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ABSTRACT 


The preliminary invest.igation of the thermal and electrical behav

iour of thin metal films gives evidence, Part I, that several mechanisms 

are responsible for the change of resistance as the temperature increases 

from room temperature to 500°C. Firstly, there appears grain growth giving 

a characteristic decrease in resistance. Secondly, the formation of agglo

merates upon the continued growth of grains; especially for the thinner Al 

and Cr films. This effect tends to increase the resistance and a mathematical 

11X>del is proposed to explain the results qualitatively. Thirdly, the occur

rence of what appeared to be an electromigration effect. This latter point 

provided the incentive for a study on the effects of electromigration in 

thin aluminum film, Part II. The results of this study are comparable to 

those obtained by other workers, except that the interpretation for the 

direction of electromigration in Al is reversed. One possible explanation 

for the difference in the direction of migration could be due to the inter

pretation of marker motion. A mathematical model is also proposed for 

electromigration, in which both the effects d~e to the applied electric 

field and the electrons collision with the ions have been taken into con

sideration. It was found that the effect due to electrons collision with 

the ions upon the migration of ions could be expressed in terms of an 

exponential function of the square of the electron to ion collision relax

ation time. 
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PART I 


Annealing Effects on the Resistances of 


Al, Cr, Ni, Co, and Fe Thin Films 
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Introduction 

Extremely thin metal films in the order of a few angstroms and 

less do not exhibit normal metallic properties of resistivity. For such 

thicknesses, the size or mean - free path effect imposes a geometrical 

boundary restriction on the electron - mobility, and the resistivity for 

thin films are normally much higher than that of the same bulk material. 

Such films exhibit negative TCR (temperature coefficient of resistance) 

and deviate quite widely from Ohm's Law(l). These properties are related 

in part to the occurrence of discreet metallic grains or agglomerates 

separated by finite gaps that act as barriers to current flow. 

Relatively thicker films, such as the ones used in the present 

work where size effect is not of primary concern, can have their char

acteristics treated approximately as that of bulk material. A recent 

paper(2) proposes a model of Ni-P film based on Matthiessen's rule which 

takes into consideration the effects on resistivity of grain growth (p 1), 

compositional changes such as the formation of Ni 3P crystallites (p 2) and 

oxidation (p 3). Therefore, according to Matthiessen's rule: 

(1 ) 

The following set of experiments were an attempt to examine the 

above proposed model for applicability to five elements, Al, Cr, Co, Ni, 

and Fe. Only the first term of the model associated with grain growth, 

however, was being experimentally studied. The other terms associated 

with impurities and oxidizing mechanisms were controlled for by first, 
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ensuring the five elements were at least 99.995% pure and secondly, per

forming the experiment in a vacuum annealing furnace at a pressure of 

about 10-7 torr. 
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Experiment and Results 

The preparation of samples for the experiment consisted of vacuum 

depositing the five metals onto borosilicate glass rods using standard 

procedures. These rods were rotated at a constant rate during the depos

ition in order to ensure a uniform covering. The thicknesses for the 

five metals were set to give resistance values at decade intervals. 

Vacuum annealing of all samples was carried out in the following 

manner: two freshly deposited resistors were connected to two separate 

terminals in order that resistance changes could be monitored. The samples 

were then placed inside a stainless steel tube which was kept evacuated 

to about l0-7 torr pressure. Prior to annealing the tube was flushed 

several times with helium that had been cooled to liquid nitrogen tempera

tures, and then reevacuated. The samples were heated from room temperature 

to 500°C at a constant rate of 5°C/min. with changes to both temperature 

and resistance being continually monitored. 

From the five graphs, plots of resistance versus temperature, as 

shown in Figures 1 to 5, it appears that for films within the specified 

thickness and temperature ranges Ni, Co and Fe exhibit a general decreasing 

resistance. Whereas, in the case of Al and Cr, the increase in resistance 

is quite pronounced. 
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Interpretation 

Electron diffraction patterns as given in Figures 6 to 8, using 

the reflectance mode of a TEM (reference voltage 80KV), displayed increased 

sharpness of rings for the annealed samples. · These results seem to indicate 

that grain growth has taken place upon annealing. In the cases of Al ·and 

Cr, the diffraction patterns were less sharp or fewer in number after anneal

ing. Later studies showed that Al and Cr tended to form agglomerates if 

annealing was prolonged for any length of time at 500°C. Such a structural 

change would explain the increased resistance; structural changes for 

thinner films being more pronounced at even lower temperatures, as shown in 

the graphs. 

It appears that, upon annealing these five metal . films, the initial 

film thickness is a predominate factor in dictating the final resistance. 

The overall reaction will either tend towards grain growth or the formation 

of agglomerates. For Al and Cr the graphs show that for thicker films the 

initial trend is towards a decreased resistance. As the temperature con

tinues to increase, the grain growth mechanism gives way to film thinning 

and eventually to the formation of agglomerates. In order to account for 

the effect on resistance due to this later process, a mathematical model 

is proposed (for a detailed derivation, see Appendix-Part I). 

The model depicts the metal film as growing semispherical globs or 

islands. As the temperature increases further from room temperature, these 

metal globs become more pronounced with less and less material making the 

interconnections, as shown in Figure D of Appendix-Part I. Based on this 

model, the total resistance of the film can be expressed as 
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Fresh 

Annealed 

FIGURE 6: Diffraction patterns of Aluminum. 
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Fresh 

Annealed 

FIGURE 7: Diffraction patterns of Nickel. 
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Iron 

Cobalt 

FIGURE 8(a): Diffraction patterns of Iron and Cobalt 
annealed at 500°C. 
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FIGURE 8(b): Diffraction patterns of Chromium 
annealed at 500°C. 
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(2) 


where R is the final overall resistance of the film, p is the resistivity' 

of the metal, a is the radial distance of the agglomerate, ~X is a temper

ature dependent variable, and C is a proportionality constant for a given 

film. 

A plot of equation (2) is given in Figure 9. Comparisons between 

Figure 9 and 2 show a noticeable similarity between these curves indicating 

that the physical model is indeed reasonable. 

This concept of semispherical formation is probably a reasonable 

beginning towards a model. Since the spherical configuration is of minimum 

free energy, it seems quite natural to assume that the formation of semi

spherical globs in the film as the temperature increases. 

Further studies lead to a finding of what appeared to be an electro-

migration effect. At the instant when agglomeration appears to predominate, 

it was observed that the increasing resistance could either be enhanced by 

continually monitoring the resistance change or inhibited by intermittent 

monitoring. The resistance recording device used in all experiments was 

a Radiometer constant current, battery operated electrometer Type GVM 30a. 

Being a constant current device, the current density through the sample 

could increase at the grain boundaries. This in turn could accelerate the 

thinning processes of agglomeration through the effects of electromigration, 

which could explain the accelerated increased resistance. The appearance 

of electromigration initiated the research for Part II of this report. 
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Conclusion 

The results and corresponding interpretation of this portion on 

thermal and electrical properties of the five metals are only preliminary. 

From the results and associated graphs, it appears that the changing values 

of resistance can be associated with three predominate mechanisms that go 

on within the film as the temperature increases from room temperature to 

500°C. 

The first of these mechanisms is grain growth, providing a 

decrease in resistance. This decrease is quite pronounced for the films 

of Ni, Co, and Fe, and much less for the films of Al and Cr within the 

specified range of thicknesses. Secondly, there appears to be the form

ation of agglomerates which a proposed mathematical model attempts to 

illustrate as the predominate factor attributing to the increased film 

resistance of the Al and Cr samples. It is expected that similar results 

would have occurred for the metals of Ni, Co, and Fe if much thinner films 

had been tested. A third mechanism which can contribute to increased 

. resistance is that of electromigration. It was suspected that this was 

the mechanism occurring within the latter stages of increased temperature 

for the Al and Cr films. Further studies are needed in order to get a 

better understanding of these mechanisms which contribute to increased 

film resistance as a function of increased temperature. 



PART II 

Electromigration of Aluminum 

in Thin Aluminum Film 

/ 
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Introduction 

Electromigration is the phenomenon of mass transport of material 

resulting from the passage of a de current. It has been identified as the 

cause of failures in thin film aluminum conductors, as used in planar 

silicon devices. 

The effect of electromigration is quite similar to diffusion 

mechanisms. One such mechanism is the Soret effect, which can be observed 

simultaneously with electromigration. In this case, mass transport occurs 

between two regions of a sample which are maintained at different tempera

tures. Soret effect is therefore known as thermal migration. It can 

readily be distinguished from electromigration by conducting simultaneous 

studies with ac and de currents, yet maintaining the same current densities. 

For thin films, electromigration phenomenon is apparently not 

significantly different from the phenomenon which have been observed to 

occur in the bulk samples. Over the range of temperatures which are of 

interest for e lectromi grati on in films, mass transport does not occur through 

lattice diffusion but proceeds along the grain boundaries. Thi~ is more 

likely to happen in thin films where grain size is small and the boundaries 

are abundant. Of course lattice and grain boundary diffusion always occur 

simultaneously in polycrystalline materials. However, as a rule it is the 

most rapid mechanism which contributes most to the transport phenomenon. 

The above theory on e 1 ectromi grati on in al urni num thin films has 

been the object of numerous publications(3-3o). The values of activation 

energy which have been determined, at temperatures up to 350°C, are of the 

order of 0.5 to 0.6 eV(lO,l 3,l 6,22 ,25 ). These magnitudes of the activation 
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energy support the theory that transport would occur through grain boundary 

diffusion since lattice diffusion would give a much higher value about 1.4 eV. 

This latter point was confirmed by an experiment( 2l) which shows that single 

crystal aluminum thin film conductors are practically uneffected by conditions 

of current density and temperature which usually cause rapid failure in poly

crystalline films. 

For all preceding work involving aluminum film, the direction of 

migration has always been interpreted as moving towards the anode(lB, 3l, 32 ). 

The present researchers have observed just the opposite effect, that migration 

appears to proceed towards the cathode. 

An extensive review on electromigration in bulk metallic samples 

was published in 1963( 33 )_ Other works since 1963 are given in References 

34 to 49. In these works the total force in the metal upon the moving atoms 

is conceived as the resultant of two forces which are often of opposite signs. 

The first force, Fe, is thought of as resulting from the exchange of momentum 

between scattered charge c~rriers and atoms( 34 )_ It i~ therefore the force 

which has the same direction as the motion of charge carriers and, for this 

reason, is sometimes referred to as the electron wind force. Theoretical 

treatment indicates the Fe is inversely proportional to the resistivity of 

the metal and, therefore, it decreases with increased temperature. The 

second force, FE, is due to the interaction between the ionic core of the 

atoms and the applied field; it is assumed proportional ,to the product of 

the field strength (E) and the valence (Z) of the metal. Now all previous 

derivations give this force upon the ion, as being directed towards the 

negative electrode, and primarily independent of temperature. However, in 
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the work by Wever( 33 ), page 338 notes that the migration in copper reverses 

direction from anode to cathode when the temperature is between 900°C and 

1000°C. With respect to these results by Wever and our present findings, 

it is proposed that FE' is also temperature dependent, in wh-ich FE' is the 

effective force experienced by the ions. The probability of an ion jump in 

the direction FE' is given as 

FE = s'exp(-Em - Ze~•a + ZlwL)/kT (3) 

where Lm is the height of the potential barrier, s' is a constant and is 

related to the ratio of vacancies to ions and the vibrational frequency, 

Z is the valence, e is the electron charge, E' is the effective field as 

11 a 11seen by the meta1 ions, is the 1 atti ce spacing, awl: is the energy 

acquired by the ion resulting from collision with electrons, k is Boltzman's 

constant and T is the absolute temperature. In the Fe direction, the prob

ability of an ion jump is given as 

F = s•exp(- m+ ZeE'a _ ZawE)/kT (4)c 2 2 

When the last term is much smaller than the second last term in the bracket, 

which is apparent in our case, then the drift velocity of ion migration can 

be written as 

(5) 
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where Q is the activation energy. Refer to the Appendix-Part II for a more 

complete derivation. 

Another query of former studies; which the present researchers have 

difficulty in interpreting, is marker mobility. Based upon Huntington's 

works et al( 34 ) and a subsequent article(4l), the marker on the metal surface 

is assumed to be similar in nature as voids within the metal. Therfore, 

explanation as to the direction of metal mobility is based solely upon that 

assumption; if the marker is a void and it moves to the cathode then presum

ably metal has been displaced towards the anode. These same conditions for 

marker studies were attempted with the present experimental set-up. However, 

any similarity of interpretation to the other researchers 1 findings was not 

very explicit. Either the markers, upon annealing, were absorbed and vanished, 

exhibiting no trend of mobility towards either electrode, or else they appeared 

to be displaced with the metal. Further elaboration on marker studies is out

lined in the conclusion. 
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Experiment and Results 

The aluminum used in these experiments was given as 99.995% pure. 

A 5.0 mm wide X 15.0 mm long strip of the metal was vacuum evaporated onto 

a quartz · substrate using standard preparative techniques. The metal strip 

was then clamped between two electrodes. An identical procedure to that 

described in Part I was used to mount the quartz substrate in the vacuum 

furnace. Temperature to the furnace was preset to a desired temperature 

and automatically maintained at that temperature to within ±5°C limits. 

D.C. current to the sample was supplied by a 12 volt car battery. 

The current was preset before the circuit was completed. Values of current, 

initial ~nd final resistance at the preset temperature, and the time to 

rupture were the parameters recorded. 

Tables I and II give the observed data of the calculated values 

of velocity V and the parameter s' for the two different currents and thick

nesses. The value of S, distance, was interpreted as being one-half the 

distance over which the migration effect can be observed (see Figure 12). 

Note that for all samples and over all temperature ranges used in these 

experiments, migrations takes place from the anode towards the cathode (see 

Figures 10 to 12). The effect is more readily observed by using the 

transmission mode of the optic microscope (see Figure 14). Here the surface 

of migrating metal is opaque when compared to the surrounding matrix of 

metal and voids. 

Repeating the experiment, but this time testing for the Soret 

effect by reversing the potential to the electrodes, gave identical results. 

Here, at least was an indication that thermal migration was not the pre

dominant factor giving rise to the characteristic patterns. 
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TABLE I 

0 

Electromigration of lOOOA Aluminum Film at Constant Temperatures 
With an Initial Current of 3.0 Amperes 

Temp °K S(mm) t(sec} V(m/sec) Rrn-T°K e1 (1015sec) 

1 773 2.45 3.0 9.8 x 10-4 3.0 2.076 

2 723 2.25 4.5 5.0 x 10-4 3.1 1.854 

3 673 2. 10 11.5 1.9 x 10-4 2.0 1. 795 

4 623 2.00 14.2 1.4 x 10-4 2.4 2.808 

5 573 2.05 28.0 0.73 x 10-4 2.4 3.586 

6 523 1.80 52.4 0.35 x 10-4 2.4 4.935 

7 473 1.65 61.8 0.27 x 10-4 2.2 14.047 

8 423 1. 75 80.6 . 0.21 x 10-4 2.4 58.064 

9 373 1.80 355.0 0.05 x 10-4 2.2 107.466 

/ 

TABLE II 

Electromigration of 2500A
0 

Aluminum Film at Constant Temperatures 
With an Initial Current of 5.5 Amperes 

Temp°K S(mm) t(sec) V(m/sec) Rf-n-T°K 61 (lo15sec) 

1 773 3.90 2.8 13.9 x 10-4 1.4 4.484 

2 673 2.25 3.7 6.0 x 10-4 1.2 6.574 

3 573 1.80 8.2 2.2 x 10-4 1.1 12.544 

4 473 2.05 22.8 0.9 x 10-4 1.0 54.544 

5 373 1.85 53.0 0.3 x .. 10-4 0.8 958.40 
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Cathode 

Anode 

FIGURE 10: 	 Electromigration of Al-film (reflection). The result 
was obtained by increasing the sample temperature 
linearly from room temperature to 450°C. 
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Cathode 

Anode 

FIGURE 11: Top of Figure 10 magnified 225 times. 
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Cathode 

2S 

Anode 

FIGURE 12: 	 Electromigration of Al-film (reflection). The 
result was obtained by keeping the sample at a 
constant temperature of 450°C. 
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Comparative studies were again tried using alternating currents · 

(Figures 15 and 16). The results presented show a very symmetrical design 

about the point of rupture without any preferential buildup of material 

towards either extreme. Another interesting find from this experiment was 

that the RMS current density needed for rupture seems to be higher than 

that required for de currents. 
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FIGURE 15: Effects of alternating current on Al-film, 75X using 
transmitted light. 
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FIGURE 16: Effects of alternating current on Al-film, 75X 
using reflected light. 
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lnterpretati on 

The graphs in Figure 17 are similar to an Arrhenius plot of dif

fusion coefficients for both lattice (single crystal) and for grain boundary 

diffusion(SO). Such a plot consists of the diffusion coefficients plotted 

logarithmically against the reciprocal of the absolute temperature. The 

concept being that as the grains become larger, the polycrystalline curves 

should approach asymtotically the curve of the single crystal at a much 

lower temperature. 

The difference in the intercepts which these two curves make with 

the ·velocity axis is due in part to the difference in current densities. 

For higher current densities, it could be expected that the velocity would 

increase more rapidly as the higher temperatures are approached. Some 
•

evidence of this effective mechanism is provided in Figure 18. s' at the 

lower temperatures increases rapidly, having a very steep curve, whereas 

at higher temperatures it approaches more nearly a single value. The actual 

value of s, referring to the appendix, is the ratio of vacancy to lattice 

frequencies. It may therefore be at lower temperatures where there is an 

abundance of vacancies in the freshly deposited film and which, in surround

ing the metal ions, influences the vibrational frequncy of the ions. How

ever, as the temperature is increased, the number of vacancies is reduced 

through the effects of annealing. The metal ions are 1ess affected by the 

remaining vacancies and their vibrational frequency approaches more closely 

that of the perfect lattice. Hence, a• becomes closer to the single value 

of the vibrational frequency for an ion situated in a perfect lattice. 
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As to the phenomenon of reversing migration when temperature changes, 

such as in the case of Cu( 33 ), it is proposed that the effect is primarily 

due to two reasons: 

(1) Since the electron-wind effect is inversely ·proportional to 

the square of resistivity (see equation (14) of Appendix-Part II) as temper

ature increases this effect decreases. 

(2) As temperature increases, the screening effect on the ions 

decreases(S4), hence, increasing the effective field strength as seen by 

the metal ions. 

Then, when the last two terms in the brackets of equation (14) become compar

able, then migration could switch directions. Consequently, migration to 
. (cathode anode )e1ther anode to cathode is possible and depends upon the magnitude of 

these last two terms in the proposed mathematical model. 
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Conclusion 

Our results, except for the direction of migration, are quite com

patable and with the same order of magnitude as those of other workers. It 

is the direction of migration which remains the point in question. It is 

apparent from the results displayed in Figure 14 that the metal has indeed 

become thicker in the direction of the cathode. That the area near the 

anode becomes transparent with an abrupt crest shape configuration separ

ating substrate and metal film. 

From graphical recordings of the applied current we know that the 

electric current is not constant throughout the experiment. There appears 

to be an initial slow exponential decay before a sudden breakdown. However, 

the applied electric field E was assumed to be constant even though the 

current decreased-. This assumption was justified on the basis that as J, 

the current, decreases also the film becomes thinner due to the migration 

of metal and therefore, p, the resistivity increased. 

Perhaps the greatest single difference between this piece of 

research, compared to others associated with aluminum thin film is in the 

presentation of samples within a temperature controlled environment. For 

this research the samples are placed in a controlled environment with a 

-uniform ±5°C temperature gradient extending beyond the sample area. In a 

review article(Sl), the technique used extensively by Huntington and co

workers was to use the same electrical current in the study of migration 

to heat the specimen. This results in a temperature gradient where the 

temperature is at a maximum in the middle of the specimen and much lower at 

one end, which is apparently water cooled. Though this technique has the 
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advantage of providing the marker velocity at many temperatures from just 

one sample, it will also produce marker velocity through the Soret effect. 

The Soret effect will produce a positive marker velocity on one side of 

the plane of maximum temperature and a negative marker velocity on the 

other side. 

Marker techniques, as reported, suffer from a number of experi

mental difficulties in addition to the Soret effect. There are other 

effects which come into play as specimen creep due to surface tensions, 

sagging or shrinking of the specimen, specimen length change and local 

overheating due to void formation, surface diffusion, evaporation and 

condensation, and changes in the specimen's dimension in the transverse 

direction can produce apparent marker shift. 

A much better technique to overcome most difficulties with the 

marker studies has been used by Gilder and Lazarus( 52 ). The technique 

uses two radioactive isotopes, one of the element whose motion is to be 

studied, and the other of a material which behaves as an inert marker in 

the matrix. After a current has been passed through the sample for a 

11 S11given time, then the relative distance between consentrations of the 

trace element to that of the marker gives a direct measurement of the velo

11 V11city , independent of dimensional changes. Further experiments on 

electromigration, as presented here, could use the radioactive tracer 

technique towards a better understanding of the mechanics involved in the 

mobility and the parameters used to define the proposed mathematical model. 
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APPENDIX - PART I 

The model used to formulate the mathematical exp_ression relating 

increased film resistance to the formation of agglomerates is diagramatically 

outlined in the set of Figures A to D. When the metal film is freshly 

deposited, it is pictured as a continuous layer, Figure A. As the tempera

ture increases from room temperature on up, in this case 500°C, the film 

begins to shrink and nucleate into grains at preferred sights. These sights 

develop, growing apart from neighbouring sights to form islands, Figures B 

to D. 

Figure E shows one island and the mathematical parameters used to 

describe the dimensional growth of the agglomerates. Looking down onto 

the film, Figure F, it can be pictured as rows of spherical islands whose 

centres are situated an equipotential distance apart. The increasing 

film resistance is seen to occur at those points of intersect between 

spheres in the direction of current flow. An equivalent series-parallel 

resistance network relates this discrete intersect resistance, r, to the 

total circuit or thin film resistance R. 
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APPENDIX - PART II 

For an electron of charge e in an electric field E, the drift 

velocity v can be written as 

(1) 


and the corresponding energy can be given as 

€ = 2 
1 mv 2 

then, (2) 

where mis the mass of the electron and T is the relaxation time of collisions 

between electron and the positive ions. 

During one collision, the electron will transfer a fraction of its 

energy aE to the ion, where a~ 1. If there are Zw collisions between the 

electron and the ion during the time interval in which the ion makes one 

jump over the lattice potential barrier, then the total energy transferred 

to a given ion resulting from the collisions can be expressed as 

(3) 

Now the jumping probability of an ion, which has acquired the energy 

ZawE in a current carrying metal moving against the applied field E, is given as; 

f = ~ v'exp(-gm + ZeE'a _ ZawE)/kT (4)c n 2 2 



-41

In the direction of the field the jumping probability is given as; 

f = n.- v'exp(-e:m - ZeE'a + Zawe:)/kT (5)E n 2 2 

where n and n' are the densities of vacancies and positive ions where 

n + n' = constant for the system in question, v' is the vibrational frequency 

of ions under consideration, e:m is the lattice potential barrier height, Z 

is the valence of the positive ion, E' is the effective field as seen by the 

ion as a result of electron screening, a is the lattice constant, k is 

Boltzman's constant, -and Tis the absolute temperature. Then the net jumping 

probability is 

f = f - fc E (6) 

For the case where 

Zawe: « Ze E' a (7) 

_ n , ZeE'a (-e:m)f - n" v kT exp l<f (8) 

From Reference (53) 

n (v )3x (-e:v) (9)il' = 7 exp kT 

where e:v is the activation energy required to form a vacancy, x is the number 

of nearest neighbours, and v is the vibration frequency for an ion situated 

in a perfect lattice. 
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Combining equations (8) and (9) 

f = (v )3x-l ZeE'a p{-2£m + £v) _ ZeE'a (.:.Q.) (10);i- . v kT ex 2kT - Sv kT exp kT 

wheres= (~) 3x-l > 1 for an imperfect crystal; x = 12 for the fee structure,v 

reference (53); and Q = Em+ 2v is the activation energy. The drift velocity 

of an ion's migration is 

2 
v = fa = s• ZeE'a exp(.:.Q.) (ll)kT kT 

where s• = Sv. 

For the case where ZeE'a is in the same order of magnitude as Zaw£, 

then 

v= ~~ exp(~){ZeE 1 a2 - ZaawE} (12) 

Now 

(13) 


where N is the electron density and pis the resistivity of the metal. Sub

stituting equation (13) into equation (12), the final form for the velocity 

of migration is given as 

(14) 


where the ZeE'a term depicts migration towards the cathode due to the 

applied electric field and the Za2w~2~ depicts migration towards the anode 
. 2N p e 

due to the electron wind effect. 
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INTRODUCTION 

Currently the most important and widely used application utilizing 

ion beams, especially from an industrial point of view, is the doping of 

semi conductors. This process involves the injection of se 1 ected ions to 

a desired depth and concentration into the semiconductor crystal. Such 

as, the forming of wel.1 -defined _complementary substrates with controlled' 

resistivity (C~MOS devices). The fact that dopant characteristics of a 

substrate can be well defined compared to diffusion techniques. reduces 

the possibility of gate overlap. The reduction of gate overlap reduces 

the capacitance between the drain and the source, ,which -in turn '. improves 

the switching speed and reduces cross-talk and switching noise. Another 

application which utilizes the doping accuracy are linear resistors. 

These resistors are used in resistor-ratios for digital to · analogue 

converters; also as load devices for linear and digital circuits. Other 
I 

applications, just, in the mentioning, are the uses of ion implantation 

for radiation hardening, formation of high voltage and microwave devices, 

and for application to controlled field inversion. Using low-energy ion 

implantations, controlled, ordered and di'sordered reactions of a lattice 

can be undertaken. With the introduction of interstitial fore-:1gn;:atoms· 

into the crys ta11 ine matrix the chemical reaction rates at surfaces can 

be significantly altered. Ions when deposited on or just beneath a sur

face can passivate the surface, reducing its susceptibility to chemical 

reactions. As an example, Si02 and Si 3N4 passivation layers have been 

1 
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grown by the bombardment of silicon surfaces with intense beams of low

energy oxygen and nitrogen ions. 

In the following report, a description is given of an ion-source 

and accelerating system mounted in line with a 3 MeV Van der Graaf (KN) 

accelerator. Using MeV, He+ and H+ particles, channeling-effect measure

ments can then be performed in situ. on the freshly implanted substrate. 

Such a set-up, where .the sample remains in one location throughout the 

entirity of a channeling experiment should permit a more accurate quan

titative measure on the amount of disorder created by the implanted ions. 

These are but a few applications of an ion beam. The ion source 

being the most important single element in an ion-beam system. · The 

characteristics of the source determines to a great extent the perform

ance of the remaining systems. For this reason a considerable amount of 

deve1opmenta1 effort has been expended over the past thirty or more 

years to evolve improved types and embodiments of ion sources. 

The first part of this report will describe the basic mechanisms 

underlying the 11 Danfysik 11 hot cathode type ion source giving advantages 

and disadvantages of this source. The second part describes those 

parameters necessary iri getting a uniform (stigmatic) beam down to its 

· target area. Lastly, the third section describes a cryogenic experi

mental chamber that permits the implantation of samples at temperatures 

varying from 40 to 700 degrees Kelvin. 



PART I 

ELECTRON IMPACT IONIZATION PHENOMENA 

Positive ions can be produced in. four possible ionization 

processes, namely, 
.. . "' ., ... 

Electron impact ionization, 

Surface ionization process, 

Ion impact ionization {sputtering}, 

Charge exchange. 

The Danfysik ion source, which is the primary concern of this· 

report, uses the first of these ionization processes. 

The electron impact ionization process is probably the most 

~sual. ;and commonly applied technique in io,n sources. This is, simply. 

the transfer of sufficient potential energy to an atom on· impact by a 

moving electron so that the atom is ionized. The technique is used in 
! 

several.. ways, defining the type of ion source as, in an arc discharge, 

in a confined electron cloud (Danfysik), in an rf discharge, and in a 

spark. The electron cloud ion source configuration is the arc, which 

will be described in most detail later in this report. 

The efficiency of ionization(l), or the actual number of ionizing 

collisions suffered by an electron in passing through a gas per unit 

path length per unit pressures is called the differential ionization 

coefficient Se. This coefficient depends upon the electron energy 
2K

0 
= meVe/2 for various elements (Figure 1); wher~ me is the mass of the 
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Figure 1: Ionization efficiency Se as a function 

of the electron energy K for various 

gases< 1>. 
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electron and Ve is the velocity of the electron after impact with an 

atom. Now for ionization to occur K
0 

~ eVi where Vi is the _internal 

paten ti a1 energy . of the atom. For examp1e, the energy required to 

detach the electron from a hydrogen atom, which has one positive nuclear 

charge (Z = 1) is given by the sum of the potential and kinetic energy, 

2 2 
eV. = Ze + mv • (1)

1 r · ·2' , · 

Consequently, the initial kinetic energy of an incident electron can be 

converted into potential energy of an atom in a single inelastic colli

sion, and an electron can be released from an atom when the kinetic 

energy of the hitting electron exceeds the ionization energy of the atom. 
t 

Hence an electron with a smaller energy cannot ionize the atom and so 

the probability of .ionization is zero for V <Vi' V being the potential . 

energy of the electron after conclusion. On the basis of Bohr's theory, 

the ionization energy is a sharply defined quantity, and therefore it 

would be expect,ed that the ionization probability curve would rise 

sharply from zero at V =Vi. Figure l _of ionization efficiency is 

essentially a measure of the Bohr probability. Usually this is defined 

for positive ions; where one incident electron produces per cm of path 

time at 1 mm Hg and 0°C, one electron and a singularly charged positive 

ion . The value of ionization efficiency is also numerically equal to 

the ionization cross section. 

From the curves of Figure 1 it can be seen that the electrons 

with energies much less than or much greater than the atomic and molecu

lar ionization energies do not ionize those particles very effectively. 
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Se lies for· the majority of gases, so far investigated between about 80 

and 120 eV. The exception being the alkali vapours whose maximum is 

between about 15 and 30 eV. Consequently; eiectron energies a few times 

the ionization energies ·are optimum for electron impact ionizations. 

When the energized electron loses energy from ionizing and 

scattering collisions, 1ts ionizing effectiveness varies. Energetic 

electrons can easily..cause efficient ionization if they can be maintained 

in the ionizing volume for a time long enough for them to lose essenti

ally all their energy by collisions. · External restrictions can be 

induced by confining the electrons to gas interaction by either volumetric 

restrictions or from a magnetic field, or both. These techniques contri

bute to larger path lengths and electron lifetimes for optimizing the 
t 

ionization efficiency. Consequently, referring to Figure 1,· if the 

initial energy of the electron is K
0 

s z eV then von Engel's "Differ

ential ionization coefficient Se" can be approximated as . 

Se~ a(eV - eV;) • (2) 

Therefore, as the primary or 11 knock-on 11 electron · loses energies, the ion

ization efficiency or cross section of the atom increases to the optimum 

value "Se" and then its energies fall off until the electron no longer 

causes ionization. For higher states of ionization, Bleakne./2> showed 

the the electron energy required increased quite significantly. Tha.t is, 

using mercury, the multiple ionization energies were reported to be: 
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TABLE I 

Ion Species Energy Range (eV) Ko 

Hg+ 10-16 

Hg++ 29-50 


Hg+++ 
 71-150 

Hg++++ 
 143-200

' . ... 

Electron impact ionization is conceptually a very simple technique 

for creating ions as well ·as being the most effective and flexible of · 

methods. The description of how Von Engel's theori'es are made applicable 

to the design of ion sources is given in the work by Cobine(J) • . 
.. 

The Danfysik hot cathode or thermionic emitter type source, being 

the one currently employed, can be subdivided down into its various 

integral parts as: 

1) Thermionic emitter, 

2) Ion gun assembly, 

3) Ion 
1

extracti on assembly. 

Using these as subtitles, a design analysis can be reconstructed 

on paper of the present sys tern bringing to 1i ght methods for optimizing 

the source efficiency and · improvements upon the present engineering • . 

Hot (Thermionic) Emitting Systems 

This is the system which can use externally heated cathode in 

contrast to ion bombardment or cold cathode assemblies. Figure 2 illu

strates diagramatically the potential and electric field versus distance 

in an arc with electrons furnished by a hot emitter. 
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Figure 2: · Potential and electric field 

versus distance in an arc with 

electrons furnished by a hot 

(thermionic) emitter<4>. 
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The electric field E in the sheath region shows the typical 

space-charge-limited emission characteristics, that is, curving into 

zero field at both the cathode and sheath sides. This occurs because 

both surfaces are ·s·pace-charge,;.limi.ted emitters. The potential- (V) rises 

rapidly near the cathode surface and remains constant (Vd) the length 

of the plasma. There is a slight increase in both the field and potential 

near the anode which' re'flects the existence of a thin sheath (anode) at 

this boundary surface. The normal value for a potential drop across 

the sheath is in the order of 10 to 20 V. Plasma ion density values 

are typically in the range of 1012 - 1014 ions/cm3 for neutra] atom 

densities, which corresponds to a pressure in the range of 10-5 to 

10-3 torr. 

Now the voltage applied between cathode and anode creates a 

region of space-charge-limited potential forming the cathode sheath. 

As illustrated in Figure 2, electrons are accelerated through this 

space-charge-region and in turn, ionize the gas in the interaction 
I 

{plasma) region, where they form ions and secondary electrons. If the 

gas pressure is not too high, the electrons will flow from the cathode 

to the plasma as if it were the anode in a space-charge-limited diode. 

The co rres panding e 1ectron current density ( 3) is :g.i ven by the Child-

Langmuir equation 

(3) 

where Vd and ds represent the potential drop and thickness of the sheath 
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which is assumed to be geometrically planar. The ions will flow in the 

reverse di recti on as if the p 1 asma were an ion source under the i nfl u

ence of a space-charge-limited emission condition. This ion current 

density is given by: 

fZ:" v3/2 
J = J~ _L2 ' {4)
+ m. 9 d 

1 1f s ·. 

where mi is the atomic mass associated with the ion. 

Now the ratio .between these current densities is given by 

(5} 

such that the electron current density is about roughly 200 times that 

of the ions. The sheath in its itself is not a neutral region since the 

electric field accelerating the electrons and ion~ such that the potent

; al of that region near the plasma, is determined by an ion space charge 
I 

whereas the rest of the sheath is influenced predominantly by an electron 

space. The glow which can be observed around the discharge region is due · 

to the small amount of recombination of the slower ions and electrons 

corresponding to the low energy portion of the von Engel curve (Figure 1) 

called a glow discharge. 

If the neutral gas supply is less than a limiting value to main

tain the critical pressure associated with the plasma, the rate of ion 

density formation in the plasma column will not be sufficient to supply 

the necessary ion current to maintain the discharge. Should this happen, 
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the arc becomes a glow discha.rge or is exti.nguished. 

Positive ion _density can be further increased by applying a 

uniform magnetic field which causes a charge particle, movi.ng perpend

icular to the magnetic, to follow a circular path. Cobine< 3>_ gives 

a detached description of the charge particle motion about a circular 

path with the radius of the circle given as 
.. ... 

.r = mV/qB , (6) 

where V and B are the velocities of the particle in the applied magnetic . 

field strength. This resulting helical path causes the electrons to 

remain in the discharge region for long periods of "time, which increases 

the probability of ion formation per charged particle, and thus increas

. ing the i oni zati on efficiency of the source. 

Ion Gun Assembly 

Most Hot Cathode Electron impact mass assemblies consist of 

a cyl i ndri cal i oni zati on chamber with the gas introduced from the end 

or sides, an electron source and extraction electrode. 

Figure 3 shows the Danfysik system with the gas or vapour 

internal input port located towards the anode end, cathode and filament 

centrally 1 ocated, and a first extraction port located at the other end. 

The cen tra1 hole arrangement through ·the Boron nitride (BN) keeps the 

discharge within a confined area, and along the magnetic field. This 

optimizes the exchange interaction between the electrons, a~d vapours. 

The advantage of the Danfysik system is that it does ensure 
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an immediate interaction between electrons and vapours. · However a very 

noticeable disadvant.age is that if the gas flow is too great, more 

neutrals can be pumped down the column before the vapours have a chance 

to ionize. Therefore, the number of positive ions decrease and the arc 

will eventually extinguish. The contro.llability of the gas feed system 

becomes a very major factor in maintaining the operations of this ion 

source. 

From within the ion source the ions leave the gun assembly 

through the cathode extraction port, which is maintained at a negative 

potential. The configuration of the plasma or meniscus at this point 

is dependent upon the size of port as well as the potential at the 

extraction electrode. 

Ion Extraction Assembly 

In a space in which a considerable number of ions are produced, 

the resulting potential well would immediately cause the attraction of 

the slow electrons for space charge neutralization. However some form · 

of a plasma is always fo~med in the ionization chamber, whether it be the 

glow discharge or the production of ions. As illustrated in Figure 4, 

the field about the cathode port and the extraction electrode will be 

s~reened from the plasma by the formation of a space-charge sheath. As 

mentioned previously, at the boundary between the space-charge ·sheath 

and the plasma, the electric field is very small (equal to the penetrat

ing field) and positive ions drift through the sheath. The total ion 

current at the p 1 asma boundary is defined by the .. area and the· current 
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density. F.igure 4 illustrates how the increase in extraction potential 

re-shapes the plasma into Lhe init1al cylintkii..;a.i beam of 1ons. 

Let us first assume that the extraction electrode is electric

ally neutral, then the plasma will extend by diffusion out of the cathode 

extraction port into the space between the ion gun and the extraction 

electrode, Figure 4(a). However within this space, the density of 

positive particles WiTl ·be much smaller than within the plasma region 

of the gun. About the extraction electrode, a space . charge sheath will 

be formed whose characteristics are given in accordance with Langmuir's 

'!theory for space-charge-limited currents( 3). 

Now if a negative volt.age is applied to the extraction electrode, 

the plasma will be pushed towards the extraction aperture while the - ·t 

plasma boundary ta_kes on the snape of a so-called meniscus with area (Am). 

As the extraction voltage increases, the meniscus will tend to bulge 

more towards the plasma. Providing the meniscus does not · extend too far 

into the plasma, the current I+ of the beam towards the extraction · 

electrode will remain constant; it being equal to the ion-diffusion 

current J+ through the aperture area, Am. 

Variations to the extraction voltage will influence the beam 

shape for two reasons: firstly, by changing the meniscus configurations; 

and secondly, by deforming the boundaries of the plasma within the space

charge region. Consequently, this portion of the .ion source is· utter- . 

most in defining the geometry of the beam before it proceeds any further 

down the co1umn • 



PART II 

BEAM TRANSPORT SYSTEM 

The present system, illustrated in Figure 5, consists of an ion 

source, e{nzel lens, accelerating column; .an .analyzing magnet, ~ and 

a series of apertur~s~~nd deflection plates. The electronic system 

for the deflection pl ates has not as yet been constructed. However, 

when the deflection system becomes operative it will be used to sweep 

the ion beam uniformly across the sample · surfacee A thorough study 

of the beam transport system permits the mathematical presentation of 

those parameters crucial for obtaining a well-focussed beam (stigmatic / 

beam). Any changes that will inevitably have to be made to these para

meters, as future researchers dictate, can then be predetermined. This, 

in turn, can save the researcher invaluable time as he or she will then 

be ab le to utilize the equipment about the needs of the experiment 

instead of visa versa. 

A study of the beam transport should begin at the point where 

the ions exit from the cathode extraction port. However, if the distance 

between the gun assembly and the extraction electrode is fixed and, 

providing the ion beam can move freely through the extraction ports with

out any angular obtrusions, then the object size of the beam can be 

approximated as the size of the extraction electrode port, Figure 6(a). 

From this point, down and through the analyzing magnet can be treated 

graphically. 
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Figure 6(b): Dimensional schematic of the 150 kV ion source. 
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Focusing and Accelerating the Ion Beam 

Focusing of the emerging ion beam is performed by the einzel . 

lens (Figures 6(a) and 6(b)). The einzel lens is treated as a com

pounded Double-Aperture lens of the type described by Zworykin(S} for 

which the mathematical derivation is given in Appendix I. Figure 7 

is a plot of the lens focal length (cm) against the voltage ratio (Q) 

between the lens plate. From Figure 6(b), Figure 7 and Table III, it 

can be appreciated that the optimum operating conditions for the lens 

are with the voltage ratio between 2.5 and 3.5. This permits the focal 

point to be within the portion of the lens column such that the image 

is a well-defined area of about 2 mm in diameter before accelerating 

any further down the line. Decreasing Qweakens the electric field 

about the accelerating plates of the lenses and thereby increasing the 

focal length towards the accelerating column. This, in turn, increases 

the area of the image being presented to the accelerating column which 
;. 

spreads the same current density over a greater target area. 

Galejs and Rose(G) treat the accelerator c~lumn as ia Double

Aperture 1 ens as described by Equation (Al-12) in Appen.dixT. Even 

though the topic in itself is more complex mathematically than this, 

the technique proved to be quite adequate providing certain reasonable 

assumptions were made. It was assumed that the potential distributions 

for the entrance and exits to the column were mirror images ~ and, that 

the middle of the column was represented by a uniform field with a 

potential distribution V0 along the total length of the column. 

Using the above technique, trajectories for the 150 kV were 
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TABLE II: EINZEL LENS SETTING (V2) 

d = 7 cm Lens 5 kV Extraction (V1) 


V2(kV) 1
0 

(cm)ff(cm) l;(cm)Q 11 0 1 + ll;ICcm)a21 all 

109.031.5 7.5 0.64 0.911 9.70 -10.64 20.34 

________________ ..·~10.62 . 18.96 .. __2.0 10.0 38.80 0.785 8.341.80 
----~ ~ -----~--·1-----------------· --------"'i3.10 ···"'22.s·o2.5 12.5 7.30 18.080.677 -10.78 

·16.543.0 15.0 4.23 0.532 7.74 -14.55 22.29 

3.5 . 17.5 .14.18 8.61 30.51-21.90______ .;.~ 4.94· ., ________, 0.39S 
----~ -------.. --------·~-------~---------~ ----~---------~-
4.0 20.0 5.62 9.34 46.6912.45 U.250 -37.35 

11.55·4.5 105.6922.5 6.06 10.30 -45.390~108 

TABLE I I I: ACCELERATOR SETTING (Vfl 
d =47 cm 5 kV Extraction (V1) 

-·· 

Q 
' 

Vf{kV) a21 f f{cm) ~ 

2.0 10.0 0.1652 605.16 

2.5 12.5 0.3162 354.00 

3.0 15.0 . 0.4769 256.81 

4.0 20.0 0.8462 167. ll 

5.0 25.0 1.2477 126.74 

10.0 50.0 . 3.4719 64.40 

15.0 75.0 5.8591 46.74 

20.0 100.0 8.3225 37.99 

25.0 125.0 ·10.8322 32.63 

30..0 150.0 13.3741 28. 959 
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calculated in the composite accelerating field for the ratio of output 


to input beam energies (Q) from 5 ~ Q ~ 30, Table IV. 


Referring to Figures 7 and 8 as well as Figure 6(b), the question 

can now be answered as to the best possible position for locating the 

einzel lens. The position which will accomodate movement of the required 

object position for the greatest range of accelerating potentials. 

· Figure 8 fixes the ceTitre of the lens at app~oximately 15 cm from the 

extraction port. This will allow the distance (1 
0 

) to vary over a 10 cm 

·range for a change in focal length (ff) between 22.6 to 14 cm {Table III} 

and still maintain a 2 mm object for acceleration. This calculated 

location for the einzel lens agrees with the "new position" recommended 

by the manufacturer of the ion source. 

The new location of the lens should not only improve focusing 

but will help to eliminate flashovers between V2 to v1 {Appendix I, 

Figure Al-6). This occurs due to the glow discharg.e, whi·ch was pre

viously mentioned, existing in the vicinity of the extraction electrode •. 

Another alternative to limiting the flashover is to increase the path

1ength between the e 1ectrodes by increasing the outer diameter of the 

insulator spacers between the lens plates. This can be readily per

11 d11formed without changing· the va1ue of , the distance between the 


pl ates. 


Figure .g shows the re1ati on between Q and the expected foca 1 

lengths for the present accelerating column. Once the einzel lens is 

operating properly, Figure 9 can be used to determine the best possible 

location for a beam current indicator (beam stop). The proper location 
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for the beam stop is important for start-up so that the ion source ·para

meters can be peaked for the optimum operating efficiency (Appendix III). 

Mass Separator 

Mass separation for the present system is performed by an 

analyzer magnet, Figure 10. The centre of an ion beam of momentum (p0 ) 

can be made to follow~ a circular radius (p) and' angle ($} through the 

influence of a magnetic flux (B), related by the equations: 

. $ = 1/,p , (7) .. 
r 

where 1 is the .length of the ion path in the magnetic field. Figure 11 

is a plot of B ·versus M for an accelerator potential of 80 kV using the 

existing magnetic separator in conjunction with the 150 kV Danfysik ion 
'• 

source. 

Beam transport through the magnet can also be treated using a 

transfer matrix. In addition to its bending action on a charged particle, 

which in effect provides the desired mass dispersion, the analyzing 

magnet can cause a focusing action on those particles in the plane of 

trajectory. · For a more extensive analysis of an analyzing magnet and 

its focus.fog action on particles, should the problem become apparent, 

an excellent review on the subject can be found in either Enge(J) or 

Staffen(B). From Enge( 7), the focal lengths about the magnet (Figure 

lO(b)) for the object (L1) and the image (L2) are given by Barber's 
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Figure lO(a): 	 Mass ·separation by Analyzing Magnet. 

Figure lO(b):_ 	Illustrating focusing from an analyzing magnet 

(Barber's rule: object and image are on a line 

through the centre of curvature). 
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rule and are related by, 

1 + (p/L1)tan<1> 
(8)L2 = Ll[(L /p)tan<1> - 1] •1

-1 




PART III 

CRYOGENIC EXPERIMENTAL CHAMBER 

The cry_ogenic experimental chamber (F_igure 12} was designed for 


low-temperature and clean-environment channeling studies. The equip
.... 'I\ l 

ment consists of a cryomite refrigerator (A) coupled to the ta_rget 

chamber (B) by the standard dependex vacuum seal. Attached to the 

cryomite cold head, inside the vacuum chamber, is a long cylindrical 

copper block (C}. The block is electrically isolated from the rest of 

the refrigeration system and from ground potential by a saphire cryst~l (D). 

A liquid nitrogen cryoshield (E) is used to reduce radiation 'l 

heating from the target chamber, from affecting the cooling efficiency 

to the cylindrical copper block, the target holder (F), and the hemi- · 

spherical cryoshield (G). The copper hemisphere is attached at (H} to 

the cyl i ndri ca 1 copper b 1ock. I ts main purpose is to act as a cryo

shi el d for the sample surface. There are sections where the sample 

surface faces areas of higher temperature. These are through the open

ings direct~d towards the solid state counter (I) and the beam line . 
. 

The solid state counter is a press fit mount onto the liquid nitrogen 

shield. 

The target holder is thennally connected to the cylindrical 

copper block by a 10 cm length of copper braid (J). The braid is 

approximately 0.6 cm in diameter, consisting of either numbers 32 to 40 

. gauge wires wrapped tightly together. The braid was then wrapped in 

~eflon tape to ensure the strands stayed together and to prevent 

29 
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TABLE IV 

A cryomite 

B target chamber (experimental chamber) 

C cylindrical copper block 

D saphire~crystal {insulator) 

E liquid nitrogen shield 

F target holder 

G hemispherical cryoshield 

H attachment of hemispherical cryoshield to 
cylindrical copper block 

I solid state counter (detector) 

J copper braid 

K 15 watt heater 

L thermocouple (chromal-gold (2% iron)) " 

M stainless steel tubing, target holder 
support. 
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unravelling during rotation of the target hold. Rotation to the target 

holder is performed by a standard 2-axis goniometer assembly. 

A 15 watt heater (K) for the target holder is supplied by two 

diodes wired in series. Supplemental heati_ng can be supplied through 

the control system for the cryomite. Using these two heating systems, 

singularly or in tandem, will provide a controllable temperature ranging . 

between 40-300°K. Temperature recordi _ng is done with a thermocouple 

made of chromal and gold (2% iron}. The thermocouple (L) is attached 

to the target holder in close proximity to both the heater supply and 

where the sample is fastened. To minimize thermal gradients affecting 

the thermocouple measurements, the leads for the thermocouple were 

brought down from the copper target holder and passed through the 

centre of the stainless steel target holder support tubing (M). 

A 36 cm long piece of coaxial cable was used to make the con

nection between the solid state counter and the preamplifier located 

on the outside of the experimental chamber. This was found to reduce 

the occurrance iof microphonic pick-up when the cryomite was turned on. 

The grounding shield of the coaxial cable was attached to ground at 

the vacuum feed-through end and was left floating at .the solid 

state counter connection. . 

Start-Up 

Before closing the vacuum chamber to atmosphere, several pre

cautions should be taken in order to eliminate damaging the equipment. 

Fi rs tly, a11 connections . should be checked for conti nui ty or poss ib 1e 

1 
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short circuits. No interconnections should exist between the thermo

couples, heater supply and especially the beam current lead~ It is 

the beam current lead which made it necessary to electrically isolate 

the cryomite cylindrical copper block from ground. Secondly, precaut:ions 

should be taken to insure that the sample holder can rotate through the 

required number of revolutions for the experiment. Otherwise, the 

electrical leads may becdme entangled and, in doing so, become da~aged. 

After the pumpdown is completed and the experin~ntal chamber 

has been put onto the . diffusion pump, then the trap , for .- the--liquid : 

nitrogen shield can be filled. The overall time required to bring the 

sample holder to equilibrium (77°K) is about one hour• .At this point, 

the cryomite can be turned on, making sure at first that the cryomite f 

temperature controller is either off or set to zero. Figure 13, temp

erature versus time for the cryomite, shows that it 'takes between 15 

to 20 minutes before the sample holder reaches the minimum value of 

40.~.K. 

Notes of Caution: 1) The gate value isolating the experimental 

chamber from the rest of the beam line should not be opened during low 

temperature measurements until the cryoshields and target holder have 

reached the minimum temperature settings. Otherwise, 'Carbon or other 
t1 0 ~ 

~contaminance build-up will -occur on the sample surface~ : for the present 

system, if operated as prescribed, it was not possible to detect any 

build-up of impurities during a 24 hour experimental period regardless 

of the target temperature. 

2) The solid state counter (detector) _should not be powered 
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while the experimental chamber is at atmosphere and should only be turned 

on after the chamber goes on the diffusion pump. Similarly, the detector, 

and therefore the liquid nitrogen cryoshield, ~hould not be brought up 

to ambient temperature too quickly or by using a "hot" air gun. The 

best possible procedure is to use the air gun to blow room temperature 

air into the liquid nitrogen filling trap. It will take approximately 

one to two hours to· bri-ng the inside shield and detector up to room 

temperature, but no damage will be done to the solid state detector. 



DISCUSSION 

This report is not intended as an operati.ng or repair manual 

for the 150 kV accelerator and rel~ted cryogenic experimental chamber• . 

Rather, its function
. .... is) 

to illustrate the main constituents. of the
~ .. .._. 

overall system, emphasizfog the most important items, in order that 


the system works properly! 


It is. with deep regret, however, that the writer has not been 

able to proceed with the intended research for which this system was 

initially constructed. The problem stems from the Danfysik ion source~- · 
·f 

· As a piece of machinery, it is a white elephant; as a design concept, 

it appears to be quite good judging from an evaluation of its dimen

sional parameters and operating characteristics: It ope~ated success

fully for about 6 hours. Where it lacks, however, is in the workman

ship, the quality of materials used in the construction, and the amount 

of information supplied by the company for setting_up and operating 

the source. 

According to High Vol~age Engineering, the North American 

representative for Danfysik, all ion sources are pretested before they 

leave Denmark. However, in our first run, the extraction electrodes · 

shorted together under vacuum, damaging the extraction voltage supply. 

Later, it was discovered that the extraction port had not been machined 

to tolerance and was sitting at an angle in its positioning flange. 

Both the extraction electrodes and port had to be re-machined before an 
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ion beam could be extracted from the. gun. Before the faults could be 

found and rectified, the a_ngled ion beam had apparently been hitting 

the plastic einzel lens electrode, man.aging to distort the 11 0 11 -ring 

seal. 

Separating the extraction electrodes is a 12.5 inch annular

shaped plastic insulator. This insulating piece is also used to keep 

the al _ignment between the ion gun assembly and the extraction electrode 

port, which as illustrated in this report is crucial for obtaining a 

well-formed (stigmatic) beam. Even though the whole ion gun assembly 

requires no more than 200 to 230 watts, there is. sufficient heat gener~ 

ated to cause the piece of plastic to soften. This softening, not only 

mis-aligns the ion beam, but has been the cause oLvacuum breaks on 

several occasions. 

Without going any further into a long elaboration, the follow

ing list describes the corrections now ·being made, and found necessary 

before the 11 Danfysik 11 ion source can operate successfully: 

1) Remaking the annular disci- material Kel-F thermal plastic; 

softening temperature 200°C. 

2) Instal 1 a water-cooled heat exchanger;- deionized water for 

150 kV with corona shield in place. This should eliminate any possi~ 

bility of beam mis-alignment due to overheating. 

3) Redesign the einzel lens system;- at present, (i) the lens 

is not located for proper focusing of the ion beam, (ii} increasing 

the diameters of the lens mounting insulators to eliminate flashovers 

between v2 and v1. Described in the section of this report on Beam 
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Transport, Part II, the new location for the einzel has been calculated. 

The new position will now allow the beam to be focussed over a range 

of accelerating voltage and independent of the accelerator potential. 

Previously, it was the accelerator voltage, set at 50 kV, which had 

been doi .ng the focusing. Consequently, unless a beam with an ene_rgy 

of 50 kV was desired, most of the ion current never reaches the target .. "' ·.. . 
area. 

4) The redesign of the gas flow system; this meant drilling 

out a sec ti on of the ·boron nitride oven, Figure 3, and ins ta11 i ng a 

piece of the same material that would make a proper fitting between 

the gas input tube and the ionizing chamber. ·The redesign of this 

means that the oven assemblies as supplied by Danfysik are of no value . 

5) Redesign the oven assemblies - fortunately, · these have not 

been required for any initial runs, therefore, nothing has been done. 

6) Boron nitride (BN) is contaminated by organ.ic compounds; 

any slight amount cf back· streaming from an oil diffusion or mechanical 

pump will leave some trace of oil on the BN insulators. Thus, oil film · 

build-up appears to increase when the ion source is shut down for a few 

days. The build-up of oil decomposes to form a carbon conducting path 

between the cathode and anode electrodes, eventually shortening out and 

causing the ion discharge to extinguish. 

7) Stainless steel screws and threads used to support the ion 

gun assembly either 11 corrode 11 or "deform" (the mechanism is not yet 

fully understood) such that it becomes impossible to disassemble the 

gun. Correction for this seems to be a thin coating of molybdenum 

http:organ.ic
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disulphide (MoS2) on all stainless steel fasteners used on the gun 

assembly. 

The seven items above are the most pressing problems before 

the 150 kV ion source is ready for operation. Although the theory 

appears to be good, the workmanship, materials used, and the cooper

ation of the manufacturer leaves an awful lot to be desired! 



APPENDIX I 

Kirstein(g) gives the equation for paraxial ray" eq_µ_~~ions in i 

an axially symmetric electrostatic field only as 

(AI-1) 


where V
0 

(z) is the potential in the axis and the primes denote deriva

tive with respect to z; r is the radial component (x2 + y2 = r2) of 

the ray; p represents the space-charge density assumed uniform over t~e , 

beam cross section; and V~ relates to the focusing as less action of 1 

the structure. 

Assuming that the space-charge density is negligible, then 

the right hand side of Equation (Al-1) is equal to zero. This is then 

a linear second-order homogeneous differential equation with coefficient 
I 

depending upon z. Boundary conditions for solutions to this equation 

are normally set between two planes located a given distance apart 

along the axis. Therefore, if solutions can be found for the ray 

path within these boundaries, then any other ray path can be expressed 

in terms of these solutions. 

r 

ra~ 	 ra; 

re; 
r' z 

Object (o) 	 Image (i) 

40 
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Boundary 	conditions for these special ray solutions: 

r 0 r 0ra = O· ra' = 1· = 1· ' =0o ' o ' ~o ' ~o 

where 	subscript :O,'refers to the object plane and i to the image. 

Solution to the paraxial ray equation (AI-1) is given(lO) as 

r! = r'a.r + r'a.r' 	 (AI-2)1 · 1 	 o 1 o· 

Coefficient ai j can be re1ated to the parameter of the speci a 1 a and e 

rays by 
·f 

{AI-3) 


The relationship between the matrix element and the cardinal 

points (Figure AI-2) are gtven -as(6); 

-/ff:
f. - -. 	 1 object - plane focal length (AI-4) 

1 a21 
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Figure AI-l(a): Double-Aperture Lens 
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Fi gure A I -1 ( b ) : Einzel Lens 
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Figure AI-2: Definition of Cardinal Points. 
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IVfff = -a - , i~age - plane focal length (AI-5) 
21 

a 
zf . = IV:" ...ll.. , location of object - plane focal point (AI-6)

1 1 a21 

all 
zff = d - /Vf a , location of image - p·lane focal point (AI-7) 

... ... ) 21 

zni = zfi - f; , location of object - principal plane (AI-8) 

zhf = zff - ff , location of image - principal plane (AI-9) 

where d is the overall length of the lens assembly. 

For stigmatic conditions the relationship between the object 

(1 
0 

) and the image (l;) distances are: 

(AI-10) 


and the magnification factor is 

(AI-11) 


Double-Aperture Lens 

The Double-Aperture Lens as derived by Zworykin(S) asserts that 

the lens beam transfer matrix can be formed by multiplying together 

the appropriate matrices, for the initial and final breaki_ng points in 

the electric field together with the uniform field region (refer to 
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Figure AI-l(a)). The matrix elements referred to are: 

1 0 

1 

" . ..,._ ~ 2d1 IV1 + rv;
M23 = 

0 0 

~ 
1 ·a 

M34 = 
v2 - v1 

1 
4d/V2 

· Combining these matrices, the transfer matrix is; 


. ·. 3111: · ~ ~ 
··.·21Vl 

2d 

(Al-12) 
31Vl - IV1 

2/V2 
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An ei nze l 1 ens can be approximated if we multiply together 

matrices of the form used for a double-aperture lens. By reversing 

the notation in the second field region (Figure AI-l(b)), the matrix 

element becomes 

l " "" ) ... 

161'\Jl'i2-6V1-6V2 2 d 31'J2-v"V}" 
41V1V2 ffl+IV2 ff2 

16YV]!2-6V1-6V2 {AI~l3} 
t4YV]!2 

• 
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'TABLE OF RECOMMENDED SOURCE FEED COMPOUNDS 


Partial Reprint From 


"The Technol _ogy and Chemistry of Heavy Ion Sources" 


by 

J.H. Freeman , and G. Sidenius 
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ION SOURCE TYPCSCOM-· TEHPERATURF.S, C.z tt..tHE:NT 

POUNDH 

GAS I 
. 0 

1-r- •-2- •-3- '-'•.. t -s-Com. ror Vapor Prcs~ures. tort··.ti 1 I l I 

-lJ f -3 I • '2 t f ·· 0 · 0 I ~ fSup. Tr. 10 110 ,10 ,?GO 1Mclt 
 · c- 100 • SOO -1100- C ,~ur •AHU cV 

I I I I 
 I I t f 

-----,-~- ...,.-----~~ .... 

t t I I . I I I t 

I t I t t I I I 


31 ~allium 9o•/ •1007 •1132 t1110Q 130 i· t .{ Ip I l' Ir. Gd t:~ 
t I I I ' I t I 


CaI Ga I · I ; I ; I ~ 311 s : 712 p : p · : r : p : .d69 6.0 3
3 
 I ' t f I I I I

CCl" I • I • I • I •1900 i· • i ri C.r•d C.p• rGa2o3 I I I I I t f I
··-·---------·--·-d··------ -------- -----~-~---r•·--~~----·r----- --~·-r·----T·----~----·r·----1 I t . I I I I I . 


32 Gcrmrtnium Ce NG CCl~ 1137 :1257 :1397 :2830 :937 i s.p:i S.p:i c.p: ~ ~ i 

"' t I . f• I I f I I i


'" 0.1 GeI.. Gel., I 11'1 · 165 1377 1llJ6 p 1 r • l' 1 p , • 

"' I t I I I I I · t 


Gcs 
"' 

' 1106 " 1 44? •tc94 ·1 Gao •coo i • p • r • p 3 
1 !
2 
 I I I I I · 1 I t 


------~----~~-~-·-···~------- -~~~~--- ·~~~--~-·--~~----~·--~--~---·- -~~~-~-·~--·----~+·--·-·---~-' I I I I I I I 

33 Arsenic ·AS • NG 201& :237 :277 :100 :a10 i ·:p !P :p · : i 


I f - I I I I I •
7$' 10.S AsC1 · AsC1 3 I • I • I 1130 1 -lB p • r 1 p 1 p 1 l

3 f I I I I I · I · t 


GaAs I : I : I : I ·: l 2 38 . i s .p : d : r : r : i 

• · I I f. I· I I ' I I
-------------------1·--------r-------·r·----L-----L-----L---~-L----- -----~-----~-----~-----~-----

Jt+ Selenium Se HC • l61J :19~ :243 :sso :211 i S . p: p : r : r : i 

I I I • t I . I I l 


Sco 2 7 s ' g0 I 12 l& ' 3 37 I 34s d I r ' r I p 1. i
80 9.7 
I I I I . I I I I 


Cd So I : Sa 8 : 66l : I : ·1 J so i . · : d : r : r : i 

-------------------~--------~--------i----·t-----t-·---t-----t----- -----t-----f-----1----~t-- ---
3~ Dromine Br2 Br2 ·llO : - 99 : -s 14 : 5.9. : - 7 r : r ! r : r : i 


I I I ·1• t I I I 

79 11. 8 
 Ncl~t' 667 :1s1 :93? :1390 :155 i : i : r : r : i 


··---·-~---·------··~--~---~-~~------~·--~·-~--~--~~---~·--~--~~-~--• I ~----~·----+-----~--~--~-----I l I
• I I I 


3G . Kryptcm Kr Kr -22lf ~-219 !-211J :-H3 :-157 r · : r : r : r : i 

I f t I ·I f t t 
I t I I I 1 I t
814 13.9 

............. -- ....................... -·-··-· ·--·-· ··---- .. ~· ---·-}:----- .. f-----~----- ---· ..f-----~-:··- ~.-~ ..-- --}·-·-
r I I I• I I I . t


37 Rubidium Rb ·NG 9tr •129 •173 •700 •39 i S.p• r • r • r • r
1 t t I I ' I I I 


as ... 2 
 RbCl 14 87 : St1 '' : 61 If : 13 OO : 7l S • !' : p : r : r : p

I I • t I I f 9 I 


-------·-·---------~~~~~~~--l-~.-----'-~---l.!..~l-!-..!!~~--l!~~-- -~---l-~-·-!-~~ -~J-~... !.~---• I I I I t I t. 

38 Strontium 
 Sr NG ttO" :11GS :s37 ·P37D p69 · i s.p: r : r l r • : x

88 5.7 src12· I · 11G b99 ·:sea :2000 :e73 1 : i. :. p . : p : p
I I I t I t I I 


-----·-------------··~~~~!.........::~~ -.~---L~--~t-~.--t~=~~-l:~::.. -~~-.! ...~ .. --!~ .~:!j~_:;!l ..:~--
. I I I I l I I t 


y39 Yttrlum m.1 · cc 1,, l Jn : l lf 67 : 16J 2 : 33oo ; 11& 9~ i s •?. ti s •p : j c •p : r t P 

"' I I I I I t I ' t
I f 613 . I 698 I I • 680 i l i ,. p I p I d
89 G.~ YCJ3 1 I I f t . I · I I 


---------------·---~~?~~----1----~~~!J~~~~-i~~~~-i~~~~-i-~-~-t~~~~-- -~---l-~---1~-~:~J~-~=~1-~---1 I f a I a I . I 

I I I I t t I I 

a I I I I I I I 

I f t I I t I I 


_L 

RtMARK5 

No particular problcrn3. 

+ • •Cl 2 mny cause contam1nat1on. 

Toxic . 

Decompo~es controllably in oven. 


Toxic. 


Convenient tcmpe~dturc control. 


·Also other bromiddS. 


No problems. 


~-•P••••••·-----·--------···-----

Also other halides. 

----~---·-------·---------------~ 

Also other halJdcs. 

---------·----~------------··----,~
Ar. the lanthauidcs. 

-.------·----- .. -·- .. ~-· ·--·-··----.-



------- ------

COH7. 	 ELtMl:NT 
rouNoK Ei 


AMU eV 


i.o Zirconiuni Zr 
90 6.9 Zrc1 11 ·. 

zro; 
------------------~---------
If 1 Niobiun1 


· 93 


~2 	Holybd~num 

Nb 

~" 	 Rutheniu~ lRu . 
lo2 7. 7 RuF c. 

ii
------·------------ ·-~---~--

If 5 	 Rhodium Rh 
loJ 7.7 

CAS 
Com. 

Sup. Tr. 

NG CCl" 
6.9 Nb 2o cci,.

-.. 3
------'-- -- -----L-------
Mo · tNG 

. 	 . ---=~------~-~=~--· ~~~~-~-- ----~~~~ 
lt3 	 Technetium Tc 

__!!~~-----i~~=~~-- -~~~~----L--~-~~~~ 

If S Cadmium Cd 
.1114 9.0 CdS 

---~-------------··----------
•• n 	 l d • 1
•..,, I'\ 1u:n n 

11 S ~ 8 1nC l
• 3 

·---------·-------··-~--~---
so 	Tin . sn 

120 '7.3 SnCl,, 
---·----·- ----~. --- -- ..-:.---
Sl 	Antimony Sh 

1?1 .8. s 

NG 

-----~--
UC CC!,, 

"t 

-·--·---

NCi cc1.. 

SnCl 
~ 

-----·-~-
ttG 

I 	 0 
Tl:MPCRA1'URl:S' c. 

For Vapor rrcc~ures, torr. 
•fl •3 t -2 I .


10 :to ,10 ,760 :Malt 
I I I I 


t I I I 


r~G cci .. 11901 :2111 p397 :1&soo pas2 
I I I I
02 I 103 I l 28 I JJl 1IJ37 

I I I I 


CCl~t2o77 !22~0 :2~00 :sooo :1677 ------·- ·-----~--~~-~-----~-----~----~ ' I I I 

?277 :11&q7 :2G~7 :~qoo :21168 

t I t I

I ., I • I •I •1700 

· 	 I I t I
-----r--·--r---· •T• ...·--y----' · t · I I 

2111 ; 2301 : 2s21 :11620 :2610 
SGS . : 605 : 6ti6 :11so :195 
:----~--~--t-----i-----t----- -~---~-----t-----t---~-t-----

lNG . ll987 :21-7 :23~7 :qo70 :2250 
I I I I


RuF5 I ' 31 I sa t 27-0 . • l 06

I I I • I 


~------- ·----r--~--~---~-T_____ T_____
1 I I I 


UG i101 :1ass ;2037 :3100 :1960 
I I I I 

t I I I 


1 t t I

2o77 12257 171187 aQSBO 12200 


I I t I 


I : · I : I ; I : I 

-~--~~----~~~----~-----~-·---- I I I I 


1u;!~i.?.Y.SI ION SOURCE TYPtS 
-1~ •~2- •-3- •·~- •·S· 
0 t t I 0 :c-	 100 - soo -1100 - C,Surt. 

1 

I t I t 

I I t I 


i s.p:i s.p:J c.p: p : d 
I I I I
i I d I p I p I d 

I t I I 


. i : ! !i C.r:d C.r: p 
-----~~·-···~----·~----~~----t I I I 


i S.p:1 s.p:i S.p: p : d 
I I • I t


i • i •J. c.r•d c.r• p
I I I I
-~--- r•••-• r•••••y-•·--T'·---
I I I ~1 


i s.p:i s.p.:1 .s.p: p ~ : i 

i : i · :P c.r:p c.-r: i 


I I I I
i t i 1 i t p 1 i 

t I I I 


i : i ::t c.p:d c.p: i 

~--·-~·-·~~·-----~-----~-----, I I I I 


i S.p:i S.p!i S.p: r : i 

I I I ' •


i ' i . • p I p ' l
I I I I
-----r·----r-----T-----T----
I t I I 


i s.p:t s.p:i s.p: r : i 

I I I I 

I I I I 


---·----~---~----~--~-------·~--•-••••f•••--~-~·--~-P~--i--~~-t•-••• -----~----~f----~t~----r••••• 
I I f I # · f •i 	 I I . I • 


lf G Pull adlum Pd NG 1192 •1317 •lll62 13020 •1550 ls.pt S.p•d s.p1 r I l. 
I I I I I I I , I 

I I I I I I I I
106 8.3 t I I I I I I I 


--------~--~-----~-··-----~--~-~---·--1--~-~r~--~-~-----~-~--·t·--~~ --~--~---~~t··--~~----·t---~-
lf7 Silver Ae NG 023 !92' :io27 :nu :961 i s.p:i S.p: r : r : i 


I I ' I t . I 	 I t I 

107 7.5 AeCl 	 539 • 607 •685 •lSGO •ZJSS i. 1 1 • r • p • i


I I I I I · 	 t I I 

·----------·----··-•·---~----~------~~•-····r--~--~-·-··1-·---,----· ----·r···-·T•••••T••••-r---·

1 I I I I I t I 

177 :n1 pG~ . · p67 :321 i S.p: r : r : r : i 


I ;610 :GsG b382 :11so i : i : r : r : i 

--~--~~----r--~-·i--~--+----- ---~-~--··~t·--·-f~----t-----
'1 t "9 7 I I i I ° C I I t
112 r831 I" 12100 elSG s.pt1 . •P' t' I l' t l' 

I I t t . I 	 1 · I I 

1 1 1
I 1 2 2 'I ' " 5 6 ' !I 7 O 1 S 8 6 i ' r · p · p p
t 1' I I I I . I I 


~·---~---~-~-----~-~~·-~-----· -----~-----4~-·--~---"·&-----' I I t I I I I 


997 : llOtt 
I 


I 1 I 

-.. ---~--·--
'•? s •• 

l 
If 7~ 

i 

I 

I 


:1111·1 :2630 !232 
I ' I I

•I •120 •·33 

-i~- ..--~ ........~------I I I 

• S 3 s •16 5 O • 631

l t I 

I I I 

.. l t 


. t t I 


i s.p:i c.p:d c.r: r . : i · 
t · f f f 

. d • p · ·• p t p. 'i 
-----!--·--~ ---.--!-----!----.I I I f 


. ! 	 s . p • p • r . • r • .t
I I I f 

I I f I 

f I I I 

t I t I 


• 

As 	 the lanth~nidc~. 

As the lanthJnidc~. 

------·---~--·----~~-----·----·~-

~:=~-~~~~·-----------------------
No stdble isotopes. 


Only very unst.:ible cornpound~. 


Only very unst~blc compoun~~. 


Only very un~t&ble compoun~~. 


----~---~---------------~-----~--
No particular problems. 

tto p~rticul~r problc:ns. 

No partlcul~r problem~ • 

-----~---------~-------·--------~ 
Also Lith H2S as transport e~s. 

·-----~-------·---------~·-----~-
Toxic 1 no prcblc:na. 

u 
N 



z EL&MI:NT COM
POUND .M ti. 


AMU eV 

·J . 


52 Tellurium Tc 

130 9.0 

RJ.:MAP.Y.Z 

Com. Fot' Va[>or Prt:scurcG, tor?'. -1- :-~- .:-3- :-ta- :-s-
Sup. Tr. io-'1 :10·3 :10-2 :760 :Melt 0 c-100 - 500 -1100 - 0 c:sur!. 

: t t ' : : : a 

GAS · TE:Ml'l:P,.A'l'URCS, 0 c. ION SOUP.CF. TYPCS 

11-----------------
t I I I I I I I 


Toxic,no particul~r vro~lcms.HG 2so !323 :374 pooa :11so i s.p: p : r : I" : i 

I I I I I I I 

' I I • I I I 


-------------------1------------------ -~---~-----t----- -----·----- -----f----~-----4-----~-~---~---------------------------------• t I I I I I I

SJ Iodlnc -14 7 • -30 r -11 183 1 llq r ' r • r • r • i
! 2 t 2 t -- 1 I t I I t 


Numerous other iodid~s.127 10. 6 l<l . . tt••B :Z,•99 : SGll 1323 : G82 i : d : p : p : i 

· I t I I I I I 


AeI 122 , stt s · , 99 s / • / i , i · · • p . • p • i 
 Occompo~es controllahl].
t t • J · t I I I 


-------~~-------··------~---~~--~-------·--------·--1---------------·--·-----r-----r---·-T·----T·----··----~~----T---·-y--·-·r~----, I I · I I I I I I 

54 Xenon . Xe Xe -205 •-199 •-191 •-lo7 •-112 r • r • r • r ,_.i llo problems.

I I I t I I I I 

I I I I I I I I ,
13? 12.1 

--------·----------1·-. -------[--------------~-----t _____1_____1_____ ~----l-~___1_____1_____ t~----• . , I I I t I I I I 

• I I I I I I I I 


.SS Ces.i.um Cs·. HG 70 all!J 1lSS 1680 129 p 1 r • r r r • r 
 Car~!ul handling.
I t t I I I I I 


Also other halides.133 3.9 CsCl ' IPJS : 505 : S72 :1301 :6112 i : i : r : r : p 
------------~------------~-- --------------~--~--~-----·~-·--~----- ~----4·----~-----~-----~-----' I t I I I I I 


· 56 Bnrium Ba ttC. lf62 : s21 :-Glo :ngo :ns i ·s.p :d s.p! r : r : r Toxic. 
I I t I • I I I I 


Al~o other halld~c.138 s. '2 Bac1 2 731.f 1813 1899 •lSGO 1962 i • i • r . 'p . • p

I t I .· I I t . I · t 


Bao CCllf 1297 :1tJ2l :1~149 :2000- :1923 i : i : r:i C.r: p 


-------------------r-------- -------- ·-----'-----~-----~-----~----- -----~-----~-----~-----~-----• . I I I I I t I t 
 -------------------------------~-
s·7 Lanthanum La NG '11122 :1562 :i727 :3330 1 9.20 i S.p:i S.p:i S.pf r : p 

I I t I · I I I 

&ven th~t volatile halides exist139 S.6 LclC13 . I : 7 51 : B 2 5 : I I 8 6 0 i . : i : p : p : d 


• C 8 6 I 6 6 t f 2 0. I r. . I • 11 C 1d . C I
t tor all lanthanide clc~er.t$ are 

·-•-•••••••••••·~--•-·--·-••• ~---~··· ·----1~----L~----J-~---•··-•• -----J.....J-~--~J--~--L••••• 


t.a203 Clq l l . ,19 ,71?6 ,If 0 !23101 l. I 1 I .1:', ol't r 

. t I I I I I t I 
 they very hygroscopic and dif-

I . I I I• I I I
SS Cerium Cc NC 1377 11522 11697 e31f68 1795 i s.p11 S.p1i s.p1 r 1 p 
 ticult ·to use. 

IlJO 6.S Cc02 CCl~ I : I : / ' J I ~ :.2600 · i : i :1 C.r:d C.r: :r 


. I I . r I I I I I 


It is recommended t6 YSc freshly----------------··-- ---~---- --~--~~- -----·~---···----~---~-·-~--- -~---~-----4·----~-----·--~~~' t t t I l I f prep~red oxide~ to obtain m~x.59 Praseodymium P~ NG 11,7 ~1277 :1~27 :3o3o :93S i S.p~ S.p:i S.p·: r : p 

reactivity with the CCl~.
1111 s.s Pr"'o 3 CCl,, I : I : I I I ; I i f :t :1 c.r:d C.r: r 


8 't · 1 I I · I t I I I 

•••••••••••··---·~-·------·- -~··-~-- -~·-·T---~-r~----~---~~T-•••• ~-•••,•··~·~·-·•-,•••••y•-••• 

I I ot I I I f I 

60 Ncodyn!um . Ud NG • 10117 : 1167, : llo.7 :3080 · ;1021&. i S.p :i S.p :1 S.p: l' : p 

I I ' I ' I •. i . . • ~ 'i c 1d c I 

2 11 -----1-----l-----JI. I ..... J ••••• l · 


142 .6.3 Nd o· 3 . CC1 I , , , 11900 a~ , .r, .r, r 

·-···---------····- ·-----·-· --·----- t I ~--~-~-~---J-----,·-----1,---·~1·l 

c.n6l Pron\cthium P1r. NCi I : /' : I :2730 hoJS . 1 . : i · : d : r : p No stclblc · isotop~s. ~I a· I I . I j I I 


<llfSl I Pm,o3 cc1 · 1. :-. 1 . : I i I : /. -- i · : i !i c.r:d c.r: r
4
---·----··-·-·-·--- ~----~-- ------~- ~---~·~----·~----~-----~---·-• I I I -----J---~-~----·J··---~-----l I • .
f 

62 Sc1mclrh1rn SM rm SOO · :&s3 :·1112 :uoo :ioa i S.p :t S.p: p i r : p 
I t I I I I I I


lS? 6.G Sm203 CCl ••
" 
f I 

t
• I · •

I 
I •t I •

I 
I i •

I 
J •

I 
i C • r 

I
•p C • r 

· 
'• r 


~ I I I I I I t 

I I I I I I t I 


., 

http:Ces.i.um


----·--
RCMAI,.Y.~COM· ; CM TtMPCRATURr.S, 0c. 	 JON SOURCE: T°f PtSz 	 tL.C:HtNT 

POUHDH t. Com. IFor v..ipor PrccsurcG, torr. 1-1- :-2- :~3-. :-1f- :-s.l 

AMU eV 
 Sup. T • io·~ :10·3 :10-2 :160 · :Kalt. 0 c- 100 - soo -1100 -0 c:surr. 

-···· ''''!- --
I I I I I I t I 


Cvcn lh.:1t vclali.lc h->Udc~ ~.:d.:-.t63 	 Eurov.fom . I
c:u ING t,6G : 532 : 611 :Hoo :026 1 S. p:d S.p! p : r : p
· · . I t I · t t I I I 


for all ldnth~nidc cl~~~nta ~rel-- ..~~~---·----~:~--- -=~~~~-- .. · ----=~=~ -~---L~---L~---1-~---L~--- ..:...-1 ..~ .....1~ ..:::J~_:::L:___ I h · .. ~h 	 d • r• , 1 , , , 1 a • • t cy very ycro~c~;ac .uau ..L -


Gq G4'1doJiniu:u 
 Gd NG l 0 77 !1191 : 1317 : 27 3 0 :1312 i S • p ! j S • p : i S •.P ! . r : P. 
 !!cult to u~c •. l . l 1 · I I I I I I I 


---=~~-------~:~---L~~~~~--- ____:::~ -~---i-~---L-~---!-~---~-~--- -~---~-=---J:.:::~~-:::~_:___ ,lt is reco~~cnd~d lo u~c fr~;.hly 
Tb NG 1!47 :1277 ~11127 i3020 :l3S6 i S.p:i S.p:(s.p! r ~: p prcp..lred o:dc!cs to obtclin M:ic. 

reactlvity with the CCl~· 
GS 	 Terbium 

---~=~=~'-~---1-~___t_~___j_~___j_~--- _:___ 1_~---j~-~:~J~-~:tl_:___---~~~-------~::.... :~~~~--- I t I I I I I I 

I I I I • f • $ I I ~ I
66 	 Dypr>c-osium . Dy NG 89 7 1997 tlll7 12ll20 1lll07 i S.p11 •P• d 1 r • p

I t I f I t I I 


---~~~-------~:~----~:~~~--- ____:~:~l-~---l-~---L-~---1-~---J~~~~- -~---1-~---l~_:::J~_:::!.:__ _
t t I I I t I I 


67 	 ifrJlmium Ho NG sti7 :1c!>2 : 1117 :2seo :1lf6l i s.p:i .s.p:i s.p: r : P 
l6S 6.0 Ho o CCl,, I : I : ./ :1soo bl8 i : i :i C.r:p C.r: r

2 3 " t , I t l I I I I

•••••--••· ------ - •- ·••------ --··---- --·-•T•••••r~--••T•---~,---·- -•-·-~··•••,••••-,•-•••T··-·-

. I I I I 1 I I I 

1
6 8 	 E t-b j um £ t• NG 9~ 7 • 1 o5 7 • 1177 • 2 S 8 0 • l If !) 7 i S • p ' i S • p • i S • p r '• P


I f I I I I 1
 

lGG 6.1 , 	 CC1 4 I : I : I : I : I i : i :1 C.r:d C.r: r
Er2o3 __________;______ ~:--------- -------- --~--t-----~-----t-----1----- -----t~----1~----i-----t-----
69 Thulium ~. Tm NG 680 :1s1 . : 8117 :11so :isllS i S.p:i S.p~ p : r : p

f 	 f I • f I . I . t I I 


HCJ 6.? t 'l"sn7o3 CC1 14 I : I : I : I .: I i : 1 :1 c.r:d c.r: r 

--~----~-~··------- -------- -------~ ----·~----M~-~-~··-----~----- --~--+----·+--·-·~--~--·~-~~-' I I I I t I I 


70 	Yttcr-b!um Yb NG . 417 :14a2 : ss1 ~1s4o :82ll i s.p:i s.p: p : r : d 
I I . t t I • I • I I


174 7.1 ___________________ .:~i~~~--1 ____:~:~1-~---i-~---~~~--~!-~---~-~--- -~---~-=---~~-~:~~~-=::!_: ___ 
I I I f I t I I 


71 	 Lutetium Lu NG 1277 P" 12 : 1~72 :3020 :1652 .i s .p :i s •.P :i s.p: r : P 

l S . f t . •t I . · I I I t
l • 

----~--------~:~--- .~~!~~--- ----~~~! -~---l-~-~-t-~___J_!__ ~J_!___ ·-~---1-~. ---1:~-~:~J~-~:~l-~---~----------~-----------------·----f I I I I · l I · 


7"' 	 H f" i h! f . I . ' I • - ' • • i s I ' . d As 	 the l~nthanicc~., 	 an um NG 1997 12177, 2397 '1lllf30 11652 l . S.p•>. S.p1 •P• p • 

. 	 . t I t t I I t I 


180 6.0 Hf02 . CCI" '297 : 2475 : 2618 :s~oo :-20°12 i : i :1 C.r :d C.r: r 
···-·-···---~---· -~· · -·-·-~·- ··--·--- -~---~---~-~-----~---·-~----- -~---~·-···~~---~~---r-~--·~··•--·-·--·-····-------····-···-···-

(JAs 	 the lanthdnldc~.73 	 Tantalum T'1 r:G 2587 ~7800 :3etSO :s230 :3000· i s.p:1 S.p:t s.p:t S.p: i 

. I I I I I I I I • 
 * 
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• I I I I 0• $ I $ '• C 1i C I i •r •i 	 .pri .01.1. .r• •P' oxi.c.76 Osmium Os Ot.CClh 2~87 12687 •2917 1SJOO 13000'l -. 1 . - 1 I I t '" I I I
i : d r p : p : 1 ~io~t cofl'pcund~ vcr-y un~tob!e.192 a. 7 oso11 Osol& I : -70 : -52 :1ao :~o 
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APPENDIX II I 

OPERATING PROCEDURES FOR THE DANFYSIK 911-A ION SOURC~ 

The general procedure for runnfog the source is as follows: 

1) Select the oven which can give a temperature suitable to heat up 
\>' " -. , 

the charge material in order to give a vapour pressure approxi

mately 10-2 - 10-l torr. 

2) Put the charge material in the selected oven and assemble the source. 

3) Outgas the source (filament current increasing up to approximately 

20 amp DC). 

4) Start a discharge on a noble gas, for instance argon IE. 

Anode voltage on 200 V DC. 

Filament 20-24 amp DC. 

Apply argon (corresponding to a vacuum pf 

~ 1 - 5 x 10-5 in the region just outside 

the source). 

5) Let the source stabilize thermally by running a discharge of approx

imately 2 amp a'node current for a couple of minutes. 

6) Adjust the analyzer (the separating magnet) on the desired mass 

number. 

7) If necessary, increase the oven power (starting from zero) to 

obtain the needed current level. 

8) In most ·cases the argon support gas can gradually be reduced and 

even completely removed while s·imultaneously increasing the oven, 
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anode and filament power in order to maintain a constant discharge 

current. 

9) 	 Normally the most ideal way to run the source is to peak the out

put with all parameters. 



--

> 

ION SOURCE 911-A 

poIo IMVF IF VA IA Vo 
J 

anode (oven) (magnet) REMARKS 
Torr 

JELEMENT filament (oven) 
J 

....VOLT AMP VOLT AMP AMP AMPVOLT 

6 x 10-6
ARSENIC 4.0 23 
 45 
 5.5 v 
 25
1. 3 
 lOA 

2 x 10-5
IRON 28 
 2A 8.5 30
5 
 40 
 -
'V75% of tota 1. current 

is single charged10-5 


Main impurity iron 
COBALT 

SILVER 3.2 20 
 26 
 2A70 
 2.4 6 


4.8 38
40 
 4.4 lOA is mass 26-27-2824 
 12 
 -
...BERYUIUM . 4.3 23 
 35
45 
 2 
 lOA -

0'1 
U) 

-



APPENDIX IV 

GAS FEED SYSTEM \HTH SAFETY' PROCEDURES 

FOR HAZARDOUS AND DANGEROUS CHEMICALS{4) 

60 




EXHAUST VENT OVER COMPLETE SYSTEM 


TC 

~, 

PUMP 

CHLORIDES (BC13,Pc13••• ) 

control needle: valve 
J 

to ion source 

INERT GAS (Ne,Kr,Co,Xe ••• ) 

MECHANICAL PUMP orHYDRIDES (HzS,PH3 ••• ) 
COMMON WALL GAS (H2,Nz,Oz ••• )FLUD.RIDES (BF3,AsF3 ••• ) 


· Figure AIV-1: . Gas Supply System. 

.,..a °' -
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see following pages for Charts of Precautions and Treatments 

HAZAID 
MATHIA&. . DISCllJtnON ClASS L DIGall 

Nitr09en .. l l 1 
Carbon dioxide co2 . " fOlOfleaa, odarleaa 9ae•e Inhalation D I 

I 
Inert 9aeea He,Ne,A,Xr,X• J 
Ox:rt•n Oz colorle••, odorle•• 9aa Fl..-l>Uitr G l 
Hydr099n '!l_ colorl•••• .odorl••• 9aa rla-.bility D,H Inhalation I I 

Chlorine (and llCl ..por) c~ pale yall_, irritatin9 9aa Inhalation • Contact I 

' Fluorine (and HF vapor) ii 9reen-y•ll-, irritatin9 9H Inhalation A Contact A Fl-a»Uity 0 

Sulfur I yellow aolid Inhalation I (fUlllea) J 
•ho1phorua • ..d • rad powder or 1olid .... rl•..abUity C Inhalation C 

•hoaphorua • Wbit• • Vhite aolid Fla-1>ility f Inhalation I Contact. I water A.1,C ! 

line In Ntal Hone 

Ca4ai Cd Ntal Jn9eetlon I (•lld) 

GalU- Ga Ntal (liquid) Hone 

lndi- In Ntal, aoft, ailver ln9eation I 

"ThalliUli' Tl -t•l In9eation I (mild) 

Aluainua Al Ntal Nona 

C•rbaft *"'O•lde co colorl•••• odorl••• 9•• ri.-.11111t1· D Inhalation I ---
carbon dleulfide c•_i colorlau llquld, putrid odor lnhalat Ion • Contact D 

- ---1 
Hydr09"n aultld• "I' color la•• 11••, rotten e119• odor Pl•-•bl llty D lnh•l•tlon I/A .. - -
Alualnwo chloride AlCl_i yallow-vhlta cryatal Contact I lnhdatlon • Water c 

·--j 

llllcon tetHfluorlda •lr. colorle•• 9a• Inhalation I Contact I 
---1 

llllcOll tetrachloride 11Cl4_ colorle••• fumln9 liquid, auftocat1119 odor JnhalatlOft I Contact • W•ter 1,C 

Diborane •a"' colorle1a 9aa, .tc1c1r .....t odor Fl.,,.,..biUty D,I Inhalation A Contact I 

loron trifluoride .,3 colorl••• 9a1 Inhalation • cont•ct I 

loron trichloride 8Cll colorleH, tuain9 liquid Inhalation • Contact I Water c 
•hoaphlna 

""i colorle•• 9a1 rta...ablli ty D Inhalation A 

•hoa·phorua pentafluorlde '1:1. colorle•• 9a• Inhalation I Contact • ----i 
Pboaphoruatric:hloride tell clear, colorleae, fwain9 liquid Contact I 

Arain• A1H.1.. colorle•• 9ae,9arllc odor Inhalation A --Ananlc trifluoride AaP3 oily liquid Contact I Inhalation " In9eatlon A Water l,C 
-~ 

Anenic trlchloride AaC~ cle•r-to-pala yellow oily llquid or needle xtal Contact • Inhalation A ln9eation " Water a,c 
Stibina SbHl colorl••• 9a1 Contact I Inhalation • 
Antiaony tritl110ride SbF~ colorlas1 cryatal aaae Contact I Inhalation • Water, C 

AntilaOfty trlchloride SbCl_l_ colorll1a cryatal Contact I Inhalation • Weter c 
Hydr09en Hlenide "2•• colorl••• 9aa Inh•lation A 

Bydr09en telluri4e B_i_T• colorle•• gaa or yellow needle• Inhalation c I 

Lithiua, aodiua, potuli Li,Na,X ailvery-vhit• Ntal Fla-bility ' Water A 

lul>idiua, celiua lb,Ca 9olden-whiu liquid or aolid Fl-bllity ' Water A 
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I 

I 
I 
I 

I ClA:lS Of 
HA!AaD 

STAT!MIHTS Of 
H.AZAaD 

nlCAUTtONAaY 
MtASUHS 

INSTIUCTIONS IH CASI Of 
CONTACT Ott IXP'OSUal 

! 

lz
t 2 
=; 
! 

A 

Hl9hly ·r r dc KAY Bl! J'ATAJ. Ir 
SWALLOWED 

Wasl\ thorou<,hly after handlln9 I POISON I 
Call a Physician 

FIRST AI01 If awallowed, induce 
vositinq by atlcltlnq finqer dootn 
throat or by qivinq aoapy or 
etronq aalty water to drink. 
llepeat until vo.Ut 1• clear. Ne,,.r 
9lve anythinq by 11<>uth to an un• 
c:onecloua "9raon. 

B 

,. " 
Toxlc 

. 
HARMFUL Ir 
SWALI.OWl!!D 

Wash thorou:ihly atter .handlinq FIRST AID: tf awallowad, lnduce 
volliting by sticking Unger down 
throat or by qivin9 eoapy or 
atronq •Alty water to drink. 
llepaat until vomit le clear·. Call 
a physician. Haver 9ive anythin9 
by mouth· to an unconecioua penon. 

~ 
t 
Ill 

!l.. 
4: 

A 

i;:11hly To;do 141\Y Ill: l"ATAI. tr 
All !; o~ll~: o TllROUGff 
SKIN 

Oo ,~,,l O-t In 4')'••• nn akin, 
011 •: loth111'f. Ifa•h thorou<jh ly 
a11 .• 1r hand I ln9. 

aP01~0" a 
l'a I\ • l'hyd cl an 

VIRST AflJ1 In cu• of c:untact, 
l-dlatoly tlwoh ey.. nr akin 
wl th pt ..nty of water for at leeat 
l!l •lnutea whl.1• re..uvlnq con• 
tudnated clothln9 and 111\oaa. 
Wash clothin9 .before r-uae. (Dla• 
card C'OntaMinated ahoea.) 

B 

Toxic HARMFUL If' AB-
SORBl!D THROUGH 
SKIN 

Avo ld conta ct With eyea, akir., 
. and clothlnq. Wuh thoroughly 

after handlin9. 

PillST AID1 In caae ot contact, 
1-dhtely Uueh eyH or akin 
with plenty of water for at leut 
15 11lnutes while removinq con
taadnated clothing and shoea, 
Call a phyaic:ian. Waah .clothing 
before re-wae. (Dbc.ard cont..
lnated ahoea.) 

z 
9.:c 
;( 
x 

· ! 
I 

A 

Highly Toxic MAY BE FATAL IF 
INHALED 

Do not breathe (duat, vapor, 
..ht, 9••1' leep container 
closed. 
Use only with adequate ven
tl lation. 

IPorsOHA 
Call a Physician 

FIRST AID1 If inhaled, re.ove to 
fresh air. If not breathing 9ive 
artif1c1al respiration, prefer-
Ably llOllth-to-onouth. If breathing 
h difficult, qive oxygeo. 

i 

B 

Toxlc HAAAFUL IP IN
HALED 

Av'lid breathin9 (duet, vapor, 
tu:st, gas). 
l(eep container c:loaed. 
Use only ,.ith adequate ven• 
tiletion. 

FIRST AID1 IC inhaled, re1110ve to 
fr..h air. If not breathing 9ive 
artificial reapi ration, prater-
ably llOUtft-tO-lllOUth. If breathing 
le difficult, 9lve oxyqen. Call 
a physician. 

c 
Strong Senai
tizer , Lungs 

HAY CAUSE ALL!RCIC 
RESl'IRATORY It!• 
ACTION 

Avoid breathing (duat, vapor, 
ioist, <JU). 
Keep container closed. 
U9e with adequate ventilation. 

Get into freah air, 

D 
Physiolo9ic· 
ally lr...rt 
Vapor or Gaa 

(VAPOR) (GAS) RE
DUCES OXYGEN 
AVAILABLE FOii 
BRE,\THING 

K.,ep container closed; 
Use with adeq•late ventil.ation. 
Do not ant.er atoraqe area• 
unless adoquately ventilate<.!. 

Get into freah air. 
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CLASS OP STATIMINn Of PalCAUnONArr INSTiUl'.TIONS IN CASI Of 
fHA%AllD HAZAID MEASUIU . CONlACT Oil IXl"OSUll 
i 

Corroeive, CAUSES (SEVERE) Do not get 1n •YH. FIRST AID: In ca•• of contact, 
IEye EYE BURNS · Avoid breathing (dwit, vapor, i-diately flush ayH with plenty 

A 
111ht, gu). of water tor at laHt lS ainute•. 
ICeep contain"r cloeed. Cali a phydcian. I 
U•• v1th adequate ventilation. IWash thoroughly after handlint. 

iJ 
Corroaive, CAUSES (SEVEU) Do not 9at in eyea, QA •kin, on FIRST AID1 In cue of contact, 

llEye and Skin BURNS clothin9. 1-diatdy tlU9h •YH O!' akin 
A"oid bra.11thing (duet, vapor, vith plent1 of water for at laaat 

B •ht, gu). lS •inutea vhile re111<>vlng con• I•. "' ' ' ICeep container cloaad. ta111lnated clothln9 and ehoee. Cdl 
Uaa with adequate ventilation. • phy•ic1an. Wash clothing batora ... Naah thoro119hly after handling. ra-uee • (Diecard contAlllinated 

~ ahoH.) 

z Irritant, Eye CAUSES EYE llUU• Avoid contact with •Y••· FIRST AID1 In ca•• of contact,

8 c TATION Wuh thoroughly after handling. i!M9diataly flueh eyae with 
pleni:y of vatar for at laut lS 
..tnutH. Cell • phyaician. 

Irritant, Ey• CAUSES llUUTATIOll Avoid contact with ayH, akin, FillST AID1 In cue of contact, 
and Skin and clothing. i ....diately fl1i9h •YH vi th 

D 
WHh thoroughly after handling. plenty of veter for at leaet lS 

•inutH. Call a phyeichn. Fluah 
akin with water. 1w..h clothin9 
before re-ueel. 

Strong Senai- MAY CAUSE ALLER• Avoid prolonged or repeated rlRST AIOI In caee of contact,

E ti11er, Skin GIC SICIN REACTION contact vith akin. 1-diataly vuh akin with eoap 
w...h thorOU<Jhly after tiartdUng. and plenty of water. 

Extre•lY !XTRl!ltlLY FLAM· lteep away fr<>11 heat, •perk•, 

A Fla-.ble MABLE and open f la.,.. 
Liquid Keep container cloaed. 

U•• wit.II adequate ventilation. 

Flu.able . FLAHHAILE JCeep away fro• heat, •parll•,
B , Liquid end open n .... 

ICeep container cloaad. 
Use vith adequate ventilation. 

c Fla-.ble FLAMMABLE Keep away frao heat, eperke, 
Solid and open fl••. 
Fla.-able Gu EXTREMELY rt.AM• Keep away from heat, eparlle, 

MABLE (GAS) (LIQUID and open n ..... 

s D 
AND GAS) UNDER Use with adequate wntUation. 
PRESSURE Never drop cylin&or. 

Keep cylinder out of •un end 
ii away fro• heat. 

; 
E Cont.U9tibl• COMBUSTIllLE Keep ..,ay fro• heat and open 

~ 

~ 
Liquid fl.... 

Pyrofor1o EXTREMELY l'LM- JCeep ..,11,y fr- heat, eparke, 

F Subatance MABLE. and open fl&ln8. 
CATOIES PIRI! lP JCaep container cloead. 
EXPOSED TO Allt. 

Strong Oxi• STl!ONG OXIDIZER. lteep fro. contact wit.II clothing RellOY• and wuh ~tudnated 

G 
diller CONTACT WITH OTH!R and other cori>u.til:lle •ateriale clothin9 pro111ptly. 

MATERIAL MAY CAUSE Do not •tore near cad>u•tible 
FIR£ ..terials. Store in tightly 

cloe•d container. 

H Exploei- in Keep eparks or flaiaa way. 
Air 

I Explosive any Evacuate 
ConcUtione 

i A Fla11111able or BURNS DI NATER Use no water to fight fire. 
Explo•ive OR EXPLODES i... 
Highly Toxic FORMS POISONOUS Sae abo- inhalation A • II U.e no wat.r. 1~ B GAS WITH WATER

• REACTION 

• Toxic FORMS BURNING GAS Sae above contact A,B,C, • D U.e no water.

:_i c WITH WATER RE• 
REACTION 



APPENDIX V 


ELECTRICAL DIAGRAMS FOR THE ION SOURCE · 
" . """ .. . 

1) Ion Source Power Supply System. 


2) Ion Source Schematics. 


3) Telemetering System. 


4) Safety Interlock System. 

t 

5} Remote Control Gas Feed System. 

6) Remote Control Analyzer Magnet System. 
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Power Requirements 

The magnet coil mounted on the ion source housing must be 

connected so that the magnetic field on the axis from the filament 

can be cancelled out. 

Filament Supply: P out "' 120-130 W(6 V/20 A and 4, 5 V/30 A) 


Anode Supply: 250-300 V/0 •.1 A and 30-50 V/4-5 A 


Oven Supply: 9.~ ~)36 A (Imax "' 40 amp~) 


Ion Source Trouble-Shooting 

If the source will not start on argon, check: 

a) Symptom: No pressure rise when the needle valve 

is opened. 1 

- Cause: (i) Gas bottle empty; replace with full bottle. 

(ii) Needle valve damaged and/or shaft has no 

connection to the needle. Repair: 

b) Symptom: Fi 1ament currents in _ excess of "'26-28 amp 

needed to start the source. 

1. Measure the voltage over the filament feed-throughs on the ion source 

{switch off the extraction supply). If the resistance of the fila

ment is <0.1-0.15n at "'20-25 amp the filament is probably partly 

shorted. Replace the fi 1ament._ 

2. 	 If there are large amounts of mass 28 and mass 14 (nitrogen), and 

only little or no mass 40 there probably is a leak in the gas supply 

system. Use a perspex or trovidur tube "'0.5 m long (for insulating 

against voltage extraction) to spray the parts of the gas supply 



67 

system with gaseous helium and adjust the separating magnet to mass 

4 (in this case the separator part is used as a gas leak detector!). 

Any leak detected must be sealed. 

3. 	 If the main contribution is mass 40, the discharge chamber is 

probably leaking. Check whether the springs on the gas injector 

are properly positioned. Check all the insulators for cracks. 

Check whether the gas ·injector, or ,ovens are properly placed. 

f 
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l'-1 

2'-2 

A'-A 

Current output to input, Figure AV-5 

Voltage output to input, Figure AV-5 

To Ion Source 

VARIABLE INPUT 

115 volts AC 

Isolation Transformer 

2 ks-2
250 V DC 

-------"~ 1' 

1 ks-2180 µf 

25 kS1 

I
6.8 k 

7S13S1 2S1 _, 

I I 

. I I 

~ 2' ' 2A'

=--tv 
1 

Ts6oo~ --- I
n2 µfT 14000 µ-;f 

Figure AV-2: Anode Voltage Supply 

1 
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11 -1 Voltage Output to Input, Figure AV-4 

115 Volts AC 

Isolation Transformer 

VARIABLE 
INPUTS 

2 µf 

+ 

71 kµf 

TO 
MAGNET 
COIL 

.11 kµf I 

I 

30 A, shunts + 

l'v· I - 1 • 

Skd' · 
.:;. TO OVEN OR 

FILAMENT 

Figure AV-3: Magnet Supply (top diagram). 

Filament and Oven Supplies. 

1-..1 
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l • .. \ ~ 

82 kO . 
0 l 

1 kO 
TO INPUT 

FROM OVEN OR 
FILAMENT TERMINAL 1'-1 Figure AV-6 
Figure AV-3 

Figure AV-4: 	 Filament and Oven Input Circuits 

to the Telemetering System. 

LH0042CD 
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+15 v 

>-------1'0 INPUT 
Figure AV-6 

FROM ANODE 

Figure AV-2 

1 kn 

VOLTAGE TERMINAL 2'-2 

-.43. 38 kQ 6.81 kQ 

-15 v 

+15 v 
0 

~43.38 kO 6.81 kO 

1 kn 
FROM ANODE ~-" 
CURRENT TERMINAL l' -1 

Figure AV-6 
r--------TO INPUT

Figure AV-2 

-15 v 

Figure AV-5: 	 Anode Voltage and Current Input Circuits to 

the Telemetering System. 



73 IN4007 

I I +5 v +5' v+ 
100 µ] I luA7805 

GEHITBI 
!N914 ...

I l>I~ 

llOA~olt~; ;~ >---·· 

.1 

12 

402 

10 kll ~ 

+15 

3.~3 kn 

4 

5 

IN914 
-:

r= -~ 

-15 

1000 pF +5 v 

,_.!! 

74121 Q 

INPUT FROM 
Figures AV-4 

and AV-5 

IN914 

1 µf 

10 

I 1 

+15 v 

-15 

LED >. 

470n 

+5 v 19 

7402 n I I 

5 

Figure AV-6: Telemetering System Transmitter. 

""' 

-15 
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., . .~ 

+5 v 

56 kOA 
GEHITBI 

DETECTOR 

MICROAMP 
METER 

2.2 kO 

Figure AV-7: Single Channel Receiver for 

Telemetering System. 
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75 A Isolation Transformer 


B Fence Door 


C Key Switch 


D High Voltage 


IS-A Isolation Area 

V+ 15 Volts DC 

15 V+ V+ 

V+ 


IS-A 

A 
 1 o V+ 

V+~ Rt ~ <:!R 

IS-A -~ .f.R 
1 
 V+


B 
0 

G 

V+ ' 
~o I . I~ ¥-R 

V+ V+c I 0 

G 

V+ ~ I ~ I ~G . -.G
IS-A "-o · 

D I 

G G 

l D1 

i-----.J 

I kl I 

I kl I 

3 

-

4 

-

MSRlOO 

Dl to D4

0 

R 

MSRlOO 

1 To Isolation 
Transformer 
150 kV Syst,em

2 

SOLID STATE RELAY 

~ 

21--__._ 

11---------+ To ExternalD2 
Interlock of 
150 kV System 

D3 

..,,. 

_IN4007
D4 

R and G LED Diodes 

IS-A CONSOLE V+ 

Figure AV-8: 150 kV Safety Interlock. 
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Note 

Elec~rical diagrams of Figure 5, Remote Co~trol Gas Feed System, 

and Figure 6, Remote Control Analyzer Magnet System, have been designed 

but have not undergone a rigorous bench testing procedure. Consequently, 

the schematics of the finished circuit are not included in this report. 

~ . "" .,) 



APPENDIX VI 


HEAT EXCHANGER FOR ION SOURCE 
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FILTER 
OUT• ~ 


I • 1 mt BULB
SHUT-OFF WELL 

FLOWMETER 

HEAT 
EXCHANGER 

To Cooling Coil 
Around Ion DEMINERALIZERFILL VALVESource 

Reservoir 

MANUAL 

THROTTLING · 


- v 

VALVE 

" I "PTTMl> 

IN 

-----------------,.---our 
...... 

IN I (X) 

Figure AVI-1: Demineralized Water Supply. 
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