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INTRODUCTION

Motivation for the Constructionof the Instrument

X-ray spectroscopy is an important tool for the experimental study of atomic

physics and materials science, and a fully automated vacuum double crystal spectrometer is
a versatile instrument for research in these fields. Desirable features of the instrument

include the total automation of the x-ray spectrometer positioning and data acquisition.

This saves many man-hours compared to labor-intensive manual x-ray spectrometers, and

eliminates the possibility of human error. Another desirable feature of the instrument is the

ability to observe the entire x-ray spectrum, including soft and ultra-soft x-rays, so the

instrument must be equipped with a high-vacuum capability. Accuracy and resolution are

the most important characteristics that we wish to incorporate into the instrument. The

double crystal spectrometer is the best instrument for this type of work because of our

ability to measure rotational positions of the crystals with great precision, and because it

has an inherently low level of scattered background intensity.

X-ray spectroscopists at the Los Alamos National Laboratory (LANL) have stated

that the theories of atomic structure and material properties have advanced to the point

where existing measurements of atomic emission line wavelengths are inadequate, so there

is a need for an instrument which can more accurately measure these wavelengths. Ultra-

pure and perfect silicon crystals are now available which can measure wavelengths

accurately to approximately one part-per-million. The wavelength accuracy can be

convened to the spectrometer's angular accuracy using Bragg's law,

n_, = 2d(sin0),

and

dk/_= (cotO)dO.

A wavelength accuracy of one part-per-million therefore corresponds to an angular
I

accuracy of 5 x 10.7 radians (or 0.1 arc seconds) at 26.5 °. By measuring standard

wavelengths, such as molybdenum Ka, with a precision double crystal spectrometer

equipped with silicon crystals, the d-spacing of other crystals can be precisely determined

by measuring the Bragg angle of the reflection of the standard wavelength. By extending
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this process, it would be possible to accurately determine the x-ray emission wavelengths

andabsorption edgesof all theelementsintheperiodicchart.

Notallcrystalsarenecessarilysuitableforuseinprecisionspectroscopy,andfor

thosecrystalsthataresuitable,theaccm'acyoftheinstrumentislimitedby thepurity,

quality,andotherpropertiesofthecrystal.The precisiondoublecrystalspectrometercan

characterizecrystalpropertiesbymeasurementofthecrystaldiffractionwidthintheparallel

(rockingcurve)position.Rockingcurvewidthsfallintherangeof0.1to100arcseconds,

full-width-at-half-maximum(FWHM), withthenarrowrockingcurvewidthsoccurringfor

thex-rayenergiesoftheK spectraofheavyatoms.Itisthereforedesirabletohavcan

instrumentwitharesolutionontheorderof0.01arcsecondstoaccuratelyplothighenergy

rocking curveprofiles.

Thcrsaremany difficultiesinthedesignandconstructionofaninstrumentwithan

angularaccuracyof0.1scc.andanangularresolutionof0.01sec.Thermalgradientsand

vibrationscanhaveaprofoundeffectontheabilitytoachievethesespecifications.Moors

SpecialToolCompany was firstcontractedtodesignandbuildtheinstrumentbccauscof

theirexperienceandreputationwithprecision metrology.

A Brief History_of the Instrument

The +nitialdesigncontractforthePrecisionDoubleCrystalSpectrometer(PDCS)

was awardedtoMoore SpecialToolCo. (MST) inApril1986,basedon LANL P-14

PDCS Specifications.Shortlythereafter,MST beganconstructingthePDCS. InJuly

1989,MST terminatedworkon thePDCS, andshippedthcunfinishedsubassembliesto

NSLS. The PDCS wasthenshippedtoLANL forevaluationbyMEC-6 division.

Inthesummer of 1990,theN.M.S.U.PhysicsDepartmentwas contractedby

LANL torenderthePDCS operational,andalltheunfinishedsubassemblieswcrcshipped

toLasCruces,NM. An initialassessmentwas made todeterminewhichsubassemblies

could be completedlocally,and which subassemblieswould be completedby

subcontractors.The decisionwas made tohaveMST completetheprecisionbearingsfor

the OA, OB, and 20A axes, and to design and build the 120 t.p.i, micrometer lead screw

andfinemotiondriveforthe2OA axis.Allotherworkwouldbe accomplishedlocally,

includingdesignandconstructionofthe2OB spindleanddetectorarm,inchwormmounts,

2OA lift-lock,and crystalholders.Allothermajorsubassemblieswcrc essentially

complete.

The completedsubassembliesfromMST werereceivedinAugust199I.Atabout

thesarnctime,aMansonproportionalcounterwasreceivedfromLosAlamosforuseasthe



detector. At N.M.S.U., a sustained effort was made to develop the software required to

operate the inchworm motors, Compumotors, and data acquisition. The subassemblies

built in Las Cruces were completed, and the final assembly of the PDCS was begun.

The alignment of the instrument was performed as the instrument was assembled.

The OA axis was aligned for coaxiality and parallelism with respect to the 2OA axis, and

the OA and OB axes were made parallel. The two quartz crystals were aligned so their

optical faces were parallel and coaxial to their respective axes. The alignment procedure

will be described in greaterdetail laterin the report.

The inchworm motors and controller proved to be a major obstacle to the

construction of the instrument. The inchworm system was received with a faulty

Heidenhain EXE encoder electronics box, a bad inchworm motor, and faulty cabling.

These problems were corrected, one by one, and in June 1992, the construction of the

PDCS was complete, and testing of the operational programs was begun.

In order to test the PDCS, a copper x-ray source was attached to the PDCS vacuum

chamber. The copper K(z and KI3emission spectrum was observed and recorded as the

PDCS scanned in the (1,1) dispersive mode. The PDCS was then placed in the (1,-1)

position, and a rocking curve at the copper K0_ wavelength was recorded. The

spectrometer motion and data acquisition were fully automated during these tests, and the

only operator action required was to enter the initial scan parameters.

After initial x-ray testing of the PDCS, work began on the vacuum system. The

chamber was pumped down to 10-2 ton. by a mechanical forepump, and checked with a

helium leak detector. A mrbopump, controller, and a special elbow were acquired from

LANL. After evacuating the vacuum chamber to 10-2ton', the turbopump further reduced

the ultimate pressure in the vacuum chamber to 2 x 10.6ton', as measured by an ionization

gauge.
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INSTRUMENT DESCRIPTION

Mechanical Systems

Overall Mechanical Description of the Instrtonent

The PDCS, shown inFig.I,issupportedby a castironbaseplatedesignedfor

minimum deformationina highvacuumenvironment.The baseplatesupportsboththe

spectrometer and the vacuum chamber. It was originally intended for the spectrometer to

be supported by a Barry air support system to dampen mechanical vibrations, but this air

support system is not presently being used because of the lack of clearance between the

hoist and the top of the vacuum chamber in GardincrHall room 60, where the spectrometer

presently resides.

The 2OA axisrestson thecenterofthebaseplate,andsupportstherestofthe

instrument.The 2OA axisiscomprisedoftworotationalsubassemblies:anUltradex720

indexingtableprovidedbyA.A.Gage,andaprecisionbearingfabricatedbyMST, which

servesasa fineangledivider.The indexingtableprovidesa 360"rotationalcapabilityin

discreteincrementsof0.5",and eachofthese720 positionsisaccurateto:k0.125arc

seconds.A lift/lockmechanismanda 360"rotationaldriveareusedtomove theindexing

tabletothedesiredposition.The indexingtablerideson topoftheprecisionbearing,

whichprovidesfreemotioncapabilityforthe2OA axis.A tangentarm ismountedonthe

upperbearingplateoftheprecisionbearing.Thistangentarm isdrivenby a 120t.p.i.

leadscrew,whichis,inturn,drivenbyasteppermotor,providingfinemotionofthe2OA

axisinincrementsof0.Iarcsecondsovera0.5"range.

The yokeismountedtothetopoftheUltradex720indexingtable,andiscentered

onthetablewithaguidepin.The purposeoftheyokeistoprovidearigidsupportforthe

OA and OB crystal axes, as well as the 2OB detector axis. The OA and OB axes are

mounted on the lower horizontal portion of the yoke, and support the crystal holders and

crystals. TheOA andOB crystal axesareidentical,andfunctioninamannersimilar tothe

2OA axis.RotationsareperformedbythecombinationofaMST 1440indexingtableand

aprecisionbearing.The MST 1440tablesarecapableof360"rotationsindiscretestepsof

0.25",withan angularuncertaintyofi'0.125arcsecondsateachangularposition.The

1440tablescanberotatedbythecombinationofalift/lockmechanismanda 360"rotary

drivemechanism.The 1440indexingtablesrideonprecisionbearings,alsofabricatedby

MST, whichserveasfineangledividers.Tangentarms,mountedon theupperprecision

bearingplates,aredrivenby Burleighinchwormmotors,providingthefineangularmotion
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for the OA and OB axes. These axes are thus capable of 360" rotations in discrete angular

steps of 0. I arc seconds.

The 2@B axis is mounted on the upper horizontal extension of the yoke, and is

responsible for the correct positioning of the x-ray detector. This axis is parallel and

coaxial to the OB axis. A stepper motor is used to drive a worm, which in turn drives a

worm gear mounted on an aluminum shaft. The gears arepreloaded by spring tension. The

aluminum shaft extends through a hole in the yoke, and is supported by a thrust bearing,

allowing rotation about the 20B axis. The Manson x-ray detector is mounted facing the

20B axis on a level aluminum channel, which is connected to the aluminum shaft. This

axis can be rotated through a full 360" angle in discrete steps of 18 arc seconds.

Alignment Proc.edure

Several alignments must be performed for the PDCS to func_on as a precision

instrument, and our ability to perform accurate alignments dL"ectly affe('ts the precision

capabilities of the instrument. In general, the A and B axes must be parallel, and the plane

of dispersion will be defined as the plane perpendicular to the A and B axes. The Bragg

planes of the A and B crystals must be aligned parallel to the axes of rotation, and the x-ray

beam must be parallel to the plane of dispersion. The OA, OB, and 20A axes all use

tangent arms with linear actuators for the small angle rotations. These systems must be

aligned and calibrated in order to measure the small angles accurately.

The first step in the alignment procedure is to make the 20A and OA axes parallel

and coaxial. The set-up for these alignments is shown in Fig. 2. Both the coaxiality and

parallelism of the 20A and OA axes must be checked after an adjustment has been made.

The alignment checks should only be performed with both the OA and 20A indexing tables

in the locked position, and with the OA and 2OA fine motion bearings engaged (lifting

jacks lowered). The auto-collimator and diagonal mirror should be held in fixed positions

independent of the _meter.

To obtain parallelism between the OA and 2OA axes, we must first align the auto-

coUimator axis and the 2OA axis. Adjustment of the optical fiat located on the OA indexing

table top may be necessary to ensure that the optical flat is parallel to the 2OA plane of

rotation. Optical wax was used to hold the optical fiat to the top of the OA indexing table.

If the optical flat was misaligned with respect to the 2OA axis, circular motion of the auto-

collimator image was observed as the 2OA axis was rotated, with the OA axis fixed. After

the optical fiat was made parallel to the 2OA axis, the OA axis was rotated while the auto-

collimator and 2OA axis were held fixed. A circular:notion of the autocoUimator image
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indicated that the OA and 2OA axes were misaligned. The OA axis was then shimmed

between the yoke and the precision bearing until the auto-collimator image remained fixed.

The accuracy of this alignment is limited by the resolution of the auto-coUimator image,

however, the alignment was repeatable within approximately 1 arc second.

The optical flat was removed from the top of the OA indexing table, and a set of

cross-hairs were placed on the table. The cross-hairs were observed through a microscope,

and centered with respect to the OA axis. This was accomplished by moving the cross-

hairs until the reference point determined by the intersection of the cross hairs remained

fixed as the OA axis was rotated. The OA axis was then held fixed, while the 2OA axis

was rotated. A circular motion of thecross-hairs indicated that the OA and 2OA axes were

not coaxial. The OA axis was translated with respect to the yoke until the @A and 2OA

axes were coaxial, and the parallelism alignment was rechecked. The seven _m width of

the cross-hairs provides a good estimate for the uncertaintyof the coaxial alignment.



Now that the OA and 2OA axes have been aligned for parallelism and coaxiality,

the OB axis must be aligned parallel to the OA and 2OA axes, and coaxial to the 2OB axis.

The alignment set-up is shown in Fig. 3. Optical flats are placed in the crystal holders such

that reflections off both the front and back of the optical flats are possible. The optical flat

is aligned parallel to its axis of rotation by observing the auto-collimator image reflected by

the front of the optical fiat. The OA indexing table is lifted, rotated 180", and locked, and

the auto-collimator image is observed from the back of the optical flat. The crystal holder is

then tilted until the auto-collimator alignment is the same for both the front and back of the

optical fiat, making the optical flat parallel to the axis of rotation. The auto-coUimator axis

can now easily be aligned parallel to the plane of dispersion.

The optical flat is then removed from the OA crystal holder, while care is taken to

ensure that the auto-collimator is not moved. The auto-coUimator image for reflections off

the OB axis optical flat is then located. The OB axis is rotated 180" to observe reflections

off the back of the optical flat, and the OB axis crystal holder is rotated through its

horizontal axis so that both the front and back optical reflections can be observed with the

auto-collimator. The addition of shims of the OB axis between the yoke and the lower

plate of the OB precision bearing may be needed to accomplish this alignment. The

completion of this alignment indicates that the OB axis optical flat is parallel to the axis of

rotation, and that the OA and OB axes are parallel with respect to the yoke axis.

We must also ensure that the OA and OB axes are parallel with respect to a 90"

angle relative to the yoke axis. The auto-collimator is now placed in position 2 of Fig. 3,

and the optical flat in the OA axis crystal holder is adjusted so that it is parallel to the OA

axis of rotation as described previously. A large optical flat is attached to the yoke, and is

adjusted so that it is parallel to the OA optical flat. The auto-collimator is now moved to

position 3 in Fig. 3, and parallelism of the OB axis optical flat was checked for parallelism

with the image from the large optical flat, adding shims if necessary. This completes the

alignment procedure for parallelism of the 2OA, OPt, and OB axes.

The 2OB and OB axes were also checked for coaxiality. A dial indicator was

attached to a special extension of the 2OB detector arm. The dial indicator was placed

against the circular edge of the indexing table, and the run-out was measured as the 2OB

axis was rotated around the OB axis. The uncertainty of this coaxiality measurement is

estimated to be the approximately the least count on the dial indicator, which is 0.001

inches. The parallelism of the OB axis with respect to the OA and 2OA axes must be
i

rechecked to ensure that translation of the OB axis has not affected the alignment for

parallelism.
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HQtionControl Systems

Stepper Motors

A total of eight steppermotors are used to performvarious motion control functions

for the PDCS. Two high-torque six-amp vacuum compatible stepper motors are used to

operate the operate the 2CA lift/lock mechanism and the 2@A 360" drive assembly. The

remaining six stepper motors are smaller three-amp vacuum compatible stepper motors

which run the OA and OA lift-lock mechanisms, the OA and OB 360" drive assemblies,

the 2OB 360" drive assembly, and the 20A fine motion drive assembly. Each motor is

accompanied by an AL drive, which provides the power and the control signals to the

stepper motors. Two Compumotor 3000 indexers ate programmed to control the eight

steppermotors. The indexers can be operated by either local or remote control.

Precautions must be taken to prevent the three indexing tables from being rotated

while they are in the locked position. This is accomplished by microswitches which are

closed when the tables are in the lifted position. The 360" drive motors can then be
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operatedtorotatetheirrespectiveaxes.Ifthetablesareinthelockedposition,theinterlock

isopenandthe360"driveisinoperative.The interlockmicroswitchcsalsoprovideaTTL

logiclevelcommand tothe3000indexer.The purposeofthiscommand istoensurethe

rublescanonlybelif-mdiftheyareinthelockedpositionandvisaversa.

Temperaturestabilityisimportanttothe_ion capabilitiesoftheinsmzmcnt,and

themotortemperaturescanwarm toapproximately50"C when leftonforextendedperiods

oftime.To avoidrunningthemotorscontinuously,itispossibletousetheshutdown

command toshutoffpowertothemotor.The motorwillremainfixedinoneofthe200

magneticdetcntsthatexistinthe360"motorrotation.The Compumotorcontrollersare

programmedtomove themotortoone ofitsdetentpositions,and thenshutdownthe

motor.Eachmotorhasarunningtimeofafewseconds,andthemisnoappreciablerisein

motortemperature.

Inchworm Positioning System

The PDCS utilizestwoBurleighmodelrw-700-I0vacuumcompatibleinchworm

motorstoobtainf'memotionintheOA andOB axes.The motorsdrivea tangentarm

mountedon theupperprecisionbearingplateoftherespectiveaxis.Heidcnhainelectro-

opticalencodersareusedtosensethepositionofthetangentarm,andthesefeedback

signalsareamplifiedandprocessedby thetwo HeidenhainmodelEXE-702 electronics

units.TheentireinchwormpositioningsystemiscontrolledbyaBurleigh7000controller,

whichislinkedtothecomputerthroughtheIF_F_E.488interface.Thecontrollerreadsthe

positioningordersfromthecomputer,anddirectstheinchwormmotorstomove towards

thedesiredposition.The encodernetworkmeasuresthechangeinposition,andtellsthe

controllerwhen thesystemiscorrectlypositioned.The controllerthenordersthe

inchwormmotorstostop,and thefeedbackloopholdstheinchwormsinthedesired

position.Fora morecompletedescriptionoftheinchwormmotors,controllerandencodcr

system,the readerisreferred to the appropriatetechnical mam_Is.

For the free positioning systems that uses the combination of a tangent arm and a

translational positioning system, it is important to have the tangent arm and the encoder

head aligned perpendicular to each other. The angular rotation of the axis, O, is related to

the inchworm distance of travel, x, by the equation

e = tan- (x/a),



where a is the fixed distance between the inchworm translational centerline and the

rotational axis. Using the Taylor Series expansion, we have

e = (x/a)-113(x/a)3+o(x/ays.

In order to meet the requirement thatO have an angular accuracy of 0.1 seconds of arc, we

must have

1/3 (x/a)3 < 5 x lff 7,

or

Ix/al< 0.0114= 0.65"

Since 0.25" of total rotation is required for the Oh, and OB free motion, and 0.50" of total

rotation is required for the 2OA axis, the tangent arms must be closely perpendicular to the

centerline of the translational device.

The inchworm and encoder system can be programmed to move in discrete steps of

0.1 gm. This can be converted to least count angular accuracy by

Q=x/a

and

80 = (I/a)8x.

For a = 20.6265 cm for the OA and OB tangent arm lengths, a step of 0.1 gm in inchworm

travel corresponds to a rotational motion of 0.1 arc seconds. To obtain 0.25" of total

rotation, 9000 discrete inchworm positions are required. To maintain 0.1 arc seconds of

absolute accuracy over the entire range of travel, the tangent arm length must be made

accurate to approximately one part in 20,000, or

a = 20.6265:I:0.0010cm.

Alternatively,thetangentarmlengthmay bemadearbitrary,andcalibrationdataintheform

of number of discrete inchworm steps per quarterdegree of angular motion can be placed in



the computer program. The calibration data is obtained by observing the autocoUimator

image from an optical fiat on the table, and counter-rotating the indexing table and the fine

motion subassembly for the appropriate axis by 0.25". This is the method presently being

used.

In order to obtain an angular resolution of 0.01 arc seconds, which is the desired

resolution for high-energy rocking curves, the inchworm must be capable of making

discrete translational steps of 0.01 _m. This is beyond the capability of our system in its

present configuration. To achieve this specification, it will be necessary to either obtain an

encoder with 0.01 _tm of resolution, or find a method for microstepping one of the

inchworm motors.

Comnuter Control System

The PDCS is run by an IBM model AT personal computer utilizing software written

in the ASYST 2.0 language. The devices used to operatethe instrument are controlled by

the computer through an IEEE-488 parallel interface, as shown in Fig. 4. Five devices are

linked to the computer through the interface: two Compumotor 3000 indexers for the eight

stepper motors, the Burleigh inchworm controller, an Ortec model 918A multi-channel

buffer, and a CAMAC crate. The interface is operated in a synchronous (foreground only)

mode.

The software responsible for the initialization of the instrumentation associated with

the PDCS is contained within the MAINLOAD.UTL program. This program (I) defines

the windows used for the display, (2) defines large memory arrays and variables, (3)

allows access to the position memory, (4) defines GPIB addresses, (5) initializes the GPIB

bus, (6) loads specialized programming for the operation of the PDCS instrumentation, and

(7) initializes the PDCS insummentation.

Since the stepper motors for the PDCS are operated open loop i.e., no devices such

as encoders are used to obtain positional feedback, a system has been devised to keep track

of the positions of the different axes as the PDCS is moved from position to position. The

ASYST data File POS.MEM stores five integer values associated with the 2OA, OA, OB,

2OB course positioning mechanisms and the 2OA fine motion. If any of the axes are

moved, the operating program will retrieve the data values from POS.MEM. The data

values will be changed according to the change in position of the axes, and the new

position data will be restored in the POS.MEM File. The inchworm systems do not require

this type of data storage, because they are operated closed loop.
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A program called ALIGNMENT.WRD is responsible for assigning an initial integer

value to each of the five open loop positioning sub-systems. A HeNe laser is set up

opposite the x-ray source to simulate the x-ray beam exiting the x-ray tube. The yoke is

thenmanuallypositionedparalleltothebeamaxiswiththeOB axisoppositethex-raytube,

withtheinchwormsystemenergizedandengaged.The OA andOB crystalsarepositioned

toreflectthelaserbeamoffthebackofthecrystals,ata 180"angle.Thedetectorisaligned

on thebeam axis,"lookinginto"thex-raytube.Thisisthe"zeroposition"of the

spectrometer,andtheappropriateintegervaluesareassignedtothepositionvariables,and

down-loadedintoPOS.MEM.

Vacuum Systemv

The vacuum systemforthePDCS isshown inFig.5. The vacuum chamberis

initially at atmospheric pressure with both the gate valve and the throttlevalve closed. The

rotary vane pump is turned on, and the zeolite trap is outgassed by a resistance heater.

Once the zeolite trap has been sufficiently outgassed, the throtde valve is opened, and

evacuation of the vacuum chamber is begun. The pressure is monitored with a

thermocouple gauge, and overnight, the pressure drops into the 10.3 torrrange.

The turbo-pump is responsible for obtaining high vacuum for the PDCS. The

turbo-pump is initially roughed out to approximately 10.2 torr by a mechanical fore-pump

with the gate valve closed. The gate valve is oIxa'ated by a cylinder of compressed air. The

turbo-pump is then turned on, the gate valve is opened, and the throttle valve is closed.

The rotary vane pump may then be taken off line, and returned to atmospheric pressure.

The vacuum chamber ultimately reached a pressure of 2 x 10.6 torr.

It is necessary to protect the pumping system components from a loss of power.

The vacuum system is powered through the emergency power system in room 60, but this

power system has been unreliable in the past. A power sensor system has been

incorporated which closes the gate valve on a loss of power. This power sensor system

must be turned on by the operator, and the compressed air system valve line up must be in

the proper position. A loss of power (for more than ten minutes) also causes a valve in the

turbo-pump foreline to open, which initializes a slow leak. This leak is designed to slow

the turbo-pump rotor, thereby preventing damage caused by the loss of the levitating

magnetic field. A battery pack provides emergency power to the levitating magnetic field,

if power is lost to the turbo-pump controller.
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OPERATING INSTRUCTIONS

To operate the PDCS, the power to the NIM bin, CAlVlAC crate, Compumotor

controllers, AL drives, inchworm controller, and the EXE electronics must all be turned

on. The operator must enter the properly configured ASYST mode, and receive an "OK"

prompt. The operator must type

OK LOAD MAINLOAD._

and type a carriage return. This will load most of the special programming for the PDCS.

After MAINLOAD.UII. has been loaded, the computer should respond with:

Hit F3 to initialize the system...
OK

The operator hits the F3 key, and the on-line equipment will report the status of the

initialization back to the computer. If all the on-line equipment is properly initialized, the

computer will automatically load the display menu programming, and respond with:

Hit F3 to display the main menu...

OK

The operator hits the F3 key, and the main menu is displayed. The main menu is shown in

Fig. 6. This display shows the lift/lock status of the indexing tables, the position data for

all the axes, and the list of available PDCS operations. The operator must now select the

desired operational program.

Alignment Prom'am
v

By selecting F9 on the main menu, the operator loads the alignment program. This

program is presently designed to give an approximate aLignment of the rotational positions

of the axes using a He-Ne laser, when the PDCS is equipped with crystals whose front and

back optical faces are parallel to the Bragg planes. The crystals, yoke, and detector are

aligned according to the instructions given on the computer screen by the alignment

program. Once the alignment has been achieved, the operator should hit the F10 key to

store the zero-position data in POS._M. After this has been accomplished, the PDCS
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AXIS LIFTAf)CK COURSE POS.DAT FINE POS.DAT

2.TH.A IfX2KED (+/-360) 0 (0-9000) 0

TH.A LOCKED (+/-360) 0 (0-9000) 0
TH.B I.X3CS (+/-360) 0 (0-9000) 0
2.TH.B (+/-36E3) 0

OK

MAIN MENU

F4 Axis Positioning F5 Scan Sequence (n,n)

F6 Rocking Curve (n,-n) F7 One-Crystal Instrument

F8 Set Detector Hif_hVoltase F9 Alisn Instrument

Fig. 6. Main Menu.

position may only be changed by using the scan programs which are designed to

continuously update the position of the PDCS axes.

Scan Pro_-ams

Before startinga scan program, the detector system should be made ready. The gas

valve for the flowing gas proportional counter should be opened, and the detector high

voltage should be turned on. The power to the detector electronics should be turned on,

and the x-ray tube should be energized by turning on the anode high voltage and the

f'flamentpower supply. The operator should then select either the Scan Sequence (n,n), or

the Rocking Curve (n,-n) operating program from the main menu by selecting the

appropriate "F" key.

The Scan Sequence (n,n) is the operating program used for obtaining dispersive x-

ray spectra, and loaded when the operator selects the F5 key from the main menu. The

program will prompt the operator for the initial and final Bragg angles of the scan. The

operator must subdivide these Bragg angles into degrees (truncated to the nearest 0.25

degrees) and arc seconds (0-900 arc seconds). The operator must also choose the scan
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increment and the preset charge. The preset charge is simply the x-ray tube emission

current, which is monitored by an analog=to=digitalconverter in the CAMAC crate,
integratedover time. The countingtimeintervalis thereforedeterminedby the x-ray tube

emission currentandthe value for presetchargeenteredby the operator. The PDCS will

performthe scan automaticallyaccordingto the inputparameters.Thedata,which contains

the numberof x-raycountsas a functionof the Bragg angle, is storedin a standarddatafile
named SCAN.DAT. The operatormustrename this data file to retain the data, because

SCAN.DATwill be deletedthe nexttime theprogramis run.

The operatormayrun theRockingCurve(n,-n)programby selectingthe F6 key on
the mainmenu. The operatorselects the appropriateparameterswhen promptedto do so

by the computer,in a mannersimilar to the Scan Sequence(n,n)program. The PDCS will

performthe rockingcurveautomatically,accordingto the inputparameters,and storethe

data in ROCKING.DAT,which is a standarddata file. The operatormustrenamethisdata

file to save the data, becauseROCKING.DATwill be deletedthe nexttimethe programis
run.



OBSERVATIONS OF THE COPPER KotLINES

X-ray Tube

The x-ray source used to test the PDCS is shown in Fig. 7. X-rays are produced as

electrons from the hot filament strike the anode. The x-rays leave the anode, travel through

the thin aluminum window and the collimator, and are then observed by the PDCS. An

ultra-high vacuum system maintains the x-ray tube at 10.s ton'.

The x-ray tube utilizes the combination of an ion pump and a titanium sublimation

pump to maintain vacuum in the x-ray tube. Indium gaskets were used to make the

necessary seals in the vacuum system. The system was initially roughed-out to

approximately 1 x 10.7 ton"by an 80 l/sec diffusion pump backed by a mechanical fore-

pump. After the system was roughed-out, a low-temperature (~100" C) bakeout was

performed. The ion pump and sublimation pump were turned on, and the vacuum system

was isolated from the roughing pumps. The ultimate vacuum pressure achieved was < 1.0

x 10.9 torr, but the system typically ran at ~ 10.s torrwith the x-ray tube turned on. These

pressures were measured by an ionization gauge mounted on the x-ray tube.

A copper anode was used to generate a characteristic x-ray spectrum for observation

by the PDCS. The copper anode was cooled by cooling f'mslocated outside the vacuum,

and a fan. The electron beam was generated by thermionic emission from a got thoria-

coated iridium filament. The electrons, incident on the copper anode, generated x-rays

emitted in a direction perpendicular to the anode, thereby limiting anode self-absorption.

The x-rays emitted by the anode must travel througha thin aluminum window which serves

as the vacuum boundary between the x-ray tube and the PDCS.

Copver K(x Sr_.cmLmand Rocking C'tu_es

The copper K(xl and K(x2 lines obtained by the PDCS are shown in Fig. 8. The

data was obtained by operating the scan program in fL,'Storder. The x-ray tube was

operated at 15 kV, with an emission current of approximately 3.0 mA. The preset charge

was set for 1.5 C, which corresponds to a counting time interval of about 500 sec. The

scan was performed in increments of 4.5 arc seconds, from a Bragg angle of about 10.25"

to10.35".

The rockingcurveobtainedbythePDCS forthecoppersourceisshowninFig.9.

Thisrockingcurvewas takenattheBragganglecorrespondingtotheKo_1linedetermined

bythedatashowninFig.8.The x-raytubeanodewas heldat15kV,withanemission
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Fig. 7. X-ray Source,

current of approximately 2.0 mA. The preset charge was 0.5 C, which corresponds to a

counting time interval of about 25 sec. The rocking curve was performed in increments of

1.0 arc seconds over a range of approximately 30 arc seconds.
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Fig. 8. Copper Ka X-ray Emission Spectrum.





PDCS CHARAC'I_RISTICS AND SPECIFICATIONS

Corrmsrisonof LANL P-14 Specifications with Me,_ured S__cifications

A comparison of LANL P-14 Specifications with the actual achieved characteristics

of the PDCS is shown in Table 1. Some of the specifications described the P- 14 staterr_nt

of work for the MST contract have not been included in Table l for various r_asons. The

need for encoders for the stepping motors were included as an instrument specifications,

and we have shown that these encoders are not necessary. Specifications were made for

the fine scan range of motion to be 1.0"for OA and @B, and 2.0" for 2OA and 2OB, but

in fact the fine scan range is 360" for all axes. The temperature stability and control

specification of x"0.l'C has not yet been tested.

Table 1.

,,pDCS Characteristicsand Snecifications.

...... Specification ,,, Achieved Value Measurement Method_

Vacuum 1 x 10 .7 ton" 2 x 10-_ ton. Ionization Gauge

Scan Range 0" to ±80" 0" to "4"80" Visual Observation

Angular Precision,

OA, OB, 2OA 0.1 arc sex:

AngularResolution, HeidenhainInch-

OA, OB, 2@A 0.01arcsec 0.larcsec worm Encodcr

Parallelism,

OA, OB, 20A 10 arc sec 10 arc sec Auto-coUimator

Coaxiality,

OA, 2OA 0.5 grn 7 gm Cross-hair Width

Angular Resolution,
2OB I0 arc sec I8 arc sec Auta-c_llimator

The ultimate vacuum pressure obtained by our pumping system was 2 x 10_ston" as

measured by an ionization gauge, while the specifications called for a vacuum pressure of

1.0 x 10.7 ton.. A vacuum pressure of 2 x 10as ,on. allows for a sufficiently long mean free

path for ultra-soft x-rays, and is also low enough to prevent damage to the inchworm

motors and stepper motors in the plasma breakdown region of 1 xl0 -4to I00 ton.. These



motors should never be operated in this pressure range. The only reason for operating the

PDCS at 1 x 10"'lton"is to use a windowless photo-electric detector for the observation of

ultra-soft x-rays. If this type of experiment is to be performed, it may be necessary to

improve the vacuum chamber pressure. This may be accomplished by the implementation

of a high vacuum pump with a pumping speed that is an order of magnitude faster.

The achieved value for angular accuracy has been omitted from Table 1. Our

method for determining this value was to use an auto-collimator mounted on a separated

MST precision 1440 indexing table, to observe the reflection from an optical flat mounted

on the axis under test. The reference table and the associated axis were counter-rotated by

0.25", and displacement of the auto-coUimator image would have been observed if it were

present. This calibration system is limited by the visual acuity of the auto-collimator

observer, and we estimate this uncertainty to be slightly greater than 1.0 arc seconds. The

random counter-rotation checks showed no visible displacement of the auto-collimator

image, but all 1440 positions of the OA and OB indexing tables, and all 720 positions of

the 2OA indexing table have yet to be checked.

Future Work

Having achieved the goal of making the PDCS a functioning instrument, we must

now focus on achieving the design specifications. Since the d-spacing of the crystals is

dependent on the temperature of the crystals, accurate temperature measurements of the

crystals must be made. No attempts have yet been made to determine if the 0.1"C

temperature stability and control specification can be achieved. Another problem which

needs to be addressed is the specification for an absolute angular accuracy of 0.1 arc

seconds for the OA, OB and 2OA axis positions. The observations of these small angles

;_.,iUonly be possible with an improved auto-coUimator system.

For the PDCS to perform precision measurements of crystal d-spacings and x-ray

wavelengths, two additional programs must be added to the list of PDCS operational

programs. The PDCS is capable of operating as a single crystal instrument for x-ray

reflections from both the OA and OB crystals. Using rotatable crystal holders, the angle of

the Bragg reflecting planes compared to the optical face of the crystal could be determined,

and the crystals could be positioned until the Bragg planes are parallel to the crystal axes of
rotation.

The second computer program which needs to be developed is a four-theta-Bragg

(4OB) program, which takes advantage of the symmetry of the PDCS. The scan sequence

(n,n) program can also be run in a position (-n,-n) that is a mirrorimage with respect to the



inputx-raybeam. The positiondifferencefor theOA andOB axes for the spectralpeakin

the (n,n) positioncomparedtothe (-n,-n)positionis 180"- 2Os, while thedifferencein the

2OA position will be 40!3 (whichgives theoperatingprogramits name). By comparing

the (n,n) datawiththe (-n,-n)data,theBraggangleof the spectralpeakscan be determined
with a highdegreeof accuracy.



APPENDIX A

PDCS PROGRAMMING

MAINLOAD.UTL

ECHO.OFF

\ MAINLOAD.UTL is a command file for setting up a utilites menu and loading
\ the various utility programs.

\ The following instnmaent control subprograms at'e required:

k 918.WRD ............. Provides for control of the Orte. 918A MCB
\ MOTOR.WRD ........... Provides for control of the Compumotor Indexers
k IW.WRD .............. Provides for control of the Inchworms
k MAINTCAM.WRD ........Provides for control of the CAMAC Cram
k READ.FH.,............ Converts BASIC data files to ASYST variables

\ The following spectrometeroperationalsubprograms are required:

\ MENU.WRD ............ Loads the menu & display
\ ONE-XTAL.WRD ........ Operates the Spectrometer in Single-Crystal Mode
\ SCAN.WRD ............ Operates the Spectrometer in (n,n) Scan Mode
\ SCAN2.WRD ........... Operates the Spectrometer for (n,-n) Rocking Cha_es
\ AXlS-POS.WRD ........Allows independent axis positioning & position memory
\ ALIGNMENT.WRD ....... Sets the zero DCS position into position memory

\ DEFINE WINDOWS

0 0 1 79 WINDOW {SCALE}
2 0 5 9 WINIX)W {AXES}
2 10 2 22 WINDOW {LIFT/LOCK.2.TH.A}
3 10 3 22 WINDOW {LIFT/LOCK.TH.A}
4 10 4 22 WINDOW {LIFF/IX)CK.TH.B }
2 23 5 33 WINDOW {CPD 1}
2 34 2 42 WINDOW {CPD.2.TH.A}
3 34 3 42 WINIX)W {CPD.TH.A }
4 34 4 42 WINIX)W {CPD.TH.B }
2 43 5 53 WINDOW {FPD1 }
2 54 2 64 WINIX)W {FPD.2.TH.A}
3 54 3 64 WINDOW {FPD.IW.A}
4 54 4 64 WINDOW {FPD.IW.B }
5 54 5 64 WlNIX)W {FPD.2.TH.B}
2 65 5 79 WINIX)W {BRAGG}
19 0 24 79 WINIX)W {MAIN.BOT}
22 32 22 40 WINIX)W {BRA_}
23 32 23 40 WINDOW {BRAGGF}
24302440WINDOW {SCAN.INC}
0 0 18 79 WINIX)W {MAIN.TOP}
6 0 1879WINIX)W {MAIN.MID}

\ DEFINE LARGE MEMORY VARIABLES



1000 STRING "MOTOR.DATA
20 STRING "918.STAT
20 STRING "918.$STAT
100 STRING "IW.DATA
REALDIM[2000 ] ARRAYXX
REAL DIM[ 2000 ] ARRAY YY
INTEGER DIM[ 7 ] ARRAY POS.DAT

\ DEFINE POSITION MEMORY

: POS.DAT>MEM
FILE.OPEN POS.MEM
1 SUBFILE POS.DAT ARRAY>FILE
FILE.ClOSE

: POS.MEM>DAT
FILE.OPEN POS.MEM
1 SUBFILE POS.DAT FILE>ARRAY
FILE.CLOSE

\ DEFINE GPIB.ADDRESSES

1 GPIB.DEVICE MOTOR1
2 GPIB.DEVICE MOTOR2
3 GPIB.DEVICE 972AMP
4 GPIB.DEVICE CRATE1
5 GPIB.DEVICE 918MCB
6 GPIB.DEVICE 974AMP
7 GPIB.DEVICE 1W

\ PROGRAM TO INITIALIZE GPIB BUS

: GPIB.INIT
BUS.INIT \ INITIALIZE THE BUS
SEND.INTERFACE.C'I.,EAR \ CLEAR THE BUS
REMOTE.ENABLE.ON \ALLOW DEVICES TO RESPOND

: INIT.OKi

STACK.CLEAR
LOAD MENU.WRD
ECHO.ON

LOAD C:MAINTCAM.WRD
LOAD C:918.WRD
LOAD C:IW.WRD
LOAD C:MOTOR.WRD
LOAD C:READ.FIL

: DO.INIT



NORMAL.DISPLAY
GPIB.INIT
MOTOR I.INIT
MOTOR2.INIT
918.1NIT
CAMAC.INIT
IW.INIT
INIT.OK

STACK.CLEAR
F3 FUNCTION.KEY.DOES DO.INIT
NORMAL.DISPLAY
CR ." Hit F3 to initilize the system."

ECHO.ON

\ PROGRAM TO WRlTE COMMANDS TO THE ORTEC 918 MI_TI-CHANNEL
BUFFER,
\ THEN READ THE STATUS
\ COMMAND MUST BE IN THE SYMBOL STACK
\ MAINLOAD.UTL lVIUSTBE RUN FIRST

20 STRING "918.STAT
20 STRING "918.$STAT

DP.REAL SCAIguR COUNTS
REAL SCALAR N
REAL SCALAR M
INTEGER SCALAR PRESET

:ORTEC. HK
"%" "918.STAT "WITHIN \ TEST FOR STATUS WORD (%)
IF I + 3 "918.STAT "SUB "DUP \SAVE FIRST 3 CHAR

"000" "WITHIN \ 000 = SUCCESS
IF ." OPERATION SUCCESSFI_." CR

ELSE "001" "WITHIN \ 001 - POWER UP
IF ." POWER-UP," "918.STAT GPIB.READ
°'%000" "918.STAT "WITHIN IF ."OPERATION SUCCESSFUL." CR THEN

ELSE ." ERROR" "918.STAT 'WYPE CR
THEN

THEN
ELSE ." OUT OF SYNC" CR "ORTEC.PRT.DATA" "EXEC
THEN

: ORTEC.PRT.DATA
"SA" "918.$STAT "WITHIN \ TEST FOR DATA RECORD
IF 2 + 3 "918.$STAT "SUB \ IF SA, SAVE 3 CHAR

"TYPE CR
ELSE" $C" "918.$STAT "WITHIN \ TEST FOR C DATA RECORD



IF 2 + 5 "918.$STAT "SUB \IF $C, SAVE 5 CHAR
'TYPE CR

ELSE "SF" "918.$STAT "WITHIN \ TEST FOR F DATA RECORD
IF 2 + 3 "918.$STAT "SUB \IF $F, SAVE 3 CHAR

'TYPE CR
ELSE" $(3" "918.$STAT "witHIN \ TEST FOR G DATA RECORD
IF 2 + 10 "918.$STAT "SUB \IF $(3, SAVE 10 CHAR
"TYPE CR

ELSE" SD" "918.$STAT 'BArlTHIN \ TEST FOR D DATA RECORD
IF 2 + 10 "918.$STAT "SUB \IF SD, SAVE 10 CHAR
'TYPE CR

ELSE" $H" "918.$STAT "WITHIN \ TEST FOR H DATA RECORD
IF 2 + 8 "918.$STAT "SUB \IF $H, SAVE 8 CHAR
'TYPE CR

_SE ." NO SA,$C,$D,$F,$G OR $H RECORD" CR
THEN

THEN
THEN

THEN
THEN

THEN
"918.STAT GPIB.READ
ORTEC.CHK

\ PROGRAM TO SEND COMMANDS TO 918 MCB

: ORTEC.COM
918MCB
GPIB.WRITE \ WRITE TO 918

50 MSEC.DELAY
"918.STAT GPIB.READ \ READ REPLY
ORTEC.CHK

\ PROGRAM TO SHOW REQUESTED VALUES - COMMAND ON THE SYMBOL
STACK

I

: ORTEC.SHOW
918MCB

GPIB.WRITE \ WRITE TO 972
"918.$STAT GPIB.READ \ READ REPLY
CR ORTEC.PRT.DATA

: 918.INIT
918MCB
60000 TIMEOUT
EOS.ON
10 EOS.CHARACTER
CR ." INITIALIZATION OF ORTEC 918 MCB..."
" INIT" ORTEC.COM



• COUNTS/SEC
918MCB
0M:=
"C12,,AR_PRESETS" ORTEC.COM
' START' ORTEC.COM
SCREEN.CLEAR
{SCALE} SCREEN.CLEAR

." 10 100 1000 10000 100000 (Xrays/sec.)" CR
,t '!

• V V V V V

• 30 ODO
140 MSEC.DELAY
" SHOW_INTEGRAL" GPIB.WRITE
"918.$STAT GPiB.READ
{ASTERISKS } SCREEN.CLEAR
"918.$STAT 3 10 "SUB 0 "NUMBER DUP DUP
M-0.1 >IF

M- SWAP M :=
I0oIF
2 * IXX3 10 * 0 DO ." *" LOOP \LOG AMP 0.5 SEC LIVE GATE
THEN

I]-IEN
"918.STAT GPIB.READ \ EXTRA READ
STACK.CL£AR

LOOP
" STOP" ORTEC.COM
MAIN.MENU.DISPLAY

• 918.COUNT
"START" ORTEC.COM

BEGIN STACK.CLEAR
100 MSEC.DELAY
" SHOW_LIVE" ORTEC.SHOW "918.$STAT 3 10 "SUB 0 "NUMBER TI"/F
PRESET =
UNTIL STACK.CLEAR

" SHOW_INTEGRAL" ORTEC.SHOW "918.$STAT 3 10 "SUB 0 "NUMBER ?T/F
it

•SET.LIVE.PRESET
" SET_LIVE_PRESET"

;i' Ent,_ detector live dwell,time (# of 20 m_c increments): ""INPUT CRCAT DUP 16 7 SUB 0 NUMBER .71"/FDROP PRESET :-- ORTEC.COM
t

MOTOR.WRD

\ PROGRAMS FOR THE TWO COMPUMOTOR 3000 INDEXERS

\ 1000 STRING "MOTOR.DATA (MAINLOAD.UTL)

INTEGER SCALAR STEP

: SPOLL



BEGIN
10 MSEC.DELAY
32 SERIAL.POLL
32 = IF "MOTOR.DATA GPIB.READ
THEN
48 SERIAL.POLL 16 =
UNTIL

t

: MOTOR.IN1T
1000 TIMEOUT
SPOLL
"ACCESS 3000;" GPIB.WRI'IE
SPOLL
"RECAI.k,;" GPIB.WRITE
SPOLL

: MOTORI.INIT
MOTOR1

CR ." INITIALIZATION OF COMPUMOTOR INDEXER #1..."
MOTOR.INTr
"INPUT'?." "MOTOR.DATA "WH'H_ IF ." OPERATION SUCCESSFUL."
ELSE ."UNSUCCESSFUL." BELL BELL BELL
THEN

)

: MOTOR2.INIT
MOTOR2

CR ." INITIALIZATION OF COMPUMOTOR INDEXER #2..."
MOTOR.INIT
"INPUT?." "MOTOR.DATA "WH'HIN IF ." OPERATION SUCCESSFUL."
ELSE ." UNSUCCESSFUL." BELL BELL BELL
THEN

: MOTOR1.COM
MOTOR1

GPIB.WRITE
SPOLL

: MOTOR2.COM
MOTOR3.

GPIB.WRITE
SPOLL

: SET.MOTOR.VARIABLE
"VARIABLE Q1 ="
"Input number of steps (integer value)" "INPUT

;'CAT" ;" "CAT
)



:CHANGE.MOTOR.VARIABLE
"VARImLEQI ="
"." "CAT
" ;" "CAT

: CHECK._.TH.A
MOTOR2 SPOLL

\ "LOAD;" MOTOR2.COM
\ " 1200DISP BLANK BLANK BLANK BLANK;" MOTOR2.COM
\" 1210BRANCH XOXX XXXX XXXX XXXX THEN 1230;" MOTOR2.COM
\ " 1220DISP BLANK BLANK BLANK STAT;" MOTOR2.COM
\ " 1230DONE;" MOTOR2.COM
\ "*;" MOTOR2.COM

"RUN FROM 1200;" MOTOR2.COM 200 MSEC.DELAY
"REPORT;" GPIB.WRITE
10 MSEC.DELAY
32 SERIAL.POLL
32 = IF "MOTOR.DATA GPIB.READ

"STOPPED" "MOTOR.DATA "WITHIN IF
{LIFF/LOCK.TH.A} SCREEN.CLEAR ." LIFI'ED" ELSE
[LIFT/LOCK.TH.A] SCREEN.CLF_R ." LOCKED" THEN

THEN
SPOLL
STACK.CLEAR {MAIN.MID} SCREEN.CLEAR

9

: CHECK.L_.TH.B
MOTOR 1 SPOLL
" RUN FROM 1300;" MOTOR2.COM 200 MSEC.DELAY
" REPORT;" GPIB.WRITE
10 MSEC.DELAY
32 SERIAL.POLL
32 - IF "MOTOR.DATA GPIB.READ

" STOPPED" "MOTOR.DATA "WITHIN IF
{LIFT/LOCK.TH.B } SCREEN.CLEAR ." LIFTED" ELSE
{LIFT/LOCK.TH.B } SCREEN.CLEAR ." LOCKED" THEN

THEN
SPOIL
STACK.CLEAR {MAIN.MID] SCREEN.CLEAR

9

: CHECK.L/L.2.TH.A
MOTOR1 SPOLL
"RUN FROM 600;" MOTORI.COM 200 MSEC.DELAY
"REPORT;" GPIB.WRITE
10 MSEC,DELAY
32 SERIAL.POLL
32 = IF "MOTOR.DATA GPIB.READ

" STOPPED" "MOTOR.DATA "WITHIN IF
{LIFT/LOCK.2.TH.A} SCREEN.CLEAR ." LIFTED" ELSE
{LIFF/LOCK.2.TH.A} SCREEN.CI_FAR ." LOCKED" THEN

THEN
SPOLL



STACK._ {MAIN.MID} SCREEN.CI_FAR

:Ct_CKJdL
100 MSEC.DELAY
CHECK.L_.2.TH.A 100 MSEC.DELAY
CHECK.L_.TH.A 100 MSEC.DELAY
CHECK.L_.TH.B 100 MSEC.DELAY

9

: 2.TH.A.SHTDN
"LOAD;" MOTORI.COM
"0950SHTDN NULL YES NULL NULL;" MOTOR 1.COM
"0960DONE;" MOTORI.COM
" *;" MOTORI.COM
"RUN FROM 950;" MOTOR1.COM

: 2.TH.A.LOCK
"LOAD;" MOTORI.COM
"0300BRANCH X0XX XXXX XXXX XXXX THEN 0380;" MOTOR1.COM
"0310DISP BLANK BLANK STAT BLANK;" MOTORI.COM
"0320SHTDN NULl., NULL NO NULL;" MOTORI.COM
"0330VELC 0(X_ 0000 50300 00_;" MOTORI.COM
"0340ACEL 0000 0000 5000 0000;" MOTORI.COM
"0350MOVE (RX_ 0(X_ -1388888 00_;" MOTORI.COM
"0360SHTDN NULL NUIA, YES NULL;" MOTOR1.COM
"0380DONE;" MOTORI.COM
" *;" MOTORI.COM
"RUN FROM 300;" MOTORI.COM

500DO
{LIFT/LOCK.2.TH.A }SCREEN.CLEAR 400 MSEC.DELAY
." LOCKING" 400 MSEC.DELAY

LOOP
20 MSEC.DELAY CHECK.L/L.2.TH.A
20 MSEC.DELAY 2.TH.A.SHTDN

: 2.TH.A.STARTUP
"LOAD;" MOTOR1.COM
"0900SHTDN NULL NO NULL NULL;" MOTORI.COM
"0910DONE;" MOTORI.COM
" *;" MOTORI.COM
" RUN FROM 900;" MOTORI.COM

: 2.TH.A.LIFF
2.TH.A.STARTUP 200 MSEC.DELAY
"LOAD;" MOTORI.COM
"0400BRANCH XlXX XXXX XXXX XXXX THEN 0480;" MOTORI.COM
"0410DISP BLANK BLANK STAT BLANK;" MOTORI.COM
"0420SHTDN NULL NULL NO NULL;" MOTOR1.COM
"0430VELC 0(X_ (K)00 50000 0000;" MOTORI.COM
" 0440ACEL 0000 0000 5000 0000;" MOTORI.COM
"0450MOVE 0000 0000 1388888 0000;" MOTOR1.COM



"0460SH'I])N _ NULL YES NULL;" MOTOR I.COM
"0480DONE;" MOTOR I.COM
"*;" MOTORI.COM
"RUN FROM 400;" MOTORI.COM

500DO
[LIFT/LOCK.2.TH.A } SCREEN.CLEAR 400 MSEC.DELAY
." LIFTING" 400 MSEC.DELAY

LOOP
20 MSEC.DELAY CHECK.L/L.2.TH.A

:TH.A.LIFT
"LOAD;" MOTOR2.COM
"0500BRANCH XIXX XXXX XXXX XXXX THEN 560;" MOTOR2.COM
"0510DISP BLANK BLANK BLANK STAT;" MOTOR2.COM
"0520SHTDN _ NULL NULL NO;" MOTOR2.COM
"0530VELC 0000 0000 0000 I0000;" MOTOR2.COM
"0540ACEL 0000 0000 0000 5000;" MOTOR2.COM
"0550MOVE 0000 0000 0000-50000;" MOTOR2.COM
"0560SHTDN NULL NULL NULL YES;" MOTOR2.COM
"057ODONE;" MOTOR2.COM
"*;" MOTOR2.COM
"RUN FROM 500;" MOTOR2.COM

100DO
{LIF /LOCK.TH.A] SCREEN.CLEAR 400 MSEC.DELAY
[LIFT/LOCK.TH.A] ." LIFTING" 400 MSEC.DELAY

LOOP
20 MSEC.DELAY CHECK.L/L.TH.A

: TH.B.LIFF
"LOAD;" MOTOR2.COM
"0800BRANCH XXIX XXXX XXXX XXXX THEN 860;" MOTOR2.COM
"0810DISP BLANK STAT BLANK BLANK;" MOTOR2.COM
"0820SHTDN _ NO NULL NULL;" MOTOR2.COM
"0830VELC 0000 I0000 0000 0000;" MOTOR2.COM
"0840ACEL 0000 5000 0000 0000;" MOTOR2.COM
"0850MOVE 0000-50000 0000 0000;" MOTOR2.COM
"0860SHTDN NULL YES NULL NULL;" MOTOR2.COM
"0870DONE;" MOTOR2.COM
" *;" MOTOR2.COM
"RUN FROM 800;" MOTOR2.COM

100DO
{LIFI'/IX)CK.TH.B ] SCREEN.CLEAR 400 MSEC.DELAY
." LIVI3NG" 400 MSEC.DELAY

LOOP
20 MSEC.DELAY CHECK.L/L.TH.B

: TH.A.LOCK
"LOAD;" MOTOR2.COM
"0700BRANCH XOXX XXXX XXXX XXXX THEN 770;" MOTOR2.COM
"0710DISP BLANK BLANK BLANK STAT;" MOTOR2.COM
"0720SHTDN NULL NULL NULL NO;" MOTOR2.COM



"0730VELC 0003 00013 0001310000;" MOTOR2.COM
"0740ACEL 0(K_ 0000 0000 5000;" MOTOR2.COM
"0750MOVE 0000 0000 0003 50(0)0;" MOTOR2.COM
"0760SHTDN NULL NULL NULL YES;" MOTOR2.COM
"0770DONE;" MOTOR2.COM
"*;" MOTOR2.COM
"RUN FROM 700;" MOTOR2.COM

IOODO
[LIFT/LOCK.TH.A] SCREEN._R 400 MSEC.DELAY

I__G" 400 MSEC.DELAY
20 MSEC_DELAY CHECK.L_.TH.A

: TH.B.LOCK
"LOAD;" MOTOR2.COM
"0900BRANCH XXOX XXXX XXXX XXXX THEN 970;" MOTOR2.COM
"0910DISP BLANK STAT BLANK BLANK;" MOTOR2.COM
"0920SHTDN NULL NO NULL NULL;" MOTOR2.COM
"0930VELC 0000 100(O 0000 0000;" MOTOR2.COM
"0940ACEL 0000 5000 0000 0000;" MOTOR2.COM
"0950MOVE 0001350000 0000 0000;" MOTOR2.COM
"0960SHTDN _ YES NULL NULL;" MOTOR2.COM
"0970DONE;" MOTOR2.COM
" *;" MOTOR2.COM
"RUN FROM 900;" MOTOR2.COM

100DO
{LIFT/LOCK.TH.B } SCREEN.CLEAR 400 MSEC.DELAY
•" LOCKING" 400 MSEC.DELAY

LOOP
20 MSEC.DELAY CHECK.L_.TH.B

: 2.TH.A.MOVE
"LOAD;" MOTOR1.COM
"0500SHTDN NULL NO NULL NULL;" MOTOR1.COM
"0510DISP BLANK STAT BLANK BLANK;" MOTOR1.COM
"0520VELC 0000 1500 0000 0000;" MOTOR1.COM
"0530ACEL _ 1000 0000 00(_;" MOTOR1.COM
"0540MATH Q2 =Q1 * 1000;" MOTOR1.COM
"0550MOVE 0000 Q2 0000 00_;" MOTOR1.COM
"0560SHTDN NULL NULL _ NULL;" MOTOR1.COM
"0570DONE;" MOTOR1.COM
" *;" MOTOR1.COM
"RUN FROM .500;" MOTOR1.COM

: 2.TH.A.ROTATE
MOTOR 1 SPOLL
SET.MOTOR.VARIABLE MOTOR1.COM
2.TH.A.MOVE

: CHANGE.2.TH.A



DUP 0 ---NOT IF
STEP :=
2.TH.A.LIFT
POS.MEM>DAT STEP POS33AT [ I ] + POS.DAT [ I ] :---POS.DAT>MEM
MOTOR 1 SPOLL
STEP CHANGE.MOTOR.VAR/ABLE MOTOR 1.COM
2.TH.A.MOVE
BEGIN

{CPD.2.qU-I.A} SCREEN._ 400 MSEC.DELAY
{CPD.2.TH.A} ."ROTATING" 400 MSEC.DELAY
"REPORT;" GPIB.WRITE
2O MSEC.DELAY
32 SERIAL.POLL 32 = IF
"MOTOR.DATA GPIB.READ 'I'FEN
"STOPPED" "MOTOR.DATA "wrrHIN

UNTIL
SPOLL STACK.CLEAR
{CPD.2.TH.A} SCREEN.CLEAR POS.DAT [ 1 ].
[MAIN.Mm)
2.TH.A.LOCK

THEN
STACK.CLEAR

: TH.A.MOVE
"LOAD;" MOTOR2.COM
" 1000SH'IDN NULL NULL NO NUll;" MOTOR2.COM
" 1010DISP BLANK BLANK STAT BLANK;" MOTOR2.COM
" 1020VELC 0000 0000 1900 0000;" MOTOR2.COM
" 1030ACEL 0000 0000 500 0000;" MOTOR2.COM
" 1040MATH Q2 = Q1 * 500;" MOTOR2.COM
" 1050MOVE 0000 0000 Q2 0000;" MOTOR2.COM
" 1060SHTDN _ NULL YES NULL;" MOTOR2.COM
" 1070DONE;" MOTOR2.COM
" *;" MOTOR2.COM
" RUN FROM 1000;" MOTOR2.COM

: TH.A.ROTATE
MOTOR2 SPOLL
SET.MOTOR.VARIABLE MOTOR2.COM
TH.A.MOVE

: CHANGE.TH.A
DUP 0 = NOT IF
STEP :=
THe.LIFT
POS.MEM>DAT STEP POS.DAT [ 2 ] + POS.DAT [ 2 ] := POS.DAT>MEM
MOTOR2 SPOLL
STEP CHANGE.MOTOR.VARIABLE MOTOR2.COM
TH.A.MOVE
BEGIN

{CPD.TH.A } SCREEN.CLEAR 400 MSEC.DELAY



."ROTATING" 400 MSEC.DELAY
"REPORT;" GPIB.WRITE

MSEC.DELAY
32 SERIAL.POLL 32 = IF
"MOTOR.DATA GPIB.READ THEN
"STOPPED" "MOTOR.DATA "WITHIN

UNTIL
SPOLL STACK.CLEAR
{L_D.TH.A ] SCREEN.CLEAR POS.DAT [ 2 ].
{MAIN.MXDI
TH.A._K

THEN
STACK.CLEAR

: TH.B.MOVE
"LOAD;" MOTOR2.COM
"_100SHTDN NO NULL NULL NULL;" MOTOR2.COM
" 1110DISP STAT BLANK BLANK BLANK;" MOTOR2.COM
" l l20VELC 1900 0000 _ 0000;" MOTOR2.COM
"1130ACEL 500 0000 0000 0000; °'MOTOR2.COM
" 1140MATH Q2 = Q1 * 500;" MOTOR2.COM
" l lSOMOVE Q2 00(_ _ 0000;" MOTOR2.COM
" l l60SHTDN YES NULL NULL NULL;" MOTOR2.COM
" 1170DONE;" MOTOR2.COM
" *;" MOTOR2.COM
"RUN FROM 1100;" MOTOR2.COM

:TH.B.ROTATE
MOTOR2 SPOLL
SET.MOTOR.VARIABLE MOTOR2.COM
TH.B.MOVE

: CHANGE.'FH.B
DUP 0 = NOT IF

STEP :=
TH.B.LIFT
POS.MEM>DAT STEP POS.DAT [ 3 ] + POS.DAT [ 3 ] := POS.DAT>MEM
MOTOR2 SPOLL
STEP CHANGE.MOTOR.VARIABI-I=- MOTOR2.COM
TH.B.MOVE
BEGIN

[CPD.TH.B } SCREEN.CLEAR 400 MSEC.DELAY

.:' ROTATII_,,G" 400 MSEC.DELAY'REPORT; GPIB.WRITE
20 MSEC.DELAY
32 SERIAL.POLL 32 = IF
"MOTOR.DATA GPIB.READ THEN
" STOPPED" "MOTOR.DATA "WITHIN

UNTIL
SPOLL STACK._
{CPD.TH.B } SCREEN.CLEAR POS.DAT [ 3 ].



{MAIN.MID}
TH.B.LOCK
THEN
STACK._

: 2.TH.B.MOVE
"LOAD;" MOTOR I.COM
"0800SHTDN NO NULL NULL NIR_;" MOTORI.COM
"0810DISP STAT BLANK BLANK BLANK;" MOTORI.COM
"0820VELC 8000 0000 0000 0000;" MOTORI.COM
"0830ACEL 2000 0000 0000 0000;" MOTORI.COM
"0840MATH Q2 --QI * -125;" MOTORI.COM
"0850MOVE Q2 0000 0000 0000;" MOTORI.COM
"0860SHTDN YES Ntfl.L, Ntfl._ Ntfl.L,;" MOTOR I.COM
"0870DONE;" MOTORI.COM
"*;" MOTORI.COM
"RUN FROM 800;" MOTORI.COM

9

: 2.TH.A.FM.MOVE
"LOAD;" MOTORI.COM
"0700SHTDN N'tfl_ NULL NULL NO;" MOTORI.COM
"0710DISP BLANK BIguNK BLANK STAT;" MOTORI.COM
"0720VELC 0000 0000 0000 50000;" MOTORI.COM
"0730ACEL 0000 0000 0000 4000;" MOTORI.COM
"0740MATH Q2 =Ql * -250;" MOTORI.COM
"0750MOVE 0000 0000 0000 Q2;" MOTORI.COM
"0760SHTDN NULL NULL NULL YES;" MOTORI.COM
"0770DONE;" MOTORI.COM
"*;" MOTOR1.COM
"RUN FROM 700;" MOTOR1.COM

: 2.TH.B.ROTATE
MOTOR 1 SPOLL
SET.MOTOR.VARIABLE MOTORI.COM
2.TH.B.MOVE

: CHANGE.2.TH.B
STEP :=
POS.MEM>DAT STEP POS.DAT [ 4 ] + POS.DAT [ 4 ] := POS.DAT>MEM
MOTORI SPOLL
STEP CHANGE.MOTOR.VARIABIF MOTOR I.COM
2.TH.B.MOVE
BEGIN

{FPD.2.TH.B} SCREEN.CLEAR 400 MSEC.DELAY
."ROTATING" 400 MSEC.DELAY
" REPORT;" GPIB.WRITE
20 MSEC.DELAY
32 SERIAL.POLL 32 = IF
"MOTOR.DATA GPIB.READ THEN
" STOPPED" "MOTOR.DATA "wrrHIN



UNTIL
SPOLL STACK.CLEAR
{FPD.2.TH.B } SCREEN.CLEAR POS.DAT [ 4 ].
{MAIN.Mn)}

: CHANGE.2.TH.A.FM
STEP :=
POS.MEM>DAT STEP POS.DAT [ 7 ] + POS.DAT [ 7 ] := POS.DAT>MEM
STEP CHANGE.MOTOR.VARIABLE MOTOR I.COM
2.TH.A.FM.MOVE
BEGIN

{FPD.2.TH.A} SCREEN.CLEAR 400 MSEC.DELAY
." MOVING" 400 MSEC.DELAY
"REPORT;" GPIB.WRITE
20 MSEC.DELAY
32 SERIAL.POLL 32 = IF
"MOTOR.DATA GPIB.READ THEN
"STOPPED" "MOTOR.DATA "WITHIN

UNTIL
SPOLL STACK.CLEAR
{FPD.2.TH.A} SCREEN.CLEAR POS.DAT [ 7 ].
{MA.Mm}

\ PROGRAMS TO CONTROL THE INCHWORM MOTORS

: IW.READ
IW
BEGIN

"IW.DATA GPIB.READ
\ CR "IW.DATA "TYPE

">" "IW.DATA "WITHIN
UNTIL
STACK.CLEAR

: IW.COM
IW
13 EOS.CHARACTER
GPIB.WRITE
2500 MSEC.DELAY
IW.READ

: IW.DISPLAY
IW
13 EOS.CHARACTER
GPIB.WRITE
2500 MSEC.DELAY
"IW.DATA GPIB.READ
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• IW.DISPLAY.I
IW.DISPLAY
{FPD.IW.B } SCREEN.CLEAR
"IW.DATA 3 8 "SUB 44 "NUMBER 7 l FIX.FORMAT. STACK.CLEAR
{MA .MID}
9 4 FIX2ORMAT
IW.READ

: IW.DISPLAY.2
IW.DISPLAY
{FPD.IW.A } SCREEN.CLEAR
"IW.DATA 3 8 "SUB 44 "NUMBER 7 l FIX.FORMAT. STACK.CLEAR
{MAIN.MID}
9 4 FIX.FORMAT
IW.READ

: IW.INSTRUCT
IW
10 EOS.CHARACTER
GPIB.WRITE

: IW.PARAMETERS
"rcsol 1, 0.1" IW.INSTRUCT
"resol 2, 0.1" IW.INSTRUCT
"speed 1, .50"IW.INSTRUCT
"speed 2, 50" IW.INSTRUCT
"mspeed I, 20" IW.INSTRUCT
"mspeed 2, 20" IW.INSTRUCT
"," IW.COM

: IW.INIT
CR ." INITIALIZATION OF INCHWORM MOTORS..."
IW
EOS.OFF
1000 TIMEOUT
13 ASCII" GPIB.WRITE
2500 MSEC.DELAY
EOS.ON
IW.READ
">" "IW.DATA "WlTHIN IF

." OPERATION SUCCESSFUL." ELSE
"UNSUCCESSFUL." BELL BELL BELL

a mN
IW.PARAMETERS

: IWl.STATUS
lW



t J

BEGIN
"status 1, 2" IW.INSTRUCT
" :" IW.DISPLAY
"on" "IW.DATA '_V1THINNOT

WHILE
IW.READ STACICCLEAR

REPEAT
IW.READ
"status 1, 1" lW.INSTRUCT
";" IW.DISPLAY.I

: IW2.STATUS
IW
BEGIN

"status 2, 2" IW.INSTRUCT
" ;" IW.DISPLAY
"on" "IW.DATA "wrrHIN NOT

IW.READ STACK.CLEAR
REPEAT
IW.READ
"status 2, 1" IW.INSTRUCT
";" lW.DISPLAY.2

: IW.STATUS
IW1.STATUS
IW2.STATUS

: IW.GO.HOME
"home 1" IW.INSTRUCT
"home 2" IW.INSTRUCT
";" IW.COM
IW.STATUS

:rWI.STEP
DUP 0 < IF-I*

" tray 1," "." "CAT IW.INSTRUCT
" step -1" IW.INSTRUCT

ELSE
"tray 1," "." "CAT IW.INSTRUCT
"step 1" IW.INSTRUCT

THEN
IWl.STATUS

: IW2.STEP
DUP0 < IF-1 *

"trav 2," "." "CAT IW.INSTRUCT
"step -2" 1W.INSTRUCT

ELSE



'_trav 2," "." "CAT IW.INSTRUCT
"step 2" 1W.INSTRUCT

THEN
IW2.STATUS

: IWI.MVABS
"mvabs I," "." "CAT IW.INSTRUCT
IW1.STATUS

t

: IW2.MVABS
"mvabs 2," "." "CAT 1W.INSTRUCT
IW2.STATUS

MAINTCAM.WRD

\PROGRAM FOR OPERATING THE CAMAC CRATE

\REAL DIM[ 3000]ARRAY XX (MAINIJDAD.UTL)
\REAL DIM[ 3000]ARRAY YY (MAINLOAD.I.YrL)

INTEGER DIM[ 2 ] ARRAY I'IF
INTEGER DIM[ 3 ] ARRAY I-IFAND2
INTEGER DIM[ 2 ] ARRAY UINBUF

: CRATE1.F
PACK OF :=
CRATE1
[]F [IGPIB.BUFFER
ME TALKER
CRATE 1 LISTENER
BUFFER.TALK
UNTALK
UNLISTEN
CRATE I TALKER
UNTALK

t

: CRATEI.FAND2
PACK ['IFAND2 :=
CRATEI
[]FAND2 []GPIB.BUFFER
ME TALKER
CRATE I LISTENER
BUFFER.TALK
UNTALK
UNLISTEN
CRATE I TALKER
UNTALK



0

: CRATEI,IN
CRATEI
ME LISTENER
CRATE 1 TALKER
[]INBUF ['IGPIB.BUFFER
BUFFER_LISTEN
UNTALK
UNLISTEN

INTEGER DIM[ 3 ] ARRAY WARY4
INTEGER DIM[ 5 ] ARRAY WARY6
INTEGER DIM[ 5 ] ARRAY DET
INTEGER DIM[ 1 ] ARRAY WARY2
INTEGER DIM[ I ] ARRAY TEST1
INTEGER DIM[ 2 ] ARRAY TEST2
INTEGER SCALAR HV 0 HV :--
INTEGER SCALAR NHV
INTEGER SCALAR HV 1
INTEGER SCAI._R HV2
REAL SCALAR V/SEC
REAL SCALAR VCORR
\PROGRAM TO PROVIDE MAINT. MODE GPIB-CAMAC FUNCTIONS

: MAINT.FAN
CR ." F - Function Code ? "#INPUT WARY4 [ 1 ] :-
CR ." A - Subaddress ? "#INPUT WARY4 [ 2 ] :=
CR ."N- Station Number? "#INPUT WARY4 [ 3 ] :=
WARY4 CRATE1.F
CR ." OK"

: CAMAC.INIT
16 WARY6 [ 1 ] :=
7 WARY6 [ 2 ] :=
8 WARY6 [ 3 ] :=
0 WARY6 [ 4 ] :=
0 WARY6 [ 5 ] :-
WARY6 CRATEI.FAND2

." INITIALIZATION OF CRATE I...
BEGIN 127 SERIAL.POLL 3 = UNTIL

." OPERATION SUCCESSFUL." CR

: MAINT.FAND2
CR ." F - Function Code ? "#INPUT WARY6 [ I ] :=
CR ." A - Subaddress ? "#INPUT WARY6 [ 2 ] :=
CR ." N - Station Number? "#INPUT WARY6 [ 3 ] :=
CR ." Enter Data "#INPUT TEST1 :=
TEST1 UNPACK
TEST2 :--
TEST2 [ 1 ] WARY6 [ 4 ] :=
TEST2 [ 2 ] WARY6 [ 5 ] :=
WARY6 CRATE1.FAND2



|

9

•SET.DETJ-IV
16 DET [ 1 ]:---
CR ." A - Subaddress ? "#INPUT DET [ 2 ] :-
CR ." N - Station Number ? "#INPUT DET [ 3 ] :=
CR ."Counter High Voltage (Volts) "#INPUT 1.05 / NHV :ffi

NHV HV DO
I TEST1 :ffi
TEST1 UNPACK
TEST2 :-
TEST2 [ 1 ] DET [ 4] :=
TEST2 [ 2 ]DET[ 5 ]:=
DET CRATE I.FAND2
20 MSEC.DELAY

NHV HV > IF 1 _J.SE- 1 THEN +LOOP
NHV HV :=

CR ." OK"
9

•READ.ADC \ READS ADC CHANNEL 0
28 WARY4 [ 1 ] :=
0 WARY4 [ 2 ] :=
10 WARY4 [ 3 ] :=
WARY4 CRATE1.F
0 WARY4 [ 1 ]:=
0 WARY4[2]:=
10 WARY4 [ 3 ] :=
WARY4 CRATE1.F
CRATEI.IN
[]rNBUF [ 1 ]
BEGIN 127 SERIAL.POLL 3 = UNTIL

•READ.ADC1 \ READS ADC CHANNEL 1
28 WARY4 [ 1 ] :=
I WARY4[2]:=
10 WARY4 [ 3 ] :=
WARY4 CRATEI.F
0 WARY4 [ 1 ]:=
1 WARY4[2]:=
10 WARY4 [ 3 ] :=
WARY4 CRATE1.F
CRATEI.IN
[]INBUF [ 1 ]
BEGIN 127 SERIAL.POLL 3 = UNTIL

t

• MAINT.F
CR ." F - Function Code ? "#INPUT WARY2 [ 1 ] :=
WARY2 CRATE1.F

t

ECHO.OFF



MENU.WRD

\ Program for displaying the main menu and loading operational subprograms

\" SET ROI 2000, 5000" ORTEC.COM

REAL SCALAR BETA
INTEGER SCALAR CHARGE

: 918.COLrNT
"CLEAR" ORTEC.COM
"START" ORTEC.COM
0 BETA :-
BEGIN

50 MSEC.DELAY
READ.ADC1 BETA + BETA :--
BETA CHARGE 6250 * >- \ CALIBRATION OF PRESET CHARGE (mC)

UNTIL
"STOP" ORTEC.COM STACK.CLEAR
"SHOW_INTEGRAL" ORTEC.SHOW

: CLEAR.FKEYS
F3 FUNCTION.KEY.DOES NOP
F4 FUNCTION.KEY.DOES NOP
F5 FUNCTION.KEY.DOES NOP
F6 FUNCTION.KEY.DOES NOP
F7 FUNCTION.KEY.DOES NOP
F8 FUNCTION.KEY.DOES NOP
F9 FUNCTION.KEY.DOES NOP
F10 FUNCTION.KEY.DOES NOP

t

:CHECK.POSITION
POS.MEM>DAT
{CPD.2.TH.A } SCREEN.CLEAR POS.DAT [ 1 ].
{CPD.TH.A } SCREEN.CLEAR POS.DAT [ 2 ].
{CPD.TH.B } SCREEN.CLEAR POS.DAT [ 3 ].
{FPD.2.TH.B } SCREEN.CLEAR POS.DAT [ 4 ] .

\ IW.STATUS
{FPD.2.TH.A} SCREEN.CLEAR POS.DAT [ 7 ].
{MAIN.MID} SCREEN.CLEAR CR

: DCS.STATUS.DISPLAY
{MAIN.TOP} SCREEN.CLEAR
{SCALE} SCREEN.CLEAR

." AXIS LIFT/LOCK COURSE POS. DATA FINE POS. DATA BRAGG
ANGLE"

CR
t! t!

{AXES } SCREEN.CLEAR ." 2.TH.A "CR ." TH.A "CR ." TH.B "CR ." 2.TH.B "



{CPDI }SCREEN.CLEAR .°'(+/-360)"CR ."(+/-360)"CR ."(+/-360)"
{FPD1 } SCREEN.CLEAR ." (0=9000)"CR ." (0=9000)" CR ." (0-9000) "CR

." (+/-36E3)"
{MAIN.Mm}

)

:MAIN.MENU.DISPLAY
{MAIN.BOT }SCREEN.CLEAR
80 1 DO 95 EMIT LOOP
35 SPACES ."MAIN MENU"
CR ." F4 Axis positioning"
26 SPACES ." F5 Scan Sequence (n,n)"
CR ." F6 Rocking Curve (n,-n)"
22 SPACES ." F7 One crystal Instrument"
CR ." F8 Set Detector High Voltage"
17 SPACES ."F9 Align Instrument"

DCS.STATUS.DISPLAY

:AXIS.POSITION
." Axis Position program in development." CR

: SCAN 1
LOAD SCAN.WRD

: SCAN2
LOAD SCAN2.WRD

)

: ONE.XTAL
\ LOAD ONE-XTAL.WRD

." Single crystal diffraction patternprogram in development. "CR

LOAD C:ALIGNMENT.WRD

:MAIN.MENU
CLEAR.FKEYS
NORMAL.DISPLAY
MAIN.MENU.DISPLAY
400 MSEC.DELAY
CHECK.L
CHECK.POSITION
IW.STATUS
F4 FUNCTION.KEY.DOES AXIS.POSITION
F5 FUNCTION.KEY.DOES SCAN 1
F6 FUNCTION.KEY.DOES SCAN2
F7 FUNCTION.KEY.DOES ONE.XTAL
F8 FUNCTION.KEY.DOES SET.DET.HV
F9 FUNCTION.KEY.DOES SET.ZERO



t

F3 FUNCTION.KEY.DOES MAIN.MENU
CR ." Hit F3 to Display the Main Menu."

ECHO.ON

ALIGNMENT.WRD

\ PROGRAMS TO ALIGN THE DCS

:ZERO.AXES
\ CLEAR 1W'S

0 POS.DAT [ I ] :,-
720 POS.DAT [ 2 ] :=
0 POS.DAT [ 3 ] :=
0 POS.DAT [ 4 ] :---
0 POS.DAT [ 5 ] :=
0 POS.DAT [ 6 ] :=
0 POS.DAT [ 7 ] :-

POS.DAT>MEM
MAIN.MENU.DISPLAY
300 MSEC.DELAY
CHECK.L_
CHECK.POSITION
e
9

• SET.ZERO
[MAIN.MID] SCREEN.CLEAR CR

"SET THE SPECTROMETER TO ITS ZERO POSITION SUCH THAT: "CR
,t 1. THE YOKE IS PARALLEL TO THE BEAM AXIS, WITH TH.B OPPOSITE

_E BEAM" CR
." 2.TH.BCRYST_R__S THEBEAMlS0DEC."CR
." 3. TH.A CRYSTAL REFLECTS THE BEAM 180 DEG.",CR_
." 4. THE DETECTOR IS OPPOSITE THE BEAM INPUT. CR ,,." 5. ALL TABLES SHOULD BE IN THE LOCKED POSITION. CR
." 6. INCHWORM MOTORS SHALL BE ENGAGED."

_oW_,N"T_SESETTINGSHAVEBEENA_IIEVF_,TYPEFI0TOZERO
F10 FUNCTION.KEY.DOES ZERO.AXES

ECHO.OFF

SCAN.WRD

\ SCAN.WRD IS A PROGRAM FOR OPERATING THE DCS IN VARIOUS SCAN
MODES

REAL SCALAR BRACK31
REAL SCALAR BRAGG2
REAL SCALAR BRACA31.SEC
REAL SCALAR BRAGG2.SEC
REAL SCALAR DEL.TH
REAL SCALAR ALPHA



:SCAN.DISPLAY
DCS.STATUS.DISPLAY
300 MSEC_DELAY
CHECICI_
CTIECK.POSITION
IW.STATUS
{MAIN.BOT] SCREEN.CI.£AR 80 1 DO 95 EMIT LOOP
30 SPACES ." DISPERSIVE SCAN "CR
4 SPACES ." SCAN PARAMETERS "CR

." Initial Bragg angle (dcg.),," CR
"Final Bragg angle (deg.) CR

." Scan incr¢nmnt (sec.) "
7 2 FIX.FORMAT
[BRA_] SCREEN.CLEAR BRAC_I .
[BRAC_F ] SCREEN.CLeAR BRAGG2 .
{SCAN.INC} SCREEN.CLEAR DEL.TH .

[MAIN.MID] 9 4 FIX.FORMAT SCREEN.CLEAR CR

: SET.INITIAL.SCAN
POS.MEM>DAT
4 BRAGG1 * POS.DAT [ 1 ]-
CHANGE.2.TH.A
-4 BRAGG 1 * 360 + POS.DAT [ 2 ] -
CHANGE.TH.A
4 BRAC_ 1 * 360- POS.DAT [ 3 ] -
CHANGE.TH.B
400 BRAGG 1 * BRAGG 1.SEC 9./+ POS.DAT [ 4 ] -
CHANGE.2.TH.B
-1POS.DAT [ 7 ] * BRAGG1.SEC 10 * + CHANGE.2.TH.A.FM
IW.GO.HOME

: SCAN.POS
DELETE SCAN.DAT
SET.INITIAL.SCAN
BRAGG2 4 * 1 + BRAGG 1 4 * DO

BRAGG2 4 * I = IF
BRAGG2.SEC DEL.TH / ELSE
900. DEL.TH / THEN
BRAGGI 4* I = IF
BRAGG 1.SEC DEL.TH /DUP ALPHA := ELSE
0 DUP ALPHA := THEN
DO

7 1 FIX.FORMAT
-931.5 900.0 / DEL.TH * I * IW2.MVABS \ TH.A.CAL = 931.5
7 1 FIX.FORMAT
929.0 900.0 / DEL.TH * I * IWl.MVABS \ TH.B.CAL = 929.0
9 4 FIX.FORMAT
918.COUNT
OUT>FILE SCAN.DAT
J 4./I DEL.TH * 3600.1+.. CR
OUT>FILE.CLOSE



t

7 2 FIX.FORMAT
DEL.TH 10 * CH GE.2.TH.A.FM

DEL.TH 9. >= IF
DEL.TH 9. / CHANGE.2.TH.B

EI_E 9 DEL.TH/I ALPHA - 1 +<=
IF 1 CHANGE.2.TH.B
9. DEL.TH / ALPHA + ALPHA :=

THEN
THEN

\ STACK.CLEAR
900 del.th / I - I = if

IW.C_.HOME
-9000 CHANGE.2.TH.A.FM
1 CHANGE.2.TH.A
-1 CHANGE.TH,A
1 CHANGE.TH.B

then
STACK.CI_AR
loop
LOOP

\: SCAN.NEG
\ DELETE NEG-SCAN.DAT
\ SET.INITIAL.SCAN
\ -1 CHANGE.2.TH.A
\ -ICHANGE.TH.B
\ 1 CHANGE.TH.A
\ 9000 CHANGE.2.TH.A.FM
\ BRAGG2-4 *BRAGG1 -4 *DO
\ 0 ALPHA :=
\ -900 DEL.TH / 0 DO
\ 918.COUNT
\ OUT>FILE NEG-SCAN.DATA
\ J -4. / I DEL.TH * 3600 /-.. CR
\ OUT>FILE.CLOSE
\ -931.5 900./DEL.TH * I 1 + * IW2.MVABS \ CAL=931.5
\ 929.0 900./DEL.TH * I 1 + * 1W1.MVABS \ CAL=929.0
\ DEL.TH l0 * CHANGE.2.TH.A.FM
\;

:SCAN
0 BRAGG1 < IF

SCAN.POS
\ ELSE
\ DEL.TH 0 < IF
\ SCAN.NEG

THEN
\THEN

:INPUT.SCAN.PARAMETERS
{MAIN.MID } SCREEN.CLEAR CR
."Enter the initial Bragg angle in degrees (nearest 1/4 dcg.)"



#INPUT BRAGG1 := CR
." Enter the initial Bragg angle in sec. (0-900) '°
#INPUT BRAGG I.SEC := CR

."Enter the final Bragg angle in degrees (nearest I/4 deg.)"
#INPUT BRAGG2 := CR

." Enter the final Bragg angle in sec. (0-900)"
#INPUT BRAGG2.SEC := CR

." Enter one of the following choices for the scan increment in seconds" CR
"900 450 180 90 36 18 9 3.0 1.0 0.5 0.2 0, I "
#INPUT DEL.TH := CR

." Enter a value for preset charge (mC) "#INPUT CHARGE :-
SCAN.DISPLAY
F5 FUNC_ON.KEY.DOES SCAN
SCREEN.CLEAR CR
." Hit F5 to run the DCS scan program"
STACK.CLEAR

ECHO.ON

INPUT.SCAN.PARAMETERS

SCAN2.WRD

ECHO.OFF

\ SCAN2.WRD IS A PROGRAM FOR OBTAINING DCS ROCKING CURVES

REAL SCALAR BRAGG.DEG
REAL SCALAR BRAGG.SEC
REAL SCALAR DEL.TH.RC
REAL SCALAR ROCKING.WIDTH
REAL SCALAR GAMMA

:ROCKING.CURVE.DISPLAY
DCS.STATUS.DISPLAY
300 MSEC.DELAY
CHECK.L/L
CHECK.POSITION
{MAIN,BOT} SCREEN.CLEAR 80 1 DO 95 EMIT LOOP
30 SPACES ." ROCKING CURVE "CR
4 SPACES ." SCAN PARAMETERS "OR
." Bragg angle (deg.)" CR
." Bragg angle (see.)" CR
." Scan increnmnt (see.)"
{BRA_} SCREEN.CLEAR BRAGG.DEG.
{BRAGGF} SCREEN.CLEAR BRAGG.SEC.
{SCAN.INC} SCREEN.CLEAR DEL.TH.RC.

{MAIN.MID } SCREEN.CLEAR CR

: SET.INITIAL.ROCKING.CURVE
POS.MEM>DAT



4 BRAGG.DEG * POS.DAT [ 1 ] -
CHANGE.2.TH.A

-4 BRAGG.DEG * 360 + POS.DAT [ 2 ] -
CHANGE.TH.A

-4 BRAGG.DEG * 359 + POS.DAT [ 3 ] -
CHANGE.TH.B

-400 BRAGG.DEG * BRAGG.SEC -9 / ROCKING.WIDTH -18 / + + POS.DAT [ 4 ] -
CH_ NGE.2.TH.B

7 1 fix.format
-931.5 900 / BRAGG.SEC * 1W2.MVABS

7 1 fix.format
-929.0 900 / BRAGG.SEC 900 - ROCKING.WIDTH 2 / + * IW1.MVABS
BRAGG.SEC 10 * POS.DAT [ 7 ] -

CHANGE.2.TH.A.FM

:ROCKING.CURVE
SET.INITIAL.ROCKING.CURVE
DELETE ROCKING.DAT
0 GAMMA :=
ROCKING.WIDTH DEL.TH.RC / 0 DO

918.COUNT
OUT>FH._ ROCKING.DAT
I DEL.TH.RC *.. CR
OUT>FILE.CLOSE
7 1 FIX.FORMAT
-929.0 900 / BRAGG.SEC 900 - ROCKING.WIDTH 2 / + DEL.TH.RC I 1 + * - *

IW1.MVABS
9 DEI,TH.RC / I GAMMA - <---IF

1 CHANGE.2.TH.B
n DEL.TH.RC / GAMMA + GAMMA :--

THEN
LOOP

:INPUT.ROCKING.CURVE.PARAMETERS
{MAIN.MID} SCREEN.CLEAR CR

,l_nter the Bragg angle to the nearest 1/4 deg. "#INPUT BRAGG.DEG :=

,l_nter the Bragg angle in see. (0-900 sec.) "#INPUT BRAGG.SEC :-

,l_nter the full width of the rocking curve (see.) "#INPUT ROCKING.WIDTH :=

l_nter the increment of the rocking curve (sec.)" #INPUT DEL.TH.RC :=

,l_nter the preset charge (mC) "#INPUT CHARGE :=
ROCKING.CURVE.DISPLAY
F6 FUNCTION.KEY.DOES ROCKING.CURVE
SCREEN.CLEAR CR
." Hit F6 to run the rocking curve program"
STACK.O.,EAR



ECHO.ON

INPUT.ROCKING.CURVE.PARAMETERS

_, ....................... . ................... _... ..............



APPENDIX B

PROGRAMMING WORD LIST

Mainload.utl
• gpib.init
• init.ok
: do.init

Maintcam.wrd
: cratcl.f
: crate1.fand2
: crate1.in
• maint.fan
: camac.init
: maint.fand2
: _Ldet.hv
: re_.adc
: re_.adc 1
: ramp.gen
: maint.f

918.wrd
• ormc.init.chk
: ortec.chk
• ortec.prt.data
: ormc.com
: ormc.show
: 918.init

lW.wrd
: IW.re_l
: IW.com
: IW.display
• IW.display.1
• lW.display.2
: lW.instruct
: IW.parameters
• IW.init
, PHI.stares
: IW2.status
: IW.status
: IW.go.hom¢
: IW1;step
: IW2.step
: IWl.mvabs
: IW2.mvabs

Motor.wrd
: spoil
: motor.init
: motorl.init
• motor2.init
: motorl.com
: motor2.com
: seLmotor.variable
: check.l/l.th.a



v. t _,

: chcck.Pl.th.b
: chcck.l/l.2.th.a
: chcck.l/l
: 2.th.a.shtdn
: 2.th.Llock
• 2.th.a.startup
: 2.th.a.lift
: th.a.lift
: th.b.lift
: th.aAock
: th.b.lock
: 2.th.a.move
: 2.th.Lrotate
: change.2.th.a
• th.a.move
: th.a.rotate
: change.th.a
: th.b.move
: th.b.rotate
: change.th.b
: 2.th.b.move
: 2.th.a.fm.move
: 2.th.b.rotate
: change.2.th.b
• change.2.th.a.fm

Read.bas
: read.bas
: array>ill

Menu.wrd
: 918.count
: clear.fkeys
: check.position
: DCS.status.display
: main.menu.display
: axis.position
: scanl
: scan2
: one-xtal
:main.menu

I_tector.wrd
: seLdetector.paratmters
: 918.count
: cv.dctector
: detl
: det2

Alignment.wrd
: zcro.a.x¢S
: SOLZ¢¢0

Scan.wrd
: scan.display
: set.initial.scan
: scan.pos
: scan

: input.scan.paxametcrs



f,a "

Scan2.wnt
: rocking.curve.display
: seLinidalsocking.curve
: xocking.curve
: inpuLrocking.curve.parameten
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