperature

of the gas in the ionization region. Here @# is the differential scattering cross section

for scattering from the point under observation on the target surface. It is the point to

point variations in this quantity rnhich gives rise to image contrast. N, ffi before, is the

number of helium atoms per second incident upon and reflected from the target surface.

Thus

n: lo"r.,ro,e(r,a,z,T) 
P(*,v,r,W,?, N) d'xd'g d'z

In the case w'here molecular flow conditions prevail in the detector we can write

P(r,a, r, Y#, ?, ltr) : X(n,a, z,T, 
aog-td) 

7 
. N

((r,y, z^T) y(r,u,z,T,at#, d"r d.y d,z

13

(2.2)

where X is the pressure distribution in the detector normalized for an atom throughput of

one atom per second i.e.

(2.1)

,f ,",.,,o,
n-N (2 3)



With an unmodified detector of the type generaily used for surface diffraction sludies, the

coefficient relating g and .l{, given by the integral, would be less than 10-?. Thus for a

value /f : 1.9 x 106 atoms/sec (equation (1.9)) a count rate of only - 0.1 Hz would be

expected !! The reasons for ihis poor result are three fold:

(a) For atoms passing through the ionization region, the ionization effi.ciency of these de-

tectors is very small (- 10-5).

(b) OnlV atoms leaving the surface through a very small solid angle will pass through

the ionization region due to it's particular geometry (deveioped for detection of narrow

parallel beams of atoms) and the fact that the physical size of the detector limits how close

the ionization region can be brought to the the target. For a helium atom microscope,

detection of scattered a,toms over a large solid angle will be required to achieve acceptable

levels of count rate.

(c) Atom detectors used in surface diffraction studies are usually "flow through" type

detectors, meaning that atoms pass through the ionization region only once before leaving

through the exit aperture.

Although these points together paint a bleak picture, the requirements for a micro-

scope detector are sufficiently different from those for a detector used for time resolved

surface studies to allow substantial improvement in ionization effi.ciency to be wrought.

The use of a "magnetic bottle" type of detector, of the type tested by von Issendorff [4], is

one way to gain improved sensitivity. In this type of detector, electrons are confined to the

ioniza,tion region by a magnetic field, the electron density in this region and hence the ion-

ization efficiency being thereby substantially increased. Such a detector is not applicable

to high resolution time resolved measurements due to it's intrinsically long (r - 10 pr) time

constant. For microscope applications, however, this response time could indeed be fast

enough and the reported factor of 20 in ionization efficiency over conventional ionization

detectors utilized [ ].

14



Another means to obtain improved ionization efficiency is to ,'stagnate', the ioniza-

tion detector' In this mode the detector is completely enclosed, except for an entrance

aperture to accept incoming neutral atoms and an exit aperture for the extraction of he-

lium ions' Atoms enter the deiector, undergo man.y collisions with the detector walls and

traverse the ionization volume many times before finally ieaving, the extent of pressure

build up in the detector being determined by the size of the apertures [Appendix 2]. The

increase in sensitivity is again achieved at the expense of detector speed, however by mak-

ing the detector volume sufficiently small, acceptably fast response times can be achieved

for microscopy applications.

The resultant pressure build up Poo in the detector itself will depend upon the tem-
perature ?o and throughput Q(To) of gas entering the detector, the temperature ? of the
detector and the total conductance CQ) of the detector apertures. These quantities are

related through the expression:

D - Qgr)roo_ 
@

The response time z of the detector depends

CQ) of the apertures for a particular detector

T
n torr (2.4)

V
" = tu -ceeonds

For the present appiication, the conductance c of the detector

diameter d of the ion exit aperture as the entrance aperture,

upon it's volume V and the conductance

temperature ? [Appendix 2]:

(2.5)

will be dominated by the

if posiiioned close to the

Here I have neglected the intrinsic time delay between the ionization of atoms and their
removal from the detector volume, a quantity which will vary from detector to detector.

15



target surface, can be made extremely small whilst still enabling coliection of atoms over a

large solid angle as all scattered atoms emerge from a microscopic point upon the surface.

The conductance of a circular aperture of diameter d (measured in metres) for a gas of

temperature ? and molecular weight M is given by ihe expression [5]:

C :2.97 d2 litresfsec.

I

/ 11 \i
xloa(#,)

lo*.,,o,

(2.6)

To illustrate the level of count rate attainable with existing technology, I talie as an

exampie the magnetic detector of von Issendorff operated in stagnation mode. For this

detector, the exit ion aperture diameter is 5 rnm dia.meter, the detector volume 25 cm3

and the operation temperature 300 '/{. I assume that the detector is encapsulated, except

for the presence of entrance and exit apertures and 70 % of flux scattered from the surface

is collected through the agency of an entrance cone. This correspond.s to a collection angle

a of 46 % if isotropic scattering is assumed. In the case of a stagnation detector, the

pressure wil] be essentially constant throughout the ionization volume and hence equation

(2.1) sirnplifies to:

((r,y, z,T) d.r dy dz (2.7)

Here I han e assumed that the degree of stagnation is relatively high and no "tricks" in

design have been employed to introduce pressure gradients to improve count rate [Ap-

pendix 3]. By introducing Helium into the experimental chamber of a specific pressure

P(ry, ?, N), the factor

((x , y , z,T) d* dy dz torr-t second-r

e:Peffi,?,i)

.f ,",".,o,
enr(71 :

16

( 2.8)



can be determined by measuring the toial ion current g. In this way, von Issendorff [4]

measured e;*r(T) to be 7.5 x 1015 ionsftorrf sec al room temperature. Note that because

the ionization rate scales in proportion to atom number density in the ionization volume,

which in turn scales wiih the gas temperature for a given volume, we can deduce (;"t(?)

for a1l temperatues from the room temperature measurement by the relation:

C;,r(T): (i,r(300"K) . Y#
- 

(2'25 1 1018) 
ions f torr f second

T
(2.e)

The final quantity to calculate, before the count rate can be derived from equation (2.7),

is the atom throughputintorr -litresf sec entering the detector. Using equation (1.4)'

the number of atoms Nt-r in a torr-iitre at temperature ?s is given by:

lrr-t : [(1.01 x105x#] x10-3
1.38 x 10-23

9.63 x 1021
atonts (2.10)

Thus

,n{ afumsf second. : 1.04 x 70-22. ?b . N Tom - Iitresf second

So, using (2.4), (2.6) and (2.7),

1.;
l0

To

; - Q(ro)
' C(T)

T._ (

7b.
2.25 x 1018

T

t7

(2.11)



1.04 x 10-22 .
. (2.25 x t018) ' .nil

(2.r2)

: (3.7 x 10-5).N

: 70 ions f second

Due to the presence of an array of field correcting apertures within the detector, the actual

conductance of the voiume is 1ike13r to be - 2 times lower than the value calculated solely

on the basis of the circular exit aperture (equation (2.6)). Hence the stagnation pressure

and ion count rate would also then be 2 times higher i.e. The expected count rate is thus

more likely:

q:1a0 cls @r .a2 p)

t

L

:(1

To'{M
2.9I x \A4JT . d2 .To

.61 x 1o-81 lr- i a-t,L
"]

(2.13)

The time constant r, for a detector volume V of 25 crn3 and an exit aperture of" 5 mrn

diameter (factor 2 correction for internal field correcting apertures again assumed) is, from

equations (2.5), (2.6):

r :7.9 milli-ceconds (2.14)

However, I note that it should be possible to considerably reduce the diameter of the field

correcting apertures for this detector, bringing the detector volume down to approximately

10 cms with a consequent improvement in time constant by a factor - 2-5.

18



2.2 Scan Rate Considerations

In this section I address the question of what constitutes an optimum scan

for a given microscope design and describe the factors limiting the maximum scan

permissible.

Suppose that the intensity and minimum spot size for the incident beam are deter-

mined, as is the acceptance solid angle of the detector and the choice of target. In such a

case, the image contrast and resolution of the microscope are determined in the iimit thai

the dwell time ? at each point is much larger than the response time r of the detector

(The scan speed u (points/sec) then being simply ?-t). As ? is reduced towards a value

close to r the image contrast and resolution both begin to degrade. The reason is that a

certain fraction g of signal derived from each scan point corresponds to the ionization of

atoms which entered the detector at previous scan points but which have not yet ieft the

detector. The maximum scan speed u,no" is therefore determined by the relation:

Untat, : K(v)' , (2.i5)

where I{(d is a parameter determined by the largest value for cp acceptabie. Thus

T ) T,r;n: K(P)'r (2.16)

For example, it can be shown [Appendix 4] that at any scan point, the signal con-

tribution from previous points is less ihan i0 % (g - .1) when the coefficient K(9a) in

equation (2.15) is greater than 5.0. Thus for a detector time constant r of.20 milliseconds'

for example, this condition would correspond to a ma.ximum of 10 scans points per second.

rate

rate

1 :
Trnin
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From an entirely different perspective. to obtain an image of sufrcient statistical

quality 6 for a given image contrast, the total dwell iime T at each point must to be

long enough to colleci the l[ counts necessary where N, 5 and T are related through the

reiation:

5-

: (2.17)

i.e. We require

T> (2.18)

Whether this time interval is built up from many smail time segments by scanning over

the same target region many times or whether each point is scanned over only once has no

bearing upon the time required to buiid up the image to the required accuracy. Thus, if

it turns out that the minimum value for I calculated from equation (2.i8) is greater than

?*;,, from (2.16), then it makes sense to stagnate the detector further, thereby increasing

the microscope count rate, to a stage where the value of ? given by boih equations is equal

i.e. It is best to build up the image by scanning over each point only once, rather than

many times, for a given total image accumulation time, thereby allowing the detector to

be operated with the highest stagnation pressure possible and consequently the highest

detection efficiency. In this way a spectrum satisfying the two requirements of a specified

sta,tistical accuracy 6 and a specified maximum degredation to resolution and contrast from

the finite time response of the detector, is formed in the minimum time. Of course, to scan

only once over each point is only sensible if the experimental conditions remain extremely

Jfr
N
1

\/N
_.!

(N.")

1

N .52
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siable over the duration of the experiment, as muitiple scanning will always produces the

favourable result of averaging over the effects instrumenta^l drifts'

2.3 Further Scope for Improved Performance

The best way to improve the microscope count rate would be to produce a more

intensive focussed incident beam. The reasons are twofold. Firstly, although much rooln

exists for the improvement in detector ionization efficiency, increasing the sensitivity to

helium necessarily increases the sensitivity to background gases which, depending upon the

finite mass resolution of the mass spectrometer employed, may contribute to significant

background levels in the measured spectra. Secondly, improving detector ionization effi--

ciency, as d.emonstrated, may well be at the expense of detector response time, any increase

in which reduces the maximum scanning speed possible. Unfortunately, for high pressure

gas expansion through a nozzle, the fi,nite velocity spread of beam atoms perpendicuiar to

the flow direction, the onset of cluster formation at higher source pressures and Iimitations

of pumping speed suggest the development of an improved zone plate as the only practical

means to obtain higher incident beam intensities. The possibility of producing a large area

reflecting zone plate to obtain higher intensities is discussed. at a later point [Appendix

bl. I note however that by processing d.erived signal in software, a good scanning speed in

spite of a long detector time constant may still be possible [Appendix 6]. Also presented

in this Appendix are some ideas for a novel detector d.esign.

Equation (2.12) shou,s two further ways to achieve achieve improved ionization effi-

ciency. The simplest is to cool the detector, the stagnation pressure and hence the count

rate improving as ft. fnu,s cooling t,o liquid nitrogen temperature (assuming the enclosed

helium gas equilibrates to the detector wall temperature) wouid produce a factor 2 increase

an6 cooiing to close to liquid helium temperature a factor 8 improvement in count rate

for the present case. Cooling the detector walls has the added advantage of condensing

27



)l

out background gas from the detector volume producing considerabie reductions in back-

ground signal, an effect which could be of crucial importance given the ]ow helium partia.l

pressures present. The second possibility is io reduce ihe exit aperture d used to extract

ions from the detector and thereby increase the stagnation pressure. Considerable gains

can in theory be made as the stagnation pressure improves u.t $, however an)' restriction

of this aperture is likely to obstruci the ion current from leaving the detector. In principle

however, I see no reason ra'hy an accelerating lens cannot be designed to defocus the ions

from the exit aperture through a much smaller (1, -+ 2 mm) aperture, this second aperture

now determining the stagnation pressure. Of course, the volume bet',t'een the two aperture

will increase the total detector volume and hence would have to be kept as small as possi-

bie to avoid significant increases in detector response time r-. Nevertheless, a decrease in

aperture size from 5 mm to 2 mm would produce a factor 6.3 in stagnation pressure and

hence count rate. Computer simulations need to be performed to determine the feasibiliti'

of this approach.

3. Conclusion

Due to the dynamics of high pressure helium expansion through a nazzle, our require-

ment for a cold, highiy monochromatic helium beam, the constraints of finite pumping

speed and the enset of cluster formation at higher source pressures and lou'er source tem-

peratures, it appears that the best chance of improving tlr.e microscope focussed incident

beam intensity is the development of an improved zone plate. However, the increasing

difficulty of producing such lenses rn'ith ever finer structure suggests the development of a

helium atom detector, of ionization efrciency much higher than is presently a'"railable. is

likeiy the only means of producing a high count rate, high resolution microscope. Never-

theless, this report shows that with existing components, a microscope yielding a count

rate of I40 cls at .4 1.t resolution can be constructed.
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4. Appendix 1

If the source were a planar emitting surface, each surface point of which emitted

isotropically, then frorn geometrical grounds it is clear that reducing the distance -Lra

from the condition u,here o : g would have no effect of the atom density at the zone

plate, the effect of increased atom flux passing through aperture .A2 being cancelled by

the correspond,ing increase in area over which the atoms were distributed a,t the zone plate

plane. Hornever, given that the emitting surface is neither planar nor the distribution of

atom velocities at it's surface isotropic, then a dependence for atom density at the zone

plate upon the distance L16 is expected. Unfortunately, in the present example where a

high speed ratio source with a small skimmer is used, reducing the distance Lta from 64 cm

(o:0 condition) to32 cm(o :2P) onlyincreasestheatomnumberfroml.l0 x1017 to

1.3x101? m-3. [To calcuiate the component of the atom number density n4* at 42'*'hich

delivers atoms onto the zone plate surface for the case when a:20, it must be taken

into account that only atoms deriving from the central 50 pr region of the 100 p skimmer

aperture can illuminate the zone plate and hence an effective value of €^or* :1.25 x 10-3

rather than (-o, :2.5 x 10-3 is required in equation (1.6) to obtain the value 1.3x1017

m-3 presented above. Setting a > B also compensates for - 10% loss in atom density at

the zone plate that would occur due to the effects of atom diffraction through aperture

A2, resuits in a smaller apparatus size and aids in ease of alignment for the zone piate,

nozzle and apertures. The price one pays is an increase, by a factor of four, in background

pressure in the zone plate chamber.
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