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Abstract
New Target Methodology: Polymer-Assisted Depositod Its Applications on Gas-Phase
Nuclear Chemistry with Rutherfordium
by
Mitch André Garcia
Doctor of Philosophy of Chemistry
University of California Berkeley

Professor Heino Nitsche, Chair

This work focuses on three research topics that @estinctly different but broadly
centered around developing new methods to perfaansactinide gas-phase chemistry. First, the
application of a new materials science methodolBgyymer-Assisted Deposition (PAD), to
target manufacturing is described. Second, thetamion of a new experimental apparatus to
conduct gas-phase chemistry and the design ofitsrand electronics for the measurement of
alpha-decay energy is discussed. Third, a new auoéction for the production 8fRf, an
ideal candidate for gas-phase chemistry due teligively-long half life (f,= 69 s), is detailed.

The PAD method was used to make metal oxides afidnaf europium, and thulium on
silicon backings that were found to be homogenmashaghly uniform metal oxide films. The
films, after a single application of the PAD methoghged in thickness from 30 to 320 nm. The
reapplication of the PAD method on already existimgtal oxide films (six times) using the 10%
by weight hafnium (V) solution resulted in equallgmogeneous and uniform films with a total
thickness of 600 nm.

The irradiation of targets made by the PAD methodgitcon nitride backings (thickness



of 1000 nm, 344g/cnt) were irradiated with at?Ar beam at a laboratory frame energy of 210
MeV (50 particle nA). The root mean squared (RM&jghness prior to irradiation was 1.1 nm
for a 250 nm (22@g/cm?2) TmO; target, and a RMS roughness of 2.0 nm after iataxh was
measured by Atomic Force Microscopy (AFM). Thespeasiments demonstrated the resilience
of the targets to heavy-ion irradiation and wilbpe useful when next generation ion sources
come online with subsequently larger beam integssiti

The design, construction and testing of the alphaelapparatus for gas-phase
chemistry reactions was completed. Testing of theéag was done witff*Fr, produced from the
nuclear reaction df*Tm(*°Ar, 4ny°Fr. The francium atoms were quickly transportethto
alpha-wheel apparatus, and a total of 164 decays detected. They centered at an energy of
6.8 MeV which corresponded to the known 7.01 Medhalparticle froni®Fr; discrepancies in
the energy are due to energy-loss from the helivmosphere in the apparatus.

The first nuclear synthesis of Rutherfordium-26ihgsiranium targets{U) were
conducted with the Berkeley Gas-filled SeparatdhatLawrence Berkeley National Laboratory
88-Inch Cyclotron. The nuclear reaction consistedradiating the uranium targets withif%Ig
beam. The production 6FRf went through a 3n exit channel, a channel nanadly seen in
hot-fusion reactions, and had a cross section @i28

In summary, this work shows that Polymer-Assistegh@sition is a good method to
produce homogeneous, uniform, and crack-free nogtde targets for nuclear science
applications. It also showed that the constructiban alpha-wheel apparatus to measure the
alpha-decay of radionuclides is reliable. Findtljias been shown that the productiod°4®f is
possible with uranium targets at a sufficient ciesstion to make a gas-phase chemistry reaction

with this isotope feasible.
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Chapter 1: Target Methodology and Rutherfordium Chemistry

1.1.1 Introduction

This dissertation is concerned with the study néw target methodology with
applications to transactinide chemistry, the carcsion of a gas-phase transactinide element
chemistry apparatus, and the study of a new traéingde production reaction féf'Rf. The
transactinides comprise the elements between fatderm (Z = 104) to the recently confirmed
element 114; they are found in the last periochefReriodic Table in Groups 4 through 14, and
can be seen in Figure L All the transactinides are inherently unstabladolear decay and,
depending on the isotope, will decay by either aldbcay, beta-decay, or spontaneous fission;
the longest-living confirmed isotope has a hak-off ~1 min (R, T,,=75 s)? All
transactinides are produced in a particle acdelenahereby a beam of heavy-ions is
accelerated and directed at a target; on occasi@aboaic nucleus of the beam and target will
fuse to form a compound nucleus of the transacioidnterest (several methods nuclear
scientists use to produce targets are discusssettion 1.2.). The probability of producing the
desired compound nucleus is very small; a sampéeiledion of the probability to produce a
transactinide element is given later in this sectio

The study of an element's chemistry is at the hedaall chemistry research. Chemists
who study the chemical properties of the transatgshave to verify that the newly discovered
elements indeed behave as one would expect fomzbereof their respective group on the
Periodic Table. Deviations from predicted behavieed to be explored, and some examples of
deviations are discussed in section 1.4. Becaluge dow probability of producing
transactinide elements it is necessary to study themistry at an atom-at-a-time basis. This is

usually done by separating the element of intdrest the beam using velocity filters and/or

1



magnetic rigidity separators; this is discussechare detail in chapter 5.

1 18
5 13 14 15 16 17/1.°
Li|Be BIC|N|O|F |Ne
3 | 4 s|le6| 7|8 9] 10
NalMg 2 4, 5 6 7 8 o 10 11 12| M5 |34
K |[Ca|Sc|Ti| V |CrMn|Fe|Co| N1|Cu|Zn|Ga|Ge|As|Se|Br|Kr
19|20 21|22 232425 26|27 28 20|30 31]32]33]34]|35]36
Rb|Sr| Y |Zr |Nb|Mo| Te |Ru|Rh|Pd Ag Cd|In|Sn|Sbh|Te| 1T |Xe
37 | 38| 30| 40| a1 | 42| 43| 4a|a5| a6 | 47| 48| 40| 50| 51| 50| 53] 54
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Fr|Ra|Ac|Rf|Db|Sg|Bh|Hs|Mt|Ds|Rg|Cn

87 | 88 | 89 | 104| 105| 108|107 | 108|109 110|111 112 114

Cel| Pr INd|Pm|Sm|Eu|Gd|Th|Dv|Ho| Er [Tm| Yb|Lu

58 | 50|60 | 61| 62|63 |64]|65|66|67|68]|69]70]|71

Th{Pa| U [Np|PulAmCm|{Bk|Ct [Es|[Fm|Md|No| Lr
90| 91] 92| 93| 9405|9697 ]98] 99 [100]101]102] 103

Figure 1.1 Current periodic table of the elemestsefaNovember 2009.

In a nuclear reaction, a target comprised ofatatiy nuclei is irradiated with heavy-ion

beamsi(e, 20, 2?Ne, Mg, “®Ca) as shown schematically in Figure 1.2.

Figure 1.2 Schematic diagram of beam particleg{f)g through a target (T).



The energy of the beam is often characterizedarlitbrature as a value in the laboratory
frame or as a value in the center-of-mass framthdriaboratory frame, the projectile is
characterized by its velocitys¥s and mass Iyl while the target nucleus is characterized by its
velocity, VT, which equals zero, and has mass Me total kinetic energy in the laboratory

frame (Tr ) is thus,

Tip=SMpVa p+ SMVE o (1.1a)

Trp=tMpV3 p+0=3MpV3, ;- (1.1b)

Similarly the momentum @5 for the projectile is given as R = MpV5, and the momentum of
the target nucleus istR = M;V+ which is equal to zero in this reference framee Tanter-of-
mass frame is strictly defined as the system irclvtie total momentum of the projectile and
target nucleus is zero. The velocity of the profe@nd target nucleus in the center-of-mass

frame are Galilean transformations from the labmsatrame, and are given respectively as thus,

Veos = Verr — Ve {1.2a)

View = Vreor +Vou = Vou {1.2b)

The momentum in the center-of-mass framg s equal to M(Vp, - — Ven); Since as the
momentum of the projectile is also equal to thgets momentum, it is also equal ta\K4y. By

solving for the velocity of the center of mass (), a transformation from one reference frame

3



to the other is possible. This can be accomplishyesktting both values of the momentum in the

center-of-mass frame equal to each other as thus,

MpVprr— MpVey = MV (1.3a)
MpVprp = (Mg + Mp)Ve g (1.3b)

r .1|I |1-|I_I-'
Voew = giging (1.3c)

Using this result it is trivial to then solve fdre relationships between the center-of-mass
momentum and laboratory frame momentum, and betweetotal kinetic energy in the center-

of-mass and the laboratory frame.

o MrPpir
For = o (1.4a)

_ MrTprr
Ton = (M +Mp) (1.4b)

On occasion a beam particle A will strike a nucletiB. The rate, R, of this occurrence

is given by Equation 1.5.

R=0cONy (1.5)

Whereg is the cross sectiom) is the flux density of beam particles A in unifscon?s?, andN+

is the number of atoms of the target nuclide T. @itwss section for simple scattering
experiments can be described using the geometss @ection of the nucleus, which is on the
order of 13 cn? (ignoring nuclear forces and Coulomb interactioAsjde from scattering

experiments, cross sections can be defined foifgpraclear reactions, and can be thought of



as a probability or likelihood that a nuclear reacwill occur. The unit for cross sections are
called barns: 1 barn (b) =1#0cn?.

A sample rate calculation for the production oharfordium isotopes is as follows. The
production cross-sections for rutherfordium ardghl@norder of nanobarns 10cn?, typical beam
intensities available are ~E@articles cnis?, and targets have ~2@toms within a typical area
under irradiation. Multiplying these magnitudesdtiger yields the rate of producing
rutherfordium nuclei: somewhere on the order of #&Xor 36 nuclei per hour.

To conduct a rutherfordium chemistry experimens itecessary to produce targets that
do not flake, can withstand large intensities aiheion beams, and are uniform and
homogenous. Recently, there has been a push foehigtensity stable and radioactive beams at
Coulomb barrier energies. In order to advance etudf nuclear structure, reactions, and
astrophysics, experiments with new isotopes pradlate¢he Facility for Rare Isotope Beams
(FRIB) and the Argonne Tandem Linac Acceleratot&@ws(ATLAS) require higher energy and
higher intensity beams, as outlined in the Nuctaence Advisory Committee (NSAC) Long
Range Plan for 200%In the time leading up to the opening of the FRtBJichigan State
University, ATLAS at Argonne National Laboratoryhsing refit to provide a ten-fold intensity
increase for all speciésThe upgrade will allow studies of nuclei from thery neutron-rich to
those beyond the proton dripline. Other accelesatarch as the UNILAC, a linear accelerator at
the Gesellschaft fir Schwerionenforschung Insti{@8l) in Germany, also desire high beam
intensities for super-heavy element reseérch.

Furthermore, it is necessary to construct instrusérat will assist with the exploration
of the chemistry from the collected rutherfordiutaras, and to develop electronic, circuits, and
data acquisition systems to record their decayadtaristics. Finally, new nuclear reactions

should be investigated in order to look for alt¢ineg more attractive, methods for producing
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long-lived rutherfordium isotope&*{Rf).

1.2 Target Methodology

The preparation of targets has long occupied the of experimental nuclear scientists.
To date the main methods of creating targets areura evaporation, molecular
plating/electrodeposition, and painting/sedimentatirhe work in this thesis will describe a new
target methodology: polymer-assisted depositiochEaethod is briefly described below.

One of the earliest reported uses of vacuum evéporas a method to produce nuclear
targets was by Randall and Smith in 199%e method involves pasting an oxide or carbonate
of an alkali or alkaline earth metal of interestaa tantalum foil; the foil is then heated, and as
the metal is reduced, the elemental form is ca@cn a cool assembly within the chamber. A

schematic of this process is shown in Figure 1.3.

".I’r:_;g:uum Chamber

b

Holder/Mask Substrate
" A\ {

e v Ll I 1

Viewing Port | VAL |
Ié—' () g
Shuﬂet V111 e vapour

Base Plate Rotary | f |

Feedthrough |
High Current 10 Pump
Feedthrough

Figure 1.3 A generalized schematic of the evapamatiethod for target productiohs.



The target thickness is a function of the rateesting and the geometry of the vacuum
evaporation apparatus. The chemical equationthi®process with alkaline earth and alkali

metals are given by Equation 1.6a-b and 1.7a-tectsely.

Alkaline Earth Metals

M;Oyq) + heat — 2M ) + 3Oy (1.6a)

Mj(CO3) ) + heat — 2M,) + COy) + 10y (1.6b)
Alkali Metals

MOy + heat — M, + 30a) (1.7a)

M(CO3),) + heat — My, + COyy + 204, (1.7b)

Molecular plating and electrodeposition are thetetehemist's solution to target
preparation. Both methods employ an electrochensilalvith a solution comprised of the
dissolved target metal of interest. Once a potkistiapplied across the cell, the solute deposits
onto the target backing. Because both methods &avmilar setup they are erroneously used
interchangeably in the literature. In moleculatiplg the molecular compound that is dissolved
in the electrolyte is deposited onto the surfad@|enn electrodeposition it is the elemental form
of the element. Another difference is the use ghhioltages (50-2000 V) in molecular platihg.

A general procedure for molecular deposition ifolews: A solution is prepared of
either hydrochloric or nitric acid (~3N) at a contation of 10 mg/mL of the solute to be
deposited. Anywhere between 25 to 250 mL is addddtmL of iso-propyl alcohol. This is then

transferred to an an electrodeposition cell thattha target backing (e.g., thin aluminum) as the



cathode and a platinum wire as the anode. Thegmitathen applied, and the compound
deposits onto the target backing.

Painting produces metal oxide targets by dissolaimgetal in a solution of alcohol and
lacquer. The solution is applied drop-wise to geabacking which is slowly rotated. The
process is complete after the foil is removed ftbmrotating mount and heated in oxygen,
forming a metal oxide film on top of the backingteréal. This method was first used to produce
uranium oxide films on platinum foils by Jorgenseri944° The method has been successfully
extended tal-transition metal4? and was the standard method of actinide targetyatamn at
Lawrence Livermore National Laboratory from 196989

This method has several limitations and has besaritbed as the last option available
when “...depositing refractory compounds and foo#ter sources when all else fails.”

Painting will lead to a non-uniform metal oxide daythe target will be thinner in the middle and
thicker at the edges. It can not be used to makk targets (>50Qug/cn¥), because the metal
oxide will crack and flake off the substrate’s sus.

The Polymer-Assisted Deposition (PAD) method west flescribed by Jigt al. in
2004 The PAD method shares many similarities with tam{ing method of target production
but was invented independently. In the PAD metlaoahetal chloride is dissolved in an aqueous
solution of a multi-dentate polymer. The coordingtnature of the polymer helps dissolve a
greater amount of the metal chloride than woulgdssible in a generic lacquer, see Figure 1.4.
The solution is spin coated onto an atomically stimgarface (root mean surface height
deviation ~1 nm). The resulting metal-organic fisrhieated in an oven to temperatures greater
than 600 °C in air. The organic part of the metglanic film depolymerizes and is removed by
evaporation. The metal that is left on the surfaa®nverted to a metal oxide by this process.
The PAD method produces metal oxide films severdéis of magnitude more homogenous
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than comparable methods discussed above.

The metal-organic solutions are the key to whyntteghod works well. The polymer used
for this work was polyethylenimine (PEI). The orgamolecule chelates to the dissolved metal,
this forms the metal-organic covalent complex, pnegbly through the interaction of the lone-
pair of electrons on nitrogen to the metal caticeg Figure 1.4. An advantage of the method is

that the solutions are all aqueous and thus dmmotve volatile or hazardous organic solvents.

Sk
T
oNH

I\ Eu
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| ‘.‘-ﬁ_""“'-—_.
HN\)

Figure 1.4 Putative structures of PEI complexed toetal cation.

The viscosity of the solution can be adjusted leyatidition or removal of water. The resulting
metal-organic solutions are then spin-coated dmgcstibstrate or target backing of interest.
The next step of the method is the thermal decoimipo®f the polymer after spin
coating. During the thermal decomposition prochssarganic constituents of the film
decompose and the surface is left with only a nstehce that quickly forms an oxide as it is
heated in an oven in air. The surfaces createdthvtiPAD method have been shown to be
highly homogeneous, and studies of the film thidsnas a function of the calcination
temperature have shown that at ~500 °C only thelroride layer is left on the surface while
any carbon, nitrogen, or hydrogen atoms are nodopgesent; which has only been seen for d-

and f-transition metals.



1.3 Techniques and Instruments of Transactinide GaBRhase Chemistry

The transactinide elements have an atomic numbeagréater than 103, and are
comprised mostly of the fourth row d-transition ailet As heavy transition metals, they are
predicted to have low volatility and high atomicltmgy points, much greater than 1000 °C.
However, there are some inorganic compounds ¢hlorides and bromides) that should have
appreciable volatility and lower melting pointdpaling for the study of their chemistry in the
gas-phase.

The generalized method for studying such complaxése gas-phase is as follows: 1)
After irradiation of the target material with thppaopriately selected heavy-ion the element is
separated from the beam by the use of a velogigragor or a magnetic rigidity separator like
the Berkeley Gas-filled Separator (BGS, chaptetl®);atoms are then stopped in the gas-phase
in a chamber filled with a gas at a pressure thaties all the atoms will reach the end of their
range within it, this chamber is called a Recodisport Chamber (RTC) and is typically
separated from the separator by a thin Mylar windwn the RTC a complexing chemical
agent is introduced into the gas in order to causigemical reaction with the atoms that have
been stopped; from the RTC the new chemical comgimare studied by various
chromatography methods, discussed in more detail [8) After chromatography of the new
compound it is necessary to cluster it on aeroadigdes and place it in front of detectors in
order to measure the yield from the decay of theoraiclide. There are two types of gas-phase
chromatography performed with transactinides, tloetmomatography and isothermal
chromatography. Thermochromatography has a vartabiperature profile for the column
while isothermal chromatography has a constant éeatpre, Figure 1.5.

Thermochromatography is ideal for compounds thee hlaeir volatility within the narrow range
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of temperatures that permit semiconductor detettooperate, that is because the method often
uses semiconductor detectors as the column materiehromatography. Isothermal
chromatography is ideal for chemical compounds d@natvolatile at temperatures above the
operating temperatures of semiconductor detedbotsa drawback is they often require more
data to obtain physical meaning because data rtedustaken over several temperatures and
only one temperature can be explored per experinsathermal chromatography will be the
focus of all further discussions on transactinideroistry in this thesis.

Thermachromatography Isothermal Chromatography

Figure 1.5 Left: Basic principles of thermochrongaphy. Right: Basic principles of isothermal

gas chromatography. From Turktral .*4

The first experiments studying gas-phase transdesnwere performed by Zvara and
coworkers at Dubn&:'*!’In these experiments, the atoms of interest wetseparated from the
beam or fission fragments and the thermochromapbdgecacolumn was connected directly to the
the RTC. Now it is more common to couple a gasrgetsport system from the RTC to the
chromatographic system because this acts as a célemgthod to separate non-volatile
compounds from the volatile transactinides of iesgt®

The goal of gas-phase chemists has been to stedyg tlolatile chemical compounds in

the gas-phase and in order to do this the On-Liag Ghromatography Apparatus (OLGA 1)
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was made at GSI and serves as an illustrative eeaohimow these experiments are performed.
OLGA Il was designed to “...continuously separattatile products and to collect them by
deposition in a detection systedi.The OLGA Il system starts as follows: 1) Recoilmgglei

are embedded onto potassium chloride aerosol |gariic the gas-phase. 2) The aerosols are
stopped in a quartz wool plug. 3) HBr or other strtnalogenating gas is passed over the glass
guartz wool plug which is heated to 900 °C. 4) Vhkatilized metal complex was then passed
into a variable oven for chromatography studie®fsgr chromatography the products are

embedded onto aerosols again and passed to aggmod counting system. Figure 1.6
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Figure 1.6 Schematic of OLGA Il. (Gaggeler 1991)
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1.4 Rutherfordium Gas-Phase Chemistry

Relativistic effects starts to play a dominant rol¢he chemistry of elements as early
into the periodic table as mercury and gold, andatanpletely dominate the chemistry of
transactinides-- the reason for their influencedscribed herein. Since the atomic number (Z)
for each consecutive element increases, as one@beswvier elements the core electrons within
these elements move faster due to the presenckauafea positive nuclear charge. This has the
effect of increasing the mass of the inner eledrand this mass increase is expressed in the

following equation,
= iy 1%.#"'[1 — \f—ﬁ {1.8)

Heremy is the rest mass of the electrons the speed of that electranis the speed of light and
mis the new value of the mass. Relativistic effet$® change the average distance an electron

is from the nucleus, this is given by the effecBa@hr radius equation,

ap = ajy/(1 = 2) (1.9)

Herea’:is the normal Bohr radius of an electron in an atanuag is the effective Bohr radius.
The primary effect of relativistic effects is taryg the s and p-electrons closer to the nucleus,
and thus lower their energy. This has the seconeféegt of screening the nuclear charge from
the other electrons, namely those ip, jl, and f-orbitals, and thus raising their energy.

Originally it was thought that rutherfordium wouéhave like a p-block metal. Because
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relativistic effects were known to lower the enefgy p., orbitals and raise the energy of d-
orbitals, the predicted electronic structure oheutordium was calculated to be dominantly
described by [Rn]3f7s7p?.2021.2223After unsuccessful attempts were made to look/édatile
atomic rutherfordium behaviéta typical lead-like property, and after more refin
calculation® showed that rutherfordium's electron configurasbould be [Rn]5f6cP7<, it is
no longer thought that rutherfordium behaves liketdock metaf®

In the 1990s rutherfordium was reacted with chiatiimy?” and brominatintf agents to
make rutherfordium (1V) chloride and rutherfordi§ta’) bromide, respectively. Rutherfordium
(IV) chloride was of special interest to transacd@nchemists because it was not known if it
would be more or less volatile than its homolodwnium (IV) chloride. Hafnium (1V) chloride
is less volatile than zirconium IV chloride andrfr@xtrapolating this trend, it was predicted that
rutherfordium (IV) chloride would be the least willin this serieg® Also non-relativistic
calculations made a similar predictirtHowever, relativistic calculations predicted that
rutherfordium (1V) chloride would be more volatilean hafnium (IV) chloride, see Figure

1.731%

1000

/ 500
mm (Hag)

T/ G —=

Figure 1.7 Volatility of zirconium (IV) chloride,ainium (IV) chloride, non-relativistic
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rutherfordium (1V) chloride (nr), and relativistiatherfordium (IV) chloride (rel}?

The experiments with rutherfordium (IV) chloriddaadished that rutherfordium (IV) chloride is
more volatile than hafnium (IV) chloride, confirnginhe role relativistic effects play in
transactinide chemist&>>2The homolog bromide series for group 4 metals stubthat
rutherfordium (1V) bromide has a similar trend iolatility.**® From those data it is possible to
perform a Monte Carlo fit to determine the adsamptnthalpies on quartz (the material of the
chromatographic coloumn) of both rutherfordium (Bfpmide and rutherfordium (1V) chloride,

see Figure 1.8 and réf[for more details on how these calculations amfopmed.
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Figure 1.8 Adsorption enthalpies for group IV metalorides and bromidées.

Another physiochemical property, the heat of sulition, can be estimated. A linear correlation
exists between the heat of adsorption on quarta falatile compound and its heat of

sublimation. Thus by studying this behavior foaegke set of compounds, a reliable estimate of
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the heat of sublimation can be m&#&.

A problem that often arises when studying ruthelitam chemistry is its tendency to
form oxy halide compounds (RfOLIAs oxy halide metal compounds are less vol#tiga pure
halide metal compound$much care has to be taken to assure that oxygesrdi contaminate
these experiments. When RfQ@hd HfOCI2 were studied, it was found that theyeha

comparable behavior, thus the effects of relaivistfects would have been less obvidts.

1.5.1 Production of Long-Lived Rutherfordium: ?*'Rf

There are several isotopes of rutherfordium thaelehalf-life that is long enough to
perform chemistryi.e., 2Rf (ty, = 2.5 ) 2'Rf (t1. = 4 5),2°Rf (1, = 1.5 s). However, working
with isotopes that decay so quickly is not easyskivg with isotopes that have half-lives of
minutes is preferable. Rutherfordium-261 with &4hifg of 75 s is the perfect candidate to
explore the chemistry of rutherfordium.

In 1970 Albert Ghiorso and coworkers were the fiossynthesize rutherfordium-261.
The nuclear reaction they studied Wm0, 51)%'Rf. They observed a broad alpha peak

from 8.2-8.3 MeV. The broadness in the peak isyprably from the 8.22 MeV alpha-particle

from 2’No and an 8.28 MeV alpha-patrticle fréftRf. Their measured cross section is 5 nb for a

laboratory bombarding energy of 97 MeV. In the samar, Robert Silva and colleagues in
collaboration with Ghiorso’s team elutééRf from a cation exchange resin in the presence of
tetravalent zirconium and hafnium, and trivalertirade tracers® At the time it was not known
whether rutherfordium would behave like a groupetahor would follow the actinide series in
its chemistry. The results of this experiment shobweat 261Rf eluted with the tetravalent
hafnium and zirconium tracers and solidified itaga as a group 4 metal.

In 1995 ,Kadkhodyast al. also synthesizet#'Rf via 2%Cm*%0,5nY5'Rf reactiort’ The
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authors measured a half-life of 79 s. In 2000 Sgteseet al. using the same nuclear reaction
were able to refine this half-life to 75 s by obtag better statistic8.Other authors that have
investigated®'Rf production are Lazareat al. in 2000 from the nuclear reactiétPu®Ne,
5ny8IRf.4 Finally the work presented in this thesis discaske production o®'Rf using the

nuclear reactiof*®J(*®Mg, 3ny*'Rf.
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Chapter 2: Polymer-Assisted Deposition

2.1 Introduction

The preparation of homogenous metal oxide film® {¥50 nm) is of interest to nuclear
science for use as targets in nuclear reactiontalMgide targets, prepared for nuclear science
applications, are conventionally made by molecplating>5* However, this method suffers
from poor adhesion to the backing material andddekmogeneity at target thicknesses less than
about 300 nn¥ Jiaet al. recently reported an alternative method, polynssisted
deposition(PADY? for producing crack-free homogenous metal oxittedfiwith uniform
thicknesses between 20 and 400%Phln the PAD method, a water-soluble multidentate
polymer binds to metal precursors resulting in embgenous distribution of the metal in
solution. The solution is spin coated and then alaukto yield a high-quality metal oxide film.

In this thesis, metal oxide films prepared by PABrevcreated as an alternative method of target
production.

Targets composed of actinide oxides are necessaynthesize the relatively long-lived
and neutron-rich isotopes of transactinides (Z>108¢ PAD method was used to study the
oxide films of europium (Eu) and thulium (Tm) asahets for actinides with an oxidation state of
+3 (e.g., americium and curium). Hafnium (Hf) was used asaalel of +4 actinides(g.,
uranium and plutonium). The metal oxide film thieks was determined as a function of the
weight percent of the metal in solution. The reagpion of the PAD technique on an existing

metal oxide layer to build thicker high-qualitynfit was also investigated.

2.2.1 Solution Preparation

All solutions were composed of 15% polyethylenim{R&Il) by weight, with varying
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weight percentages of metal chlorides. PEI (10 dich) was dissolved in water and
adjusted to a pH between 6 and 6.5 using 37% HE€baoH meter with attached combination
pH electrode (Model 231, Orion Research). Solutiwase mixed using a vortex mixer, followed
by stirring on a magnetic stir plate. Dependingl@desired thickness of an appropriate weight
percent of europium(lll) chloride hexahydrate (294 Aldrich), thulium(lll) chloride
hexahydrate (99.999+%, MV Laboratories), or hafr{iMnchloride hexahydrate (98%, Aldrich)
was added to the dissolved polymer. All solutiomsenprepared in a non-clean room

environment and were stirred for at least 1 h [m=ime.

2.2.2 Caution
Hafnium(1V) chloride (CAS# 013499053) is highly atile and a strong irritant.

Handling should be limited to ventilated environisen

2.2.3Single Layered Metal-Organic Films

Silicon [100] wafers (WaferNet) were cut into retgées (2.00 cm by 0.85 cm). These cut
wafers were placed individually into a spin-coagerd 100 pL of the appropriate solution was
evenly distributed onto the surface by pipette. Maéers were accelerated for 11 sto a
maximum angular velocity of 1500 rpm and spun f@r18in in air to form a layer of metal-
organic polymer. The angular acceleration was #imeesbetween trials; an image of the spin-
coater is shown in Figure 2.1. The surface of eachple was scratched three times down to the
silicon with sharp tweezers to determine film héiggamples were placed in a muffle oven. The
temperature was increased by 50 °C every 15 mm &0 °C to 900 °C. After 15 min at 900 °C,

the oven was turned off and allowed to cool to raemperature for several hours.
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Figure 2.1 An image of the spin-coater device mnsh Samples were mounted onto a pc fan

that served as the spin-coater.

2.2.4 Multiple layered metal-organic films (Reapplication)

Three circular silicon [100] wafers (WaferNet) widlameters of 10 cm were used to test
the viability of forming thicker hafnium(IV) oxid&élms by reapplication of the PAD method.
One aliquot of 3.0 mL from a solution composed @¥lHf and 15% PEI was evenly distributed
onto each wafer surface. The wafers were accetetata maximum angular velocity of
2500 rpm and spun for 3.0 min in air to form a tagkemetal-organic polymer. The metal-

organic coated wafers were annealed in the samaenas described above, and the entire
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process was repeated six times.

2.2.5 Experimental Method — Film Thickness and Visal Assessment

The height of a single layered metal oxide film wasermined by using a profilometer
(Dektak 150, Veeco) to scan perpendicular to adtréverage film thicknesses were measured
from three samples spun identically with the saotet®n. Each sample had three scratches and
each scratch was scanned three times at diffeseatibns. A plain silicon wafer was scratched
similarly to the samples described above, andwieezers left no measurable indentation into
the silicon surface. Outliers were Q-tested ouhefdata set at 90% confidence. The thickness
of the multiple layered metal oxide films were aetmed by weight, because scratching and
scanning by profilometry would have introduced @momogeneous surface for the spin coating
of consecutive layers. A cartoon of how profilonyatrorks is shown in Figure 2.2. A
profilometer works similarly to an older ®.@entury technology known as a phonograph. A
stylus, in this case diamond, is moved in contatt the surface of the sample at a specified
force. The profilometer can measure vertical disptaents from 10 nm to 1 mm. Thus the
profilometer can quantitate the roughness of aaserfbut in these experiments it was used to
measure the height of the metal oxide film.A sangbde from the profilometer scanning over a
scratch is shown in Figure 2.3; the film thicknémsa sample is determined by subtracting the
flat region of the plot (corresponding to the tdghe film) from the bottom flat region
(corresponding to the surface of the silicon sabstbacking); the large sharp peak on the right

hand region is of a surface anonymity at that iocadf the film scanned, possibly a comet.
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Profilometer

Figure 2.2 Shown is a cartoon of how profilometryrks. Samples are places onto a sample
stage and a stylus is passed over the samplealltngs us to measure the film height of a

sample.
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Figure 2.3 A screen shot of the program that wasl ugth the profilometer. The black region
plots the height of the film perpendicular to sasch, the y-axis is in units of Angstroms and the
x-axis is in micrometers. The left hand side ofithage displays some parameter values that the

instrument was using.

Mounted on the profilometer is an optical camegd tan be used to take pictures of the

surface of the samples. A picture of one of themamshowing a scratch placed onto the surface

in order to determine film height is shown in Fig.4
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Figure 2.4 An optical image of one of the sampéd®ih with a camera mounted onto the

profilometer. The image shows the surface withratsh that we placed onto the sample.

A scanning electron microscope (SEM) (Ultra 55VBdta, Zeiss) was used to determine
surface homogeneity on the 200 nm to g0scale by imaging the surface and the cross-
section. An atomic force microscope (AFM) (MFP 28ylum Research) was used to obtain a
high resolution image of ajdm x 1um representative section of the surface. The AF&tus
cantilevers with a spring constant of 3 N/m (MutiBudget Sensors) for imaging in the
attractive regime in AC mode. The crystal structiréne film created from the reapplication of
PAD was determined with an X-ray Diffraction maahifDiffraktometer D500/501, Siemens).
The wafer was scanned using\&lues of 20 to 66° in 0.05 degree incrementatsecond per

step.
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2.3.1 Single Layered Metal-Organic Films

The thickness of the metal oxide film produced bg/pblymer-assisted deposition
method is a function of several variables: angataeleration of the spin-coater, viscosity of the
solution, metal ion concentration, maximum veloadtyhe spin-coater, total time spun, and the
annealing temperature proffieTo determine the optimum conditions for the PADthoe, a
systematic study was performed studying the effeattvarying metal ion concentration has on
film thickness for Eu(lll), Tm(lll), and Hf(1V).

The a-priori expectation of a linear relationshgivieeen film thickness and metal ion

concentration was not observed, as seen in FigQube®.7. Spin coating yields film heights

having arnl/3 dependenc&,wherey is the viscosity. It is hypothesized that the d&oin from
linearity is due to the increase in viscosity frotareasing metal ion weight percent in solution
while fixing the polymer weight percent at 15%, sldecreasing the total amount of water
available for solvation. Attempts at preparing $iolis above 8% Eu, 10% Tm, and 12.9% Hf,
all in 15% PEI, were unsuccessful due to a preatipib that could not be re-dissolved. For
hafnium, the highest quality film was produced vilie 10% by weight (b.w.) Hf solution.
Likewise, 6% (b.w.) Eu and 8% (b.w.) Tm yielded test results for those elements. The
standard deviation for each sample was found tedsethan 13% of its film height except for
those derived from the 8% (b.w.) Eu solution, dm2% (b.w.) metal ion solutions. The 8%-Eu

film appeared inhomogeneous by SEM analysis, andisted of micro-scale amorphous
structures of E4O,. The 2%-metal ion solutions yielded films withtarglard deviation of about

10 nm, which are similar to those produced by tloeentoncentrated metal ion solutions.
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Figure 2.5 Film thickness as a function of metal @oncentration of europium(lll) oxide. Error
bars correspond to one standard deviation. Errcailf@olution preparations are negligible

(< 0.05%).
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Figure 2.6 Film thickness as a function of metal goncentration of hafnium(IV) oxide. Error
bars correspond to one standard deviation. Errcailf@olution preparations are negligible

(< 0.05%).
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Figure 2.7 Film thickness as a function of metal @ncentration of thulium(lil) oxide. Error

bars correspond to one standard deviation.

Surface SEM and cross-section SEM images of eumagioulium, and hafnium are
shown in Figure 2.8a-c. The surface of 6% Eu andl@awere homogenous with an even
distribution of metal oxide grains. However, ther@s a random distribution of surface
aggregates of 2—om in length in the 8%-Tm films, likely caused byirienear the saturation
point of Tm/PEI in water. The 10% Hf had the mostiogenous surface of all the metals,
although some minor surface aggregates are appseown in Figure 2.8c. The cross sections
for all metals, Figure 2.8a—c, show highly unifdiims. AFM images of the metal oxide films

show that the surfaces are composed of grains.
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Figure 2.8 (a) Europium(lll) oxide film (producei a 6% by weight europium solution); (b)
thulium(lll) oxide film (produced from a 8% by weigthulium solution); (c) hafnium(IV) oxide

film (produced from a 10% by weight hafnium soluatip

The largest grains occur in the &) films (30—40 nm in diameter) and the smallest in

the HfQ, films (10-15 nm in diameter). The AFM images confthe surface homogeneity and
uniformity of all the films as shown in Figure 2&2-M and profilometry data verify that
hafnium forms the most highly uniform and homogesnmetal oxide film when SigSi is used

as the backing material. The roughness, as meabyi&BM, has a root mean square, rms, of
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7.46 nm, 1.87 nm, and 1.45 nm for europium, thujianmd hafnium films, respectively, over

1 umz.

Figure 2.9 AFM images of metal oxide films aftergle application of the PAD method: (a)
europium(lll) oxide film produced from a 6% by whktgeuropium solution, (b) thulium(lll)
oxide film produced by an 8% by weight thulium ga@un, and (c) hafnium(lV) oxide film

produced from a 10% by weight hafnium solution.

2.3.2 Multiple Layered Metal-Organic Films (Reapplcation)

The PAD method was applied to an already formedihwedde layer to create thicker
targets than were possible by spinning a concemtnaetal ion solution only once. Due to the
large size of the wafers, it was necessary to @pan angular velocity of 2500 rpm to minimize

comets and to form a uniform layer over the ergudace. The process resulted in multi-layered
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films of HfO,, with an average final height of 598 nm. Uniforimfithickness across the width

of the wafer was confirmed by imaging several lmre by cross-section SEM. The change in

height of hafnium(lV) oxide after each intervakismmarized in Figure 2.10.
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Figure 2.10 The graph shows the cumulative hei§hatium(1V) oxide after reapplication of
the PAD method. The experiment was done in tripdi@nd the results averaged, except layer 6

which was done in duplicate. Uncertainty from thalgtical balance translates to £ 2 nm.

Film thickness increased by 99 nm (= 2 nm) aftehdaterval step. The upper limit of

the method toward reapplication was not determiBeudprisingly, no striations were seen from

a cross-section SEM (Figure 2.11) of the final wafedicating uniform growth.
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Figure 2.11 Left: Representative surface SEM lodfmium oxide film produced from
reapplication of the PAD method using a 10% by Wweltafnium solution. Right: Representative

cross-section SEM of the same hafnium(lV) oxidenfil

An AFM image (Figure 2.12) of the film shows thlagtsurface is composed of grains between

15 and 20 nm in diameter with a roughness rms3% 8m over ]umz.

Figure 2.12 AFM image of a hafnium oxide film pregd from reapplication of the PAD

method using a 10% by weight hafnium solution.
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X-ray Diffraction (XRD) analysis was conducted te tmulti-layered HfQfilm and

compared with HfQ powder produced from baking several millilitersac®% (b.w.) Hf solution
in a glass vial at 900 °C until a white powder fednFigure 2.13 shows the close correlation

between the HfOfilm XRD pattern and the HfPpowder XRD pattern for polycrystalline
HfOZ. The most intense peaks from the |§|1mm are at 28.4°, 31.7°, 34.4°, 35.6°, and 55.8°.

This agrees well with the library XRD pattern ahgle monoclinic HfQ (PDF# 34-0104). The
sharp peak at 33.1° is likely caused by the silicacking. The relative intensities of the powder

HfO, XRD pattern and the HfQlibrary XRD pattern were similar as seen in Fig2rk3a.
However, differences in relative intensities in ti©, film XRD pattern versus the HID
powder XRD pattern were observed. This is likelg ¢orthe HfQ powder having a random

distribution of lattice planes while the H{@Im has preferred orientations which skew the

peaks. The broad widths of the peaks imply smalingsize% in agreement with AFM and SEM

analysis.
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Figure 2.13 a.) X-ray Diffraction pattern of Hf@owder. b.) X-ray Diffraction pattern of a
multi-layered film of HfQ, on Si [100]. Below each XRD pattern is the relatintensities for

simple monoclinic HfQ.
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2.4 Advantages of Polymer-Assisted Deposition

Molecular plating has been used by Trautmann ¥taadd Mullen et af’ to create
uranium, plutonium and curium oxide films. Thelnfs ranged from 150 to 550 nm in thickness,
which are typical for nuclear science applicatiofs. have independently shown that the PAD
method can produce films in a wider range of thedses than molecular plating. In addition, an
advantage of using PAD is that it produces higliyarm and homogenous metal oxide films
below 300 nm, while molecular plating method sufier this region. A second advantage of the
PAD method is that it can be reapplied to creatkén films without losing uniformity. A
disadvantage of the PAD method is that the coaffigiency for a single application is ~ 33%.
However, the solution that did not adhere to thréase can be collected and reused resulting in
minimal loss of a precious metal, with the ovedaposition efficiency approaching 100%.
Molecular plating has ~ 90% efficiency for the dsition of metal out of solution and
comparable to PADRL52Thus, the PAD method is likely a robust routereate metal oxide films
suitable for nuclear science applications whichunegfilm uniformity and controlled film

thickness.

It should be noted that the potential for silicaffiugion into the metal oxide films was
not investigated, because this would not affecotierall energy loss of a high-energy beam
passing through a metal oxide film and substratéuré work will study the mechanical
properties of metal oxide films of uranium, plutam and curium created by the PAD method,

before and after high intensity heavy-ion irradiati

2.5 Development of Radioactive Spin Coating Methods
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The process of spin coating applies a thin filntiepdid evenly over a surface and is a crucial
step in preparing targets by the PAD method. dicisomplished by utilizing centripetal force
produced by rotating at angular velocities betwg@® and 3000 rpm. Spin coating is used in
many areas of technology, including fabricatiomo€rocircuits, magnetic disks, compact disks,
digital display devices, and other materials. Towetainment and recovery of the spin-coated
solutions is not a common practice, and will beassary when preparing radioactive targets by
the PAD method. Prior designs for sealed spintegatpparatuses are usually bulky and often
require the use of vacuum pumps. Herein we showlélsegn of a radioactive spin coating
apparatus that is chemically inert and self comtzin

Our radioactive spin coater design features a dgiltal sample-containment compartment
made of poly(aryl- ether-ether)ketone (PEEK). Aaagular mount sits at the bottom of the
compartment; it serves to hold the sample waf@tace while the apparatus is in use. A screw-
on cap designed to fit snugly around the compartntegether with an o-ring of Viton®
positioned at the outer rim of the cylindrical ymibsure an air-tight seal and prevents leakage of
the spin-coating solution when the spin coater agsrat high rotations per minute. This
compartment is attached to a 3-volt DC motor, whscbonnected to a variable voltage power
supply. The DC motor’s angular velocity dependemtéhe voltage setting of power supply is
shown in Figure 2.14. The motor creates the raatiotion required to distribute the solute

evenly.
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Figure 2.14 Angular velocity dependence on foltafyepin coater

The thickness of the film produced by spin coatsndependent on several variables
including angular acceleration, speed of the rotatair flow above the spin-coater, and the
concentration and viscosity of the liquid used. &0 characterize a functional spin-coater is to
observe a relationship between the concentratigheo$olution and the thickness of the film
applied. In the particular case of the radioactipm-coater characterization, the following
procedure was used.

Polystyrene (MW: 350.00) was dissolved in toluemprepare seven solutions with
concentrations shown in Table 2.1. Glass wafe&5(&m x 0.85 cm x 1.2 mm) were rinsed
briefly in acetone and dried with compressed aoléan dust and other contaminants from the

surface. After being placed on the mount, 0.1 mh pblystyrene solution was added to the top

of a glass slide with an automatic pipette.
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Series | Volume of Solution | Concentration | Calculated

No. Added (pl) {(g/100mL) Thickness (nm)
| [ 00 2.858 22148

2 [ 00 5.424 523.95

3 [0 7.901 0%1.97

4 [ O 10,777 [959 28

5 [ (WD 3.337 217311

6 [ 00 15.983 3743.99

7 [ 00D | 8. 808 547511

Table 2.1. Thickness of polystyrene films at vasieoncentrations without cap

Once the solution was added in small aliquots ¢ogllass slide , the spin-coater was
switched on and set to rotate at 2,790+£50 rpm.sEmeples were spun for 3 minutes each. They
were then removed from the spin-coater and thaiktlesses were measured by a UV-Vis
spectrometer. Equation 2.1 and @&@re used to determine the thickness from spedatal. The

calculation results are presented in Table 2.2.

= _"'I_*‘._ (2.1)

d= o (2.2)

Constants 1) and n}\,) are the refractive indices at their corresponduagelengths; the
value of 1.6 was used for polystyrene of both makecweights. N. is the number of cycles in
the interference fringes between wavelengthandA.. For data consistency; andA; are
chosen to cover the range that contains minimaenimiterference (~360-790 nm). Finally, d

represents the thickness of the film calculatedvéagth range in the interpretation of UV-Vis
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data is limited to between 350-1000 nm becauses ¢las a strong absorption at wavelengths

below 300 nm. A sample UV-Vis spectrum is showroiein Figure 2.15.

Sample UV-vis Spectrum (13 g/100mL)

1.041 -

1.04 4
1.039
1.038 +

1.037 +

Absarbance

1.036 1

1.035 1

1.034 1

1.033 '
350 400 450 500 550 600 650 700 750 a00

Wavelength (nm)}

Figure 2.15A representative UV-Vis spectrum of polystyrenenfiit 13 g / 100 mL.

By measuring film thicknesses of various polystgrenoncentrations using a UV-Vis
spectrometer, an exponential relationship is oleskr@raph of concentration versus thickness is
shown in Figure 2.16.

In order to ensure that the container and lid abgemould not leak, a highly fluorescent die
(Rhodamine B) was spin coated. The same stepsreeated using 0.1 M of Rhodamine B
solution. Its vibrant color and UV fluorescenceallan easy detection of any leak were it to
occur during the procedure. By visual inspectiois reasonable to conclude that no leak took
place during the operation of the spin coater, moth and without the cap. All of the liquid was

contained within the PEEK device and none was fdorfthve been slung out into the chemistry
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hood and surrounding lab benches.

Film Thickness vs. Sclution Cencentratien (cap off)
BO00.00 1
RO00.00
A000.00

2000.00

2000.00 4 T
R® = 0.9563

Calculated Thickness (nm)

1000.00 4

0.00

0,000 R.000 10.000 15,000 20.000

Polystyrene Concentration {@/100 mL)

Figure 2.16 Film thickness vs. solution concendratiith the cap off.

To ensure that the radioactive spin-coater wilfgren adequately even with an air-tight seal,
the same procedure was executed with the cap tect8e& concentrations of polystyrene (MW:
350.00) dissolved in toluene were spun on glagdesliThe experimental set up was the same as
described previously, all except the cap was saleameto produce an air-tight seal. In addition,
the spin coater was set to operate for 1 minul®@0 rpm. The film thickness and concentration
of the corresponding solution demonstrate an exptadeelationship. The numerical data and
graph are shown in Table 2a8d Figure 2.17. This result demonstrates thataipeallows the
radioactive spin-coater to contain the solutiordusghout compromising the quality of the film

produced.
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Series | Volume of Solution | Concentration | Calculated

MNo. Added (pnL) (g/100mL) Thickness (nm)
| [ O 10,777 [230. 401897
£ [ 00 3.337 172505603
3 [ CH) 15983 27792631095
4 [ 00 18.808 4541.995192

Table 2.3 Thickness of Polystyrene films at variooscentrations with cap.

Film Thickness vs. Sclution Concentration (cap on)

5000 -
4500 4 *
4000 -
3500 4
3000 4

2500 -

2000 - R = 0.9917

1500 4

Calculated Thickness {nm)

1000 4
500 4

0 . : : : : .
£.000 8.000 0.000 12,000 14 000 16,000 18,000

Polystyrene Concentration (g/100 mL)

Figure 2.17 Film thickness vs. solution concenbrativith the cap on.

The mount size inside the spin-coater can be neatlih fit individual needs. The current
design accommodates rectangular glass slides matditnension 1.00 cm x 2.90 cm, see Figure
2.18. With proper alteration, the apparatus candael to spin coat wafers of various shapes and
sizes. In addition, the height of the mount andvile# volume can be adjusted to accommodate
various experimental designs. The angular velamitye radioactive spin-coater can be varied

by adjusting the voltage setting on a power supphnected to the motor.
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Figure 2.18 Images of the radioactive spin-coater.

The original intent of the design of a radioactspen coating apparatus was to improve
methods of nuclear target production. Howeverr#ugoactive spin-coater can also be a

valuable asset in creating films from other hazasdar expensive solutions.

2.6 Conclusion

Europium, thulium and hafnium oxide films were asleel onto silicon substrates using
polymer-assisted deposition. The films were charactd by SEM, AFM and profilometery. The
characterizations showed that the films were cfesdk uniform, and homogenous. Advantages
of PAD over molecular plating include that it preég high-quality thin films below 300 nm in

thickness and that reapplication of the methodtessthicker metal oxide films of equal quality.
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Chapter 3: Irradiation of Polymer-Assisted Depositon Targets

3.1 Introduction

The purpose of this chapter is to describe our @xy@ats of irradiating targets made by
the Polymer-Assisted Deposition (PAD) method. A tied procedure was used for the
manufacturing of these targets than that desciibetapter 2. The modification was the use of
silicon nitride backing instead of the pure silidbat we used previously. The reason for the
change is because silicon nitride can be made &sItlein as 100 nm but silicon can not be
thinned to that thickness over a large area. Thalteefrom heavy-ion irradiation of several
metal oxide targets, prepared by the PAD methosilaon nitride backings, at the 88-in
Cyclotron of the Lawrence Berkeley National Laborgt(LBNL) will be discussed.
Characterizations of the targets after irradiati@ne performed by scanning electron
microscopy (SEM) and atomic force microscopy (AFVBrget integrity during irradiation was

monitored by Rutherford scattering as a functiotirog.

3.2.1 Target Manufacturing
The metal oxide targets were prepared as followswApressure chemical vapor

deposition (LPCVD) furnace (tystar, TYTAN) was udedepitaxially grow low-stress silicon
nitride (SEN,) onto both sides of 4-in single-sided polishedRBSllicon wafers [1 0 0].

Dichlorosilane and ammonia with flow rates of 10@ &5 sccm, respectively, were used as the

silicon nitrating source at 18.7 Pa and 835 °C. fllhestress was about 200 MPa and the

deposition rate was 40 A/min. The,j, film was produced to yield 100020 nm
(34447 uglcn) before etching. Four rectangles (1.8x1.3 cm) vgeratched through the
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Si;N,, layer, on the unpolished (bottom) side of theesiti wafers, to expose the silicon surface.
These patterned wafers were then placed for 8-+@I20% potassium hydroxide bath at 80 °C,
to etch away the silicon and leave only a recteargsurface of SN, a scheme is shown in

Figure 3.1.

Front Back Front Back Front Back

Silicon Nitride
> —_—
CV.D Scratch

Front Back

KOH, 80 *C

wet etch
Cross-Section
To
- | — /“p
Bottom

Figure 3.1 The process of making silicon nitrideHlings.

3.2.2 Solution Preparation
A solution of 8% by weight (b.w.) thulium with 15@6.w.) polyethylenimine (PEI) in

water was prepared exactly as previously desciibetiapter 2. A 3 mL aliquot of the thulium
solution was spread on top of wafers containingdoe SLN, windows. The wafers were spun
at 1500 rpm and then baked over a period of 3ghruffle oven to a final temperature of

600 °C. The process creates a thin layer of thulliipoxide (Tm,0O,), while the polymer

decomposes to volatile oxides. A second layer ofgawas coated on the wafer by adding an
additional 3 mL aliquot of the 8% (b.w.) thuliumlgtion and repeating the steps described
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above. The final thickness of the T@, film was ~250 nm (~22Qg/cn?) as measured from

taking the average of several cross-section imhge&EM. The wafers were scribed and broken
into pieces of 7.6x6.0 cm. The outer silicon wasduss a frame to support the metal oxide film

and silicon nitride window on a target ladder feafay-ion irradiation.

3.2.3 Irradiation Conditions

Two Tm,O, targets were each irradiated separately withfereifit heavy-ion beam of
either 208 MeV Argon“PArlo*), or 180 MeV Argon ‘tOArS*). The first target was irradiated
with the A" beam for 35 min at a beam current of 3.1%¥farticles/s (50 particle nA) for a
total dose of 6.6x1¢ particles. A second target was irradiated with&H& beam for 17 min at
a maximum beam current of 1.2¥¥@articles/s (200 particle nA) for a total dose of

1.3x10"° particles. The irradiated targets were easily nezddrom the target ladder and were

subjected to further analysis.

3.3.1 Visual Inspection and Rutherford Scattering

Visual inspection of the Ty0, target irradiated by tHPAr'%* beam revealed a slightly

darkened rectangular region which is shown in Fegq@ but difficult to see. This is hard to see
due to the highly transparent nature of targetglyced by this method, see Figure 3.3. The

dimensions and location of the darkened rectamgleansistent with the known beam spot
image after beam collimation. The 1@\, target irradiated by the higher intensity (200tiober
nA) “°Ar8* beam had a melt spot after irradiation. This wasedto test the limits of the method
as stationary targets only receive a maximum irtign$ ~40 particle nA during an irradiation to
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prevent melting. The melt spot for the intenselgdrated TmO, target indicates an upper-limit

of beam intensity that stationary targets prepasethe PAD method can withstand. From
monitoring the quantity of Rutherford scatteredtighes as a function of time, no decrease in
intensity for either target was observed; thiseatis target flaking did not occur during the

irradiation.

Figure 3.2 An irradiated Ts®; target mounted behind the target ladder is shovtha
foreground. A slightly darkened rectangular regtan be seen at the top of the silicon nitride
that corresponded to the beam spot image. Theguagbbr is the silicon frame used to support
the silicon nitride layer. The metallic surfacehe aluminum target ladder in which the targets

were mounted. In the background is a non-focusedjéof the support frame.

46



Figure 3.3 The same target is shown in Figure 8c2pt the image is focused on the
background, highlighting the transparent natureaafets produced by the PAD method. The

object shown in the background in the support frased for the irradiation.

3.3.2 Scanning Electron Microscopy Inspection
An SEM (Ultra 55VP Fesem, Zeiss) with an acceleratioltage of 5 kV was used to

determine surface homogeneity of fariO*irradiated target at a magnification of 274x. A

cross-sectional SEM image was also taken to deteromiformity at a magnification of 31 kx.
A representative image of the surface after thaiation is shown in Figure 3.4a. Small surface
aggregates randomly distributed on the surfacdeaseen, and were present before irradiation.

This is likely due to using non-clean room techeigjin the application of the PAD method. A
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small pinhole ~7x4um is also visible in the upper-right-hand side igfufe 3.4a. Pinholes are
seen prior to irradiation and are likely due toed¢s$ in the substrate, thus the wafers should be

cleaned thoroughly before adding silicon nitriderte surface. A representative SEM cross-
section of the target after irradiation is showrrigure 3.4b; two layers of Ty@, can be clearly
seen in the figure. The back edge was tilted ~8atdwhe top of the wafer, in order to image the
surface of TrgO, in tandem with viewing the striated T, layers. The figure shows the high

degree of uniformity achieved with the PAD methibdhould be noted that the previous
experiments described in chapter 2 did not shoatigins when utilizing the reapplication of the
PAD method, this may be due to not baking theailinitride targets up to 950 °C but only to
500 °C (silicon nitride surfaces start to decompuosa 600 °C). The occurrence of striation is
likely dependent on the annealing temperature lerofhe SEM analysis of the irradiated target

show no significant deviation from those imageapto irradiation.

3.3.3 Atomic Force Microscopy Inspection

An AFM (MFP 3D, Asylum Research) was used to obgainigh-resolution image of a

1x1 um? representative section of the irradiated targefasa and a non-irradiated portion of the

same target fot%Ar'* irradiation. The AFM used cantilevers with a sgraonstant of 3 N/m

(Multi75, Budget Sensors) for imaging in the attieeregime in the AC mode. The AFM

images are shown in Figure 3.5a and b. The homdadgeared granular appearance of the
Tm, O, layer on the non-irradiated portion of the taigetonsistent with previous experiments

with a root mean square (RMS) roughness of 1.1Tira.irradiated portion, Figure 3.5b, also

shows a homogeneous surface with low surface vltyabith an RMS roughness of 2.0 nm.
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After irradiation, the homogeneity of the film islg slightly reduced.

Top of Tm,O4 Layer

200 nm Vacuum

Figure 3.4 (a) Representative surface SEM of tiagliated TmO, film produced from the PAD

method using an 8% by weight Tm solution. (b) Repngative cross-section SEM of the same
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Tm203 film.

0o 0.2 0.4 06 0.8 1.0
pm

Figure 3.5 (a) Representative AFM of the non-iratelil area of the Ty, film produced from
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the PAD method, (b) representative AFM of the iratetl area of the TyO, film produced by

the PAD method.

3.4 Conclusion

From monitoring the Rutherford scattered duringdration, it was observed that there
was no loss of target material. This is in conttasither methods that may produce targets that
flake even before irradiatici Loss of target material through the course ofabaradiation
will decrease the overall production of the desimadlear reaction channel, and may prelude the
undesired consequence of contamination if the tasggomposed of a radioactive isotope.
Another consequence of target flaking is the Idssxpensive enriched isotopic material.
Therefore, the PAD method is an advantageous targgtodology for preparing uniform,
homogeneous crack-free metal oxides for heavysiadiation. Further experiments are planned
to determine the target temperature during irrazhaind the optimum thickness of silicon

nitride to minimize the energy-transfer from heawys, while retaining high structural integrity.
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Chapter 4 Design and Testing of Gas-Phase Apparatus

4.1 Introduction

The research objective was to extract radionuclicesa the Berkeley Gas-Filled
Separator (BGS, discussed in detail in ChapteeB&ppn chemistry on them and then measure
the yield of the chemical process by monitoringrtdecay. In order to accomplish this,
electronics, gas-jet systems, and detector arrays designed and constructed. Computer
programs were written to control these systemssanigts were written to analyze the data. A
schematic of the process is shown in Figure 4.1
From the BGS radioactive atoms of interest werpsd in the gas-phase by the use of the
Recoil Transport Chamber (RTC, described in chaptethe atoms were transported via a gas-
jet to the alpha-wheel apparatus that is desciitbéus chapter and the decay was monitored

with the electronics, data acquisition systems, @gatd analysis codes described herein.

Thermostated Teflon
Capillary

(5 m) a~wheel

.......

Controller

Electronics /Drivers

Figure 4.1 A cartoon schematic of the hardware ttoated for the gas-phase testing

experiments that were performed; the results asgmted in this chapter.
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4.2 The Alpha-Wheel Apparatus

The detectors were housed in the alpha-wheel apysaf@adionuclides were transported
from the BGS via gas-jet that sprayed them onmtaing sample holder that passed in front of
alpha-detectors; the sample holder plus alpha-tteters called the alpha-wheel apparatus, see

Figure 4.2.

&R ;ilié

Figure 4.2 This is a picture of the alpha-wheelaaptus. There are three of the four alpha-
detectors positions filled in the device. The saplder is the beige disk to the right. The cap

is made from aluminum and is to the left with tledehfor the capillary next to the red arrow..
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The lid has a hole in the upper right corner (shoovtine left of Figure 4.2 with a red
arrow) to fit the capillary. The capillary was cooged of Teflon and was the exit of the gas-jet.
The gas-jet sprays a small spot onto the samptiehadlhe location it sprayed on the sample
holder is covered in im Mylar foil. The radiation emitted from the radiarides easily passes
through the Mylar foil and strikes the detectorshie alpha-wheel apparatus. A figure of the
Mylar covered sample holder in the alpha-wheel ggpa is shown in Figure 4.3. Also shown to

the left of the figure is the nozzle that leada teacuum for exhaust.

=

Figure 4.3. A picture of the sample holder with kgar foil in the alpha-wheel apparatus.

The alpha-wheel utilized semiconductor detectorgie detection of ionizing radiation
from alpha-decaying radionuclides. The semicondsaletectors used for this project were
solid crystals of silicon. The valency for silic@¥, and thus forms 4 bonds with other silicon

neighboring atoms. Because all of the silicon'stedas are tied into bonding the band-structure
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of silicon has a filled valence band and an urdib®enduction band. The separation in energy
between a material's valence band and conductiod isacalled the energy gap, and this is what
determines whether a material is considered aratmwor a conductor; the band gap for silicon
is 1.1 eV. Due to the statistical nature of theraradrgy there will be a small number of electrons
in the valence band that will have significant gyeio cross the energy gap and enter the
conduction band. The atom that has lost a covgl&atind electron is termed a “hole”. An
electron from a neighboring atom will be dislodgeu! will fill the hole. However, this process
creates a new hole at the second atom. Thus iapflear as if the hole migrates across a crystal,
but it is electron's from neighboring atoms thatvmarhe probability, p(T), that an electron-hole

pair is created from thermal fluctuations in a seanductor crystal is given in Equation 4.1.

p(T) = CT3 2%~ 2% (4.1)

where T is the temperature in kelvins, C is a cmsof proportionality, k is Boltzmann's
constant and Eg is the bandgap energy. The equatmas that the probability density of
electron-hole pairs is strongly correlated to terapee; as the temperature decreases the
concentration of electron-hole pairs will decreasgponentially. At any given temperature the
process of electron-hole production will equal thie of electron-hole destruction due to
recombination; at equilibrium the number of elentran the conductance band) (mill equal the

number of holes in the valence bang.(p

i =D i4.2)

55



The subscript 'I' signifies that the semiconductgstal is pure and has not been doped.

It is possible in semiconductors to control thé@ceical conductance by the addition of
dopants into the crystal lattice of the semicondudopants are atoms with a valency different
than 4, and often have a valency of either 3 @y5adding a dopant of valency &d.
phosphorus, arsenic, antimony) there will be fdacteons in the valence band forming covalent
bonds, but the fifth electron will be relativelyé to travel and will be in a state only slightly
beneath the conduction band termed donor statestyple of semiconductor crystal that has
been doped with atoms of a valency of 5 or graatealled an n-type semiconductor. In
contrast, if an atom of valency 3 or less is ugeddpe a semiconductor then those dopant atoms
won't have enough electrons to form bonds with m@aging silicon atoms. This produces an
abundance of holes in the material, and forms docepates just above the valence band; this

type of crystal is called a p-type semiconductooven in figure 4.4.

Conductance Conductance

Conductance
Band Band

Band

donor states

acceptor states

Valence
Band

Valence
Band

Valence
Band

Electron Energy

semiconductor n-type n-type
semiconductor semiconductor

Figure 4.4 Electronic energy structure for varisamiconductor materials.

The velocity ) of the electrons and holes is governed by thegtheof an applied
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electrical field (E) and proportional to their restive mobilities |f).

Vh= UhE (43)

Ve= UE (4.4)

However, when an external field is high enoughulecity of the electrons and holes is
saturated and are on the typical order dfctf/s.

The semiconductor crystals are useful in detedtinging radiation in the following
way. When two semiconductor crystals of differgmiets are brought together, electrons from the
n-type semiconductor will diffuse into the p-typaterial; this continues until the flow of
electrons is stopped by the electric field thdtasn the imbalance of charge, this area of the
detector is called the depletion zone. When arzingiradiation particle enters the depletion
zone it creates a series of electron-hole pairdigplacing electrons from their atoms along the
trajectory of the particle. Ideally, the ionizipgrticle should lose all of its energy within the
depletion zone of the semiconductor crystal, bez#ues electric field that has been in the
depletion region plus the applied voltage will fl@kectrons in one direction and holes will flow
in the opposite direction, shown in Figure 4.5. Tharges are collected and converted to
voltages using a charge-to-voltage amplifier, drerheasured voltage is directly proportional to

the energy of the radiation.
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Figure 4.5 A cross sectional image of a semicoradwdgtector with ionizing radiation causing

the formation of electron-hole pairs.

As mentioned earlier the depletion zone will ndtyraave an electric field whose
potential (p) is given by equation 4.5
20 _ _p
Vi =L (4.5)

Wherep is the charge density asdhe dielectric constant for silicon. The magnitadé¢he
potential is often very near the bandgap of theendt The associated electric field) (can

easily be solved for by taking the derivative af fhotential along the axis of p-to-n.

E(z)=-% (4.6)

dx

As the ionizing particle removes electrons frormagat will begin to slow down and

come to rest. During the slowdown phase the iogiparticle will knock-out electrons imparting
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on them a sufficiently high energy that these etes (termed delta rays) create electron-hole
pairs as they decelerate. The average energynimng particle loses to produce a single
electron-hole pair is often called the ionizatiore gy and has the symboIThe ionization
energy is dependent on the kinetic energy of thiziog particle. The ratio of electrons to holes
formed from the energy deposited by the ionizindigia is 1:1, whether the crystal has an n-
type or p-type dopant plays no role in the ratio.

The ionization energy is approximately 3 eV foicsih. This is small in contrast to other
detector types like a typical gas-filled detectanjch requires 30 eV to make an ion pair. As the
number of electron-holes will be 10 times greatersilicon than a gas-filled detector this means
that the attainable resolution is also greater. él@x, the ionizing energy is dependent on both
the temperature of the silicon and the type ofatai measured. Thus, if you were to measure
protons using a calibration from alpha particlesehergy value could be off by as much as
2.2%%

As said earlier, the number of electron-hole paiested by an ionizing particle is
directly proportional to the energy of that padidHowever, the exact number of electron-hole
pairs generated from another ionizing particlehef éxact same energy and type will differ
slightly. If we plotted the number of electron-bgairs generated against the energy of the
ionizing particles we will see a Gaussian distiidmitof values. The Gaussian distribution is

given as,

G(H) = —fmme” =7 (4.7)

Hereo is related to the full width at half maximum (FWHMy FWHM = 2.3, H, is the
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centroid of the peak, and A is the area of the p&hlds, we finally have the tools to quantify the
observed distribution. It is often considered thatdistribution should be due mainly to
statistical noise, meaning that it arises fromrtre@lom fluctuation of events even though the
particle may have exactly the same energy and #rganaterial in essentially the same location.
This distribution can be modeled as at the limiadfoisson process, and the resolution is

defined as the FWHM divided by the location of tdeatroid (H), see equation 4.8

FWHM
R'f"mewn = —H, {4.8)

As the location of the centroid is equal to the bemof electron-hole pairs (N) times a

proportionality constant (K), and as mentionedieathe FWHM equals 2.3bwherec equals

KN*2, then equation 4.8 becomes,

R' Poisson — — J., I FRSE

As the equation shows, the resolution is determinethe number of electron-hole pairs
generated, so as N increases the resolution wilkase (R will decrease). However,
semiconductor detectors are odd in that the medsas®lution is often 3 or 4 times better than
that predicted from a statistical analysis. This@y means that the process described earlier for
how electron-hole pairs are generated is not inaeéget of each other. This increase in

resolution is quantified by a variable called ttamé& factor (F), and is related to equation 4.10 as,

19

aw £ 1172
le"m#wn = 2.3 {;T) [410]

60



For semiconductor crystal detectors the Fano fg€jpwill be less than one.

As mentioned earlier these semiconductor crystaatiers often have an external
potential applied to them. They will also work whéere is no potential applied, but the
resolution is greatly diminished. That is becalrgertatural potential that is made across the
detector, ~1V, is not strong enough to sweep thetrein-hole pairs to the electronics. Any delay
in collecting the ion-pairs will cause a loss dbmmation due to trapping and recombination.
Thus, the detector is biased. The bias applieduslly the reverse of that generated naturally by
the separation of ions. The p-side of the detastbrased negatively, and the n-side of the
detector is biased positively. This ensures thantimor carriers of the n-side (holes) and the p-
side (electrons) are attracted across the junclisithe concentration of carriers is so little
across the junction the current across the detectary low. So the entire detector can be
thought of as a diode, and as with most dioddseifvbltage is increased too much in the

opposite direction it will permanently destroy thiede.

4.3 Driving the Stepper Motor
Precise control of the sample holder is crucidh&se experiments, as the sample holder
is stepped in front of the alpha-detectors. We asstgpper motor (Anaheim Automation,

1SY001S-LW4) to this end. A stepper motor is sharagrammatically in Figure 4.6.
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Figure 4.6 A diagram of the 4-wire stepper motor.

The beginning operation of the stepper motor ga®s current through points A+ to A- (winding
A) and from points B+ to B- (winding B). In ordex have the motor take a step it is necessary to
change the current direction of either winding Avanding B but not both at the same time. An

example current switch with an associated stepasva in Figure 4.7.
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Figure 4.7 The stepper motor diagram after a ctualeange showing the motor has stepped by

90 degrees.

By changing the direction of the current in théntigrder it is possible to make the motor rotate
clockwise or counterclockwise. In order to do thisircuit was made and is sketched in Figure
4.8. The integrated circuit used to control thetslwng for Vi and \4 was the IC-4049. The logic
of the circuit contains 2 bits of information #rtotal combinations: 00, 01, 10, 11. Each of the
combinations corresponded to the current in windiriigwing in one direction or the other and
similarly for the current flowing in winding B, toover all possible combinations to make the
wheel step. Thus with this simple logic it is pbésito control the alpha-wheel apparatus with
simple steps by manipulating the voltages sertdartegrated circuit with either 0 V or 5V
logic in order to change the flow of current thrbube windings. A picture of the final circuit is

shown in Figure 4.9.
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Figure 4.8 The circuit diagram of the stepper madrorer.
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Figure 4.9 This shows the final constructed steppaor circuit.

4.4 Peak Shaping From the Alpha-Detectors

The Data Acquisition System hardware and softwaesldor the gas-phase experiments
sampled voltages at a slow pace, approximatelyyeM@ms (discussed in more detail also in
section 4.5). The pulse rise time which charactsrihe signal from the detector is on the order
of 10 ns. The 10 ns are due to two causes: Th@elansit time, and the plasma time.

The charge transit time is simply the time it takkectron-hole pairs that are generated in
the depletion zone to transverse it and be collledikre effects of the charge transit time can be
minimized when a large electric field is generadetbss the detector and when the depletion
zone is narrow. Since no electric field is ever bgenous, the migration of the electrons and
holes will be a function of its location in the detor and the electric field it feels at that pdint

The plasma time is a characteristic for the tydaadiation studied later in this chapter,
which are alpha particles, but it also a signiftca@mponent for any heavy charged particles.
When an alpha-particles creates ion-pairs alonigajsctory, it creates them at such a high
density that the electron-hole pairs in the inteobthe cloud are shielded from the effects of the
electric field. Thus the electron-hole pairs ondlger edge will move first due to the electric
field. As the edge ion-pairs migrate the shielddfighe interior ions will decrease and they too
will start migrating?®¢76869707172" he time it takes for the plasma to be erodedriméd the
plasma time, after which the detector behavesrasraal charge collection process. The amount
of time associated with the plasma time is roudhB/ns from the formation of tracks in the
detector until the formation of the pulse riseifty> 677787

When the charge is finally separated across tHeatol, the charge separation is not

large enough to cause a significant voltage to nrea3 here needs to be an amplification step
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before acquisition of data, this amplification fseo termed the preamplification step.
Preamplifiers are placed as near as possible tddteetors, to minimize the contribution of
noise to the signal. A good preamplifier will nbape the pulse to any great extent, and its rise
time should be as short as possible. Preamplifiees in these experiments were the charge-
sensitive (also known as charge-to-voltage) tyfe Basic concept of a preamplifier is shown in

Figure 4.10

Hf
—— A

|
I
|I':f

O A —O

Y Yon
—c
O O

Figure 4.10 The elements of a charge-to-voltagarppdifier is shown.

The output voltage () is simply proportional to the amount of char@ écross the detector,

that migrated to the applied voltage across i) (Yhe exact relationship is given in equation

4.11%°

(4.11)

[ A—— C
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Rr and G will control the decay rate or tail of the pulsg &rom the preamplifier, with a time
constant that is equal ta®

Once the voltage was generated with a preampiifisithen necessary to construct a
circuit that could hold that energy, collected frdme alpha-detectors, long enough for the data
acquisition system to measure it. The circuit catsed was a peak-and-hold circuit and utilized

the integrated circuit PKD-01, the circuit madsh®wn in Figure 4.11.

Input/c-detector
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0111;1)1]!‘, i

Figure 4.11 Circuit diagram of the shaping amplitised for the gas-phase experiments.

The final shaping amplifier circuit board held taieKD-01s and was used to collect data from

the alpha detectors on the alpha-wheel apparapistwre of the circuit is shown in Figure 4.12.
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Figure 4.12 A picture of the 3-channel PKD-01 dircesigned, constructed, and used for gas-

phase experiments.

The shaping amp could hold the maximum voltageect#ld from the alpha-detectors for
several seconds until the signal began to drooeShe DAQ was sampling every 10-15 ms it
was more than enough for our needs. It should bedribat the number of events we were
expecting were one event every minute in a low gemknd, thus this type of setup would not be

advisable for high-count rate experiments or higbkground experiments.

4.5 Data Acquisition System Hardware

Data are acquired using a modified National Imagnts USB-6009, shown in Figure
4.13. The hardware was modified to accept digitalas from Bayonet Neill-Concelman

(BNC) cables and to output digital signals using@Bdables. The USB-6009 stored information
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in a its buffer and communicated the data beintpctdd to the computer through a Universal

Serial Bus (USB) connection.

Figure 4.13 A picture of the modified NI USB-6009.

For any data acquisition system there will be aimmirm time required so that when two
separate events occur they are measured as twatepad distinct pulses. The minimum time
is often called the dead time and for the NI USB%Q was sampled approximately every 15
ms. As radioactivity is a random statistical pra;dbkere is always a small probability that two
nuclei will decay at nearly the same time, makiaegasate observations of both separate decays
nearly impossible; this can also happen in highkgesund experiments or any time a large
count rate is expected. When a decay is lost sftfshion it is called a “dead time loss”.

There are two types of dead times, paralyzablenangaralyzable response. In a detector
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a fixed timet follows any event until the detector becomes rdadynore events, when this
occurs the detector is termbde. In a paralyzable detector when the pulses cortten, they

will stack on top of each other and make the olesbpeak larger than what actually occurred. In
a nonparalyzable response any events that comawitwill be ignored until the event has

been sampled and the detector resets into a skesieeit can receive signals again. Both type of

dead time responses are shown in Figure 4.14.

—r I

Paralyzable

| Events in Detector

Pulse Height

Nonparalyzable

Time
Figure 4.14 The measured pulse heights as seaffiditious series of events measured in the

detector illustrating the concept of dead time.

In the figure there are 4 events at the deteaboneswithin the dead time of the detector. For a
paralyzable detector setup this would have medgttamo events were observed, and the energy
of the second would have been greater than thetyassociated event. For a nonparalyzable
decay the example would have led to 3 measureds\vahcorresponding to the energy of an
event.

It is important to note that these models are idedlversions of how detectors respond

during the dead-time. For the peak shaping citbait | designed and explained in 4.3.1, the

70



response to a pulse in the dead time would have heeparalyzable unless the second pulse
was larger than the first, and in that case th& pgansity would have risen to that of the
highest peak; which is typical for a peak-and-hotduit.

There are expressions that describe the true faeeats () for both detector types if
you recorded the count rat@)(and know the dead time)( see equation 4.8 for the

nonparalyzable model and equation 4.9 for paralgzatodel.

i

= 1—mr [4'12]

m=mne " {4.13)

For the experiment presented later, the rate aftswgas low enough (5 per minute) that the

dead time (~15 ms) was not a major concern.

4.6 Data Acquisition System Program (.exe)

The code for the data acquisition system progragd @@ the Gas-Phase experiments
(discussed later in this chapter) is shown in Agipeh The code was written in Visual Basic
(VB), because of its superior end user interfaggud Basic is an event-driven programming
language from Microsoft, meaning that with simgdielks and inputs a user has easy control over
which part of the code that will be executed. Tleudl basic language is considered one of the
easier computer languages to learn, due to itsngrig Beginner's All-purpose Symbolic
Instruction Code (BASIC).

A nice feature of Visual Basic is the ability to kegorograms that are executable that
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work across Windows platforms. So a program thdeigeloped on one computer will work on
any other windows computer without the need ofailisiy any additional software; all that is
needed is the one executable file. The first varsiovisual Basic, v. 1.0, was released in 1991;

the version used for this work is Visual Basic .M&ich was released in 2008.

Fun Con

ooi1 1100
0110 1001

chnnl: Signal / Time. Stmp / Event®

Figure 4.15 A screen shot of the data acquisitymtesn used to acquire data.
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The program is divided into different sections thave different functions, a different
color is associated with the different sectionse $hctions are Stepper Controls (Green), Run
Control (blue), D.A.Q. Parameters (Peach), ReakTrA.Q. (Pink), Stepper Diagnostics
(White), File Name and Digital Resets (cyan), Signae.Stamp/Event# (Yellow).

The Stepper Controls section controls the ratetattion of the circular sample holder
across the alpha-detectors. The stepper motor ni&egirns before it returns to its starting
position. Because the alpha-wheel apparatus hasl&eactors, it needs to rotate 90 degrees and
accomplishes this with 45 little steps. Once ichess a detector, it stops rotating, collects data,
and after a predetermined amount of time it betginstate in front of the next detector, and so
on. The parameter listed as “Rate” is how long iiseconds to wait until sending a signal to
the motor to make one little step; the defaultisgtis 25 ms. Thus it takes our device 45 x 25
ms, or 1.1 s, to turn and place the sample in fobthe next detector. The length of time the
sample is to be in front of a detector is determibg the “T1/2” parameter. The parameter is
oddly named because the length of time we kepsannples in front of the detector was for the
half-life of the element of interest. The buttoabdled “1”, “2”, “3”, “4” were used to manually
turn the wheel if we so desired, but the typica was for the program to use the default setting
parameters of “Rate” and “T1/2".

The Stepper Diagnostics section monitors the pssgoé the sample holder in the alpha-
wheel apparatus. The “Full Rotation Completion’graeter keeps track of where the sample
holder is in relation to where it began turning tralue is measured in percent from 0% to 100%
and correlates with the sample wheel's rotatiod tof 360 degrees. The “Quarter Step
Completion” parameter keeps track of where the saimgider is when it begins to move the
sample from one detector to the next detector;vEhge is measured in percent from 0 to 100%

and correlates with the sample wheel's rotatiod-e©0 degrees, or 90 — 180 degrees, or 180 —
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270 degrees, or 270 — 360 degrees. The “ComplatéatiBn” parameter kept track of how
many 360 degree turns the sample holder in thbaalheel apparatus made. The “Total Fired”
parameter kept track of the total number of signassent to the stepper motor, each signal
corresponded to a stepper motor step. The “pangfiparameter displays which pins of the
parallel port is used to send the signal to thepemotor driver.

The Run Controls section deals with the actual ingyrand stopping of the program.
Once the “start” button is pressed the stepper mubaild begin to turn, using the predefined
variables, and the program would begin to acqiieeraw voltage signals from the DAQ device,
see lines 1589 to 1604 in Appendix | for more infation. Pressing “stop” would stop the motor
from turning and stop collection of data from tha@device, see lines 1539-1545 in Appendix
| for more information. The “Reset” button wouldum all editable parameters back to default.

The D.A.Q. Parameters section deals with the a@A&) device. The device has eight
analog inputs and the parameter labeled “Physibah@el” determines which one of the eight is
sampled; the default is channel 0, and is showiDagl1/ai0”. In order to sample all channels
the “Physical Pamater needs to be edited as sw1/@®:7”. The “Minimum (Volts)” and
“Maximum (Volts)” parameter tells the device froniha&t range to expect signals, the device can
accept any voltage between -10 V and 10 V. Thegdeasi our circuits insured only positive
signals, thus the default “Minimum (Volts)” pararets set to 0.00 V. The “Event Threshold
(Volts)” parameter is the signal strength necessaoyder for the program to consider an event
real and record the data to a file.

The Real Time D.A.Q. Section is meant to allowuler to view the signals that the
DAQ device's analog inputs is collecting in reaidi It is only useful for debugging the device
and was never used when collecting actual dativeasiresource intensive and slowed down the

computer considerably.
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The File Name and Digital Resets section controlNbdre the data was saved and it
could sent a signal to a peak-and-hold circuietayb of the signal it collected. The location of
the data file and the name of the data file co@l@tited by simply clicking the label displaying
the default locationi . C:\Documents and Settings\Mitch\Desktop\dataO).tXthe design of
the circuits prior to the DAQ device sampling invedl a peak-and-hold circuit that held the
voltage from the alpha-detector long enough foR&) device to sample it and send it to the
DAQ program. Sampling was done every 10-15 ms enage. When the DAQ program
detected an event above the “Event Threshold (Vgierameter it would record the event to file
and then send a signal to the peak-and-hold taselthat voltage. This process was visually
seen by a check-mark that flashed on the screeaspmnding to which channel had just been
told to reset its peak-and-hold circuit. The “DItOlutton is for manually reseting the peak-
and-hold and is used by check-marking the apprtgpdaannel and then clicking the button.

The section with the label “Signal/Time.Stamp/Ewémn$ where the output of events the
program believed to be real would appear in reaétiWWhen the program comes across an event
that is above the “Event Threshold (Volts)” paraenét will first save the data to file and then

display it in this section of the program, see 1i3@4-1310 in Appendix | for more information.

4.7 Data File Structure and Data Analysis Program

The data files stored 6 types of information: wieettne heavy-ion beam was on target,
the detector/channel an event occurred, the erddrtiat event, the unique time the event was
detected in milliseconds, and a unique event nuriag¢iwas assigned, and at what time the

sample holder started to make a 90 degree steghoam in Figure 4.16.
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heam—-on 440331954
stepped 440331954
stepped 440337375
stepped 440342765
o: 7.02663959905771 440345203 2502
=tepped 440348187
heam-on 440353575
stepped 440353575
stepped 4403558903
stepped 440364359
=tepped 4403639750
2: 7.72490011947199 440374512 5415

Figure 4.16 An image of a typical data file.

After the run the files were placed onto FTP towlbther experimenters access to the

files. A website was created to read the files poatess it using a web browser. An image of the

web browser interface is shown below Figure 4.17.

The files were processed using the language of pygelecting for the parameters of

interest above plots of counts versus alpha-eneeyg generated on the server and displayed

back to the end user. The graphics program usedwvdisn by me and were generated pixel by

pixel; the total cost in server time to run thagsas less than 1s. The script also displays

relevant information such as: the bin size, detedtannel, largest peak, total events in the file,

name of the data file analyzed, and associatedanmgrmation, as shown in Figure 4.18.
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Figure 4.17 A screen shot of the web browser iaterffor analyzing data files.
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Figure 4.18 A screen shot of a typical spectremegated from the data analysis program. The

y-axis is counts and the x-axis is alpha-energkaV).

4.8 Experiments with the Alpha-Wheel Apparatus

At the 88-inch cyclotron, Fr-205 was produced &i the alpha-wheel apparatus.
Francium-205 was used as a model for rutherford2éh-Fr-205 has a half-life of 3.85 s and an
alpha-energy of 7.01 MeV, while Rf-261 has a hidéf-6f 75 s and an alpha-energy of 8.7 MéV.

The nuclear reaction waSTm(*°Ar, 4n¥%Fr. Once francium was made using the BGS it was
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separated based on magnetic rigidity and stoppadftddized in helium gas in the recoil
transport chamber (RTC). The RTC then containedrdreium atoms and an atmosphere of
helium, into this chamber aerosol particles of psitam chloride were flushed in at a
temperature of ~ 500 °C. The francium atoms woudeh thttach to the aerosol particles and were
transported from the BGS to the alpha-wheel appangda gas-jet. At the end of the gas-jet
transport, the aerosols were deposited onto tineMlylar film of the rotating sample holder and
passed in front of the detectors as describedeeanlithis chapter.

The parameters of the experiment were as follows®Ar beam was turned on for 2 s
and then kept off for 16 s. Thus with a step-tirhd e the aerosol spot would travel in front of
all the detectors and back to the collection sagiotvhich time the beam would be turned on
again and the process would be repeated. Atstlséep the aerosol spot would be at detector-1
and the data recording would be collected. At tist2p the sample spot would be moved to
detector-2 and data would be collected and so daypial spectrum collected from the

experiment is shown in Figure 4.19
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Data paraneters

Din Size; 4 w¥
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Paths 1
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Figure 4.19 This shows the alpha spectrum collefttad the'*“Tm(*°Ar, 4n¥%Fr nuclear

reaction.

This histogram graphs the number of events recoatisdecific alpha-energies. It uses a
bin size of 4 mV corresponding 4 keV. As seen a&btivere is a peak at 6820 keV
corresponding to Fr-205’s 7.01 MeV alpha. The desean energy is likely due to the
alpha-spectrum being taken in a flow of gas rathan in a vacuum. A table of all the events

corresponding to Francium-205 is shown in Table 4.1

Total Events Detector 1 Detector 2 Detector 3
Group 1 129 21 35

Table 4.1 Shows a tabulation of all the eventsectdld for the run.

A post run analysis on detector-2 found that chbtmlee unreliable and data collected
from it was not incorporated in any subsequentyammal The 129 events collected after turning
the beam off and after waiting eight seconds cpoeds to ~2 half-lives of Fr-205. By the time
it reaches detector-3 approximately 4 half-livegehpassed. As the number of events in
detector-3 correspond roughly to ¥ of the numbervehts detected in detector-1, we have

strong confidence that all our systems, aside fthannel-2, were operating effectively.

4.9 Conclusion
From the'*Tm(*°Ar, 4n¥%Fr nuclear reaction, we have shown that it is esd

transport radionuclides quickly and efficientlytt@ constructed alpha-wheel apparatus. We
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have also shown that the electronics and circoitsttucted are reasonably reliable and work
well. These hardware and electronic systems mapnheterest to future nuclear scientists as
they were mostly constructed using common comparfenind in local electronic stores; the
electronics also utilized newer methods of commating to computers like USB instead of
complicated PC cards; finally the electronics wieee of the nuclear instrumental module
(NIM) standard and could often simply be pluggetd imwall. The information learned from
the gas-phase experiments will be useful for futmvestigations into the chemical properties of

the heaviest elements in the gas-phase.

81



Chapter 5: Production of *'Rf from #®U(**Mg, 3n)**'Rf

5.1 Introduction

The Berkeley Gas-Filled Separator (BGS) was usé&ehewely for this work, and a
summary of the device follows. The BGS utilizesthmagnets to separate the heavy-ion beam

from complete fusion evaporation products; the psschas been described previously by
Gregorichet al..?? A figure of the device is shown in Figure 5.1

Rutherford Dearn Gas-Filled
Beam Detectors ij"?cmry Chamber
\/\@ ~ | Punchthrough
i - |
Target |

Detector

Focal Plane
Detect
Quadrupole ~_ ] etector
Magnet / / - — e : = |
{5\; ™~ I', L I'.
;’a Gradient- (f}? | Flat-Field MWEPC
Field S :
/ Magnet [ I'. Dipale
£ /

Magnet
|
~ EVR
i Trajectory
Figure 5.1 A schematic of the Berkeley Gas-Fillep&ator in the configuration used for the

work in this chapter.

The target section of the BGS housed a rotatingeluiee arc-shaped uranium(lV)

tetrafluoride targets. The wheel usually rotated5f rpm. As a high intensity heavy-ion beam

passes through a target it will deposit some dcdniesrgy as heat, as the wheel rotates it dissipates
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a significant fraction of that heat across the p#ight targets; this helps keep the uranium
targets from melting. The uranium targets were diged onto an aluminum backing. Details on
the thicknesses of the uranium tetrafluoride targed aluminum backings can be found in
section 5.2.1

The Rutherford detectors are located after theetaagan angle of ~27 degrees from the
path of the beam (beam axis). The Rutherford deteetre silicon semiconductor detectors that
have been thoroughly introduced in chapter 4. Tdreytermed Rutherford detectors because
they monitor the Rutherford scattering that ocasshe beam passes through the target. As the
positive heavy-ions in the beam transverse theetdhgy will often strike an atomic nucleus
within the target and scatter as a simple 3-dineradikinematics problem. The Rutherford
detectors have four grids of wire mesh coverinig, ihto decrease the rate of scattered beam
particles hitting the detectors; without the grids scattered particles influx would be sufficient
to cause excessive radiation damage to the detector

The rate of Rutherford scatteringk{) is a direct function of the cross-section of the
scattering rn), the number of atoms in the target per unit &g and the intensity of the
beam (). Since the total rate of Rutherford scatteringpas all angles is not known (because we
only have Rutherford detectors at one angle),neisessary to use the differential Rutherford

scattering modef

doe _ [ 271 7o :| 1 [{'iﬂ-iﬂ-l—'\'.l.":]—l:?.lﬂI."?.II_:.:':HiLl':l'.'ir:l': [51]

. P I = i | !
du Imen(2E ) | sin' 8 \/1—(m1jmz2)? sin? 8

The termdwis the solid angle differentiaf; andZ, are the atomic number of the projectile and

target respectivel . is the energy in the laboratory frame of the beangndm, are the
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masses of the projectile and target respectivilythe angle of the Rutherford detectors from
the beam axis in the laboratory frame. EquatioroBl holds true when the mass of the
projectile is less than the mass of the target.

As matter mainly consists of empty space the bedhmainly pass through the thin
target material without any interaction. Compam@the rate of no reaction, the scattering rate is
comparatively several magnitudes smaller, smabé¢is/the magnitude of the rate of compound
nucleus formation. When proper compound nucleusdtion does occur, the evaporation of the
proper number of neutrons without fission, it cesathe isotope of interest (in the case of this
chapter rutherfordium). The next task of the BGf®iseparate the beam from the rutherfordium
ions, this is accomplished through the use ofineet BGS magnets. The magnets include a
quadrupole magnet (Q1), followed by a gradientfdipole magnet (M1), and followed by a
flat field dipole magnet (M2). The quadrupole mageeriented in such a way that it focuses
the rutherfordium isotopes vertically while broaohgnout the horizontal distribution of ions.
Rutherfordium ions get physically separated fromltbam by the next magnets (M1 and M2).
The magnets applies a different net Lorentz forcéghe beam and rutherfordium ions, the

Lorentz force is given in equation 5.2.

F=quB {9.2)

The termq is the charge of the partichejs the velocity of the particle, amglis the magnitude of

the magnetic field. The Lorentz force is equalliabaed by the centripetal force, given in

equation 5.3.
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F=m (5.3)

The termmis the particle’'s masg,is the velocity of the particle, agmlis the radius of curvature
of the motion of the particle. Agis fixed by the physical design of the BGS, byetalr

selection oB it is possible to have high separation factore @werall configuration of the BGS
allows for a physical separation factor on the pafe-13*, due in part to the large bending
angle of the BGS 70°.

The charge state of the beam particles are knowaatlgxdue to the cyclotron selecting
for only one type of charge state. However, thegiatate of rutherfordium as it leaves the
target material is an other matter. The momentunutbierfordium is much lower than the beam
particles, so that interactions with the gas mdewithin the BGS will cause rutherfordium to
pick up several electrons. In order to accounttie we use the concept of average charge state
(dag). The average charge state is simply the averbtje @iscrete charges on rutherfordium
atoms as it transverses the BGS. An equation @aterage charge state used in these

experiments is given in equation 34,

Quvg = PT + T+ ssin {%[E — (pr+71)—1t]) (5.4)

The equation is a semi-empirical fit to the meadiggg. The termp is equal to 0.641X is equal
to vZ*3*wherev is the velocity expressed in Bohr velocity ahi$ the atomic number of the
particle,r is -0.235sis 0.517tis 74.6.

The research group has developed equations taatethe amount of current needed

to power each magnet in order to have good separhtised on the magnetic rigidity of the
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element of interest once the average charge saatbden calculated.

Q1) = T65mv /qy,, {5.9)
I{M1) = u.mlﬁL?:I.'ti:‘::_lni:ilznl]f:H (3.6)

I(M2) = —"/aw (5.7)

0.002467 ¢ 40002016

The termmv is the momentum of the charged patrticle, and & iexperimentally determined
constant and has been found to be 1.69. With iglinfiormation it is possible to separate out
rutherfordium atoms and pass them to the detefdiodetection.

The detectors used for the focal plane, at theoétite BGS, were of the silicon

semiconductor variety. An picture of the detectoayis shown in Figure 5.2
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Figure 5.2 This shows a picture of the focal pldatector. The silicon semiconductor detectors

can be seen to be arrayed in an open rectangwar bo

The detectors are arrayed in an open rectangulacdnafiguration of detector “cards”. The
detector cards are 60 mm x 60 mm and each is divedeally into 16 strips. Each strip is 3.265

mm long and can be used to determine the posifiandecay within the detector array. The
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detectors are externally reverse biased to 40 V.

The data acquisition system differs from that eixyd in chapter 4. Similarly, as decays
occur in the detector array the charge is convadewltage by the use of preamplifiers.
However, after the preamplifiers the signal is $erda CAEN N568B amplifier. This module
creates a fast pulse that is sent to a MSU 180stannfraction discriminator (CFD). In order for
data collection to begin the CFD must receive gaga that is above a minimal threshold,; if
such a signal exists it is sent to a trigger moffilde dead time for acquisition is fui%. A slow
pulse is sent to the CAEN V785 analog digital caters (ADCSs) for digitalization of the analog
voltage. It is possible to view the data as it cenmmereal-time with the Multi Branch System
(MBS) progrant®®’The MBS is programmed to search for alpha-alpheetations or alpha-
spontaneous fission correlations under certainnpaters described in the next section. When
the MBS detects a possible correlation, it can sfffthe beam in order to remove background
noise caused by beam patrticles that were not afééey removed by the magnets. The MBS is

installed on a RIO2 computer running the Lynx-O®raging system.

5.2 Experimental Setup

Beams of magnesium{1g°*) were produced from enriched metallic Mg in the
Advanced Electron Cyclotron Resonance (AECR) iamr@®and then accelerated by the 88-
Inch Cyclotron at Lawrence Berkeley National Laltorg(LBNL) to energies of 4.9-6.0
MeV/nucleon. The beam passed through ag/snt thick carbon (C) window at the entrance of
the Berkeley Gas-filled Separator (B&Sjthat serves to separate the vacuum of the beam lin
from the 66-Pa helium(He) gas inside the BGS. Apimnately one centimeter downstream of
the entrance window was a rotating ( 10 Hz)targezellconsisting of nine arc-shaped
uranium(1V) tetrafluoride (UF ~47Qug/cm2) targets. These targets were prepared by
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evaporation of UfFonto 580gng/cn? aluminum(Al) foils. The energy thickness of the,Udyer
on each target segment was approximately 2.0 MeV.

Typical beam intensities ranged from 0.5 to 1.Qipl@ruA. Energy losses in carbon,
aluminum, and uranium tetrafluoride were calculatitth SRIM2006.02° The product of target
thickness and beam intensity was monitored ondinéhe detection of Rutherford-scattered
particles in two PIN diode detectors located at°#2@m the beam axis. Analysis of the pulse
heights of the Rutherford-scattered projectilesiftbe varioug®™Mg beam energies gives
relative energies to within 0.1%. The resultingteeif-target beam energy was 121.8 MeV in
the laboratory frame. Systematic uncertainty inghergies from the 88-Inch Cyclotron is
estimated to be ~1%. Compound nucleus excitatiorgegsewere calculated using the relative
beam energies with the experimental mass defect®Mg and*®U and the Thomas-Fermi mass
defects for the compound nucleti® The resulting ranges of compound nucleus excitatio
energy within the targets was 35.3 + 0.9.

Rutherfordium compound nucleus evaporation resi@éRs) were formed with the
momentum of the projectile and recoil from the &rg hese EVRs were separated from the
beam and other unwanted reaction products in th® B&ed upon their differing magnetic
rigidities in He gas. The magnetic rigidity of theéherfordium EVRs was estimated as
previously describet. The efficiency for collecting rutherfordium EVRsthe BGS focal plane
was modeled using a Monte Carlo simulation of th&Erajectories in the BGS, as described
earlier?* and resulted in an efficiency of 15%. Detailsh# Si-strip detector array and data
acquisition system have been reported elsewfiditee rutherfordium EVRs have a short range
and low implantation energy in the focal plane detedue to their low kinetic energy. Thus, a
multiwire proportional counter could not be used ao information was available to help

differentiate between implantation events and desents of similar energy within the focal
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plane detector.

The search for EVR-and EVRe-a correlations was expected to be hindered by random
correlations of events unrelated to the decay efiigsired nuclides. This problem was
circumvented by using a pulsed beam that had adiii§ocfactor with a period of 600 ms.
Searching fon-particles between beam pulses led to a signifibankground reduction and
allowed the identification of the-emitting nuclides. To further reduce random catiehs
during the pulsed irradiations;decays were defined as events anticoincident th@éhupstream
detectorsi(e., the full energy of the-decay was required to be in the focal plane detextd
not split between the focal plane and upstreanctat®. A fast shutoff mode was employed to
search fof®'Rf. During this mode, the beam was shut off for $Gfter detection of an EVR
[3.5 < E(MeV) < 10.0, during the beam pulse] folknhby the observation of anparticle [8.0
< E(MeV) < 9.0, in-between beam pulses] in the satrip and within 300 s and +3.5 mm of the
EVR. This allowed for the detection of the 25 Siéd of 2’No daughter in nearly background

free conditions®

5.3 Results

21Rf was produced in tiMg(%8, 3nyY5'Rf reaction at the lowest excitation energy of
35.3 MeV. The direct production &FfRf from a 3n hot-fusion exit-channel has not been
observed previously. Two isomers are knowr?fif. The first isomer, designatédRf, decays
by either SF ou-particle emission (&= 8.51 MeV, & =0.09, T, = 2.8 s’ The second isomer,
designated®Rf, has only been observed to decayparticle emission (= 8.3 MeV, T, =
75 £ 7 s), with an upper limit of 11% for decay $ly*,*°

We observed one correlated E\dRx decay chain with the following decay properties:

2IRf (Ea = 8.34 + 0.05 MeVy = 103.2 s), 257No (= 8.30 + 0.05 MeVy = 12.2 s). This event
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was assigned t§*Rf and corresponds to a cross section of 28 plecArsd event consisted of
an EVR-SF decay chain with a SF energy of 173.3 Me¥ a life time of 9.4 s. This event could
be assigned to either isomer?8Rf. However, as discussed in the following secttbere is

only a 6% probability for observing a random EVR-&frelation within five half-lives offRf.

If confirmed, this would represent the first obsgiwon of this isomer produced as an EVR. The

addition of this second event would only incredse3n cross section by 14%, to 32 pb.

5.4 Conclusion

Historical precedence indicates that the 3n exanclel cross sections rapidly decrease
with increasing Zojeciie :°°*°+°?Recently, Dvoralet al.*® have made the surprising observation of
a 3n exit channel in tiF¢*Cm(®Mg, 3n¥"'Hs reaction, with a cross section that is comparabl
magnitude to the 4n cross section. In this worttedicated irradiation searching for the 3n exit
channel of thé®Mg + 238U reaction was performeéf’Rf was observed to have a cross section of
28 pb at a beam energy of 121.8 MeV. These dis@wepen the possibility of accessing long-
lived neutron-rich nuclides of the transactinidébaing hot fusion reactions with neutron-rich

targets.

91



(S IF

Appendinx | — Visual Basic Code for Data Acquisitio Sustem

ImportsNationallnstruments.DAQmMXx
ImportsSystem.Math

Public ClasdMainForm

Inherits System.Windows.Forms.Form

PrivatemyTaskAs Task ‘Main Task which is Assigned when the Start Buito@licked
PrivatemyTask2As Task 'Main Task which is Assigned when the Start Buito@licked
PrivaterunningTaskAs Task 'Mitch added for the 100 sample catch

PrivateanaloginReadeks AnalogMultiChannelReadéklitch added for the 100 sample catch
PrivateanalogCallbacls AsyncCallbackMitch added for the 100 sample catch

Privatedatal0As Double(,)’Mitch added for the 100 sample catch

Dim readerAs AnalogMultiChannelReadekitch added for the 100 sample catch

Dim readetAs AnalogMultiChannelReader

PrivatetotalSamplegs Int32 ‘Global Container for the number samples to be iaedu
PrivateacquiredSamplesCoufs Int32 = 0 ‘lteration variable which hold the current sampdénly acquired

PrivatedataColumrAs DataColumn()

FriendWithEvents runcontrolds System.Windows.Forms.GroupBox
FriendWithEvents LabellAs System.Windows.Forms.Label
FriendWithEvents halflifeAs System.Windows.Forms.NumericUpDown
FriendWithEvents Labell®@s System.Windows.Forms.Label
FriendWithEvents reseAs System.Windows.Forms.Button
FriendWithEvents boxtimeAs System.Windows.Forms.NumericUpDown
FriendWithEvents Label2&s System.Windows.Forms.Label
FriendWithEvents stopbutton®s System.Windows.Forms.Button
FriendWithEvents LabelAs System.Windows.Forms.Label
FriendWithEvents GroupBoxAs System.Windows.Forms.GroupBox
FriendWithEvents Label2As System.Windows.Forms.Label
FriendWithEvents Label28s System.Windows.Forms.Label
FriendWithEvents Label2%s System.Windows.Forms.Label
FriendWithEvents Label2@s System.Windows.Forms.Label
FriendWithEvents Label22\s System.Windows.Forms.Label
FriendWithEvents Label2#s System.Windows.Forms.Label
FriendWithEvents Label22s System.Windows.Forms.Label
FriendWithEvents Label2As System.Windows.Forms.Label
FriendWithEvents dag?As System.Windows.Forms.TextBox
FriendWithEvents dagés System.Windows.Forms.TextBox
FriendWithEvents dag®s System.Windows.Forms.TextBox
FriendWithEvents dag#s System.Windows.Forms.TextBox
FriendWithEvents dagds System.Windows.Forms.TextBox
FriendWithEvents dag2s System.Windows.Forms.TextBox
FriendWithEvents dagAs System.Windows.Forms.TextBox
FriendWithEvents dag®@s System.Windows.Forms.TextBox
FriendWithEvents dagenabkes System.Windows.Forms.CheckBox
FriendWithEvents TextBox2As System.Windows.Forms.TextBox
FriendWithEvents TextBox®s System.Windows.Forms.TextBox
FriendWithEvents GroupBox3s System.Windows.Forms.GroupBox
FriendWithEvents LabellAs System.Windows.Forms.Label
FriendWithEvents Labelbarstefs System.Windows.Forms.Label
FriendWithEvents barsteps System.Windows.Forms.ProgressBar
FriendWithEvents Labell@s System.Windows.Forms.Label
FriendWithEvents Labell®s System.Windows.Forms.Label
FriendWithEvents Labelbarfulhs System.Windows.Forms.Label
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53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

94

95
96
97

98
99

100
101
102
103

FriendWithEvents boxcomfulhs System.Windows.Forms.TextBox
FriendWithEvents Labell#s System.Windows.Forms.Label
FriendWithEvents Labell2s System.Windows.Forms.Label
FriendWithEvents barfulAs System.Windows.Forms.ProgressBar
FriendWithEvents Button@\s System.Windows.Forms.Button
FriendWithEvents boxtfiréAs System.Windows.Forms.TextBox
FriendWithEvents Label®\s System.Windows.Forms.Label
FriendWithEvents boxporAs System.Windows.Forms.TextBox
FriendWithEvents Label&s System.Windows.Forms.Label
FriendWithEvents LabelAs System.Windows.Forms.Label
FriendWithEvents Label®s System.Windows.Forms.Label
FriendWithEvents Label®s System.Windows.Forms.Label
FriendWithEvents Label#fs System.Windows.Forms.Label
FriendWithEvents ButtonAs System.Windows.Forms.Button
FriendWithEvents Button®\s System.Windows.Forms.Button
FriendWithEvents Button?\s System.Windows.Forms.Button
FriendWithEvents Buttonfs System.Windows.Forms.Button
FriendWithEvents Label2@s System.Windows.Forms.Label
FriendWithEvents thresholéds System.Windows.Forms.NumericUpDown
FriendWithEvents Timer}As System.Windows.Forms.Timer
FriendWithEvents timersteps System.Windows.Forms.Timer
FriendWithEvents ButtonAs System.Windows.Forms.Button
FriendWithEvents MasterControks System.Windows.Forms.GroupBox
FriendWithEvents MenuStripAs System.Windows.Forms.MenuStrip
FriendWithEvents HelpToolStripMenulteds System.Windows.Forms.ToolStripMenultem
FriendWithEvents samples108s System.Windows.Forms.Timer
FriendWithEvents bitOCheckBo#&s System.Windows.Forms.CheckBox
FriendWithEvents bitlCheckBo&s System.Windows.Forms.CheckBox
FriendWithEvents bit2CheckBo&s System.Windows.Forms.CheckBox
FriendWithEvents bit3CheckBo&s System.Windows.Forms.CheckBox
FriendWithEvents bit4CheckBo#&s System.Windows.Forms.CheckBox
FriendWithEvents bit5CheckBo#&s System.Windows.Forms.CheckBox
FriendWithEvents bit6CheckBo&s System.Windows.Forms.CheckBox
FriendWithEvents bit7CheckBo&s System.Windows.Forms.CheckBox
FriendWithEvents writeButto\s System.Windows.Forms.Button
FriendWithEvents rstckb)s System.Windows.Forms.CheckBox
FriendWithEvents GroupBoxAs System.Windows.Forms.GroupBox
FriendWithEvents tbfilenamés System.Windows.Forms.TextBox
FriendWithEvents beams System.Windows.Forms.TextBox
‘Channels of Data

PrivatedataTablé\s DataTable =New DataTable 'Table to Display Data

#Region" Windows Form Designer generated code "

PublicSubNew()
MyBaseNew()
Application.EnableVisualStyles()

"This call is required by the Windows Fdbesigner.
InitializeComponent()

'Add any initialization after the InitiaBZomponent() call

physicalChannelComboBox.Iltems.AddRange(yatg3n.Local. GetPhysicalChannels(PhysicalChanneHRype
Al, PhysicalChannelAccess.External))

If (physicalChannelComboBox.ltems.Count STBen
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104 physicalChannelComboBox.SelectedInd€x =
105 End If

106 End Sub

107 'Form overrides dispose to clean up the compiolis.

108 Protected Overloads Overrides SbisposeByVal disposingAs Boolean
109 If disposingThen

110 If Not (componentss Nothing) Then

111 components.Dispose()

112 End If

113 End If

114 MyBaseDispose(disposing)

115 End Sub

116 'Required by the Windows Form Designer
117 Privatecomponent#és System.ComponentModel.IContainer

118 'NOTE: The following procedure is required bg Windows Form Designer

119 'It can be modified using the Windows Form [gesi.

120 ‘Do not modify it using the code editor.

121 FriendWithEvents channelParametersGroupBaxSystem.Windows.Forms.GroupBox
122 FriendWithEvents maximumLabds System.Windows.Forms.Label

123 FriendWithEvents minimumLabels System.Windows.Forms.Label

124 FriendWithEvents physicalChannelLab®&$ System.Windows.Forms.Label

125 FriendWithEvents loopTimeAs System.Windows.Forms.Timer

126 FriendWithEvents minimumValueNumeriss System.Windows.Forms.NumericUpDown
127 FriendWithEvents maximumValueNumerks System.Windows.Forms.NumericUpDown
128 FriendWithEvents physicalChannelComboB&g System.Windows.Forms.ComboBox
129 <System.Diagnostics.DebuggerStepThrougRfj»ate SuldnitializeComponent()

130 Me.components dew System.ComponentModel.Container

131 Dim resource#s System.ComponentModel.ComponentResourceManabyemw=
132  System.ComponentModel.ComponentResourceManagenf@agiWainForm))

133 Me.channelParametersGroupBoxew System.Windows.Forms.GroupBox
134 Me.Label29 =New System.Windows.Forms.Label

135 Me.threshold =New System.Windows.Forms.NumericUpDown

136 Me.physicalChannelComboBoxNew System.Windows.Forms.ComboBox
137 Me.minimumValueNumeric New System.Windows.Forms.NumericUpDown
138 Me.maximumValueNumeric Alew System.Windows.Forms.NumericUpDown
139 Me.maximumLabel :New System.Windows.Forms.Label

140 Me.minimumLabel =New System.Windows.Forms.Label

141 Me.physicalChannelLabel Hew System.Windows.Forms.Label

142 Me.loopTimer =New System.Windows.Forms.Timé&ie.components)

143 Me.runcontrols =New System.Windows.Forms.GroupBox

144 Me.Labelll =New System.Windows.Forms.Label

145 Me.Label7 =New System.Windows.Forms.Label

146 Me.halflife = New System.Windows.Forms.NumericUpDown

147 Me.Button5 =New System.Windows.Forms.Button

148 Me.Label6 =New System.Windows.Forms.Label

149 Me.Label10 =New System.Windows.Forms.Label

150 Me.Label5 =New System.Windows.Forms.Label

151 Me.Button4 =New System.Windows.Forms.Button

152 Me.boxtimer =New System.Windows.Forms.NumericUpDown

153 Me.Label4 =New System.Windows.Forms.Label

154 Me.Button3 =New System.Windows.Forms.Button

155 Me.Label2 =New System.Windows.Forms.Label
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156 Me.Button2 =New System.Windows.Forms.Button

157 Me.Labell =New System.Windows.Forms.Label

158 Me.reset =New System.Windows.Forms.Button

159 Me.stopbutton2 New System.Windows.Forms.Button

160 Me.GroupBox4 =New System.Windows.Forms.GroupBox
161 Me.Label27 =New System.Windows.Forms.Label

162 Me.Label28 =New System.Windows.Forms.Label

163 Me.Label25 =New System.Windows.Forms.Label

164 Me.Label26 =New System.Windows.Forms.Label

165 Me.Label23 =New System.Windows.Forms.Label

166 Me.Label24 =New System.Windows.Forms.Label

167 Me.Label22 =New System.Windows.Forms.Label

168 Me.Label21 =New System.Windows.Forms.Label

169 Me.daq7 =New System.Windows.Forms.TextBox

170 Me.dag6 =New System.Windows.Forms.TextBox

171 Me.dag5 =New System.Windows.Forms.TextBox

172 Me.dag4 =New System.Windows.Forms.TextBox

173 Me.dag3 =New System.Windows.Forms.TextBox

174 Me.dag2 =New System.Windows.Forms.TextBox

175 Me.dagl =New System.Windows.Forms.TextBox

176 Me.dag0 =New System.Windows.Forms.TextBox

177 Me.dagenable dew System.Windows.Forms.CheckBox
178 Me.TextBox2 =New System.Windows.Forms.TextBox

179 Me.TextBox1 =New System.Windows.Forms.TextBox

180 Me.GroupBox3 sNew System.Windows.Forms.GroupBox
181 Me.Labell7 =New System.Windows.Forms.Label

182 Me.Labelbarstep ew System.Windows.Forms.Label

183 Me.barstep New System.Windows.Forms.ProgressBar

184 Me.Labell6 =New System.Windows.Forms.Label

185 Me.Labell5 =New System.Windows.Forms.Label

186 Me.Labelbarfull =New System.Windows.Forms.Label

187 Me.boxcomfull =New System.Windows.Forms.TextBox

188 Me.Label14 =New System.Windows.Forms.Label

189 Me.Labell3 =New System.Windows.Forms.Label

190 Me.barfull =New System.Windows.Forms.ProgressBar

191 Me.Button6 =New System.Windows.Forms.Button

192 Me.boxtfire =New System.Windows.Forms.TextBox

193 Me.Label9 =New System.Windows.Forms.Label

194 Me.boxport =New System.Windows.Forms.TextBox

195 Me.Label8 =New System.Windows.Forms.Label

196 Me.Timerl =New System.Windows.Forms.Tim&igé.components)
197 Me.timerstep =New System.Windows.Forms.Timéie.components)
198 Me.Buttonl =New System.Windows.Forms.Button

199 Me.MasterControls New System.Windows.Forms.GroupBox
200 Me.MenuStripl =New System.Windows.Forms.MenuStrip
201 Me.HelpToolStripMenultem New System.Windows.Forms.ToolStripMenultem
202 Me.samples100 dlew System.Windows.Forms.Timédé.components)
203 Me.bitOCheckBox =New System.Windows.Forms.CheckBox
204 Me.bit1CheckBox =New System.Windows.Forms.CheckBox
205 Me.bit2CheckBox =New System.Windows.Forms.CheckBox
206 Me.bit3CheckBox =New System.Windows.Forms.CheckBox
207 Me.bitdCheckBox =New System.Windows.Forms.CheckBox
208 Me.bit5CheckBox =New System.Windows.Forms.CheckBox
209 Me.bit6CheckBox =New System.Windows.Forms.CheckBox
210 Me.bit7CheckBox =New System.Windows.Forms.CheckBox
211 Me.writeButton =New System.Windows.Forms.Button
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212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267

Me.rstckbx =New System.Windows.Forms.CheckBox

Me.GroupBox1 sNew System.Windows.Forms.GroupBox

Me.tbfilename =New System.Windows.Forms.TextBox

Me.beam =New System.Windows.Forms.TextBox
Me.channelParametersGroupBox.SuspendLayout()

CTypgMe.threshold, System.ComponentModel.ISupportinitgliBegininit()
CTypgMe.minimumValueNumeric, System.ComponentModel.ISufipiialize).Beginlnit()
CTypgMe.maximumValueNumeric, System.ComponentModel.ISuppitialize).Begininit()
Me.runcontrols.SuspendLayout()

CTypgMe.halflife, System.ComponentModel.ISupportinitialZegininit()
CTypgMe.boxtimer, System.ComponentModel.ISupportinitidliBegininit()
Me.GroupBox4.SuspendLayout()

Me.GroupBox3.SuspendLayout()

Me.MasterControls.SuspendLayout()

Me.MenuStripl.SuspendLayout()

Me.GroupBox1.SuspendLayout()

Me.SuspendLayout()

‘channelParametersGroupBox
Me.channelParametersGroupBox.BackColor = System.Dig@blor. Transparent
Me.channelParametersGroupBox.Controls.Ade(abel29)
Me.channelParametersGroupBox.Controls.Adethreshold)
Me.channelParametersGroupBox.Controls.AdephysicalChannelComboBox)
Me.channelParametersGroupBox.Controls.AdeminimumValueNumeric)
Me.channelParametersGroupBox.Controls.AdémaximumValueNumeric)
Me.channelParametersGroupBox.Controls. AdedmaximumLabel)
Me.channelParametersGroupBox.Controls.AdéeMminimumLabel)
Me.channelParametersGroupBox.Controls.AdéephysicalChannelLabel)
Me.channelParametersGroupBox.ForeColor = System.Da@blor.FromArghCTypgCTypg255, Byte),
Intege), CTypeCTypg192,Byte), Integed, CTypgCTypg192,Byte), Intege))
Me.channelParametersGroupBox.LocatioNew System.Drawing.Point(321, 28)
Me.channelParametersGroupBox.Nam&hkannelParametersGroupBox"
Me.channelParametersGroupBox.SizBew System.Drawing.Size(398, 82)
Me.channelParametersGroupBox.Tabindex = 2
Me.channelParametersGroupBox.TabStdpatse
Me.channelParametersGroupBox. TextD=A.Q. Parameters"

'‘Label29

Me.Label29.AutoSize Frue

Me.Label29.Location New System.Drawing.Point(193, 17)

Me.Label29.Name =Label29"

Me.Label29.Size New System.Drawing.Size(88, 26)

Me.Label29.TabIindex = 18

Me.Label29.Text =Event Threshold:'& GlobalMicrosoft.VisualBasic.Chrw(13) &
Global.Microsoft.VisualBasic.Chrw(10) &\olts)"

'threshold

Me.threshold.BackColor = System.Drawing.Color.From#&@Type CTypg 64, Byte), Intege),
CTypdCTypd64,Byte), Intege)), CTypgCTypg64, Byte), Intege))

Me.threshold.DecimalPlaces = 2

Me.threshold.ForeColor = System.Drawing.Color.From#@ypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypeCTypg192,Byte), Intege))

Me.threshold.Increment Hew Decima(New Intege() {1, 0, 0, 65536})
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268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323

Me.threshold.Location dew System.Drawing.Point(291, 15)
Me.threshold.Maximum New Decima(New Intege() {10, 0, 0, 0})
Me.threshold.Name Zthreshold"

Me.threshold.Size ®ew System.Drawing.Size(96, 20)
Me.threshold.Tablndex = 17

Me.threshold.Value New Decimal(New Intege() {200, 0, 0, 131072})

‘physicalChannelComboBox

Me.physicalChannelComboBox.BackColor = System.Drav@o¢pr. FromArgbCTypg CTypg64, Byte),

Intege), CTypdCTypg(64,Byte), Integed, CTypgCTypg64, Byte), Intege))

Me.physicalChannelComboBox.ForeColor = System.Drav@opr.FromArgbCTypgCTypg255, Byte),

Intege), CTypdCTypg192,Byte), Integed), CTypgCTypg192,Byte), Intege))

Me.physicalChannelComboBox.LocatiomNew System.Drawing.Point(96, 15)
Me.physicalChannelComboBox.Name = "physicalChannel@uBox"
Me.physicalChannelComboBox.SizeNew System.Drawing.Size(96, 21)
Me.physicalChannelComboBox.Tablndex = 1
Me.physicalChannelComboBox.Text = "Dev1/ai0"

'minimumValueNumeric

Me.minimumValueNumeric.BackColor = System.Drawing @dtromArgbCTypgCTypd64, Byte), Intege),

CTypdCTypd64, Byte), Integer)CTypg CTypg64, Byte), Intege))

Me.minimumValueNumeric.DecimalPlaces = 2
Me.minimumValueNumeric.ForeColor = System.Drawing@détromArgbCTypegCTypg255,Byte), Intege),

CTypdCTypdg192,Byte), Intege), CTypd CTypg192,Byte), Intege))

Me.minimumValueNumeric.Location Hew System.Drawing.Point(96, 36)
Me.minimumValueNumeric.Maximum New Decimal{New Integef) {10, 0, 0, 0})
Me.minimumValueNumeric.Minimum dew Decima(New Intege() {10, 0, 0, -2147483648})
Me.minimumValueNumeric.Name = "minimumValueNumeric"
Me.minimumValueNumeric.Size New System.Drawing.Size(96, 20)
Me.minimumValueNumeric.Tablndex = 3

'maximumValueNumeric

Me.maximumValueNumeric.BackColor = Systernaing.Color.FromArghCTypgCTypg64, Byte),Intege),

CTypdCType(64 Byte), Intege), CTypg CTypg64, Byte), Intege))

Me.maximumValueNumeric.DecimalPlaces = 2
Me.maximumValueNumeric.ForeColor = System.DrawingdZélromArgbCTypgCTypg255, Byte),

Intege), CTypeCTypg192,Byte), Integed), CTypgCTypg192,Byte), Intege))

Me.maximumValueNumeric.Location Bew System.Drawing.Point(96, 54)
Me.maximumValueNumeric.Maximum New Decima(New Integef) {10, 0, 0, 0})
Me.maximumValueNumeric.Minimum New Decimal{New Integef) {10, 0, 0, -2147483648})
Me.maximumValueNumeric.Name maximumValueNumeric"
Me.maximumValueNumeric.Size Hew System.Drawing.Size(96, 20)
Me.maximumValueNumeric.Tablndex = 5

Me.maximumValueNumeric.Value New Decima(New Intege() {100, 0, 0, 65536})

'maximumLabel

Me.maximumLabel.ForeColor = System.Drawing.Color.FAagb(CTypgCTypg255, Byte), Intege),

CTypdCTypdg192,Byte), Intege), CTypdCTypg192,Byte), Intege))

Me.maximumLabel.Location New System.Drawing.Point(6, 56)
Me.maximumLabel.Name “maximumLabel"
Me.maximumLabel.Size &ew System.Drawing.Size(96, 16)
Me.maximumLabel. Tabindex = 4
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347
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Me.maximumLabel. Text =Maximum (Volts):"

'minimumLabel

Me.minimumLabel.ForeColor = System.Drawing.Color. FAngb(CTypg CTypg255,Byte), Intege),

CTypdCTypdg192,Byte), Intege), CTypeCTypg192,Byte), Intege))

Me.minimumLabel.Location New System.Drawing.Point(8, 38)
Me.minimumLabel.Name minimumLabel"
Me.minimumLabel.Size New System.Drawing.Size(96, 16)
Me.minimumLabel.Tabindex = 2

Me.minimumLabel. Text ZMinimum (Molts):"

'‘physicalChannelLabel

Me.physicalChannelLabel.ForeColor = System.DrawingpCleromArgbCTypg CTypg255,Byte), Intege),

CTypdCTypdg192,Byte), Intege), CTypeCTypg192,Byte), Intege))

Me.physicalChannelLabel.LocationNew System.Drawing.Point(0, 19)
Me.physicalChannelLabel.Name"ghysicalChannelLabel"
Me.physicalChannelLabel.SizeNew System.Drawing.Size(96, 16)
Me.physicalChannelLabel. Tabindex = 0

Me.physicalChannelLabel. Text"Physical Channel:"

'loopTimer
Me.loopTimer.Interval = 1

‘runcontrols

Me.runcontrols.BackColor = System.Drawing.Color. Tizarent
Me.runcontrols.Controls.Add{e.Label11)
Me.runcontrols.Controls.Add{e.Label7)
Me.runcontrols.Controls. Add{e.halflife)
Me.runcontrols.Controls.Add{e.Button5)
Me.runcontrols.Controls.Add{e.Label6)
Me.runcontrols.Controls.Add{e.Label10)
Me.runcontrols.Controls.Add{e.Label5)
Me.runcontrols.Controls.Add{e.Button4)
Me.runcontrols.Controls. Add{e.boxtimer)
Me.runcontrols.Controls.Add{e.Label4)
Me.runcontrols.Controls.Add{e.Button3)
Me.runcontrols.Controls.Add{e.Label2)
Me.runcontrols.Controls. Add{e.Button2)
Me.runcontrols.Controls.Add{e.Labell)

Me.runcontrols.Font New System.Drawing.FortComic Sans MS"8.25!,

System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))

Me.runcontrols.ForeColor = System.Drawing.Color.Fragi{CTypgCTypg192,Byte), Intege),

CTypdCTypd?255,Byte), Intege), CTypeCTypg192,Byte), Intege))

Me.runcontrols.Location ew System.Drawing.Point(8, 28)
Me.runcontrols.Name =runcontrols"

Me.runcontrols.Size #dew System.Drawing.Size(161, 131)
Me.runcontrols.Tabindex = 16

Me.runcontrols.TabStop Ealse

Me.runcontrols.Text =Stepper Controls"

'‘Labelll
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380 Me.Labelll.AutoSize Jrue

381 Me.Labelll.Location New System.Drawing.Point(120, 40)

382 Me.Labelll.Name =Label11"

383 Me.Labelll.Size New System.Drawing.Size(24, 15)

384 Me.Labelll.Tablndex = 17

385 Me.Labelll.Text ='sec"

386 '

387 ‘Label7

388 '

389 Me.Label7.AutoSize Jrue

390 Me.Label7.Location :New System.Drawing.Point(95, 100)

391 Me.Label7.Name =Label7"

392 Me.Label7.Size -New System.Drawing.Size(31, 15)

393 Me.Label7.Tabindex = 23

394 Me.Label7.Text ='1001"

395 '

396 'halflife

397 '

398 Me.halflife.BackColor = System.Drawing.Color.FromA{@TypgCTypg64, Byte), Intege),
399 CTypdCTypg64,Byte), Integed, CTypg CTypg64, Byte), Intege))

400 Me.halflife.DecimalPlaces = 1

401 Me.halflife.ForeColor = System.Drawing.Color.FromA(GTypgCTypg192,Byte), Intege),
402 CTypeCTypg?255,Byte), Intege), CTypdCTypg192,Byte), Intege))

403 Me.halflife.Increment =New Decima(New Integef) {10, 0, 0, 0})

404 Me.halflife.Location =New System.Drawing.Point(39, 38)

405 Me.halflife.Maximum =New Decima(New Integef) {10000, 0, 0, 0})

406 Me.halflife.Minimum =New Decima(New Integef) {1, 0, 0, 0})

407 Me.halflife.Name ="halflife"

408 Me.halflife.Size =New System.Drawing.Size(75, 23)

409 Me.halflife.Tabindex = 16

410 Me.halflife.Value =New DecimalNew Intege() {5, 0, 0, 0})

411 '

412 '‘Button5

413 '

414 Me.Button5.BackColor = System.Drawing.Color. Transpare

415 Me.Button5.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghCTypg CTypg64,
416 Byte), Intege), CTypgCTypg64, Byte), Intege), CTypdCTypg64, Byte), Intege))
417 Me.Button5.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArghC Type CTypg64,
418 Byte), Integer),CTypgCTypd64, Byte), Intege), CTypgCTypg64, Byte), Intege))
419 Me.Button5.FlatStyle = System.Windows.Forms.FlatSEtk

420 Me.Button5.Location -New System.Drawing.Point(69, 98)

421 Me.Button5.Name =Button5"

422 Me.Button5.Size New System.Drawing.Size(20, 25)

423 Me.Button5.Tablindex = 19

424 Me.Button5.Text ='4"

425 Me.Button5.UseVisualStyleBackColorFalse

426 '

427 ‘Label6

428 '

429 Me.Label6.AutoSize Jrue

430 Me.Label6.Location New System.Drawing.Point(95, 72)

431 Me.Label6.Name =Label6"

432 Me.Label6.Size -New System.Drawing.Size(31, 15)

433 Me.Label6.Tablndex = 22

434 Me.Label6.Text ='1100"

435 '
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436 ‘Labell0

437

438 Me.Label10.AutoSize Jrue

439 Me.Labell0.Location New System.Drawing.Point(116, 18)

440 Me.Label10.Name =Label10"

441 Me.Label10.Size New System.Drawing.Size(42, 15)

442 Me.Labell10.TabIindex = 15

443 Me.Label10.Text ='ms/pin"

444 '

445 '‘Label5

446 '

447 Me.Label5.AutoSize Jrue

448 Me.Label5.Location New System.Drawing.Point(32, 101)

449 Me.Label5.Name =Label5"

450 Me.Label5.Size -New System.Drawing.Size(31, 15)

451 Me.Label5.Tablndex = 21

452 Me.Label5.Text ='0110"

453 '

454 '‘Button4

455 '

456 Me.Button4.BackColor = System.Drawing.Color. Transpare

457 Me.Button4.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghC Typg CTypg 64,
458 Byte), Intege), CTypgCTypdg64, Byte), Intege), CTypeCTypg 64, Byte), Intege))
459 Me.Button4.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArgb(CType(CType(64,
460 Byte), Intege), CTypgCTypdg64, Byte), Integer), CType CTypg64, Byte), Intege))
461 Me.Button4.FlatStyle = System.Windows.Forms.FlatSBik

462 Me.Button4.Location New System.Drawing.Point(69, 68)

463 Me.Button4.Name =Button4"

464 Me.Button4.Size New System.Drawing.Size(20, 25)

465 Me.Button4.Tablndex = 18

466 Me.Button4.Text ='3"

467 Me.Button4.UseVisualStyleBackColorFalse

468 '

469 ‘boxtimer

470 '

471 Me.boxtimer.BackColor = System.Drawing.Color.FromAi@bypgCTypg64, Byte), Intege),
472 CTypgCTypd64,Byte), Intege), CTypgCTypg64, Byte), Intege))

473 Me.boxtimer.ForeColor = System.Drawing.Color.FromA@bypg CTypg192,Byte), Intege),
474 CTypgCTypd?255,Byte), Intege), CTypeCTypg192,Byte), Intege))

475 Me.boxtimer.Increment &ew Decimal(New Integer() {5, 0, 0, 0})

476 Me.boxtimer.Location New System.Drawing.Point(39, 16)

477 Me.boxtimer.Maximum =New Decimal(New Integer() {1000, 0, 0, 0})

478 Me.boxtimer.Minimum =New Decimal(New Integer() {1, 0, 0, 0})

479 Me.boxtimer.Name =boxtimer"

480 Me.boxtimer.Size -New System.Drawing.Size(75, 23)

481 Me.boxtimer.Tablndex = 13

482 Me.boxtimer.Value =New Decimal(New Integer() {25, 0, 0, 0})

483 '

484 ‘Label4

485 '

486 Me.Label4.AutoSize Jrue

487 Me.Label4.BackColor = System.Drawing.Color. Transparen

488 Me.Label4.Location New System.Drawing.Point(32, 72)

489 Me.Label4.Name =Label4"

490 Me.Label4.Size -New System.Drawing.Size(31, 15)

491 Me.Label4.Tabindex = 20
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492 Me.Label4.Text ='0011"

493

494 '‘Button3

495 '

496 Me.Button3.BackColor = System.Drawing.Color. Transpare

497 Me.Button3.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghCTypg CTypg64,
498 Byte), Intege), CTypgCTypdg64, Byte), Intege), CTypeCTypg64, Byte), Intege))

499 Me.Button3.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArghC TypeCTypg64,
500 Byte), Intege), CTypdCTypg64,Byte), Integed, CTypgCTypg64, Byte), Intege))

501 Me.Button3.FlatStyle = System.Windows.Forms.FlatSBik

502 Me.Button3.Location New System.Drawing.Point(6, 97)

503 Me.Button3.Name =Button3"

504 Me.Button3.Size New System.Drawing.Size(20, 25)

505 Me.Button3.TabIndex = 17

506 Me.Button3.Text ='2"

507 Me.Button3.UseVisualStyleBackColorFalse

508 '

509 ‘Label2

510 '

511 Me.Label2.AutoSize Jrue

512 Me.Label2.ForeColor = System.Drawing.Color.FromA@bypg CTypg192,Byte), Intege),
513 CTypdCTypg?255, Byte), Integer)CTypeCTypg192,Byte), Integed)

514 Me.Label2.Location New System.Drawing.Point(0, 40)

515 Me.Label2.Name =Label2"

516 Me.Label2.Size -New System.Drawing.Size(35, 15)

517 Me.Label2.TabIndex = 11

518 MeLabel2.Text = "T1/2:"

519 '

520 '‘Button2

521 '

522 Me.Button2.BackColor = System.Drawing.Color. Transpare

523 Me.Button2.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghCTypg CTypg64,
524  Byte), Intege), CTypdCTypg64, Byte), Integed, CTypgCTypg64, Byte), Intege))

525 Me.Button2.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArghC Type CTypg64,
526 Byte), Intege), CTypeCTypg64,Byte), Integed), CTypgCTypg64, Byte), Intege))

527 Me.Button2.FlatStyle = System.Windows.Forms.FlatSBikt

528 Me.Button2.Location New System.Drawing.Point(6, 67)

529 Me.Button2.Name =Button2"

530 Me.Button2.Size New System.Drawing.Size(20, 24)

531 Me.Button2.TabIndex = 16

532 Me.Button2.Text ='1"

533 Me.Button2.UseVisualStyleBackColorFalse

534 '

535 '‘Labell

536 '

537 Me.Labell.AutoSize Jrue

538 Me.Labell.ForeColor = System.Drawing.Color.FromA@Qbypg CTypg192,Byte), Intege),
539 CTypdCTypg?255,Byte), Intege), CTypgCTypg192,Byte), Intege))

540 Me.Labell.Location New System.Drawing.Point(0, 21)

541 Me.Labell.Name =Labell"

542 Me.Labell.Size -New System.Drawing.Size(33, 15)

543 Me.Labell.TabIindex =9

544 Me.Labell.Text ='Rate:"

545 '

546 'reset

547 '
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Me.reset.BackColor = System.Drawing.Color.Transparent
Me.reset.FlatAppearance.MouseDownBackColor = Systeanvidg.Color.FromArghCTypgCTypg64, Byte),

Intege), CTypdCTypg64, Byte), Integed, CTypgCTypg64, Byte), Intege))

Me.reset.FlatAppearance.MouseOverBackColor = Systeamving.Color.FromArghCTypg CTypg64, Byte),

Intege), CTypdCTypg64, Byte), Integed, CTypgCTypg64, Byte), Intege))

Me.reset.FlatStyle = System.Windows.Forms.FlatStyde.F
Me.reset.ForeColor = System.Drawing.Color.Maroon
Me.reset.Location New System.Drawing.Point(39, 103)
Me.reset.Name =reset"

Me.reset.Size New System.Drawing.Size(45, 22)
Me.reset.Tabindex = 14

Me.reset.Text =Reset"
Me.reset.UseVisualStyleBackColor=alse

'stopbutton2

Me.stopbutton2.BackColor = System.Drawing.Color. Tpamsnt
Me.stopbutton2.FlatAppearance.MouseDownBackColor =

System.Drawing.Color.FromArgB8{Typg CTypg64, Byte), Intege), CTypgCTypg64, Byte), Intege),
CTypgCTypd64,Byte), Intege))

Me.stopbutton2.FlatAppearance.MouseOverBackColor ste3y.Drawing.Color.FromArg(Typg CTypg64,

Byte), Intege), CTypdCTypg64, Byte), Intege), CTypgCTypd64, Byte), Intege))

Me.stopbutton2.FlatStyle = System.Windows.Forms.FjéeS-lat
Me.stopbutton2.Font &lew System.Drawing.FortComic Sans MS"8.25!,

System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))

Me.stopbutton2.ForeColor = System.Drawing.Color.FraghACTypgCTypg192,Byte), Intege),

CTypdCTypdg192,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.stopbutton2.Location New System.Drawing.Point(72, 30)
Me.stopbutton2.Name “stopbutton2"

Me.stopbutton2.Size New System.Drawing.Size(58, 26)
Me.stopbutton2.Tabindex = 10

Me.stopbutton2.Text =Stop"
Me.stopbutton2.UseVisualStyleBackColoFalse

'‘GroupBox4

Me.GroupBox4.BackColor = System.Drawing.Color. Tramepa
Me.GroupBox4.Controls.Addl{e.Label27)
Me.GroupBox4.Controls.Addl{e.Label28)
Me.GroupBox4.Controls.Addl{e.Label25)
Me.GroupBox4.Controls.Addl{e.Label26)
Me.GroupBox4.Controls.Addl{e.Label23)
Me.GroupBox4.Controls.Addl{e.Label24)
Me.GroupBox4.Controls.Addl{e.Label22)
Me.GroupBox4.Controls.Addl{e.Label21)
Me.GroupBox4.Controls.Add{e.daq7)
Me.GroupBox4.Controls.Addl{e.dag6)
Me.GroupBox4.Controls.Addl{e.dag5)
Me.GroupBox4.Controls.Addl{e.dag4)
Me.GroupBox4.Controls.Addl{e.dag3)
Me.GroupBox4.Controls.Addl{e.dag2)
Me.GroupBox4.Controls.Addl{e.daql)
Me.GroupBox4.Controls.Addl{e.daq0)
Me.GroupBox4.Controls.Add{e.dagenable)
Me.GroupBox4.ForeColor = System.Drawing.Color.From#&Typg CTypg255, Byte), Intege),

603 CTypgCTypg192,Byte), Integed, CTypgCTypg255,Byte), Intege))
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604 Me.GroupBox4.Location New System.Drawing.Point(321, 114)

605 Me.GroupBox4.Name =GroupBox4"

606 Me.GroupBox4.Size New System.Drawing.Size(398, 92)
607 Me.GroupBox4.Tablndex = 31

608 Me.GroupBox4.TabStop Ealse

609 Me.GroupBox4.Text ZReal Time D.A.Q"

610 '

611 ‘Label27

612 '

613 Me.Label27.AutoSize Frue

614 Me.Label27.Location New System.Drawing.Point(286, 66)
615 Me.Label27.Name =Label27"

616 Me.Label27.Size New System.Drawing.Size(29, 13)

617 Me.Label27.Tabindex = 42

618 Me.Label27.Text ='Ch7:"

619 '

620 ‘Label28

621 '

622 Me.Label28.AutoSize Frue

623 Me.Label28.Location New System.Drawing.Point(286, 44)
624 Me.Label28.Name =Label28"

625 Me.Label28.Size New System.Drawing.Size(29, 13)

626 Me.Label28.Tabindex = 41

627 Me.Label28.Text ='Ch6:"

628 '

629 '‘Label25

630 '

631 Me.Label25.AutoSize Frue

632 Me.Label25.Location New System.Drawing.Point(194, 66)
633 Me.Label25.Name =Label25"

634 Me.Label25.Size New System.Drawing.Size(29, 13)

635 Me.Label25.Tablndex = 40

636 Me.Label25.Text ='Ch5:"

637 '

638 '‘Label26

639 '

640 Me.Label26.AutoSize Frue

641 Me.Label26.Location New System.Drawing.Point(194, 44)
642 Me.Label26.Name =Label26"

643 Me.Label26.Size New System.Drawing.Size(29, 13)

644 Me.Label26.Tablndex = 39

645 Me.Label26.Text ='Ch4:"

646 '

647 '‘Label23

648 '

649 Me.Label23.AutoSize Jrue

650 Me.Label23.Location New System.Drawing.Point(102, 65)
651 Me.Label23.Name =Label23"

652 Me.Label23.Size New System.Drawing.Size(29, 13)

653 Me.Label23.TabIindex = 38

654 Me.Label23.Text ='Ch3:"

655 '

656 'Label24

657 '

658 Me.Label24.AutoSize Jrue

659 Me.Label24.Location New System.Drawing.Point(102, 43)
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Me.Label24.Name ZLabel24"

Me.Label24.Size New System.Drawing.Size(29, 13)
Me.Label24.Tabindex = 37

Me.Label24.Text 2'Ch2:"

'Label22

Me.Label22.AutoSize Frue

Me.Label22.Location New System.Drawing.Point(11, 66)
Me.Label22.Name =Label22"

Me.Label22.Size New System.Drawing.Size(29, 13)
Me.Label22.Tabindex = 36

Me.Label22.Text ='Ch1:"

‘Label21

Me.Label21.AutoSize Frue

Me.Label21.Location New System.Drawing.Point(9, 44)
Me.Label21.Name =Label21"

Me.Label21.Size New System.Drawing.Size(29, 13)
Me.Label21.Tabindex = 35

Me.Label21.Text 2Ch0:"

‘daq7

Me.daq7.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypgCTypg64,
Byte), Intege), CTypd CTypg64, Byte), Intege))

Me.daq7.ForeColor = System.Drawing.Color.FromAGbypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.daq7.Location New System.Drawing.Point(316, 62)

Me.daq7.Name =daq7"

Me.daq7.Size New System.Drawing.Size(62, 20)

Me.daq7.Tabindex = 34

'dag6

Me.dag6.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypgCTypg64,
Byte), Intege), CTypd CTypg64, Byte), Intege))

Me.dag6.ForeColor = System.Drawing.Color.FromAGbypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CType CTypg255,Byte), Intege))

Me.dag6.Location New System.Drawing.Point(316, 40)

Me.dag6.Name =daq6"

Me.dag6.Size New System.Drawing.Size(62, 20)

Me.dag6.Tablndex = 33

‘dag5

Me.dag5.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypgCTypg64,
Byte), Intege), CTypd CTypg64, Byte), Intege))

Me.dag5.ForeColor = System.Drawing.Color.FromAGbBypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.dag5.Location New System.Drawing.Point(224, 62)

Me.dag5.Name 2daqg5"

Me.dag5.Size New System.Drawing.Size(62, 20)

Me.dag5.Tabindex = 32
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'‘dag4

Me.dag4.BackColor = System.Drawing.Color.FromAI@bypg CTypg64, Byte), Integed, CTypg CTypg64,
Byte), Intege), CTypd CTypg64, Byte), Intege))

Me.daqg4.ForeColor = System.Drawing.Color.FromAgbypg CTypg255,Byte), Intege),
CTypdCType192,Byte), Intege), CType CTypg255,Byte), Intege))

Me.dag4.Location New System.Drawing.Point(224, 40)

Me.dag4.Name =dag4"

Me.dag4.Size New System.Drawing.Size(62, 20)

Me.dag4.Tabindex = 31

'daq3

Me.daqg3.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypg CTypg64,
Byte), Intege), CTypeCTypg64, Byte),Intege))

Me.daq3.ForeColor = System.Drawing.Color.FromAGbypg CTypg255,Byte), Intege),
CTypdCType192,Byte), Intege), CType CTypg255,Byte), Intege))

Me.daqg3.Location New System.Drawing.Point(132, 62)

Me.dag3.Name =daqg3"

Me.daq3.Size New System.Drawing.Size(62, 20)

Me.dag3.Tabindex = 30

'‘dag2

Me.dag2.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypg CTypg64,
Byte), Intege), CTypd CTypg64,Byte), Intege))

Me.daqg2.ForeColor = System.Drawing.Color.FromAgbypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.dag2.Location New System.Drawing.Point(132, 40)

Me.dag2.Name =daqg2"

Me.dag2.Size New System.Drawing.Size(62, 20)

Me.daqg2.Tabindex = 29

'daql

Me.daql.BackColor = System.Drawing.Color.FromA@bypg CTypg64, Byte), Integed, CTypg CTypg64,
Byte), Intege), CTypd CTypg64, Byte), Intege))

Me.daql.ForeColor = System.Drawing.Color.FromAGbypg CTypg255,Byte), Intege),
CTypdCTypg192,Byte), Intege), CType CTypg255,Byte), Intege))

Me.daql.Location New System.Drawing.Point(40, 62)

Me.daql.Name =daql"

Me.daql.Size New System.Drawing.Size(62, 20)

Me.daql.Tabindex = 28

'daq0

Me.daq0.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Integed, CTypg CTypg64,
Byte), Intege), CTypeCTypg64, Byte), Intege))

Me.daq0.ForeColor = System.Drawing.Color.FromAGbypg CTypg255,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.daq0.Location New System.Drawing.Point(40, 40)

Me.daq0.Name =daq0"

Me.daq0.Size New System.Drawing.Size(62, 20)

Me.daq0.Tabindex = 27

‘dagenable
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772

773 Me.dagenable.AutoSize Frue

774 Me.dagenable.CheckedRue

775 Me.dagenable.CheckState = System.Windows.Forms.ClatekShecked

776 Me.dagenable.Location New System.Drawing.Point(6, 18)

777 Me.dagenable.Name dagenable”

778 Me.dagenable.Size Hew System.Drawing.Size(276, 17)

779 Me.dagenable.Tabindex = 0

780 Me.dagenable.Text ®Enable Real Time D.A.Q. (Slows down performance!)”
781 Me.dagenable.UseVisualStyleBackColom ke

782 '

783 "TextBox2

784 '

785 Me.TextBox2.BackColor = System.Drawing.Color.FromAi@bypg CTypg64, Byte), Intege),
786 CTypdCTypg64,Byte), Integed, CTypgCTypd64, Byte), Intege))

787 Me.TextBox2.BorderStyle = System.Windows.Forms.Bo&dge.None

788 Me.TextBox2.Font :New System.Drawing.ForitComic Sans MS"8.25!, System.Drawing.FontStyle.Bold,
789 System.Drawing.GraphicsUnit.Poif@Typg0, Byte))

790 Me.TextBox2.ForeColor = System.Drawing.Color.FromAi@Qbypg CTypg255, Byte), Intege),
791 CTypdCTypg255,Byte), Integed, CTypgCTypg192,Byte), Intege))

792 Me.TextBox2.Location New System.Drawing.Point(5, 306)

793 Me.TextBox2.Name =TextBox2"

794 Me.TextBox2.Size New System.Drawing.Size(711, 16)

795 Me.TextBox2.Tablndex = 30

796 Me.TextBox2.Text ='Chnnl: Signal / Time.Stmp / Event#"

797 '

798 "TextBox1

799 '

800 Me.TextBox1.BackColor = System.Drawing.Color.FromAt@bypg CTypg64, Byte), Intege),
801 CTypdCTypg64,Byte), Integed, CTypgCTypg64, Byte), Intege))

802 Me.TextBox1.BorderStyle = System.Windows.Forms.Bog&dge.None

803 Me.TextBox1.ForeColor = System.Drawing.Color.FromAi@bypg CTypg 255, Byte), Intege),
804 CTypdCTypg?255,Byte), Integed), CTypgCTypg192,Byte), Intege))

805 Me.TextBox1.Location New System.Drawing.Point(5, 322)

806 Me.TextBox1.Multiline =True

807 Me.TextBox1.Name =TextBox1"

808 Me.TextBox1.ScrollBars = System.Windows.Forms.ScrattBVertical

809 Me.TextBox1.Size New System.Drawing.Size(711, 389)

810 Me.TextBox1.Tablndex = 29

811 '

812 '‘GroupBox3

813 '

814 Me.GroupBox3.BackColor = System.Drawing.Color. Tramepa

815 Me.GroupBox3.Controls.Addl{e.Label17)

816 Me.GroupBox3.Controls.Add{e.Labelbarstep)

817 Me.GroupBox3.Controls.Add{e barstep)

818 Me.GroupBox3.Controls.Addl{e.Label16)

819 Me.GroupBox3.Controls.Addl{e.Label15)

820 Me.GroupBox3.Controls.Add{e.Labelbarfull)

821 Me.GroupBox3.Controls.Add{e.boxcomfull)

822 Me.GroupBox3.Controls.Addl{e.Label14)

823 Me.GroupBox3.Controls.Addl{e.Label13)

824 Me.GroupBox3.Controls.Addi{e.barfull)

825 Me.GroupBox3.Controls.Addi{e.Button6)

826 Me.GroupBox3.Controls.Add{e.boxtfire)

827 Me.GroupBox3.Controls.Add{e.Label9)
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828 Me.GroupBox3.Controls.Add{e.boxport)

829 Me.GroupBox3.Controls.Add({e.Label8)

830 Me.GroupBox3.Font New System.Drawing.FortComic Sans MS"8.25!,
831 System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))
832 Me.GroupBox3.ForeColor = System.Drawing.Color.From#&&Typg CTypg255, Byte), Intege),
833 CTypdCTypg?224,Byte), Intege), CTypgCTypg192,Byte), Intege))
834 Me.GroupBox3.Location New System.Drawing.Point(8, 166)
835 Me.GroupBox3.Name =GroupBox3"

836 Me.GroupBox3.Size New System.Drawing.Size(307, 117)
837 Me.GroupBox3.Tablndex = 28

838 Me.GroupBox3.TabStop Ealse

839 Me.GroupBox3.Text ZStepper Diagnostics"

840 '

841 ‘Labell7

842 '

843 Me.Labell7.AutoSize Jrue

844 Me.Labell7.Location New System.Drawing.Point(279, 42)
845 Me.Labell7.Name =Label17"

846 Me.Labell7.Size New System.Drawing.Size(16, 15)

847 Me.Labell7.Tabindex = 14

848 Me.Labell7.Text ='%"

849 '

850 ‘Labelbarstep

851 '

852 Me.Labelbarstep.AutoSize Frue

853 Me.Labelbarstep.Location New System.Drawing.Point(253, 42)
854 Me.Labelbarstep.Name 'tabelbarstep”

855 Me.Labelbarstep.Size HNew System.Drawing.Size(31, 15)
856 Me.Labelbarstep.Tabindex = 13

857 Me.Labelbarstep.Text 00.0"

858 '

859 ‘barstep

860 '

861 Me.barstep.BackColor = System.Drawing.Color.Black

862 Me.barstep.ForeColor = System.Drawing.Color.FromA&jb(pg CTypg 255, Byte), Intege),
863 CTypdCTypg?224,Byte), Intege)), CTypgCTypg192,Byte), Intege))
864 Me.barstep.Location lew System.Drawing.Point(144, 42)
865 Me.barstep.Maximum = 51

866 Me.barstep.Name =barstep"

867 Me.barstep.Size New System.Drawing.Size(103, 13)

868 Me.barstep.Tabindex = 12

869 '

870 '‘Labell6

871 '

872 Me.Labell6.AutoSize Frue

873 Me.Label16.Location New System.Drawing.Point(0, 40)

874 Me.Label16.Name =Label16"

875 Me.Label16.Size New System.Drawing.Size(138, 15)

876 Me.Label16.Tablndex = 11

877 Me.Labell6.Text = "Quarter Step Completion:"

878 '

879 '‘Labell5

880 '

881 Me.Labell5.AutoSize Jrue

882 Me.Labell5.Location New System.Drawing.Point(279, 21)
883 Me.Labell5.Name =Label15"
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884 Me.Labell5.Size New System.Drawing.Size(16, 15)

885 Me.Label15.Tabindex = 10

886 Me.Labell5.Text =%"

887 '

888 '‘Labelbarfull

889 '

890 Me.Labelbarfull. AutoSize Jrue

891 Me.Labelbarfull.Location New System.Drawing.Point(253, 21)
892 Me.Labelbarful. Name =Labelbarfull"

893 Me.Labelbarfull.Size New System.Drawing.Size(31, 15)
894 Me.Labelbarfull. Tabindex = 9

895 Me.Labelbarfull. Text =00.0"

896 '

897 '‘boxcomfull

898 '

899 Meboxcomfull.BackColor = System.Drawing.Color.FromBA(G Type CTypg 64, Byte), Intege),
900 CTypdCTypg64,Byte), Integed, CTypgCTypg64, Byte), Intege))
901 Me.boxcomfull.ForeColor = System.Drawing.Color.FrorgB(CTypg CTypg255,Byte), Intege),
902 CTypdCTypg?224,Byte), Integed), CTypgCTypg192,Byte), Intege))
903 Me.boxcomfull.Location sNew System.Drawing.Point(126, 61)
904 Me.boxcomfull.Name =boxcomfull”

905 Me.boxcomfull.Size :New System.Drawing.Size(35, 23)

906 Me.boxcomfull. Tabindex = 8

907 Me.boxcomfull.Text ='0"

908 '

909 '‘Labell4

910 '

911 Me.Labell4.AutoSize Frue

912 Me.Labell4.Location New System.Drawing.Point(7, 64)
913 Me.Label14.Name =Label14"

914 Me.Label14.Size New System.Drawing.Size(113, 15)

915 Me.Labell4.Tabindex = 7

916 Me.Label14.Text =Completed Rotations:"

917 '

918 '‘Labell3

919 '

920 Me.Label13.AutoSize Frue

921 Me.Labell3.Location New System.Drawing.Point(9, 19)
922 Me.Label13.Name =Label13"

923 Me.Label13.Size New System.Drawing.Size(129, 15)

924 Me.Label13.Tabindex = 6

925 Me.Label13.Text ='Full Rotaion Completion:"

926 '

927 ‘barfull

928 '

929 Me.barfull.BackColor = System.Drawing.Color.Black

930 Me.barfull.ForeColor = System.Drawing.Color.FromArgiafypg CTypg255,Byte), Integel,
931 CTypdCTypg?224,Byte), Integed), CTypgCTypg192,Byte), Intege))
932 Me.barfull.Location =New System.Drawing.Point(144, 22)
933 Me.barfull. Maximum = 200

934 Me.barfull.Name ='barfull"

935 Me.barfull.Size =New System.Drawing.Size(103, 14)

936 Me.barfull.Step = 1

937 Me.barfull. Tablndex =5

938 '

939 '‘Button6
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940

941 Me.Button6.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghCTypg CTypg64,
942 Byte), Intege), CTypeCTypg64,Byte), Integed), CTypgCTypg64, Byte), Intege))

943 Me.Button6.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArghC Type CTypg64,
944  Byte), Intege)), CTypeCTypg64,Byte), Integed), CTypgCTypg64, Byte), Intege))

945 Me.Button6.FlatStyle = System.Windows.Forms.FlatSEtk

946 Me.Button6.ForeColor = System.Drawing.Color.Maroon

947 Me.Button6.Location -New System.Drawing.Point(167, 88)

948 Me.Button6.Name =Button6"

949 Me.Button6.Size New System.Drawing.Size(134, 22)

950 Me.Button6.Tabindex = 4

951 Me.Button6.Text ='Reset"

952 Me.Button6.UseVisualStyleBackColorFue

953 '

954 ‘boxtfire

955 '

956 Me.boxtfire.BackColor = System.Drawing.Color.FromA(Gaypg CTypg 64, Byte), Intege),
957 CTypdCTypg64,Byte), Integed, CTypg CTypg64, Byte), Intege))

958 Me.boxtfire.ForeColor = System.Drawing.Color.FromAfGoypg CTypg 255, Byte), Intege),
959 CTypdCTypg?224,Byte), Intege)), CTypgCTypg192,Byte), Intege))

960 Me.boxtfire.Location ENew System.Drawing.Point(126, 85)

961 Me.boxtfire.Name ='boxtfire"

962 Me.boxtfire.Size =New System.Drawing.Size(35, 23)

963 Me.boxtfire.Tablndex = 3

964 Me.boxtfire. Text ="0"

965 '

966 '‘Label9

967 '

968 Me.Label9.AutoSize Jrue

969 Me.Label9.Location New System.Drawing.Point(54, 88)

970 Me.Label9.Name =Label9"

971 Me.Label9.Size -New System.Drawing.Size(66, 15)

972 Me.Label9.Tabindex = 2

973 Me.Label9.Text ='Total Fired:"

974 '

975 '‘boxport

976 '

977 Me.boxport.BackColor = System.Drawing.Color.FromA@bypgCTypg64, Byte), Intege),
978 CTypdCTypg64,Byte), Integed, CTypg CTypg64, Byte), Intege))

979 Me.boxport.ForeColor = System.Drawing.Color.FromA@bypg CTypg255,Byte), Intege),
980 CTypdCTypg?224,Byte), Intege), CTypgCTypg192,Byte), Intege))

981 Me.boxport.Location New System.Drawing.Point(238, 61)

982 Me.boxport.Name Zboxport"

983 Me.boxport.Size New System.Drawing.Size(35, 23)

984 Me.boxport. Tabindex = 1

985 Me.boxport. Text ='null"

986 '

987 ‘Label8

988 '

989 Me.Label8.AutoSize Jrue

990 Me.Label8.Location New System.Drawing.Point(167, 64)

991 Me.Label8.Name =Label8"

992 Me.Label8.Size -New System.Drawing.Size(65, 15)

993 Me.Label8.Tabindex = 0

994 Me.Label8.Text ='Port Firing:"

995 '
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996

997

998

999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051

Timerl

Me.Timerl.Interval = 1

‘timerstep

'‘Buttonl

Me.Buttonl.BackColor = System.Drawing.Color. Transpare

Me.Buttonl.FlatAppearance.MouseDownBackColor = Sydbeawing.Color.FromArghC Typg CTypg 64,
Byte), Intege), CTypdCTypg64, Byte), Intege), CTypgCTypdg64, Byte), Intege))

Me.Buttonl.FlatAppearance.MouseOverBackColor = Sydbeawing.Color.FromArghC Type CTypg64,
Byte), Intege), CTypdCTypg64, Byte), Intege), CTypgCTypd64, Byte), Intege))

Me.Buttonl.FlatStyle = System.Windows.Forms.FlatSEtk

Me.Buttonl.Font New System.Drawing.FortComic Sans MS"8.25!, System.Drawing.FontStyle.Regular,
System.Drawing.GraphicsUnit.Poil@Typg0, Byte))

Me.Buttonl.ForeColor = System.Drawing.Color.FromA@bypgCTypg192,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.Buttonl.Location New System.Drawing.Point(9, 30)

Me.Button1.Name =Buttonl"

Me.Buttonl.Size New System.Drawing.Size(58, 26)

Me.Buttonl.Tablndex = 8

Me.Buttonl.Text ='Start"

Me.Buttonl.UseVisualStyleBackColorFalse

'‘MasterControls

Me.MasterControls.BackColor = System.Drawing.Colarigparent

Me.MasterControls.Controls.Adile.Button1)

Me.MasterControls.Controls.Adile.stopbutton?2)

Me.MasterControls.Controls.Adille.reset)

Me.MasterControls.ForeColor = System.Drawing.ColatRArgb(CTypgCTypg192,Byte), Intege),
CTypdCTypdg192,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.MasterControls.Location = New System.Drawing.R@iné, 28)

Me.MasterControls.Name *MasterControls"

Me.MasterControls.Size Hew System.Drawing.Size(139, 133)

Me.MasterControls.Tablndex = 32

Me.MasterControls. TabStopRalse

Me.MasterControls.Text 2Run Controls"

'MenuStripl

Me.MenuStripl.BackColor = System.Drawing.Color. Traargmt

Me.MenuStripl.Font = New System.Drawing.Fd@gmic Sans MS"8.25!,
System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))

Me.MenuStripl.ltems.AddRangeéw System.Windows.Forms.ToolStripltem()
{Me.HelpToolStripMenultem})

Me.MenuStripl.Location New System.Drawing.Point(0, 0)

Me.MenuStripl.Name =MenuStripl"

Me.MenuStripl.Size New System.Drawing.Size(728, 24)

Me.MenuStripl.Tablndex = 33

Me.MenuStripl.Text ZMenuStripl"

'‘HelpToolStripMenultem
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1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107

Me.HelpToolStripMenultem.ForeColor = System.Drawingl@.FromArgbCTypgCTypg192,Byte),

Intege), CTypdCTypg255,Byte), Integed), CTypgCTypg255,Byte), Intege))

Me.HelpToolStripMenultem.Name “HelpToolStripMenultem"
Me.HelpToolStripMenultem.Size Hew System.Drawing.Size(42, 20)
Me.HelpToolStripMenultem.Text 2Help"

'samples100

'bitOCheckBox

Me.bitOCheckBox.AutoSize Frue
Me.bitOCheckBox.BackColor = System.Drawing.Color. Bparent
Me.bitOCheckBox.ForeColor = System.Drawing.Color.FAygb(CTypgCTypg192,Byte), Intege),

CTypdCTypd255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.bitOCheckBox.Location ew System.Drawing.Point(76, 53)
Me.bitOCheckBox.Name =hitOCheckBox"
Me.bitOCheckBox.Size few System.Drawing.Size(33, 19)
Me.bitOCheckBox.TabIndex = 35

Me.bitOCheckBox.Text 0"
Me.bitOCheckBox.UseVisualStyleBackColor=alse

'bitlCheckBox
Me.bitlCheckBox.AutoSize Frue

Me.bitlCheckBox.BackColor = System.Drawing.Color. Bparent
Me.bitlCheckBox.ForeColor = System.Drawing.Color.FAogb(CTypgCTypg192,Byte), Intege),

CTypdCTypd?255,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.bitlCheckBox.Location Mew System.Drawing.Point(105, 53)
Me.bit1CheckBox.Name =bit1CheckBox"

Me.bit1CheckBox.Size few System.Drawing.Size(31, 19)
Me.bit1CheckBox.Tablndex = 36

Me.bit1CheckBox.Text =1"
Me.bitlCheckBox.UseVisualStyleBackColor=alse

'bit2CheckBox
Me.bit2CheckBox.AutoSize Frue

Me.bit2CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit2CheckBox.ForeColor = System.Drawing.Color.FAygb(CTypgCTypg192,Byte), Intege),

CTypdCTypd255,Byte), Intege), CTypeCTypg255, Byte),Intege))

Me.bit2CheckBox.Location Mew System.Drawing.Point(132, 53)
Me.bit2CheckBox.Name =hit2CheckBox"

Me.bit2CheckBox.Size few System.Drawing.Size(33, 19)
Me.bit2CheckBox.TabIndex = 37

Me.bit2CheckBox.Text 22"
Me.bit2CheckBox.UseVisualStyleBackColor=alse

'bit3CheckBox
Me.bit3CheckBox.AutoSize Frue

Me.bit3CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit3CheckBox.ForeColor = System.Drawing.Color.FAogb(CTypgCTypg192,Byte), Intege),

CTypdCTypd255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.bit3CheckBox.Location Mew System.Drawing.Point(161, 53)
Me.bit3CheckBox.Name =hit3CheckBox"
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1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163

Me.bit3CheckBox.Size #lew System.Drawing.Size(33, 19)
Me.bit3CheckBox.Tablndex = 38

Me.bit3CheckBox.Text =3"
Me.bit3CheckBox.UseVisualStyleBackColofalse

'bit4CheckBox
Me.bit4CheckBox.AutoSize Frue

Me.bit4CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit4CheckBox.ForeColor = System.Drawing.Color.FAogb(CTypgCTypg192,Byte), Integel,

CTypdCTypd?255,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.bit4CheckBox.Location Mew System.Drawing.Point(190, 53)
Me.bit4CheckBox.Name =hit4CheckBox"

Me.bit4CheckBox.Size #lew System.Drawing.Size(33, 19)
Me.bit4CheckBox.Tabindex = 39

Me.bit4CheckBox.Text =4"
Me.bit4CheckBox.UseVisualStyleBackColoralse

'bit5CheckBox
Me.bit5CheckBox.AutoSize Frue

Me.bit5CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit5CheckBox.ForeColor = System.Drawing.Color.FArgb(CTypgCTypg192,Byte), Integel,

CTypdCTypd?255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.bit5CheckBox.Location Mew System.Drawing.Point(219, 53)
Me.bit5CheckBox.Name =hit5CheckBox"

Me.bit5CheckBox.Size #dew System.Drawing.Size(33, 19)
Me.bit5CheckBox.Tablndex = 40

Me.bit5CheckBox.Text =5"
Me.bit5CheckBox.UseVisualStyleBackColoralse

'bit6CheckBox
Me.bit6CheckBox.AutoSize Frue

Me.bit6CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit6CheckBox.ForeColor = System.Drawing.Color.FAogb(CTypgCTypg192,Byte), Integel,

CTypdCTypd?255,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.bit6CheckBox.Location Mew System.Drawing.Point(250, 53)
Me.bit6CheckBox.Name =hit6CheckBox"

Me.bit6CheckBox.Size #lew System.Drawing.Size(33, 19)
Me.bit6CheckBox.Tabindex = 41

Me.bit6CheckBox.Text =6"
Me.bit6CheckBox.UseVisualStyleBackColoalse

'bit7CheckBox
Me.bit7CheckBox.AutoSize Frue

Me.bit7CheckBox.BackColor = System.Drawing.Color. Bparent
Me.bit7CheckBox.ForeColor = System.Drawing.Color.FArgb(CTypgCTypg192,Byte), Integel,

CTypdCTypd?255,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.bit7CheckBox.Location Mew System.Drawing.Point(279, 53)
Me.bit7CheckBox.Name =hit7CheckBox"

Me.bit7CheckBox.Size dew System.Drawing.Size(33, 19)
Me.bit7CheckBox.Tabindex = 42

Me.bit7CheckBox.Text =7"
Me.bit7CheckBox.UseVisualStyleBackColoralse
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1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
11901
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219

‘writeButton

Me.writeButton.BackColor = System.Drawing.Color.Black

Me.writeButton.FlatStyle = System.Windows.Forms. HgSFlat

Me.writeButton.ForeColor = System.Drawing.Color.Frorgg(CTypgCTypg192,Byte), Intege),

CTypdCTypd255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.writeButton.Location :New System.Drawing.Point(14, 46)
Me.writeButton.Name =writeButton"

Me.writeButton.Size New System.Drawing.Size(55, 23)
Me.writeButton.TabIindex = 43

Me.writeButton.Text ='DI Out"
Me.writeButton.UseVisualStyleBackColorFalse

'rstckbx
Me.rstckbx.AutoSize True

Me.rstckbx.BackColor = System.Drawing.Color. Transpére
Me.rstckbx.ForeColor = System.Drawing.Color.FromA@bypgCTypg192,Byte), Intege),

CTypdCTypd?255,Byte), Intege), CTypd CTypg255,Byte), Intege))

Me.rstckbx.Location New System.Drawing.Point(311, 53)
Me.rstckbx.Name =rstckbx"

Me.rstckbx.Size New System.Drawing.Size(31, 19)
Me.rstckbx.Tabindex = 44

Me.rstckbx.Text ='r"
Me.rstckbx.UseVisualStyleBackColorFalse

'‘GroupBox1

Me.GroupBox1.BackColor = System.Drawing.Color. Tramspé
Me.GroupBox1.Controls.Add({e.beam)
Me.GroupBox1.Controls.Addi{e.tbfilename)
Me.GroupBox1.Controls.Add{e.rstckbx)
Me.GroupBox1.Controls.Addi{e.writeButton)
Me.GroupBox1.Controls.Add{e.bitOCheckBox)
Me.GroupBox1.Controls.Add{e.bit7CheckBox)
Me.GroupBox1.Controls.Add{e.bitlCheckBox)
Me.GroupBox1.Controls.Add{e.bit6 CheckBox)
Me.GroupBox1.Controls.Add{e.bit2CheckBox)
Me.GroupBox1.Controls.Add{e.bit5CheckBox)
Me.GroupBox1.Controls.Add{e.bit3CheckBox)
Me.GroupBox1.Controls.Add{e.bit4CheckBox)
Me.GroupBox1.Font = New System.Drawing.Fd@tmic Sans MS"8.25!,

System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))

Me.GroupBox1.ForeColor = System.Drawing.Color.From®&&TypegCTypg192,Byte), Intege),

CTypdCTypd255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.GroupBox1.Location New System.Drawing.Point(321, 208)
Me.GroupBox1.Name =GroupBox1"

Me.GroupBox1.Size New System.Drawing.Size(395, 75)
Me.GroupBox1.Tablndex = 46

Me.GroupBox1.TabStop Ealse

Me.GroupBox1.Text =File Name and Digital Resets"

'tbfilename

Me.tbfilename.BackColor = System.Drawing.Color.Black
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1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275

Me.tbfilename.BorderStyle = System.Windows.Forms.Bo&tyle.None
Me.tbfilename.Font New System.Drawing.FortComic Sans MS"8.25!,

System.Drawing.FontStyle.Regular, System.DrawingpBicsUnit.PointCTypg0, Byte))

Me.tbfilename.ForeColor = System.Drawing.Color.Fromi(ICTypeCTypg192,Byte), Intege),

CTypdCTypd?255,Byte), Intege), CTypd CTypg?255,Byte), Intege))

Me.tbfilename.Location New System.Drawing.Point(14, 19)
Me.tbfilename.Name =tbfilename"

Me.tbfilename.Size New System.Drawing.Size(298, 16)
Me.tbfilename.Tablndex = 45

Me.tbfilename.Text ZC:\Documents and Settings\Mitch\Desktop\dataO.txt"

‘beam

Me.beam.BackColor = System.Drawing.Color.FromAGQbypg CTypdg64, Byte), Intege), CTypeCTypg64,

Byte), Intege), CTypeCTypg64, Byte), Intege))

Me.beam.ForeColor = System.Drawing.Color.FromA@bfpe CTypg192,Byte), Intege),

CTypdCTypd?255,Byte), Intege), CType CTypg255,Byte), Intege))

Me.beam.Location New System.Drawing.Point(318, 17)
Me.beam.Name =beam"

Me.beam.Size dew System.Drawing.Size(69, 23)
Me.beam.Tablndex = 47

'MainForm

Me.AutoScaleBaseSize Hew System.Drawing.Size(5, 13)
Me.Backgroundimage €Typgresources.GetObjetfthis.Backgroundimagg;,' System.Drawing.Image)
Me.ClientSize =New System.Drawing.Size(728, 714)
Me.Controls.Addie.GroupBox1)

Me.Controls.Addie.MasterControls)

Me.Controls.Addle.GroupBox4)

Me.Controls.Adde.runcontrols)

Me.Controls.Addi/le. TextBox2)

Me.Controls.Addi/le. TextBox1)

Me.Controls.Addie.GroupBox3)
Me.Controls.Addile.channelParametersGroupBox)
Me.Controls.Addile.MenuStrip1)

Me.FormBorderStyle = System.Windows.Forms.FormBorgdeS-ixedDialog
Me.lcon =CTypgresources.GetObjetfthis.Icon’), System.Drawing.lcon)
Me.MainMenuStrip =Me.MenuStrip1

Me.MaximumSize =New System.Drawing.Size(2560, 4560)
Me.MinimumSize =New System.Drawing.Size(256, 320)

Me.Name ="MainForm"

Me.StartPosition = System.Windows.Forms.FormStartfeosCenterScreen
Me.Text ="

Me.channelParametersGroupBox.ResumeLayaisQ
Me.channelParametersGroupBox.PerformLayout()

CTypgMe.threshold, System.ComponentModel.ISupportinitgliZndinit()
CTypgMe.minimumValueNumeric, System.ComponentModel.ISugipdialize).EndInit()
CTypgMe.maximumValueNumeric, System.ComponentModel.ISuppitialize).EndInit()
Me.runcontrols.ResumelLayout(False)

Me.runcontrols.PerformLayout()

CTypgMe.halflife, System.ComponentModel.ISupportinitia)Zndinit()
CTypgMe.boxtimer, System.ComponentModel.ISupportinitigliEadInit()
Me.GroupBox4.Resumelayotiélsg

Me.GroupBox4.PerformLayout()

Me.GroupBox3.Resumelayotiélsg
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1276
1277
1278
1279
1280
1281
1282
1283

1284

1285

1286
1287

1288
1289
1290

1291

1292
1293
1294

1295
1296
1297
1298
1299
1300
1301
1302
1303

1304
1305
1306
1307

1308
1309

1310
1311

1312
1313
1314
1315
1316
1317

1318
1319

Me.GroupBox3.PerformLayout()
Me.MasterControls.ResumeLayok#(lsg
Me.MenuStripl.Resumelayolglseg
Me.MenuStripl.PerformLayout()
Me.GroupBox1.ResumelLayo#lsg
Me.GroupBox1.PerformLayout()
Me.ResumeLayouKalsg
Me.PerformLayout()

End Sub

#End Region

Private SubdoopTimer_TickByVal sendeAs System.Object, ByVal As System.EventArgdjlandles

loopTimer.Tick

Try
'Read one point of data per channel during eveeg@tion of the while loop
Dim data()As Double= reader.ReadSingleSample()

time sMy.Computer.Clock.TickCount

'Plot your data here
If dagenable.CheckedTrue Then
‘dataToDataTable(data, dataTable)

dag0.Text = data(0)
'daql.Text = data(1)
'dag2.Text = data(2)
'dag3.Text = data(3)
‘dag4.Text = data(4)
‘dag5.Text = data(5)
‘dag6.Text = data(6)
'daq7.Text = data(7)
End If

If data(0) > threshold.Valuehen
TextBox1.AppendTekt( 0:"&" " & Format(data(0);0.0000) & " " &time &"
(eventnumber + 0) & vbCrLf)
TextBox1.ScrollToCaret()

PrintLine(2,0: " & " " & data(0) &" " & time & " " & (eventnumber + 0))
bit0CheckBox.Checkedrrue

End If

'If data(3) > 1 And beamstate = 0 Then

'‘beam.Text = "beam on"
‘TextBox1.AppendText("beam-on " & " " & time & vbCrLf)
'PrintLine(1, "beam-on" & " " & time)

'‘beamstate = 1

'End If

'If data(3) < 1 And beamstate = 1 Then
'‘beam.Text = "beam on"
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1320 ‘TextBox1.AppendText("beam-off " & " " & time & vbCrLf)

1321 'PrintLine(1, "beam-off' & " " & time)

1322 '‘beamstate = 0

1323 'End If

1324 If bitOCheckBox.Checked Frue Or bitlCheckBox.Checked = Tr@r bit2CheckBox.Checked Frue Then
1325 'Digital Resets below

1326 System.Windows.Forms.Cursor.Curreursors.WaitCursor

1327 Dim digitalWriteTaskAs Task =Nothing

1328 Try

1329 digitalWriteTask New Task()

1330 digitalWriteTask.DOChannels.@sChanng!Dev1/Port0/line0:7;"port0", _
1331 ChannelLineGrouping.Oha@nelForAllLines)

1332 Dim dataArray(7)As Boolean

1333 CheckLines(dataArray)

1334 Dim writer As New DigitalSingleChannelWriter(digitalWrite Task.Stream
1335 writer.WriteSingleSampleMultiig(True, dataArray)

1336 CatchexceptionrAs DagException

1337 MessageBox.Show(exception.Mgska

1338 Finally

1339 digitalWriteTask.Dispose()

1340 System.Windows.Forms.Curson€uir= Cursors.Default

1341 End Try

1342 bitOCheckBox.Checked = False

1343 bit1CheckBox.Checked = False

1344 bit2CheckBox.Checked = False

1345 rstckbx.Checked = True

1346 End If

1347 If rstckbx.Checked Frue Then

1348 'Digital Resets part 2 below

1349 System.Windows.Forms.Cursor.Curre@ursors.WaitCursor

1350 Dim digitalWriteTaskAs Task =Nothing

1351 Try

1352 digitalWriteTask New Task()

1353 digitalWriteTask.DOChannels.@esChannelDev1/Port0/line0:7;"port0", _
1354 ChannelLineGrouping.Oha@nelForAllLines)

1355 Dim dataArray(7)As Boolean

1356 CheckLines(dataArray)

1357 Dim writer As NewDigitalSingleChannelWriter(digitalWrite Task.Stream
1358 writer.WriteSingleSampleMultilg(True, dataArray)

1359 CatchexceptionrAs DagException
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1360 MessageBox.Show(exception.Mgska

1361 Finally

1362 digitalWriteTask.Dispose()

1363 System.Windows.Forms.Curson€uir= Cursors.Default
1364 End Try

1365 rstckbx.Checked = False

1366 End If

1367 CatchexceptiorAs DagException

1368 'Dispose the Task and Disable the Timer
1369 loopTimer.Enabled = False

1370 myTask.Dispose()

1371 MessageBox.Show(exception.Message)
1372 EndTry

1373 eventnumber = eventnumber + 3

1374 EndSub

1375 PrivateSubTimerl_Tick@yVal sendeAs System.ObjecByVal eAs System.EventArgd)landlesTimerl.Tick

1376 Timerl.Interval = boxtimer.Value

1377 If motortimer = IThen

1378 Out(888, 3)

1379 "If barstep.Value = 0 Then

1380 'Out(888, 19)

1381 'End If

1382 boxport. Text = 3

1383 boxtfire.Text = boxtfire.Text + 1

1384 barfull.Value = barfull.Value + 1

1385 barstep.Value = barstep.Value + 1

1386 If barfull.Value = 200rhen

1387 barfull.Value = 0

1388 Out(888, 19)

1389 PrintLine(l)beam-on'& " " & time)

1390 TextBox1.AppendTeXeam-on"& " " & time & vbCrLf)
1391 boxcomfull. Text = boxcomfull. Textk

1392 End If

1393 Labelbarfull. Text = Format$(barfull. i / 200 * 100;00.0")
1394 Labelbarstep.Text = Format$(barsteu&al50 * 100,'00.0")
1395 If barstep.Value = 5Then

1396 PrintLine(1stepped'& " " & time)

1397 TextBox1.AppendTekstepped'& " " & time & vbCrLf)
1398 barstep.Value =0

1399 timerstep.Interval = halflife.Valde.000
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1400
1401
1402
1403
1404

1405
1406

1407
1408
1409

1410
1411
1412
1413

1414
1415
1416
1417
1418
1419
1420

1421
1422

1423
1424
1425
1426
1427
1428
1429
1430
1431
1432

1433
1434

1435
1436
1437

1438
1439
1440
1441

1442
1443
1444
1445

timerstep.EnabledTlrue
loopTimer.EnabledFrue
Timerl.EnabledFalse
EndIf
EndIf

If motortimer = 2Then
Out(888, 6)

'If barstep.Value = 0 Then
'Out(888, 22)
‘End If

boxport. Text = 6

boxtfire.Text = boxtfire. Text + 1
barfull.Value = barfull.Value + 1
barstep.Value = barstep.Value + 1

If barfull.Value = 200rhen
barfull.Value = 0
Out(888, 22)
PrintLine(2}beam-on"& " " & time)
TextBox1.AppendTeXeam-on"& " " & time & vbCrLf)
boxcomfull. Text = boxcomfull. Textk+

End If

Labelbarfull. Text = Format$(barfull.\i& / 200 * 100;00.0")
Labelbarstep.Text = Format$(barsteu&al50 * 100,'00.0")

If barstep.Value = 5Then
PrintLine(2stepped'& " " & time)
TextBox1.AppendTekstepped'& " " & time & vbCrLf)
barstep.Value = 0
timerstep.Interval = halflife.Valtel000
timerstep.EnabledTrue
loopTimer.EnabledFrue
Timerl.EnabledRalse

End If

End If

If motortimer = 3Then
Out(888, 12)
" If barstep.Value = 0 Then
'Out(888, 28)
'End If

boxport. Text = 12

boxtfire.Text = boxtfire.Text + 1
barfull.Value = barfull.Value + 1
barstep.Value = barstep.Value + 1

If barfull.Value = 200rhen
barfull.Value = 0
Out(888, 28)
PrintLine(2}beam-on"& " " & time)
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1446
1447
1448

1449
1450

1451
1452
1453
1454
1455
1456
1457
1458
1459
1460

1461
1462

1463
1464
1465

1466
1467
1468
1469

1470
1471
1472
1473
1474
1475
1476

1477
1478

1479
1480
1481
1482
1483
1484
1485
1486
1487
1488

1489
1490
1491
1492

TextBox1.AppendTeXeam-on"& " " & time & vbCrLf)
boxcomfull. Text = boxcomfull. Textt
EndIf

Labelbarfull. Text = Format$(barfull.\i& / 200 * 100;00.0")
Labelbarstep.Text = Format$(barsteu&al50 * 100,'00.0")

If barstep.Value = 5Then
PrintLine(2stepped'& " " & time)
TextBox1.AppendTekstepped'& " " & time & vbCrLf)
barstep.Value = 0
timerstep.Interval = halflife.Valée.000
timerstep.EnabledTrue
loopTimer.EnabledFue
Timerl.EnabledFalse

End If

End If

If motortimer = 4Then

out(8ss, 9)

If barstep.Value = 0 Then
'Out(888, 25)
'End If

boxport. Text = 9

boxtfire. Text = boxtfire.Text + 1
barfull.Value = barfull.Value + 1
barstep.Value = barstep.Value + 1

If barfull.Value = 200rhen
barfull.Value = 0
Out(888, 25)
PrintLine(l)beam-on'& " " & time)
TextBox1.AppendTeXeam-on"& " " & time & vbCrLf)
boxcomfull. Text = boxcomfull. Textk+

End If

Labelbarfull. Text = Format$(barfull. & / 200 * 100;00.0")
Labelbarstep.Text = Format$(barsteu&al50 * 100,'00.0")

If barstep.Value = 5Then
PrintLine(2stepped'& " " & time)
TextBox1.AppendTekstepped'& " " & time & vbCrLf)
barstep.Value = 0
timerstep.Interval = halflife.Valde.000
timerstep.EnabledTrue
loopTimer.EnabledFue
Timerl.EnabledFalse

End If

End If

motortimer = motortimer + 1
If motortimer = 5Then

motortimer = 1

End If
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1493 End Sub

1494 Private Suliimerstep_TickByVal sendeAs System.ObjecByVal eAs System.EventArgdjlandles
1495 timerstep.Tick

1496 barstep.Value =0

1497 Labelbarstep.Text = timerstep.Interval
1498 If boxport.Text ='3" Then
1499 motortimer = 1

1500 Timerl.Enabled Frue
1501 End If

1502 If boxport.Text ='6" Then
1503 motortimer = 2

1504 Timerl.Enabled Fue
1505 End If

1506 If boxport.Text ='12" Then
1507 motortimer = 3

1508 Timerl.Enabled Frue
1509 End If

1510 If boxport.Text ='9" Then
1511 motortimer = 4

1512 Timerl.Enabled Fue
1513 End If

1514 loopTimer.Enabled Ealse
1515 timerstep.EnabledFalse

1516 End Sub
1517 Private Sulstopbutton2_Click8yVal sendeAs System.ObjecByVal e As System.EventArgsjandles
1518 stopbutton2.Click

1519 Timerl.Enabled = False

1520 timerstep.Enabled = False

1521 'DAQ Stop Actions

1522 'Dispose the Task and Disable the Timer
1523 loopTimer.Enabled = False

1524 myTask.Dispose()

1525 FileClose(1)

1526 End Sub

1527 Private SulButton2_ClickByVal sendeAs System.ObjecByVal eAs System.EventArgdjlandles
1528 Button2.Click

1529 Out(888, 3)

1530 End Sub

1531 Private SutButton3_ClickByVal sendeAs System.ObjecByVal eAs System.EventArgdjlandles
1532 Button3.Click

1533 Out(888, 6)

1534 End Sub

1535 Private SulButton4_ClickByVal sendeAs System.ObjecByVal eAs System.EventArgdjlandles
1536 Button4.Click

1537 Out(888, 12)

1538 End Sub
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1539
1540
1541
1542

1543
1544
1545

1546
1547
1548
1549
1550
1551
1552
1553

1554
1555
1556

1557
1558

1559
1560
1561

1562
1563
1564
1565
1566
1567
1568
1569
1570
1571

1572

1573
1574

1575
1576
1577
1578
1579
1580
1581

1582
1583
1584

Private SulButton5_ClickByVal sendeAs System.ObjecByVal eAs System.EventArgdilandles
Button5.Click
Out(888, 9)
End Sub

Private Subbeset_ClickByVal sendeAs System.ObjecByVal eAs System.EventArgd)landlesreset.Click
Out(888, 0)
End Sub

Private SulButton6_Click@yVal sendeAs System.ObjecByVal eAs System.EventArgdjlandles
Button6.Click
boxtfire. Text =0
barfull.Value = 0
Labelbarfull. Text = 0.0
barstep.Value =0
boxport.Text = 0
End Sub

Private SulButtonl_Click(ByVal sendeks System.ObjecByVal eAs System.EventArgdilandles
Buttonl.Click
'Digital Resets Prevariables

'Stepper Prevariables
Timerl.Enabled Frue

'DAQ Prevariables
FileOpen(1, tbfilename.Text, OpenMode.Appen
beamstate = 0

acquiredSamplesCount =0
Try
‘Create a new task
myTask New Task()
‘Create a virtual channel
myTask.AlChannels.CreateVoltageChamigi¢icalChannelComboBox.Text,
AlTerminalConfiguration.Rgeonvert. ToDouble(minimumValueNumeric.Value), _
Convert.ToDouble(maximumy@Numeric.Value), AlVoltageUnits.\Volts)
‘Verify the Task
myTask.Control(TaskAction. \Verify)

reader &lewAnalogMultiChannelReader(myTask.Stream)

‘enable the timer
'loopTimer.Enabled = True

CatchexceptiorAs DagException
'‘Dispose the Task and Disable the Timer
loopTimer.Enabled Ralse
myTask.Dispose()
MessageBox.Show(exception.Message)
End Try
End Sub

Private SutHelpToolStripMenultem_CliclyVal sendeAs System.ObjecByVal e As System.EventArgs)

HandlesHelpToolStripMenultem.Click
MsgBox{(If you clicked this then you obviously don't knavhat your doing and you need to call either Mitch
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1585 at (510)684-8092 or Maz at (925)286-4907 immedyétel "You've really done it now..)"
1586 End Sub

1587 Private Sulsamples100_TicByVal sendeAs System.ObjecByVal e As System.EventArgsilandles
1588 samples100.Tick

1589 End Sub
1590 Private SulCheckLinesByRef dataArray()As Boolear)

1591 dataArray(0) = bitOCheckBox.Checked
1592 dataArray(1) = bitlCheckBox.Checked
1593 dataArray(2) = bit2CheckBox.Checked
1594 dataArray(3) = bit3CheckBox.Checked
1595 dataArray(4) = bit4CheckBox.Checked
1596 dataArray(5) = bit5CheckBox.Checked
1597 dataArray(6) = bit6CheckBox.Checked
1598 dataArray(7) = bit7CheckBox.Checked

1599 End Sub

1600 Private SulwriteButton_ClickByVal sendeAs System.ObjecByVal e As System.EventArgsilandles
1601 writeButton.Click

1602 System.Windows.Forms.Cursor.Current = Qngr¥daitCursor

1603 Dim digitalWriteTaslds Task =Nothing

1604 Try

1605 digitalWriteTask dew Task()

1606 digitalWriteTask.DOChannels.CreateCla{iDev1/Port0/line0:7;"port0", _
1607 ChannelLineGrouping.OneChanneifbines)

1608 Dim dataArray(7)As Boolean

1609 CheckLines(dataArray)

1610 Dim writer As New DigitalSingleChannelWriter(digitalWrite Task.Stream
1611 writer.WriteSingleSampleMultiLinE(ue, dataArray)

1612 CatchexceptiorAs DagException

1613 MessageBox.Show(exception.Message)

1614 Finally

1615 digitalWriteTask.Dispose()

1616 System.Windows.Forms.Cursor.Curreniss@rs.Default

1617 EndTry

1618 End Sub

1619 End Class
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