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CHAPTER I

INTRODUCTION AND SUMMARY

The mass spectrometric system for the investigation of electro-
negative additives was modified and data were obtained from a cesium

oxide capsule at temperatures up to 240°C.

The emission characteristics of a vapor-deposited tungsten
emitter with a molybdenum collector were investigated in a variable-
spacing converter. The set of data obtained is particularly useful for
comparison with the results of theoretical analysis and for studies of
interrelationships between the various converter parameters, since it
includes work function measurements and variable spacing data as
well as cesium pressure families. The data were used to investigate
the dependence of the voltage drop on the product of cesium pressure
and interelectrode spacing Pd, cesium pressure P and ion richness 8.
At constant values of Pd and 3, a dependence on cesium pressure was

observed.

The vacuum work function measurement apparatus dascribed in
the Second Quarterly report was completed and preliminary data were

obtained on a fluoride vapor-deposited emitter.
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CHAPTER 11
MASS SPECTROMETRIC INVESTIGATION
OF ELECTRONEGATIVE ADDITIVES

Marion Shaw

A. INTRODUCTION

During the third quarter, minor modifications on the system
were carried out, stability of response of the mass spectrometer
was checked out, and a lock-in amplifier system was set up for use.
Experimentation was begun on cesium oxides. Data were obtained

from one capsule at temperatures up to 240°C.
B. PRELIMINARY MODIFICATIONS AND MANIPULATIONS

The bellows and a heater on the Knudsen cell were replaced.
The ion pump surrounding the Knudsen cell was cleaned out, due to

the presence of some contamination from the cesium run.

The lock-in amplifier (PAR model 120) was wired up so that
the output of the multiplier on the mass spectrometer could be
switched either directly into the scope, into the lock-in amplifier,
or into the lock-in amplifier preceded by a preamplifier (PAR model
112). The system was tried out with the nitrogen beam apparatus
(Figure II-1). The nitrogen beam was also used to verify that the

response of the mass spectrometer had not fallen off.

C. CESIUM OXIDE EXPERIMENTATION

A total of three capsules of cesium oxide were buili. The first
developed a leak in the fuse braze, apparently due to a porous structure
caused by hydrogen brazing. Subsequent capsules were vacuum-brazed

and the problem was not encountered again. The second capsule apparently
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could not be cracked in the Knudsen cell under vacuum, and it was |
removed. Everything went well with the third capsule and we were
able to obtain data from it; the following discussion concerns this

capsule.

With the apparatus for distillation and oxidation of cesium shown
in Figure II-2, a capsule containing equal stoichiometric amounts of
cesium and oxygen (to form CsQO) was built. The initial amount of
cesium was 1/2 gm. This capsule was placed in the Knudsen cell,
and the system with the Knudsen cell was baked out up to a Knudsen
cell temperature of 250°C. With the system at room temperature the

background pressures were

2 x 10-8 torr (chamber containing Knudsen cell)

]}

P

1 x 10-7 torr (chamber containing mass spectrometer)

P,

The capsule was cracked and mass scans were taken as a function
of the temperature of the Knudsen cell. Mass scans showed that the
only modulated signal present (i.e., from the chopped molecular beam)

was due to cesium.

Using the pre-amp, the minimum signal level due to noise which

could be observed for this capsule corresponded to about
-6
5x 10 torr - in mass/charge range up to 50
5%107° torr - in mass/charge range from 50 to 500

The noise was a function of mass setting; the background was

much worse at the lower mass numbers.
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Both the lock-in amplifier and the scope were observed to track
together where tuie signal was large enough to be seen on the scope.
Two runs (described in detail below) from room temperature up to
230°C were taken. Above 230°C the outgassing level was too high
for the ion pump. At the end of the second run, the ion pump sur-
rounding th: Knudsen cell showed evidence of contamination, and no

further data were taken on this capsule.
1. First Run

The results are shown by curve A of Figure II-3. The shape
of the curve is qualitatively the same as that found in the second run.
The difference in amplitude of a factor of about two between the two
runs can be explained at least in part by the fact that better resolution
(resulting in lowered intensity)wasused in the first run. The signal
was qualitatively reproducible in the sense that the curves in Runs [

and II had the same shape and the same magnitude within a factor of 2.

2. Second Run

The results are shown by curve B of Figure II-3. It would have
been interesting to have followed the cooling curve all the way back to
room temperature. At this point, however, the ion pump started
drawing too much current. There appeared to be a small peak at
200°C; however, the system was less stable due to outgassing at

higher temperatures, and this peak may be an artifact.
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D. CONCLUSIONS

Although only cesium was observed, the temperature dependence

of the signal was very different from that to be expected from a pure

cesium reservoir:

(1) the temperature dependence was not exponential;
(2) the mugnitude at higher temperatures was much smaller
than would be expected for pure cesium.

For example, the signal from pure cesium was observed to be
48 mV at 130°C. and 84 mV at 140°C (see second quarterly report).
In this experiment with cesium oxide, the maximum cesium signal
was 20 mF (145°C) and at 200°C was less than 5 mV. The signal
predicted from our data for pure cesium at 200°C would be over

600 mV. According to our calibration, a partial pressure of 1y of

cesium in the Knudsen cell corresponds to a 28 mV signal on the scope.

No other mass peaks at the modulation frequency were observed

over the mass/charge range of 1 - 500.
Questions which arise from these data include:
(1) Can the noise level of the system be reduced so that higher

gain can be used in a search for oxides and oxygen?

(2) Were the contents of the capsule at equilibrium ?

We think that the noise level of the system can be significantly
improved by baking out to higher temperatures. Also, it is important
from the point of view of the converter application to be able to take
data as high as 600°C. We think that bakeout at higher temperatures
before breaking the capsule will improve the probability that the

contents are in an equilibrium state if the oxidation happens to be

kinetically limited.
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CHAPTER III
PARAMETRIC DATA

F. Rufeh, D. Lieb and L. van Someren

A. EMISSION CHARACTERISTICS OF A DUPLEX VAPOR-DEPOSITED
EMITTER

1. Introduction

The emission characteristics of a vapor-deposited viingsten
emitter with a molybdenum collector were investigated in a variable
spacing converter. The converter is equipped with a collector guard
ring which is maintained at the same temperature and potential as the
collector (Figure III-1). Flexible bellows allow the interelectrode
spacing to be varied from zero to 100 mils. The set of data obtained
is particularly uzeful for comparison with the results of theoretical
analysis and for studies of the interrelationships between the various
converter parameters, since it includes work function measurements

and variable spacing families as well as cesium pressure families.

2. Emitter Preparation

The raw material consisted of a piece of fluoride vapor-deposited
tungsten from an ingot previously used on this program. A slab was
ground down to about 0.155 inch thick, and then a layer of tungsten
about 0. 02 inch thick was vapor-deposited onto it from the chloride
and its surface was ground. The resuli was to give an emitter with the
strength and grain stability of fluoride tungsten combined with the
superior emission properties expected from (110) oriented chloride

tungsten.

III-1
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Discs 0.77 inch in diameter were cut from the raw material,
and annealed for 3 hours at 2220°K in a tungsten container in a
resistance furnace. This was expected to produce a grain structure
which would be stable during subsequent converter operation. To
ensure removal of the randomly oriented layer introduced by grinding,
the emitter face of the disc was electropolished in 5% NaOH solution at

10 volts for two minutes.

An attempt was made to obtain a partial pole figure from the
surface of the emitter, but the highly irregular curve which resulted
was an indication that the heat treatment had produced a grain size

tco large to provide a good sample of grains for x-ray examination.

A cross-section of the substrate and deposit was prepared
metallographically on another specimen subjected to the same treat-
ment; the photomicrograph after polishing and etching is shown in
Figure III-2. This picture shows the chloride deposit, now recrystallized,
on top of the still-columnar fluoride substrate. The circular marks are

artifacts of the polishing process.

3. Work Function Measurements

The bare work function of the emitter was determined in the con-
verter prior to the introduction of cesium. The calculated results
using Richardson's equation are shown in Figure III-3. There was no
significant dependence of emitter work function on emitter temperature
in the range of 1750 to 1950°K, which indicates the absence of oxygen
contamination. The bare work function was found to be about 4. 87 eV.
After the introduction o: esium, the cesiated work function was de-

termined under highly ion  -~h conditions and at an interelectrode
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spacing of 1 mil. The calculated values of work function are plotted
versus the ratio of the emitter to cesium reservoir temperature in

Figure III-4.

4. Cesium Families

Families of volt-ampere characteristics were obtained by
changing the cesium pressure while the other converter parameters
were held constant. Figures III-5 through III-29 show these families
in the emitter temperature range ol 1600 to 1900°K and the interelectrode
spacing range of 0.5 to 40 mils. The emitter temperature indicated
represents the temperature at the emitting surface, and the collector
temperatures were chosen to be in the vicinity of the optimum values.
The output voltage is measured from a voltage tap at the cold end of
the emitter sleeve and requires a correction of 1.5 mV per amp/cm
for conversion to electrode voltage. The cesium pressures (P) and
the interelectrode spacings (d) inthese data are chosen to provide the
Pd products of ..., 5, 10, 20, 40, ... mil-torr. A summary of the
envelopes of the cesium families is shown in Figures 30 through 33.
Each curve in these figures represents the optimized performance
with respect to cesium pressure and collector temperature. The fully

optimized performance is shown in Figure 34.

5. Spacing Families

Variable-spacing families were obtained covering the spacing
range of 0. 5 to 40 mils for the cesium pressure range of 0.5 to 4 torr
and the ion richness range of 0.1 to 10. Figures 35 through 37 show
such families at an ion richness of 10 and cesium pressures of 0. 5,

1, and 2 torr. Note that for the Pd of 0. 3 mil-torr (Figure 35) there

III-3
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is a clear saturation and no ignition. At a Pd of 0.6 mil-torr ignition
still does not occur, but the saturation current is slightly reduced. The
higher Pd curves show a definite ignition, and the observed currents
are significantly higher than the saturation current. This is probably
caused by ion current and Schottky effects, as suggested by Hansenl'
and Wilkins.3 The spacing families for the ion richness conditions of
1 and 0.1 and the cesium pressure range of 0. 5 to 4 torr are shown in
Figures 38 through 44. In each family, the extinguished mode and the

ignited mode including a large portion of the quasi-saturation region

are recorded.

6. Summary of the Data

Based on the work function measurements, an emission map of
the surface was constructed, as shown in Figure 45. The electron and
ion currents are shown by the dashed and the solid curves, and the
ion richness is indicated by the solid lines. Emitter work function
(the open circles) measurements were performed under highly rich
conditions and cesium families (the open triangles) were obtained
mostly under electron rich conditions. A total of 10 spacing families
(solid squares) were obtained, 3 at the ion richness of 10, 4 at the
ion richness of 1, and 3 at the ion richness of 0.1. This set of data
provides a large number of volt-ampere characteristics at the
various combinations of Pd, P and 8, and is useful for theoretical

analyses and correlations.

7. Correlations

4
Several years ago, Kitrilakis found a correlation between the

deviation from ideal performance (V*) and the product of cesium

I1I-4
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pressure and interelectrode spacing (Pd). He stated, however, that
the correlation was only true within a band of 0.1 volt. Using the
present set of data, an attempt was made to determine if there are
other dependencies contributing to the band. For this purpose, the
voltage loss V* was defined as the difference in voltage between the
Boltzmann curve and the J-V curve at the point of tangency to the
cesium optimized envelope (Figure 46). According to this definition,
V* is a measure of the deviation from ideal performance, and hence
it is useful for indicating trends that may lead to an improvement in

performance. The Boltzmann curve was established by the equation:

¢C+V]

2
J = AT, exp ( kTE

where J is electron current, A is Richardson constant, T¢ is emitter
temperature, k is Boltzmann constant, V is electrode voltage, and ¢¢
is the collector work function for molybdenum.5 Note that a correction
of 1.5 mV per a.mp/cm2 must be added to the output voltage of the J-V

curves to obtain electrode voltage.

A summary of the results at the ion richness of 0.01 and the
cesium pressures of 2, 4, and 8 is presented in Figure 47. The curves
with lower cesium pressures exhibit a lower V¥, but since each pres-
sure ccrresponds to a particular emitter temperature (Figure 47), the
question arises whether this behavior is due to cesium pressure or
emitter temperature. Similar plots made at constant emitter tempera-
tures also showed a decrease in V* with decreasing P; hence this
effect appears to be mainly due to cesium pressure. The data for the
ion richness conditions of 0. 05, 0.1 and 0.5 are shown in Figures 48

through 50. Note that at the ion richness of 0. 5 the dependence of V*

III-5
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on P begins to break down, probably because of approaching neutral
conditions. A cross plot of the data in Figure 5] indicates that at
constant values of Pd, the voltage loss is an increasing function of
cesium pressure. It also appears that 8 in the range of 10-2 to 10-l

has little influence on V™.

B. VACUUM WORK FUNCTION MEASUREMENT APPARATUS

The apparatus described in the Second Quarterly Report on
this program has been debugged and put into operation (Figure III-52).
It has demonstrated the problems usually associated with new high-
temperature, high-vacuum equipment, which have gradually been
eliminated, and it is now providing useful data. Emitter temperatures
up to 2500°K can be obtained easily. The system pressure depends
chiefly upon the length of time it has been operating, and reached 10-7

torr at operating temperatures overnight. Pressures a decade lower

can be obtained with patience.

Temperature measurements have been made through a side-
window using a micro-pyrometer sighted on a radial blackbody cavity
(L/D at least 8:1). Measurements are made by using a variable power
supply to obtain an I-V curve for the device. The current signal is ob-
tained from an appropriate resistor (1, 10, or 10002) in the circuit,

and the guard is maintained at collector potential except for the drop

through the resistor, which is always less than 50 mV (see Figure III-53).

Preliminary data were obtained from a specimen of ground and
annealed tungsten vapor-deposited from the fluoride. The surface work
function is obtained from Richardson's equation and the measured

values of saturation current and surface temperature. A summary of the

I1I-6
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data is shown in Figure III-54. The diagonal lines represent constant
values of work function. At emitter temperatures higher than 1850°K,
the data points follow the work function line of 4. 51 within £0.01 eV,
indicating that the partial pressure of oxygen at these temperatures

is sufficiently low and does not interfere with the bare work function
measurements. For emitter temperatures lower than 1850°K, the
data points begin to drift towards higher work function lines, since

the surface temperature is low and oxygen begins to adhere to the
surface. Work function measurements on similar emitters, performed
at Gulf General Atomics, have shown a work function range of 4. 53 to

4.50 eV.
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and d



Variable Cesium Pressure Family at Tg = 1600° K

and d = 1. 25 mils,
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Figure III-8. Variable Cesium Pressure Family at T¢ = 1600° K

= 5 mils.

and d

III-15



1.2

1.1

|
e

o0s SaOhe FoRSY rasen FSTTS SAtY SRURS SEREE rodhe SUTIE HIEES Satot coror ohe: s3oue sotet tAblks soree suo 1 1
peos semnse SN Sioss ToUEE SOE S08 ALIDE rbSll SO0Re SEEEs S30uy sougt SPRDS Supus by pus ST sesse soBEe : ¥
.- R MDY oL § 1S SPDDY POPSE PRPOE PERS SSRGS B4 Si - - RS
KRR SOESY SERTS chEt: Sa2ct ERES! BREREISES fass Soady s 1 jeesedse iiehe
I SOEE3 oot SERNS S5 TS SSES SSE% Fhlkos S0aa3 SR i
.. : 986 500 S3ErS ShdSe 0600 SO SOEUS Sobts SPbas phTbe Sd: phu o in
bl IS0 SPYRS TOVSS ST SEPRS 4 o4 IS PPRNY SHDED SORIY POSTE PO e I§ 32 Sqwes
- [SEEE IRO05 D0t FEa0t bndes co o0t SOl DAEEH SOEER HEES Lo94 oo :w [P9SE Sy
FES0S S0S% $PE83 Sabbe swude so000 SEEUE FRDNE SERED MONIS Jasy SSan rs3is $0004 spos
[ PPPTS SPPiY POPE a4 I90% SORGY PRORS SUOUE SRDPS SEOUY $ PP SRDSS SEDON PRTDS
- POgERY SPDOE SO IS0 PRSP SPOGH PPN SDOE NP2 20006 S5 9 1+ PRUDY SOt
- DEIRY B RIEE IR e o Sy e P Rs o3 L e L e LR s S .vN.Ica.
PR SO PHEES SRS SOEY SHOSS SNENE SEDY [ S PRIDO SDPPE PO [osis So00s 8
= a ISERT SPUAE $2TT P00 PEOOE SRLSR SUNDE PORES SPPRE SOOSY : v POODS
X X X % ESTR) SENES TEDES SERRE STES2 SISET EETEL SERS SEERL SERSE SECT: STER) STE SRR Ee
. . - EORY FROUS FEEE1 EREDE $321: S3533 SoOtl ST FOEES SE00S poys FEoHs %Lm 354 SEI
-— L o . g IS EEEOS SESSS EERES poves toss Soves pesey poses cops sasus ox: sape: P
JURES SERNE SER31 EEEEE $52334 S35 so00s S333) $oode PobLa FRPE2 2k s
X o o w 558 FO00 0S FETE $8094 $500e ausid sabdl SSbad REbed BESad S04 toai
IS8 (5004 FRETE $TR0S SO0ES sptn Snpes FPL0s Sabed TRt SPRDS R 3984 Tt
- O — jS0¢ SURES SPNES SHOSE She 00 0D 0N SEES SHRRE N 2l bo snond
(o) IOSES S . JOUE 55002 S350 hbude SEINS S I Ged i
" " " " PR DU S PR 4.4.*0 R R R R R T o “fiiee PR
- — <] FERDS S samae IS¢ 53200 SUPIY INSTS SETAS PEELY SOSFS SRS FPLD tts P
I e o e SRS e : B35S o008 S0oE SUSEE ELSSE SEEOE FPRS FESTE SRS il Lo
— X B+ B B v Attt
2 TET3E SE0EE I 13383 SSER Bt 2232322 SEEEE SERE JRERS IRES: IS oE RS
o B ) RS SRS S04 bl 4 SRRDS S04 SORNS SIS SRARE My gotl '
2z [ 38 SO AL SREEE S : RINEES S $404 SUUES CONE SRUUE SRS SN S
R i . . PR UGN PR o - PG SN - . Ve
»
co ! T : : N B i SRR SRR SRR SEES IEDNE LS o i
- - . - JEEE IO 2008 R 1t IS ICERDASERS 53550 SN I S0ae :
.- <t B SabdnSiabie sosbie ainls St et and e - : NELS PEO0S SRESS LSS pRape 322 SES) o
<4< s ¢ . IR RO SN & S SEDes S 53 $000 33508 FSSHS hos: [ SSS04 SESS% Sees
- —_ : [SNNES SOEE REDUE SEOUN Lo+ SHRAS SASEs SoaRs Shtes LRSS EESSY S4 g S8
C ) R o - L R S ¥ JURS SN PO SRS ST DS SN P B ODORS i [OPE $20.08 joges
0: Fod i i NI S SR S S SN 0N SRR SR 13
. " . . -
o] E IESERY S N R
[ ' . $ : . 1.
»® [ o) S S0 ST T
O ! - S
“ . - - .
» : JUURE JESRE FRUNS A =
PR S S50ee IR 3 N SO S54s S50
o kYR bbb bt
: P o< [0 24 1. s SPpe

-5 bS SRUY ARSOE SRDEE SIS SPet
S -

. . IS SN ;
[EPEY SRAPS SEPOe SODRe ety 2 =
NSS4 SROBS SO0 SORAE S :

- - pib¢ SE90S ot SORDY SRIUN SN
PSR SRpee p000s SOSUS Soghs SN0y FRGI SUDRS N
- 53932 00003 soem: it
Tv 94 T IO SHRES adibe S
ot :
&4 +3:35 [0 SPOSS piuse SO

N..D\.ri ‘ALISNAQ LNZNNMD

OUTPUT VOLTAGE, Volts

Figure III-9. Variable Cesium Pressure Family at Tg = 1600° K

10 mils.
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1.1

OUTPUT VOLTAGE, Volts

Variable Cesium Pressure Family at Tg = 1600° K
arnd d = 20 mils.

Figure III-10,
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40 mils,

Variable Cesium Pressure Family at Teg = 1600° K

and d

Figure III-11.
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Figure III-12,
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40 mils.

Variable Cesium Pressure Family at T¢ = 1700° K
and d

Figure III-18.
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Variable Cesiurn Pressure Family at Tg = 1800° K
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0. 5 mils,

Variable Cesium Pressure Family at Tg = 1900° K
and d

Figure III-24.
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OUTPUT VOLTAGE, Volts

1900° K

Variable Cesivm Pressure Family at Tg

Figure III-25,
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Figure III-27 Variable Cesium Pressure Family at Tg = 1900° K
and d
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