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3 Safetylnformation

Thisunitis designedor compliancewith harmonizecelectricalsafetystandardEN61010

1:2000. It must be used in accordance with its specifications and openasingctions.

Operators of the unit are expected to be qualified personnel who are aware of electrical safety
issues.Thec u s t oRespon&ilddody, asdefinedin thestandardmustensurehatoperators

are provided with the appropriate equipment aashing.

Theunitis designedo makemeasuremenis MeasurementCategory| asdefinedin the
standard.

CAUTION. Accordingto installedoptionsthe F460cangeneratéigh voltagesasfollows,
present on the central conductor of the SHV (Safe Niglkage) output connector.

+or1 3000V DC at0.33mA maximum.
i)rror'l' 2000V DC at0.5mA maximum.
5)rror'l' 1000V DC at1.0mA maximum
?rror'l' 500V DC at2.0mA maximum

or
+ori 200V DC at5.0mA maximum

The hazardous live voltages on @BV central conductor are not accessible under the
definitions of EN61010 but mayevertheless give a noticeable shock if misuse were to lead you
to comeinto contactwith them. Theusermustthereforeexerciseappropriatecautionwhenusing

the device anavhen connecting cable®ower should be turned off before making any
connections.

The unit must not be operated unless correctly assembled in itdRcagection from high
voltagesgeneratedby thedevicewill beimpairedif the unit is operatedvithoutits case.Only
ServicePersonnelasdefinedin EN610101, shouldattemptto work onthedisassemblednit,
and then only under specific instruction from Pyramid Technical Consultants, Inc.

The unit is designed to operate from +24 VDC power, witfpecal maximum current
requiremenbf 300mA. A suitablyratedpowersupplymoduleis availableasanoption. Users

who make their own power provision should ensure that the supply cannot source more than
3000 mA.

A safetygroundmustbesecurelyconnectedo thegroundlug onthecase.
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Someof thefollowing symbolsmaybedisplayedon theunit, andhavetheindicatedmeanings.

Directcurrent

Earth(groundjterminal

Protectiveconductorterminal

Frameor chassigerminal

Equipotentiality

SupplyON

SupplyOFF

CAUTIONT RISKOFELECTRICSHOCK

CAUTION T RISKOFDANGERT REFERTO MANUAL

P BPO—<++® |
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4 Models

F460 lonizationchambercontrollerwith 128electrometechannelsandone
multi-range +V converter / gated integrator channel.

-XP30/20/10/5 Add positiveHV biassupply0 to 3000V / 2000V / 1000V / 500V
HV output,1 watt

-XN30/20/10/05 Add negativeHV biassupply0 to -3000V /-2000V /-1000V /-500
V HV output.1 watt

-XP002 Add positiveLV biassupplyOto 20V

-XN002 Add negativel V biassupplyOto-20V

-S1 Add servocontroloption

-IM10 Highestcurrentrangel0 mA (1 mA is standard).

Only onebiasoutputoptioncanbeinstalled.

Example:
FA460XP10-S1

F460XN10

F460 User Manual

F460with +1000V positivehigh voltagebiasoutputandservocontrol
option.

F460with -20V negativdow voltagebiasoutput.
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5 Scopeof Supply

F460modelasspecifiedin your order.

PSU2440-1: 24VDC powersupplywith 2.1mmthreadedack connectoandC14line input.
ADAP-DOF-MINIDIN : D9F to sixpin mini-DIN male adaptor for serial communication
ADAP-LEMO-BNC: Adaptor coaxial, Lemo 00 male to BNC jack

USB memorystickcontaining:
F460 User manual
PTCDiagnosticGXoftwareinstallationfiles
Terminalemulationprogramfor testingASCII communication
Test data

Optionalitemsasspecifiedin your order.
OEM customerwvill receiveonly componentselevantto their application.
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6 Optional Iltems

6.1 Power supplies

PSU2440-1 +24VDC 40W PSU(universalvoltageinput, plugreceptacldor standardEC C14
threepin socket) with output lead terminated in 2.1 mm threaded jack.

PD-8 Eightoutput+24VDC powersupplyunit,1 9rackmounting.

6.2 Signal and high voltage cables and cable accessories
CAB-BNC-COLN-xx-BNC: Cable,coaxiallow-noise,BNC jackto BNC jack, xx feetlong.

ADAP-LEMO-BNC: Adaptor, coaxial, Lemo 00 male to BNC jack (fig 1 left).
ADAP-BNC-LEMO: Adaptor,coaxial,BNC jackto Lemo00female(fig 1 right)

Figure 1. CoaxialadaptorslLemoi BNC

Note: onlyone adaptor ADAR.LEMO-BNC can be connected to the F460 at one time due to
mechanical space constraintsyou intend to use all of the TTL monitor outputs, we
recommendisingLemoto Lemominiaturecoax(RG-178or similar), andadaptingo BNC if
necessary at the receiving end using ABBIRC-LEMO.

CAB-L00-xx-L00: Cable,coaxial,Lemo00to Lemo00, xx feetlong
CAB-SHV-xx-SHV Cable, coaxial HV, SHV to SHV, xx feet long.

6.3 Data cables
ADAP-D9FMINIDIN : AB450K-R RS-2326 pin DIN maleto 9 pin D subfemaleadaptor.
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Figure 2. Serialadaptorcable

CAB-ST-xxP-ST Fiberoptic cablel mm plasticfiber ST terminatedwith color-codedsleeves,

xx feet long.

CAB-ST-xxHCS ST Fiberoptic cablepair 200um silicafiber ST terminatedwith color-coded

sleeves, xx feet long.
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7 Intended Useand Key Features

7.1 Intended Use

The F460 is intended to read out ugdar input currents in the typical range ¥hA to +/1
mA. Highermaximumcurrentscanbe specified. The currentamaybe signalsfrom photodiode
beam position monitors, Faraday cups, ionization chambers or other similar s@inso?2&0
kHz maximum conversion rate permits good time resolution ofdlaghging signals.
Independenthannelgaincontrolallowssignalsdiffering by manyordersof magnitudeto be
measured simultaneouslyhe F460 can of course lged in anypplication where seval
small currents must be simultaneously measured.

TheF460includesa powerfulreattime processoandmemorywhich allowsit to filter, analyze
and buffer incoming data as fast as it is gathered.

Many sensors require a voltage bias voltagke F460can be configured to include a suitable
supply. Therearearangeof high voltagemodulesavailableup to 3kV suitablefor sensordike
proportionalchambersionizationchambersFaradaycup suppressiomndelectronmultipliers.
The is a 20 V low voltagbias source suitable for thfiim detectors such as diamonNote
however the incoming signals to be measured must be greterénced.

The F460 can be specified with a PID servo controleprocess variable is formed by
arithmeticcombinationof theincomingsignals,andthevalueof ananalogoutputis adjustedo
keep it constantA typical application is stabilization of the flux from a doublgstal Xray
monochromator, but it may be used for any application with similar requirements.

Theprimary means of communication with a host computer system is Ethérsetial

interface is also available with ASCII communications protocol to allow simple connection to
legacysystems.TheF460alsoprovidesafiber-optic communicatiorchannewhich alows it to
control slave devices or to be a device on a loop controller netwotkmplete system can be
built up around a single F460 in many cases.

The F460 has design features which make it tolerant of electnmu@y environments, but the
place ofuse is otherwise assumed to be clean and sheltered, for example a laloorégbty
industrialenvironment.Theunit maybeusedstandalone,or networkedwith otherdevicesand
integrated into a larger systertdsers are assumed to é@eperienced in the general use of
precisionelectroniccircuitsfor sensitivemeasurementgndto beawareof thedangerghatcan
arise in highvoltage circuits.

7.2 Key Features

Highly-integratedandcompactdevicewith on boardsignalconditioning,analogto digital
conversion, calibration, data buffering and host communications.

Fourfully -parallelcurrentmeasurementhannels.
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Independentangecontroloneachchannel.
Optionalhigh voltageor low voltageoutputfor detectotbiasing.

Generaburposeparallelinput/outputportwith analogoutputsandinputsfor monitoringand
optional servo control.

Digital outputs(TTL) for monitoring(VFC emulation)

Gateinputandoutputfor triggeringon externalevents andtriggerdistribution.

On-board precision calibration source.

On-boardpositionfunctioncalculation.

Servo controller option.

Etherneinterfacewith TCP/IPandUDP mesaging.
AlternativeRS-232,RS-485andfastfiber-optic serialinterfacesuilt-in. Selectabldaudrates.
Slave devices can be connected to the F460 via the fiber optic interface.
TheF460canbeadeviceonthefiber optic networkof aloop controller.
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8 Specification

Currentinputs

Number

Four,independenparallel

Operatingprinciple

[-V convertel(transconductancamplifier) with four ranges.

Inputimpedance

< 400hm

Protection

Backto backdiodesandsparkgaps

Dynamiccurrentrange

0.1nAto 1 mA, bipolar.

Noise

< 0.01%full scalerms,1 msecaveraging.

Absoluteaccuracy

Readingswithin +/-0.1%full scalerelativeto atraceable
external standard.

Drift Outputdrift < 10ppmhr-1 + 5 ppmC-1 hr-1 with recalibration
Outputdrift <20 ppmhr-1 + 10 ppmC-1 hr-1 without
recalibration.

Analogbandwidth DC to >=40kHz (- 3dB)

Gainuniformity

Betterthan0.1%acrossall channelsaftercalibration

Digitization

16 bit successivapproximation250kHz.

Downsampling

Averagingadjustabldrom 1 (4 pusecperiod)to 250000(1 sec
period)

Simultaneity

All channelgonvertedat once(within 200nsec)

Accumulation

Chargeaccumulatiorprovidedvia numericintegration

Calibration

Method

Fully automatedtalibrationof currentinputsusinginternal
current sources.

Calibrationcurrents

Two internalprecisioncalibrationsources833nA and83.06
WA, usedfor automaticcalibration.

Calibrationvalues

Gainandoffsetstoredin NVR for eachrangeof eachchannel.

Sensorcompensation

Independentalibrationinputavailableto compensatsensor
variability.

Othercalibrations

Gainandoffsetparameterstoredfor generapurposeanalog
inputs and outputs, and for high voltage.

Triggeringandbuffering

F460 User Manual
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Databuffering On-boardbufferingof upto 50000contiguougeadingsatany
data rate up to maximum.

Gateinput TTL signalongateinput canstart,pauseandstopacquisition.
Input impedance 2.5 kohm

Triggermodes Internal(autorun)

Customcontrolof start,pauseandstopconditionsusinggate
input and internal buffer counts.

Mo

nitor outputsandgeneratpu

rposenput/output

Analoginputs

Two, 16-bit +/- 10V. Accuracybetterthan+/-0.5%of full
scale.

Analogoutputs

Four,16 bit +/- 10V (usedfor servoandmonitoroutputs).
Accuracy better than 9.1% of full scale.

Digital outputs

Four, TTL levelsinto 50 ohms(usedfor monitoroutputs)

High voltagebiasoutputoptions

Number

One(optional).

Outputpower

1 watt

Voltageoptions

2010 200V. Line <0.01%,Load<0.05%,Ripple<0.01%
50t0 500V. Line <0.01%,Load<0.01%,Ripple<0.01%
200t0 2000V Line <0.001% Load<0.01%,Ripple<0.01%
300to 3000V Line <0.2%,Load<0.3%,Ripple<0.075%

All optionsavailableaspositiveor negativepolarity (factory
selection)

HV monitoring

Voltagedivider on output(20 Mohm), 16 bit digitizationwith
calibration.

Low voltagebiasoutputoptions

Number

One(optional,alternativeto highvoltage).

Voltageoptions

0to 20V. Load<0.05%,Ripple<0.02mV

Availableaspositiveor negativepolarity (internaljumper
selection)

Outputcurrent

>20mA

Accuracy

Betterthan+/- 0.01V

HV monitoring

Voltagedivider onoutput(110kohm), 16 bit digitizationwith
calibration.

F460 User Manual
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Communicationnterfaces

Ethernet Ethernetl0/100/100BaseT, TCP/IPandUDP

RS-232 115.2kbps,serial

RS-485 115.2kbps,serial

Fiberoptic 10 Mbps, binaryserialprotocol,for controlof slavedevicesand

integration into Pyramid systems architectures.

Controlsandindicators

Controls Rotaryswitchesfor communicationsnodeandfiber opticloop
address.
Pushbuttonprocessoreset.
Indicators Fourgreenstatud_EDs.
i H ¥ navangeLED.
Powerinput
Voltage +24VDC (+/-2V)
Current 300mA typical, 500mA maximum. 500mA PTCfuse.
Case
Formatandmaterials Stainlessteelsheetmetalcasewith mountingflanges.

Protectiorrating

The case is designed to rating IP43 (protected against solig
objectsgreatethanlmmin size,protectecagainsspraying
water).

Weight

1.28kg (2.82Ib)

Dimensions

(seefigures4 and6).

Environment

Operating

10to 35C (20to 30 C recommended)
< 70% humidity, norcondensing
vibration< 0.1gall axes(1 to 100Hz)

Shippingandstorage

-10to 50C
< 80% humidity,non-condensing
vibration< 2 g all axes,1 to 100Hz

F460 User Manual
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4x
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4x TTL GATEIN
SIGNAL-IN BNC
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RS-485 ETHERNET
FIBER-OPTIC RX COMMS MODE SELECTOR
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STATUS LEDs FRESET SWITCH
q —g

+24vDC  \
POWER IN

Figure 3. F460front andrear panels(modelswith HV biasoption).
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Figure 4. F460caseplan andsideviews(modelswvith HV biasoption). Dimensionsnm.
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Figure5. F460front andrear panels(modelswith LV biasoption).
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Figure 6. F460caseplan andsideviews(modelswith LV biasoption). Dimensiongnm.
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9 How the F460works 1 an overview

The F460 is a very flexible instrument which uses a high performance current to voltage
conversion circuits, fast ADCs apawerful orboard processorshis section gives you an
overviewof howincomingsignalcurrents turnedinto readingsandthemainfeaturesof the
device. Full details are in the later sections of this manual.

ﬁh A _<] [> Comms

D e
— Monitor outputs

[>—

[>7>_/7_ ﬁgg Processor voltage
ChC

>

Monitor outputs
frequency

Current to voltage q
conversion

Gate

Figure 7. F460blockdiagram.

The F460 has four parallel input channels which convert small curremisatsureable voltages.
Thefull scalerangedor theconversionganbeindependentlgetfor eachchannel. Thevoltages
aremeasuresgimultaneouslypy ADCs (analogto digital converters).Theresultingbinaryvalues
are converted to current readings in arbgapplying calibration factorsThese currents can be
requested over the communication link, and are also used to drive the monitor outguts.6 s
start by looking at the measurement process in a little more detail.

9.1 Current measurement process

Thesimplest current to voltage convertor is simalgesistor.The current flowing through the
resistorproducesa voltageaccordingo O h maws. Theperformances improvedgreatlyif the
resistor is placed into the feedback loop of an operational amgiifgert, as shown below.
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be
i E— it
N o
? V() = - Ryi(t)

Figure 8. Currentto voltageconversion.

Thehighestcurrentyou canmeasuralepend®n thesizeof Ry, andthevoltagerangeof the ADC
that reads the output of the currenttdtage conversionThe lowest current you can measure
depends on the resolution of the ADC, and more often the noise in the sy$ie460 allows
you measure over a wide dynamic rangeiwviding four amplifier circuits per channel, with
feedback resters that differ bya factor of 10 between the rangélhe amplifier to use is
selected under software control.

9.2 Filtering and averaging

Generallywed o nwishi to seevery high frequenciesn the signalsbeingmeasuredby the F460.
Theyaremostlikely to beinterferingnoise. Also, an ADC shouldnot be presentedvith signals

with frequencies exceeding 50% of its sampling rate, or you will get confusing aliased results.
TheF460thereforencludeslow-pasdilters beforethe ADC inputswhichroll off frequencies
starting around 40 kHz.

Once the signal has been digitized by the ADC, we have the opportunity to further filter the
signalin thedigital domain. Thisis very helpful if you needto extractsmallsignalsfrom a noisy
background.The F460 provides a block averaging facilihat permits you to select between 1

and 250000 individual conversions per measurement, and thus change the effective integration
time. This also allows you to control the data rate, and to filter out particulse freiquencies.
Forexamplejf you seeinterferenceat 60 Hz, thensettingtheintegrationtime to 16668usecwill
eliminate it completely.

9.3 Triggering and buffering

In manycaseyouwill needto coordinatehe F460measurementsith externalevents.You can

preset the F460 with all the measurement parameters such as current range, averaging settings
and so on, then initiaiereadyto respond to &iggersignal. Measurements will start as soon as

the trigger arrivesAdvanced triggers allowou to pause the measurement when the trigger line
changes again, or when a certain number of readings have been taken.

F460 User Manual F460_UM_250722 Page 24 of 133




PTC System Controls and Diagnostics

When data rates are high, thepyexceed the capacityf the communications link and the host
computersystem.If youd o rcéréaboutmissingreadingsthenthisis of no particularconcerni
you will just see the subset of the data that loa transmittedHowever you mayarticularly

want to see fast data that is contiguous in tilnghe manner of a digital oscilloscope, the F460
allowsthis by streamingdatainto on-boardbuffer memory. The datacanthenbe sentto the host
computer without the limitations of communications rafBsis facility is particularly useful
when you have a short repeating pulsed signal with intervals between for the data to be
recovered.

9.4 Self-testing and calibration

The F460 can calibrate itéen all channels and all ranges fulytomatically, and it stores the
resultingfactorssothatit canprovideresultsin physicalunits (ampsor coulombs).You canalso
turn on the calibration currents at anye and send to arghannel to checthat the device is
working correctly.

Although the F460 malge reading current vegccurately, that does not mean that you get

accurate readings from your sensdhe sensor will have its own gain and offset characteristic,
andif you havea quadsensorijt is unlikely thatthefour partshaveidenticalresponseTo handle

this, the F460 includes a further set of calibration parameters that you can set to compensate the
response of a sensor systemhi s al |l ows you t o éanipleat fi el do

9.5 Monitor outputs

The F460 has monitor outputs, both analog voltage and frequency (TTL pdleesg
correspondo thecurrentsbeingmeasurean eachchannelyelativeto thefull scalein use. They
respond to angensolcompensation you are usingou can also ask the F460 to put out
computed X and Y position values on two of the monitor outputs instead.
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10 Installation

10.1 Mounting

TheF460maybemountedn anyorientation,or maybe simply placedon alevel surface.A

fixed mounting to a secure frame is recommended in a permanent installation for best low
current performance, as this candagraded bynovement and vibratiorf-our M3 through
holesareprovidedin thebaseona225mm by 144mm rectangulapattern(seefigures4,6).

Themountingpositionshouldallow sufficientaccesso connectorandcablebendradii. 100
mm minimumclearance is recommended at either end of the device.

Bestperformancevill beachievedf theF460is in atemperatureontrolledenvironment.No
forcedair cooling is required, but free convection should be allowed around the case.

10.2 Grounding and power supply
A secureconnectiorshouldbe madeusingaring lug, from the M3 groundlug to local chassis
potential. This is the return path for any high voltage discharge passing via the F460.

+24VDC powershouldbe providedfrom asuitablyratedpowersupplywith thefollowing
minimum performance:

Outputvoltage +24+/- 0.5VDC

Outputcurrent 1000mA minimum,3000mA maximum
Rippleandnoise <100mV pk-pk,1Hzto 1 MHz

Line regulation <240mV

TheF460includesaninternalautomaticallyre-settingPTCfuseratedat 500mA. Howeverthe
external supply should in no circumstances be rated higher than the connector limit of 5 A.

10.3 Connection to signal source

10.3.1 Example setup

Figure 9 shows an example installation in schematic féxrdiode arraymeasures the position

of a radiation beamThe F460 delivers data and receives commands from a host computer
system over EtherneSerial RS232 or R$485 could also be used, but this will limit the data
rateto thehost. A triggerinputto the gateconnectoallows measurement® be synchronizedo

an external event such as a fAbeam presentao
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Photodiode array

Signals
Low-noise coax

Ethernet comms

+24V in

Monitor outputs  Trigger
07 1 MHz frequency

Figure9. SchematiexamplebasicF460installationfor diodereadout

Figure 10 shows another installation example to illustrate some other opiibed:460 is in

this casereadingout quadrantonizationchambeelectrodesandit alsoprovidesthebiasvoltage

for the chamberThe biased electrode is shown schematically behind the readout electrodes: it
will be the anode or cathode of the chamber depending upon the bias pdrtettiig. case the

loop for the measured current is completed througlbidgeevoltage lead and the bias power
supply module in the F460.

The analog output connector is being used to connect a device such a®atipded
positioningmotorthatformspartof aservostabilizationloop (theT S1optionis requiredto use
this feature).

The F460 is interfacing an M10 general purpose I/O unit as remote slave device via fiber optic.
TheM10 might beconnectedo a powersupplyor otherdevicethatis hundredsf metresaway.
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lonization chamber

I— Signals
1 1 Low-noise coax
I/ |
——L
=1/ -
| ! e f F460-XP10-S1 -
‘; ri ! ’ ’ Serial comms

Bias voltage +24Vin

Servo Gate in
control and
feedback

PSU |

+24Vin

Figure 10. SchematiexampleF460installationfor ion chambereadout

10.3.2 Cables

The F460 measures small signals, down to below 1Gskle qualityis vital to obtaining good
noise performancé/Nell-made screened cables are essential for the cumparts, and you
shouldtry to minimizethelength,while beingmindful to removethe F460from anyareaswith a
high radiation backgroundf there is anyisk of vibration or movement, then the use ofdlow
noise antitriboelectric coaxial cables is strdggecommended for the signal inputs.suitable
type is Belden lownoise RG58 9223.0ther types with equivalent specification can be used.

High voltage bias cable should be Sirminated at the F460 and coaxial with a DC rating
sufficient for the maximion voltage you expect to usBG-59 is a good choice for most uses,
with a nominal DC rating of 2.1 kWVe have used this cable at 3 kV also without seeing any
problems.F460swith thelow-voltagebiasoptioncanusenormalRG-58 cablefor the biaswith
BNC terminationatthe F460. You canusethewidely-availableRG-58 coaxialcablewith BNC
connectors for the gate input.

10.3.3 Signal current path

The currents measured by the F460 must be allowed to return to their point of generation.
Depending upon the ajigation and the installed options, the return path may be via the high
voltage supply, and/or via the facilityound and the F460 cadéthere is no return path, then
you will see no current, or erratic readingy®u maysee current initiallyf thereis no return
path,especiallyif the signalis small,aschargecanbe providedfrom variousstraycapacitances,
but this may fall away or become unstable.
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Thecurrentsyou aremeasuringpassalongthe coaxialsignalcablecoresto the F460inputs. The
current for the operational amplifier action comes from the local circuit ground via the power
supplyproviding the voltage rails for the amplifier devices in the F460.

In the caseof anionizationchamberor similar device ,wherethe F460is providingthe biasto an
anode from the optional high voltage module, the subsequent return path for the current to
complete the circuit back to the anode is through the HV module as shown in the following
example.

Photodiode
current F460
source / Coax screen

wa AN
R A— v e
| 2 -

Y

(Alternative return if outer screen is broken
and diode cathode is connected to beamline)

77
Figure 11. Currentreturn path: photodiodes

Figure 12 shows current return paths for an ionization chamber where a high voltage module in
the F460is biasingthechamber.If you areusinganexternalhigh voltagesupply,thenyoumust
ensure that it shares a common ground with the F460 to complete the current path.

| hamb
C?Jr;rgn?m e Coax screen FA60
source / Signal o
I_—»—@—»—Giof/o — =
Lo
C A : an
U U/
Bias b p—
v V4
Auxiliary HV PSU
T

Figure 12. Currentreturn path:ionizationchambetbiasprovidedby F460HV module
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11 Getting Started Usingthe PTC DiagnosticG2Host
Software

The PTC DiagnosticG2 was supplied with your F460, and the latesibns are available for
downloadat www.ptcusa.comEvenif you intendto useyour own hostsoftware,it canbevery
helpful to use the Diagnostic to check out the device and to become familiar vigidtitses.

The PTC DiagnosticG2 is a staatbne program which allows you to read, graph and log data
from the F460, and set all the important acquisition control paramdterssome applications,

or for initial work, it maybeadequatdor all of your dataacquisitionneeds.The Diagnosticuses

the same function librarthat is exposed for users who develop their own host applications, and
therefore also serves as a software debugging aid.

11.1 Installation

PTCDiagnosticG2 is a Windows program whiws been tested on Windows XP, Windows 7, 8
and 10.1t is installed from an msi file using the standard Windows installer utilitglso runs
under Linux and has been tested with the Ubuntu distribufibere is no installer for Linux;
contactPyramidTechnicalConsultantsinc. to getthelatestsuiteof installationfiles anddetailed
instructions ifyou wish to run underinux. Theremainderof this section assumes/indows 7
installation.

Copytheinstallerfile PTCDiagnosticSetulyx_xx.msito the harddrive of thehostcomputer,
where x_xx is the version of the Diagnostic progrdrne host PC must have a standard
Ethernet port.

Install thePSIDiagnosticby runningtheinstaller, and followinghe screen promptsDuring the
processdependingpn your accountettings WindowsUserAccountControlmaypromptyouto
allow the necessary changd@e installer will create a subdirectory on the Program Files
directory, place a shortcut on your desktop and an entry in your start list.
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== ==
& PTCDlagnostlcESZF &) PTCDiagnosticG2
Welcome to the PTCDiagnosticG2 Setuy, d P Select Installation Folder P
The installer will guide you through the steps required to install PTCDiagnosticG2 on your computer. The installer will install PTCDiagnosticG2 to the following folder.
' Toinstallin this folder. click "Next". To install to a different folder, enter it below or click "Browse".
Folder:
C:\Program Files\Pyramid Technical Consultants, Inc\PTCDiagnostic Browse...
I WARNING: This computer program is protected by copyright law and intemational treaties I Install PTCDiagnosticG2 for yourself. or for anyone who uses this computer:
|| Unauthorized duplication or distribution of this program, or any portion of it may resultin severe civil i
‘ or criminal penalties, and will be prosecuted to the maximum extent possible under the law. _
. Q) Everyane
I ) Justme
[ |
|
crcel ) e ) [
5 PTCDiagnosticG2 S I - i [

Installing PTCDiagnosticG2

|| PTCDiagnosticG2 is being installed

Please wait...

" Cancel < Back Next >

Figure 13. PTCDiagnosticG2nstallation

Once the program has installed, you can run it at otfggu wish to view the files thdtave
beeninstalled,navigateto ProgranFilesPyramidTechnicalConsultantsinc.\PTCDiagnosticG2.

If you areupdatingyour versionof the Diagnostic,you maysimplyrunthenewinstallerandthe
relevantitemswill beupdated.If youwishto regressyour version,youshouldfirst uninstallthe
program using the Windows ARemove Programso
version in the usual way.

You canhaveboththeearlierPSIDiagnosticprogramandthe PTC DiagnosticG2nstalledon
the same computetf you wish to run them both simultaneously, you must run PTC
DiagnosticG2 first.

11.2 Connecting to the F460
Thefollowing stepsakeyouthroughthe processf connectingo thedevice.
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1) It is simplest to start with a direct connection from your host computer to the F460 using a
CATS5 or CAT6 Ethernetcableasshownbelow. The networkcablecanbea patchor acrossover
typei the F460 automatically adjusts itself to suit.

Ethernet comms

+24V in

Figure 14. Direct Ethernetconnection.

Onceyou haveestablishedeliablecommunicationandseta suitableuniquel P addressthenyou
can move th&460 onto a general local area network and work under DHCP address assignment
if required.

2) Thedeviceis setwith IP addres4.92.168.100.2@t shipment.Onceyou havea connection
you can change this setting as requir8dt up your host PC Ethernet poithwa fixed, non

conflicting valid IP address in the same subnetrafkge.r t hi s exampl e, webo
192.168.100.177.
rIntemet Protocol Ver.s_ii\ 4 giPllPM) Properties M

General

You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(7) Obtain an IP address automatically

IP address: 192 . 168 . 100 . 177
Subnet mask: 255.255.255. 0
Default gateway:

Obtain DNS server address automatically
@ Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

ok J[ concel |

Figure 15. ConfiguringthelP addressonthehostcomputer.
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3) Turn on 24 V DC power to the F460, but make no other connectWhge the device is
booting,threelower LEDs ontherearpanelcycle. Whenthedeviceisready,thefi Ac t and e 0
APower 0 LIshiolddbe tluminated.

4) MaketheEthernetconnectiorfrom thehostPCto theFF460. You shouldseeactivity onthe
LEDs that are mounted in the F460-48) connector as the port negotiates with the computer.
Check that you can ping the device fromoamand window prompt.

r = T B
C:\Windows\system32\emd.exe [E=NE
i

Microsoft Windows [Uersion 6.1.76011 -
Copyright {(c> 2009 Microsoft Corporation. All rights reserved.

IC:\Users\John>ping 192.168.106.2080

Pinging 192.168.100.28 with 32 bhytes of data:

Reply from 192.168.1008.20: hytes=32 time<ims TTL=64
Reply from 192.168.100.20: hytes=32 time<ims TTL=64
Reply from 192.168.1008.20: hytes=32 time=1ms TTL=64
Reply from 192.168.1080.208: hytes=32 time<ims TTL=64

Ping statistics for 192.168.100.208:

Packets: Sent = 4, Received = 4, Lost = B (Bx loss).
Approximate round trip times in milli-seconds:

Minimum = @ms. Maximum = 1ms, Average = Bms

C:\Users\John>_

(S

Figure 16. Pingtestof the Ethernetconnection.

TheWindowsfirewall mayblock communicatiorwith the F460. It is simplestto startby turning

off thefirewall while you aretesting. To maintainsecurity,you candisableanywirelessadaptor

on the computer while you are doing thi@nce you have established communication, then you
can tryrestoring the firewall if needed, and set up permissions for the PTC Diagnostic and the
F460 RPC (port 111) to communicate through thevile Most users prefer to keep
instrumentation, and the computers controlling it, isolated from the internet, and the firewall can
then be disabled without concern.

6) Start the PTCDiagnosticG2 softwaréwill start with the Discover Devices dialog open
Click on Discover Controllers @8 Discover Controlers ) and the software
will searchall IP addressewithin its availablenetworklookingfor compatiblePyramiddevices
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# | PTC Diagnostic - Discover Devi

I\)(RAMID

Technical Consultants, Inc.

7.

PTC Diagnostic v5.8.3

Address Name Owner
T |Locking for Loop Controllers 16%
152.168.100.20 == Add IP Address - Load System File...

w Connect & Discover Subdevices

Figure 17. Discoverdevicesn progress

Sinceyou havethe simplestpossiblenetwork,it shouldfind only the F460you areworking with.
The discovered devices maclude Pyramid tools such as the A@@overyutility. You can
ignore these.

Whenyou click onthediscovered=460entryin thelist to highlightit, the ConnectandDiscover
Subdevicesbutton([-\" Connect & Discover S“bde‘”‘m]) is enabled.Click onthisto establisithe connectiorto
the F460.

7 | PTC Diagnestic - Discover Devi

RRAMID

Technical Consultants, Inc.

A

PTC Diagnostic v5.8.3

Address Name Owner
B 192.168.1.69 f460_1

&8 Discover Controllers ]

192,158.100.20 [+ Add TP Address] [H Load System File, ]

[\\, Connect & Discover Subdevios] [ Cancel ]

Figure 18. Readyto connecto the F460
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You will see a system configuration tree with the F4&0y slave device you might have
connectedo the F460fiber opticloop would alsoshow. For examplethethereis a Pyramid
M10 device connected via the F460 in the following example.

System

4 B 192168169 4601
4 |oopl
= M10_1

Figure 19. SystentreeshowingF460andM10slavedevice

Doubleclick onthe F460entry,andawindowfor the F460will open. You will seemessagem
the message area as the F460 adds your PC as a host.

]
L= Ee———-. >
o Setup.

State: Ide /\ r Trigger rror:

Figure 20. Openingthe F460window

TheF460userinterfacewindow is dividedinto two halves graphicsanddataon left andright
respectivelyplusatop bannerarea.Below thegraphicis amessag&indow which reportsall

the commands issued to the F460 by the PTC Diagnostic program, and the corresponding

acknowledgementsGenerally you can ignore this display when taking data, but it will be
valuablefor diagnosidgf you haveanyoperatingoroblems.Thedataareaon theright changes
according to which display option you select with the option buttons at the bottom.

We o6nbwdescribehevariouscontrolsanddisplays.
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11.3 Screen layouti Top banner

Initiate

Figure 21. Topbanner

Thetop bannercontainghefollowing indicators:

Commsbar When moving, this indicates that messages from the F460 are bein
receivedby thePTCDiagnosticG2Themessagérequencyis displayed.

ConnectedLED Whenlit, thisindicateshatcommunicationsrevalid andthe systemis
not in error.

BusyLED Whenlit, thisindicatesheF460is busyandcannotrespondo inputs,

for examplewhile performing an automated calibration sequence.

Measuring LED Whenlit greenthisindicateghatdataacquisitionis occurring. Whenlit
yellow, this indicates that an acquisition is initiated but that the F46(
waiting for a trigger.

Error LED Whenlit, theF460hasloggeda communicatiorerror. Thedetailsare
displayed in the message area.

Auto Initiate Checkingthis box causeshe softwareto automaticallyinitiate anew
acquisition whenever you change any acquisition parameter.

Initiate This buttonstartsdataacquisition,if triggerconditionsaresatisfied.

Abort This buttonterminatesnyacquisitionin progress.

11.4 Screen layouti Message Log area

State: Initializing Last Error: Lx} L___

Figure 22. Messagearea

This areashowsall thecommandsndresponsebetweerthe F460andthe hostsystemplusany
F460 errors, which are shown in rédou can clear the messages with the Clear Log Display
button [=]) and you can clear latched errors with the Clear Last Error bu€)n (

F460 User Manual F460_UM_250722 Page 36 of 133




PTC System Controls and Diagnostics

11.5 Screen layout i Right-hand tabs

11.5.1 Data tab

The Data tab displays the instantaneous values of all analog input values, including the four
measurecurrents plusthecomputedX andY positionsthatthecurrentamply if theycome

from position sensordf any current is overrange, it is highlighted in réhe values are
refreshed whenever the F460 is acquiring data.

Data Data

Flot Units: A - Plot Units: A -

| Compensated | Compensated
Channel Data (4] Channel Data [4)

A
B
C
D
X

< EISEHISESpSl (<
< < << <] <

Y Y

Position Plot /| Position Flot
Analog

Analog

A A

B
High Voltage

B
High Voltage

e Hv:

over () over ()
Under () Under ()

Figure 23. Datatab; currentoverrangendication

ThePlotUnitsdropdownallowsyouto displaythereadingsn amps(exponentiahotation)or

mA, UA, nA. The selection of displaynits has no effect on the wiyat data is acquired or
logged.

If you have the Compensated box checked, thervalues (and the plotted data) will have the
sensoicompensatiogainsandoffsetsapplied. Uncheckthis box if youwantto becertainof an
accurate absolute current measuremBiate that this control only affects the result shown on
the PTCDiagnosticG2anddoesnot affectthevaluesgoingto the F460monitoroutputs. If you

have selected the monitor outputs to show sensor values, then the sensor gain and offset are
always applied to them.

ThePositionPlotcheckbox turnsongraphingof the X andY positionvalues.

TheOverandUnderindicatorsarealarmsthataresetif the high voltagereadbaclgoesout of
tolerance.This feature will be supported in a future firmware release.

11.5.2 Setup

The Setup tab is where you set up acquisitiarameters, control high voltage supplies, and
establish trigger setting®Vvhen you have found a useful set of parameters, you can save the

configurationto on-boardnon-volatile memoryusing| ke save Configuraton | button. The
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valueswill berestoredvhenthe F460nextstartsup, with the provisothatthe HV will notbe
enabled.

Therearetwo subtabs.

11.5.2.1 Measuring sub-tab

Setup
Measuring Triggering
Data Rate
Integration Time: 20000 ps <

Range Out. Scale Out. Value
1 TuA 1 25

3 1 0

3 TuA 1 0

4 TuA 1 0
Position

@ Quadrant Split
Analogs

Monitor Output: Manual/Servo

i

Frequency Output: | Bipalar -

High Voltage

m ooy R

Manc:-2000 v

A

High Limit: 0V 5 Low Limit: oV =

Figure24. Setuptab: measuringsubtab

Theintegrationtime parameteis whereyou controltheamountof averaginghe F460processor

will do to the incoming ADC values to generate a sampkeyou alter these values, the read
backs below show the resulting number of conversions per sampsauapde rateThe

minimum you can select is 4 psec (one conversion per sample, sample rate 250 kHz) and the
maximum is 1000000 psec (250,000 conversions per sample, sample rateThidzange

gives you great flexibility in optimizing signal to noise catiime resolution, and data rate.

Eachchannehasanindividual rangedropdownallowing youto selectfrom thefour available
full scale ranges.

Range Cu
1 uA

1
2
3
4

Figure 25. Rangeselectcontrol options

The Out.Scale parameter allows you to alter the gain ahdmping from measured value to
monitorvoltageandfrequency.You cansetthe scalevaluebetweerD.02and2.0. A settingof
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0.5would map+/- 50%of thefull scalecurrentrangeontothenominalmonitorrangeq+/- 10V,
0 to 1 MHz), for exampleSee section 17 for more information on the monitor outputs.

The Out.Value fields are enabled when you select Manual/s"™"™™ ®>%  [vensisere =y o
themonitoroutputmode. Theyallow youto settheanalogoutputvoltagedirectly. If you have
thei S1 servo option and the servo is enabled, then the servo algorithm assumes control of the

outputs.

The Position selection allows you to choose the position function thdievdlculated in real
time bythe F460.Quadrant mode is applicable if you have a quadrants@i3ing) geometry
sensorsplit modeis applicablef you haveoneor two split electrodg1D sensingysensors.See
section 16 for more information abquasition calculations.

TheMonitor Outputdropdownallowsyou to selectthe datathatis sentto theanalogvoltageand
TTL frequency monitor outputs.

Current

Sensor
Position
Manual fServo

Figure 26. Monitor outputchoices

Current Mapthefull scalecurrentsontothemonitorranges.
Sensor Mapthesensocompensatedaluesontothe monitorranges
Position Map thepositionfunctionresultsontothefirst two monitoroutputranges

Manual/Servo Allow directcontrolof theanalogoutputs. If PID enabledusefirst oneor two analog
outputs for servo process control.

TheFrequencyOutputselectiongivesyou controloverhowtheselectednonitoroutputvalueis
mapped onto the monitor frequency output rargge section 17 for more information on the
monitor outputs.

TheHV controlsallow youto setthevoltage,andenableor disablethesupply. If you havea
negative HV module installed, then you must enter negative numbeespolarity and
maximumvoltageavailablefrom theinstalledHV moduleis displayed.The OverandUnder
levels set tolerance for the high voltage readbdtis feature will be supported in a future
firmware release.

11.5.2.2 Trigger sub-tab

TheTriggersubtabis whereyou setup thetriggerconditions. Therearevarioustriggermodes
available. Thebasic Internal triggering without buffering will always show you a real time
response@nthe PSIDiagnosticG2lisplay. For morecomplextriggeringrequirementsandhigh
time resolution, the Custom trigger controls allow you to define in detail the corsditio
starting, stopping and pausing acquisitions.
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Setup

Buffer Contiguous Data
Mode: ‘Inhernal v |
@ Initiate Command
Start On:
BMC Rising Edge
Burst Size: Unlimited
Pause On:
Stop Count: Unlimited
Stop On:

Figure27. Setup- Triggersubtab

The simplest trigger mode is Internal with Imaffering. Once you click Initiate, the F460
acquires data at the rate determined on the Measuriagsubnd streams it to the host
computerin realtime. Thefractionof pointsyouwill captureis givenby thecommunicatiorrate
as displayed in theop banner divided by the sample rate.

Using the F460 oiboard data buffer by checking Buffer Contiguous Data allows this rate
limitation to beremovedupto file sizelimits thatareimposedby availablememory. Checking
the Buffer Contiguous Data boj?! guffer contiqueustata. ) gnd selecting a finite stop count up to the
maximum of 65535 samples allows tiressolved acquisitions at high instantaneous réaee
section 15 for further details of triggering and buffering.

You can choose to start, stop and pause acquisitiondgas eletected the F460 on the gate
input. You canchooseo stopor pauseacquisitionsvhencertainnumbersof sampledavebeen
acquired.

Full accesgo the bufferedandgatedacquisitionss availableusingthe Customtriggeringmode.
There arealso a number of preefined triggering modes, mainly for backwards compatibility
with other Pyramid products.

Internal A

Internal

External Start
External Start/Stop
External Start/Hold
External Windowed

Figure 28. Triggeringmodes
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11.5.3 PID Servo tab

Theservotabis enabledf you havethei S1optiononyour F460,0therwiseit is grayedout. See
Section 26 for information on using the servo feature.

11.5.4 Calibration tab

The F460 stores four types of internal calibration, whichshoavn in sudabs. The calibration
current sources are used for the automatic current calibration process, but they can also be
enabled directly for faultinding. When the drop down control is set to None, the calibration
sourcesareconnectedo ground. ThelnternalLow settingenablegshe 833nA sourceanddirects

it to the selected channerlhe Internal High setting enables the 83 source and directs it to
the selected channeRemember to rselect None before making any measurements.

Calibration Current

Source: ‘None - |

Channel: 1

Figure 29. Calibration currentcontrol

TheClearCalibrationsbuttonresetsall calibrationso nominalapartfrom the sensoicalibration.
Do not use this function unless you mean to.

11541 Sensor calibration

You candefinea sensorcalibrationgainandoffsetfor eachchannelto compensatgariationin
your sensor system¥ou enter the values directly after determining them using a suitable
procedure.Theyare used byhe PTC DiagnosticG2 for displand logging if you have the
Compensated box checkehd by the monitor outputs if you select Sensor mode.

Sensor Current Analog HY
Compensation:
Gain Offset
1 1.03 1.00462e-09
2 0.997 -2.3e-10
3 0.988 4e-11
& 1.023 -1.12376e-09

Figure 30. Sensorcalibration subtab

F460 User Manual F460_UM_250722 Page 41 of 133




PTC System Controls and Diagnostics

11.5.4.2 Current calibration

Thecurrentcalibrationis responsibldor convertingbinaryvaluesfrom the ADC to currentsn
amps.There is a gain and offset for each channel and each r&iegecan edit the values
directly, although normally you will use the automatic calibrafiorction. You can run the
automatic calibration for all four channels or for any individual channel.

Current Analog Hv

1pA Gain Offset
1 0.999948 -21.4749
2 099994 -15.7097
3 0.99992 -11.3527
4 0.999962 -29.1479
10 pA Gain Offzet
1 0.999927 -3.26191
2 0.999931 -3.03594
3 0.999895 -2.98296
& 0.999881 -1.07264
100w  Gain Offzet
1 1.00047 -2.5404
2 1.00045 -3.30694
3 1.00048 -3.70854
& 1.00052 -2.80048
1 mA Gain Offzet
1 1.00035 -1.3928
2 1.00045 -2.3809
3 1.00044 -3.78988
4 1.00043 -2.66884
Channel: All4 S

Figure 31. Currentcalibration subtab

11.5.4.3 Analog calibration
Theanaloginputsandoutputsarefactorycalibrated thesevaluesshouldbeleft unchanged.
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Output:

Gain  Offset
1 0996 -0.015
2 0.9957 0.012
3 0996 -0.005
4 0.9965 0.027

Input:

Gaim Offzet
1 1.019 50
2 1.0203 57

Figure 32. Analogcalibrationsubtab

11.5.4.4 HV calibration

Thehighvoltageoutputcalibrationis factoryset. Theinput calibrationis doneautomaticallyby
reference to the input calibration, and can also be entered dirEatyre that the high voltage
output is not beingpaded bydisconnectinganyHV cablebeforechangingtheinput calibration.

| Sensor I Current | Analog | HWY |

HV DAC
| Gain | Offset
1 0.985 2
HV Readbadk ADC
| Gain | Offset
1 1.001 -12

Figure 33. HV calibrationstab

11.5.5 Properties tab
11551 Firmware

The Firmware section of Properties tab is where you can see the firmware versions you have
loaded. Therearethreefiles (embeddedLinux operatingsystem A60 realtimeapplication A60
FPGA).
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Firmware

Update All Firmware...

Firmware Version: 0.6.17.29
Q5 Firmware: 0.3.6.7

Wed Jan 30
17:15:23 2013

Realtime Application: 0.2.11.15

Tue Jan 29 22:55:47
2013

FPGA: 0.1.0.7
Secondary FPGA: 0.0.0.0
Hardware Revision: 0

Figure 34. Firmwareversions

The individual firmware releases are combined as a compatible set into an overall firmware
version. You can update thg&uite of versions when necessary by clicking the Update All
Firmwarebutton. Theupdates carriedoutvia theEtherneinterface. Seesection27 for further
information about firmware updates.

11.55.2 Communications

The Communicatiorsectionof Propertiegabis whereyou canseethe Ethernetcommunication
settings, and change them as needed.

Communications

| Configure... |

IF Addess: 192.168.100.20
Mode: Static IPv4
MAC: 00:50:c2:97:5a:41

Figure 35. Communicatiorsettings

Pressinghe Configurebuttonallowsyou to changethe communicationgdentity of the F460,the
IP addressassignmeninode,andtheaddres@andmasksettingsfor staticaddressinglf you alter
theseparametersyou will needto re-discoverthe F460. If you changeo a staticaddres®utside
your local subnet, you will need to alter your netwookfiguration to discover it again.

The GatewayandSystenlLog addressettingsarefor serviceanddiagnostigourposesand
should be left at 0,0,0,0 unless you are instructed to change them.
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Mode: Static ¥

IP Address:  192,168.100.20 |

NetMask:  255,255,255.0

Gateway: 0.0.0.0
Systemlog: 0 .0 .0 .0

Note: Changing these settings will
cause you to lose communication
with the device.

Figure 36. IP Configurationcontrol

Seesection25 for moredetailson networkconfiguration.

11.6 Screen layout - Graphic display

Therearethreewaysof displayingincomingcurrentandcomputedpositiondatain a graphical
way: asarolling strip chart,asa scopedisplayandasa histogram.Only the checkedchannels
are displayed (but all channels are always measured and logged).

You can allow the vertical scale to adjasttomatically, or select a percentage of full sc@lee
program will use the highest current range of the four channels as full Boaler data is
positiveonly, you allocatemostof the vertical scaleto positivecurrentswith the SettheY axisto
start at 0 buttonl=)).

11.6.1 Strip display

Datafrom theselectedchannelsyith the selectedaveragingjs plottedontoarolling strip chart
as it is acquiredThe model for the displag a chart recordeiThe horizontal axis is the time
sinceacquisition started and the vertical (y) axis is the current.
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Figure 37. Graphicsdisplayin strip modewith positiondisplayenabled.

Whenthedatayou haveacquiredexceedshe horizontalaxis capacity a scroll barappeardelow
thegraphic. This allows you to movbackwards and forwards in tdatathat has been buffered
by the PTC DiagnosticG2You can do this while the acquisition is taking place, and after it has
completed.

11.6.2 Scope display

The model for the scope mode display is a digital oscilloscope, and this mode is most useful
when you are working in buffered / burst external triggering mtfdeou have a data burst
defined, then the screen is written with the contents of the burst when it completes, and then
walits for the next bursfThus if there is a repeating signal, such as a beam pulse, then you can
obtaina displaysynchronizedvith thepulses.If thereis no burstsizedefined,thenthescreeris
refreshed after each data packet of 256 samples.

Thegraphiclooksthesameasthestripdisplay.
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Setup
Measuring | Triggering
V] Buffer Contiguous Data
Mode: | Custom v‘
O Inibate Command

Start On: )
@ BNC Rising Edge v‘

V] Burst Size: 100 <
Pause On:
BNC

V| Stop Count: 100 =
Stop On:
BNC

Current (&)

o 0.0005 0.001

0.0015

[ [ —

Figure 38. Scopanodecaptureof a 2 msequlsecapturedwith 20 psecresolution.

11.6.3 Histogram display

Thesignaleachchanneis displayedasaverticalbar. This modeemulatesa graphicequalizeror
ratemeter, and can be useful for instrument tuning.
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Figure 39. Histogramdisplay.

11.6.4 Cursor

Clicking in thegraphicareain strip or histogrammodeaddsa moveablecursor,color-codedby

channel, which gives the count at that time (strip display) or continuously in the channel
(histogram).
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Figure 40. Strip chartdatadisplayshowingcursor.

11.6.5 Filtering and zero subtraction

You canlow-pasdilter thedisplayeddatawithi a v e r a&atueAugirgthellR algorithm
Yi=X/A+ (1-1/A)Yi,

whereY:; is thelatestoutputof thefilter, Yi.1 is theprior outputof thefilter andX; is thelatest
readingfrom the F460.Note that the data is not altered, otilg wayit is displayed, so you can
changebetweernvariousamountof filtering atanytime. Figure41lillustrateshow thedisplayof
asquarewvavetest signal is affected hiiefiltering setting. The noisereduces, at thexpensef

time resolution, in the inevitable wa¥yhis filtering is done in the PTC DiagnosticG2, amdy
affects the displaylt does not affect the logged data.
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Figure41. Increasingthelow passfiltering of thedisplayeddata.

You can remove angero offset present kgetting the zero togglqﬂ@). All displayed
readingswill havethereadingsatthetime you setzerosubtractedrom them. If youareapplying
the zero correction to a completed acquisition you have already captemredgotie that this
means the final readingill be subtracted from datas with the low pass filter, this is a display
control for the PTC DiagnosticG2 onlyf you have a real offset that you need to remove from
the signals for a data collection rahen you should use the sensor compensation offsets.

11.7 Datalogging

The PTCDiagnosticG2 software has a data buffer which can accumulate up to 100000 samples,
at which point it wraps around and starts to overwrite the oldest valgeamulation starts
aubmaticallywhen you click Initiate.You can capture the contents to a .csv format file at any
time using the Save buttoRressing the Clear button clears the buffer and restarts the logging.
The values logged are the timestamp (time since acquisitidj statigger count which is a
sequentiaintegerfrom 0 to 255, thefour input currentsthetwo analoginput valuesandthefour

analog output values.

timestamg. triggercoul overrange channel_1 channel_2 channel_3 channel_4 analog_in_ analog_in_ analog_outanalog_outanalog_outanalog_out_4

0 0 0 2.39E-09 1.28E-09 2.94E-07 -4.28E-10 -0.00066 -0.00032 0 0 0 0
0.0001 1 0 1.82E-09 8.26E-10 4.14E-07 -8.28E-10 -0.00014 0.000386 0 0 0 0
0.0002 2 0 1.94E-09 9.45E-10 4.03E-07 -5.59E-10 -2.49E-05 0.000423 0 0 0 0
0.0003 3 0 2.62E-09 1.52E-09 3.89E-07 -1.47E-10 1.24E-05 0.000336 0 0 0 0
0.0004 4 0 3.05E-09 1.76E-09 3.91E-07 -1.34E-11 -2.49E-05 0.000411 0 0 0 0
0.0005 5 0 2.71E-09 1.49E-09 3.94E-07 -2.64E-10 -1.24E-05 0.000262 0 0 0 0
0.0006 6 0 2.61E-09 1.20E-09 3.91E-07 -5.70E-10 -1.24E-05 0.000311 0 0 0 0
0.0007 7 0 3.44E-09 1.93E-09 3.99E-07 1.91E-11 -6.22E-05 0.000374 0 0 0 0

Figure 42. Exampleof loggeddata

Notethattheloggeddatais theraw data:anylow-pasdiltering or zerooffsetremovaldoesnot
affect the values you save.
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12 F460Circuit Overview

12.1 Physical configuration
TheF460circuitry is arrangedn two circuit boards:

- Main board. Circuitry is arrangedn both sidesof the board,with muchof theanalogcircuitry
on the underside where it is screened from the digital signals.

- A60 processoboard,includingthe Ethernefport, processoandmemory.

AT

Optipn.jLommer bamks: = |

7
- ] --‘

S

Figure 43. F460physicallayoutshowingoptionjumperlocation; HV moduleinstalled.

Theboardscanbeexchangedndividually for serviceor upgrade.We recommendhatsuch
work isonly done by a suitably qualified person.

12.2 Functions

12.2.1 Current signals

Eachinputis protectedby a sparkgap,backto backclampingdiodesanda 20 ohmhigh power
seriegesistor. Eachsignalmeasuremernthannekcomprisegour currentto voltageconversion
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circuitswith differentfeedbackesistordo give thefour ranges.Therequiredcircuit is switched
in under software contraising semiconductor switches.

| SNy
+
Rz
| S
+
/ AN
20R
o Ris —
— %? " o

Riva

—

+

V
Figure 44. F460inputsandconverterstages

12.2.2 Analog signals

The signals from these inputs circuits are low pass filtered with gpfdarButterworth filter
with -3dB ataround40 kHz, thenfed to the 16 bit bipolar ADCs. The ADC is amultichannel
fully parallel device which also reads the analog inputs and the high voltage monitor.

Thefour analogoutputsaregeneratedby 16 bit DACs andarebuffered. AnotherDAC programs
the high voltage power supply.
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Figure 45. F4600verall blockschematic.

12.2.3 Calibration current switching

A matrix of switchesallowsthe currentggeneratedby thetwo precisioncalibrationcurrent
sources to be routed to the required signal input under software cdmteotwitching is
controlled automatically duringaalibration.

12.2.4 Digital signals

Thedigital linesareall buffered. The TTL gateinput presents 2.5kohmimpedancéo ground.
The monitor outputs can drive a 50 ohm load at TTL levels.

12.2.5 Bias voltage

Thehigh voltagebiasoptionsusean EMCO moduleof therequiredrating. With a2 kV module,
the output is filtered ba 3 kHz RC filter with 33.2 kohm series resistancewer series
resistances usedfor lower voltagemodules.Thefilter is beforethesamplingvoltagedivider, so
anyvoltagedrop dueo current drawn from theupplyis visiblein thereadback.Theworst case
drop with a one watt 2 kV supply 16.6 V at full current.The current draw is typically
negligible when the load is an ionization chamber.
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Thevoltagedivider presentsa 20 Mohm loadto thesupply,thusit will draw0.1 mA from a2 kV
supply at full voltage.

The low voltage bias option uses a haglirent op amp circuit that installs in the same location
as EMCO modulesThe circuit generates -24 V from the incoming +12 V supplyrecision
resistorpacksallow thecircuit to producea preciseandstableDC voltage. Althoughtheoption

is rated ta20 V, the maximum voltage is typicalyround 23 V.The polaritycan be reversed
using onboard jumpers.

12.2.6 A60

The A60 is the common processor platform for all Pyramid G2 devides A60 processor
boardcontainsa high performancé-PGA (field-programmablgatearray). Two NIOS processor
cores are implemented in the FPGA, one handling thdinealF460 application written in
EmbeddedC, andtheotherhandlingEthernettommunicationsunningon pCLinux. High speed
FPU instruction blocks are implemented ie #PGA to provide real time data processing.
Additional RAM is providedfor programexecutioranddatabuffering. Theapplication
processor communicates with devices on the main board using a serial bus.

The A60 setsthe switchedor |-V converterrangesand calibrationcurrent. The A60 handles
communications on the channels on the fiber optic daughter board, and on the seri@l port.
reads the various switches and jumpers and sets thpawek status LEDdt controls the
enable line for the higholtage, which also drives the front panel indicator LED.

12.2.7 Power supplies

24 VDC input power enters via a 500 mA resettable fuse, and any device connected to the
relevant pins of the analdf®© connector.The 24 V input is protected agaimsilarity reversal

by a series diode, and from transients by series inductors and transorbs to chassis which limit
excursiongo 6 V (notshownontheblock schematic).DC-DC convertersandlinearregulators
generate the voltage rails required by the F460.

+24V Powerinput. Not useddirectly by F460circuits.

+15V Biasvoltagemodule. Fusedat200mA.

+/-12V I-V converterpotheranalogamplifiers,filter andbuffers, DAC referenceto 5V), filters

+5/-V Analog | ADC, ADC referencdto 4.096V),rangeswitches]-V amplifiers,calibrationcurrentselect
switches

+5V Digital Calibrationcurrentsourcesfiber transmitters receiversmonitoroutputdrivers

+3.3V A60, DAC, serialtransceiver

+2.5V A60, statud_EDs, switchandjumperread calibrationcurrentselectogic, generalogic

+1.2V A60
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13 BiasVoltage Supplies

13.1 Bias Voltage Configurations and Operation

The F460 isavailable with a voltage supply suitable for biasing sensor sysfEnesvoltage

range can be specified at time of purchase to be one of the high voltage bias options 200, 500,
1000, 2000V and 3000V with either polarity, or the low voltage option at ZDhe.A60

processor reads internal jumpers on JB2 to detect the sgpiply. Note that the high voltage
suppliesarenotintendedo deliveroutputvoltagelessthanabout10% of their maximumrating.

The low voltage bias supplyg stable from its maximurdown to 0 V.Note that the G2

Di agnostic program displays this option as
practice you will find that the circuit will drive up to about 23 V.

If ahighvoltagebiasoptionis installed,the outputconnectowill beanSHV. If thelow voltage
option is installed, the output connector will be a BNC.

Thefront panelii E n a bLEilthrminateswhenthehigh voltageoutputis enabledTheset
value can be adjusted at any time.

Theoutputsof the high voltagemodulesarefiltered by anRC filter to reduceripple andnoise.

The filter time constant is reduced for lower voltage HV supplies, to avoid excessive voltage
drop at large current drains/ou can see the actual output voltage because readback is taken
from a voltage divider after the filter, directiy the HV output.The voltage divider places a
fixed 20 Mohm load on the supply.

Thefollowing tablegivesthe smallestvalueof externalloadresistanceéhatthe variousonewatt
supplyoptions can drive dull voltage, and the volts dropped across the filet series resistor at
maximum current.

HV module | Current Smallestoad Filter time Filter series Voltagedrop Voltagedrop
rating resistance constant resistor across filter across filter
no load full load
+2000,- 0.5mA 4.3Mohm 110pusec 33.2kohm 1V 17V
2000
+1000,- 1.0mA 4.3Mohm 110pusec 33.2kohm 2V 34V
1000
+500,-500 2.0mA 250kohm 16 psec 4.7kohm <0.1V 10V
+200,-200 5.0mA 40 kohm 0 0 0 0
+20,-20 20mA 2 kohm < 1pusec 1000hm <0.02Vv 2V

If the readback value differs from the setpointiigre than the expected drop across the filter
resistor, you know that the output is either being overloadeditwy resistance to ground, or
thatit is beingdrivenby anothersourceof highercompliance.Be awareof how the high voltage
readback calibration might affect thid/e recommend that the calibration is done with no

F460 User Manual F460_UM_250722 Page 55 of 133




PTC System Controls and Diagnostics

connectiorto theHV outputs. Thusonly theno-loadvoltagedropacrosghefilter is hiddenby

the calibration, and when you connect a load you should expect to see small reductions in the
measured voltage, up to the maxima given in the talile. measuie voltage is the actual

voltage at the output connector.

CAUTION

Do not connectan externalpowersupplyto the F460externalhigh voltageoutputthatwill drive
thebuilt-in supplyawayfrom the voltageit is trying to regulate or you maycausedamageo the
F460.

13.2 Changing the High Voltage Bias Supply Range and Polarity

The range and polarityf the high voltage supplies is fixed and must be specified at time of
purchase Units maybereturnedo thefactoryto changehehighvoltagemodulesf necessary.
It notrecommendethatuserschangehehigh voltagesupplymodulesn caseof damageo the
F460. The jumper settings are given here for reference dwtyjumpers installed in JB2 is
interpreted as no bias option fitted.

ol |00 +200V OO0 -200V

ol loo 00

5678 5678

o0 |0 +500V ol |o -500V
o| |o

5678 5676

(@] O +1000V . 0 -1000V

ol | |o o

5678 5678

ololo +2000V olo -2000V

ololo olo

5678 56768

ol |o +3000V . ol -3000V

ol |o o

5678 5678

Figure 46. High biasvoltagejumpersettinggmainboar JB2)
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13.3 Changing the Low Voltage Bias Supply Polarity

The low voltage bias circuit can be configured for either polatitiz supplied set for the
polarity specified in theustomer orderin order to change the polarigpu must set the high
voltagejumperson the mainboardfor the A60 processoto, asfor the high voltagebiasoptions.
You must also set jumpers to match on the bias circuit itself.

CAUTION

Do notattemptto changehe biaspolarity unlessyou havea clean ESD-safeworking area,and
are experienced in working on sensitive electronits doubt, contact your supplier.

Q|0 +20V @] -20V
Q|0 @]
5678 5678

[ R ] @ (&1 0)

Figure47. Low biasvoltagejumpersettinggdmainboard JB2)

+20V -20V

¢ ddr
T ddr

o (&

N N N N
el- 8- =L

Figure 48. Low biasvoltagejumpersettinggbiasboard JPR1& 2)

CAUTION

Changing'rom alow biasvoltageconfigurationto a high biasvoltageconfigurationor vice versa
is not recommended as a field service optitimequires changing components on the main

board and fitting a different output connect@uontact your supplier to arrangeatoryservice
return if you wish to make this change.
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14 SamplesloggedData, Integration and Averaging

14.1 Readings and logged data

Each sampléaken on the F460 comprises values for all the input sigiiais.frequencyt
whichreadingsaregenerateds shownonthe PTCDiagnosticGXcreenandis determinedy
your selection of integration time.

Eachreadingcomprisesnanydatafields, which you canseein detailif you examineoneof the
csv log files.In summary, these fields are:

timestamp Timein secondsvhenthereadingwastaken,startingfrom zerowhenthe
acquisition sequence started.

triggercount A sequentiahumberfor thereadingmod256. Thesenumbersallow youto
see very easily whether you have contiguous data.

overrange_1,2,3,4 Flagsthatgetsetif anyof thefour channelgjoesoverrangenanyindividual
conversion.

channel_1,2,3,4 Measured currentaluesin ampsfor eachof the four channels. Thevalues

reflect any sensor compensation if this is option is checked in the
PTCDiagnostiocG2 Data tafi.he values do not reflect any filtering
(averagingpr zerosubtractiorselectedor the PTC DiagnosticGyraphics

analog_in 1,2 Measuredignalonthetwo generapurposeanalognputs.

analog out_1,2,3,4 Settingsof thefour generapurposeanalogoutputs.

14.2 Integration time

The integration time is used to determine how mab{ readings are averagedftym each
samplethatthe F460reports. The ADC conversiormrateis 250kHz, thusfor examplef youhave
chosen 100 psec integration, the readings will be the average of 25 individual ADC conversions.

The amount of averaging to use dependsfways, on how you wish to trade off noise against
bandwidth. Thelongeryouraveragingperiod,themoreyou suppressandomnoise,butthemore
high frequencyetail you lose.There is no risk of overrange when using long integration times,
because the dividual binary conversion values are summed digitally into a deep counter.

If you happen tcknow there is a dominant noise frequentyour systemsaythe line
frequency, otheswitchingfrequencyof a powersupply, then you can suppress thissein the
data if you set the integration period and averaging to match the noise period, or an integer
multiple of the periodAs an example, if you have noise at 400 Hz, then choosing 500 psec
integrationandfive conversiongpersamplewill eliminateit, aswill five conversionpersample

at 1000 usec, 100 conversions per sample at 100 pusec and so on.
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Figure49 showshow aliased50 Hz noisecanbeeliminatedmatchingtheintegrationperiodto
the noise frequencylhe screen shot on the left was taken with 18 msec integration (56 Hz
sampling) and the one on the left with 20 msec sampling (50 Hz).

Figure 49. Eliminating noiseby matchingthe noisefrequency

If you havea shortpulseof signal,thenyou maydecideto try to time-resolvethe pulseby using
a burst of contiguous readings that cover the pulse duratiom.can then integrate in time in
off-line data posprocessingd get the total chargéilternativelyyou maynot care about the
time structure but justwantto know thetotal chargein the pulse.In thatcaseyou could choose
an integration period that contains the whole puldee amount of data you needhandle is
thereby reduced.
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15Triggers and Data Buffering

The F460 offers gredilexibility for collecting data and triggering to synchronize with external
events.The primarytrigger modes are Internal and Custofe other modes exposed in the
PTCDiagnosticGXoftwareareprovidedmainly for backwardsompatibilitywith otherdevices;
they can all be achieved with particular custom configurations.

15.1 Internal trigger mode

If you simplywant to stream data continuoustgm the F460, then the Internal trigger mode
achievesthisDon o6t <check t he B uboxes.WhE€myauptess initiateStheo p
F460 will start streaming data to the host computer, and will continue until you abort the
acquisition. The PTC DiagnosticG2 strip mode and histogram graphics will keep up with real
time, shown under the strip mode pdstthe time in seconds since the Initiatbe data rate is
limited by communication rates over the Ethernet, however, and by the load on the host
computer.Thus,beyonda particulardatasamplingrate, therewill inevitablybe missingreadings
in the recod. The critical rate will generallpe close to the Comms rate displayed on the PTC
DiagnosticG2, normallabout 20 Hz.When the sample rate is greater than the communications
rate, the proportion of samples that you capture will be given by (communigaite)/(sample
rate)to agoodapproximation.Whetheryou careaboutgettingcontiguousdatawill dependupon
what you are trying to measure.

15.2 Data buffers

15.2.1 F460 internal buffer

The internal memorgf the F460 allows you to acquire timentiguous data at vehigh rates.
Themaximumbuffer sizeyou canselectis 65,535. However,becauseghe bufferis implemented
asacascade®f memory,andbecauselatais alwaysbeingsentup to thehostcomputerduringan
acquisition theamountof availablebufferingcanappearo bevariable. Whenyou areacquiring
data into the buffer at high rates, the PTC DiagnosticG2 disglagenerallylag behind real
time, underscoringhefact thatyou arenow takingdatafasterthanit canbedeliveredto the host
computer.

The F460 has demonstrated the capability to capture the full 65535 readings with 8 psec
integrationon alightly loadednetwork;this corresponds$o a0.52secondurst. At theshortest
integration time of 4 psec, over 806¢adings can be taken without buffer overfloictual
performance will depend upon the details of your network.

Beforetakinganycritical time-resolveddata,you shouldtestthe availablemaximumnumberof
samples under the expected waraseloading of your network and host computeve
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recommendhatyou alsoseta maximumnumberof readingqthe StopCount)whenusingthe
databuffers, to avoid arbitrary overwriting of the data.

15.2.2 PTC DiagnosticG2 buffer

The PTC DiagnosticG2 has its own circular data buffer with a maximum of 100,000 entries.
This is independent of the F460 bufferinigyou allow an acquisition to rulonger than this,
andrecoverthelogfile, youwill seethatthedatahaswrappedaround. Theoldestentrieswill be
overwritten. If you wish to clear the buffer

You canclearthe Diagnosticbuffer atanytime with theil C | thesdatabufferb u t fidh W
can save the current buffer contents to a csv formatfileatanyne usi ng t he fnASa
buffer toEHh filed button

15.3 External triggering

15.3.1 Custom triggering

TheF460will respondo edgesonthegateinputto start,pauseandstopacquisitions.Usingthe
Custom trigger mode allows you great flexibility in choosing when and how the F460 should
take data, and how data taking should be synchronized with external eMaatsest wayo
understand the controls is to look achematic example.

15.3.2 Pre-defined trigger modes

TheF460providesanumberof pre-definedtriggermodes primarily for backwardsompatibility
with other devices that support theffhey can all be achieved by appropriate Custom trigger
settings.In the following table, NBuf is the buffer size and NBst is the burst dioe.every
trigger mode you can force the F460 to the stopped state dtrenpysending the Abort
command.

Mode Start Pause | Stop Notes

Internal Internal | n/a n/a Acquisition will start immediately you send Initiate, and
continueindefinitelyif unbufferedprto thelesserof NBuf
size and NBst if buffered.

Custom Full usercontroloverstart,pauseresumeandstop.

ExternalStart BNC n/a n/a Acquisitionwill startwhenavalid triggeredgeis seerafter
you sendlnitiate, andcontinueindefinitely if unbuffered. If

buffered,it will doNBstreadingsoneachvalid triggeredge
until it has acquired NBuf readings.

ExternalStartStop BNC n/a BNC Acquisitionwill startwhenavalid trigger edgés seerafter
yousendinitiate. If unbufferedreadingswill continueuntil
theoppositepolarity triggeredgeis seen.If buffered,it will
stop on the lesser of NBst or Nbuf readings, or on the
opposite polarity trigger edge hwehever comes first.
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ExternalStartHold BNC n/a n/a NBstis forcedto avalueof 1 in thismode.
A singlereadingis takenfor eachvalid triggeredge. This
will continueindefinitelyif unbuffered.If buffered,it will
continue until NBuf is reached.

ExternalWindowed | BNC BNC n/a Acquisition will start when a valid trigger edge is seen af

you sendnitiate. They continue until either NBst is
reachedor theoppositepolarityedgeis seenatwhich point
the acquisitions paus&hey resume when the next trigge
edge is seenln unbuffered mode, this continues
indefinitely. In buffered mode, it continues until NBuf is
reached.
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16 Position Calculation

The F460 implements theifferenceoversum position algorithm in real timesingtheincoming
sensoicompensatedata. Theexactshapeof thefunctiondependsiponthesizeof thebeamyou

are measuring, and the spacing between the sensitive elements (electrodes or diodes), but it is
generallyf S0 s h a p e hldgh posittorn sensitvityyhen the beam is centerddlling off to

zero sensitivityat the sidesFigure 50 shows the function {B)/(A+D) as a function of the

position of a beam with Gaussian profile as it moves across a pair of electrodes, from D to A .
The function value is always in the randeto +1. Near the center the slope is approximately
constant, so you can assign a gradient in mm per unit over some limited range, and thus obtain a
readout in physical units relative to the center of the electroties.broader the beam profile,

the wider is theihear region, but the lower the sensitivity.
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Figure 50. Positionfunctionshape

If the sensor is arranged in a quadrant pattern, then you can get the two orthogonal axes
simultaneously Alternatively, the F46@an read out two independent split (alimensional)
sensorsyhich mayor maynot beorthogonal.To gettheaxisdirectionsshownin figures51 and
52, you must connect the signals to the inputs in the order shown.
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Y = ((A+B)-(C+D))/(A+B+C+D)

X X = ((A+C)-(B+D))/(A+B+C+D)
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Figure51. Quadrantmodepositioncalculation

-

X = (A-D)/(A+D)

Y = (B-C)/(B+C)

Figure 52. Splitmodepositioncalculation
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17 Monitor Outputs

The monitor outputs provide a method to take data from the F460 without using the
communications interface except for setting upabguisition. The analog voltage outputs
emulate a direct signal from the outputs of theédonverters.The range is10V to +10V, and
theoutputscandrive 10 kohmloads. The TTL outputsproducea 50%duty cycle squarevaveof
controlledfrequencyto emulate a voltage to frequenmynverter connected to the outputs of the
|-V converters.The TTL outputs can drive a 50 ohm lodthe monitors provide a means to
interface to legacy systems which have voltmeters or frequency counter inpat®llowing
figure shows example signals for 100 and B@0measured current on the 1 mA range.

M Pos: 30.00ns

q
£47.0kHz

None ! : : : Mone

CH1 : : : : : : CH1
Mone : : Mone

CH1
: z : Mone
CH1 1.00% CH2 200y ] CH1 1.00 15
16-Feb-13 1722 54 z Push an optio & it measurement

Figure53. Analogvoltage(yellowtrace)and TTL monitor (bluetrace)outputs

TheF460providesa lot of flexibility aboutwhich signalsyou candirectto the monitoroutputs,
andwhich to the PTCDiagnosticG2isplay. It is simplestto understandhe optionsif we look
at a map of the dataflow in the device.
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17.1 F460 dataflow

Integration Current calibration Sensor comp Position
time factors factors mode
ChA-D , . > Apply | Apply _| Position
raw PRI calibration sensor comp calc
Memory i
Currents, comp currents, positions
; + & YvYy
Host Servo__,| PID Output Scale Output
comms params calc scale factor scale
v vey viy
Di Monitor
rect | Mode select — —> =
entry mode select
Freq Freq
mode map
\AA/ ¢
Host software: Analog voltage outputs TTL frequency outputs
Currents, (-10V to +10V): (0 to 1 MHz):
Comp currents Currents Currents
Position Comp currents Comp currents
Position Position
Set values

(PID process control)

Figure 54. F460dataflow.

Theraw binaryvaluesfrom thefour channelsareput througha sequencef calculationgdonein

real time bythe A60 FPGA First theyare accumulated (averaged) according to the integration
periodyou haveselected.Thenthecalibrationis applied,for theselectedange to give floating
point current readings in amp$he sensor compensation factors are appkadally the

position algorithm is executed according to the mode you have selected (quadrant or split
sensors).Theresultsof all thesestage®f calculationareavailablein the F460memory,andthe
host software system can access them as it requires.

The results are also available to the monitor outpLit® output scale gain factor allows you to
adjust the mapping of the monitautput signals to best suit the device you are measuring then
with, independent of any sensor compensatidme mode selection allows you to choose
whether to map currents, sensampensated currents or position to the monitérse TTL
frequencyoutput neds a further frequeneyode selection to handle the fact that the F460 is a
fully bipolardevice butwec a rhaveanegativedrequency.Theanalogoutputsareusedfor the
process control signals if thé&1 servo feature is installed and in use.
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17.2 Mapping measured signals to monitor outputs

17.2.1 Analog monitors

Theanalogoutputscanspan-10V to +10V, soit is naturalto mapnegativefull scaleto positive
full scale current onto this rang&he position function can range froth0 to +1.0, so this also
maps naturally onto the analog output range.

+10V

-FS +FS

-10V

Figure55. Defaultanalogmonitoroutputmapping:current(left) and position(right)

You can control the gradient and span of the monitor output with the output scaleMakie.
canbesetin therange0.001to 2.0. In thefigure above avalueof 2.0would mapthefull scale
current range onteb V to +5 V. A value of 0.5 would map half of the full scale current range
onto-10 V to +10 V.

Themonitoroutputcanbe setto mapthe sensorcompensateceadings.Thisallowsyouto
remove the effects of any offsetslimear gain differentials in the sensor responses.

17.2.2 TTL frequency monitors

The overall response of the TTL frequency monitor outputs is the same as the analog voltage,
exceptthatyou mustalsochoosehow to handlethe fact thatthe measuredignalmaybepositive
or negative, but only positive frequencies are possibihere are four options:

Bipolar Zerocurrentis mappedo half of thefrequencyrange(500kHz), with higher
frequencies up to 1 MHz signifying positive currents or positiond@mer
frequencies down to 0 Hz signifying negative.

Positive | Only positivecurrentsor positionsaremappecdntotherangeOto 1 MHz.
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Negative | Only negativecurrentsor positionsaremappecdntotherangeO to 1 MHz

Absolute | Theabsolutevalueof thecurrentor positionis mappedntotherangeO to 1 MHz

1 MHz 1 MHz
'500 kHz 500 kHz'
| -FS 0 Hz +FS -ES 0 Hz +FS
1 MHz 1 MHz
500 kHz 500 kHz
-FS OHz +FS -FS 0 Hz +FS

Figure56. TTL frequencymonitoroptions:bipolar, positive,negativeabsolute

Output scaling applies to the frequenicyan analogous manner to the wiaworks for the
analogvoltage monitorsThe maximum frequency will actually run up to over 10 MHz when
you usescalefactorsbelowl. You cansetsensoicompensatedurrentsthe sameasfor analog
voltage output.
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18 Calibration

18.1 Current calibration

The F460 is designed to produce very accurate current readingsutomated internal
calibration process measures baekground offset and the response to one of two very
accurately known internal current sourcBultiple readings are taken and averaged with an
integration period that nulls ars0 or 60 Hz noiseYou should not have argonnection to the
inputswhendoing a calibration. Theresultinglineargainandoffsetvaluesfor eachchanneland
each range are stored in reolatile memory.

Thecalibrationprocessloesrely on the stabilityandabsoluteaccuracyof theinternalsources.

These use higprecision resistors with very small temperature coefficieits. of course
inherentlyimpossible to detect argrror in the internal sources bymply measuring with the

F460 them after completing a calibratiorou need to use an independent exteraatcee,

which must itself have veryood accuracynd stability.If your F460 is used for critical
measurements where absolute accuracy is important, we recommend that you make such an
external check once per year, or more frequently if local procedutesedic

18.2 Sensor calibration

Thesensorcalibrationvaluesshouldbe enteredirectly by the userto compensatéor offsetsand
channel to channel gain variation in the sensor sys@ffisets are generallyimple to establish
by makingmeasurements with no beam presésains require you to look at the response of
each channel tolenown increasén flux, which maybedifficult to organizein awell-controlled
manner.If theapplicationis simplyto sensevhenabeamis well-centeredhavingaccurategain
compensation magot be so importantWhen you have a trial set of parameters, you can
validatethemfor the positionsensingapplicationeitherby measuringa beamthatis knownto be
well-centred, or byroviding unifam flat-field irradiation. In either case you should see a
position readout close to zero.

18.3 Other calibrations

The calibrations of the analog inputs and outputs, and the high voltage setpoint, arestgctory
and should be lefinchangedIf they do need to be corrected, the process is similar to sensor
calibration. You will require an accurate voltmeter with at least 5% digit resolutt@t.the
monitormodeto PID/Manual. Calibratethe zerooffsetsof the outputsuntil you read0.00V with

zero demand seflhen set 9.00 volts demand and set the gain so that the voltmeter reads this
value. Check at9.00 volts and iteratas necessainp minimizetheerror. Havingcalibrated the
outputs, you can use a loopback connection to eélithe inputs against the accurate outputs.
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19 ConnectingSlaveDevices

The F460 implements a full fiber optic loop controller capabilitpu canconnect up to 15
devicesandaccesshemvia the F460Ethernetport. To useaslavedevice,you simply connecit
to the fiberoptic port on the F460 using suitable-&Fminated fibeioptic cable and run the
normal Discovesequencén thePTC Diagnostic@. Thedevicewill be shown as alaveof the
F460, and you can open its window and control it in the normal way.

O start System Tie windows (5 nisate A1

f460_1 (192,

6.5e-10

5.5e-10

Channel pacy) [/
2.000

0.000

Current (&)

S Digital Out In

B O
2V Q@
30 Q
AV Q

Voltage (V)

3.5e-10

:

Setup

( Calibration

a B Properties ]

Figure57. F460with anM10generalpurpose/O deviceconnectedsa slave.

Theslavedevicesimply passeds datathroughthe F460. It is notconstrainedytheF 4 6 0 6 s
acquisition settings.
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20 Connectors
20.1 Front panel connectors

20.1.1 Signal inputs

FourBNC coaxial,screenssolatedfrom chassis.
InputA is synonymousvith channell, or channeD (ASCII protocol).

20.1.2 Analog input/output
FourDsub9 pin female.

Pin5 Pin1
Pin9 Pin6 (Externalview on connector soldersideof matingplug)
1 |Analogground 6 |Analogoutl
2 | Analogin 2 7 |Analogin1
3 |+24VDC out 8 |0V
4 | Analogout?2 9 |Analogout3
5 |Analogout4

The24V outputis fusedat 200mA, andis referencedo powersupplyOV on pin 8.

Analog outputs 1 and 2 are usedthg servo if this option is installed and enabled.

20.1.3 Gate input
OneBNC female,screensolatedfrom chassis.To matewith standardBNC connector.

F460 User Manual F460_UM_250722 Page 71 of 133




PTC System Controls and Diagnostics

Core: gate signal

20.1.4 Voltage bias output

High voltagebiasoptions:oneSHV male,screercommonwith chassis.To matewith standard
SHV connector.

Core: high voltage

Low voltagebiasoptions:oneBNC female,screerconnectedo analoggroundandisolatedfrom
chassis.To mate with standard BNC matennector.

Screen AGnd

@Core voltage output

20.2 Rear panel connectors

20.2.1 Ethernet communications
RJ45jack. To matewith standardRJ}45 plug.

Auto MDIX facility - cablecanbedirector crossovetype.

20.2.2 Fiber-optic communications:

HFBR ST bayonetsuitablefor 1 mm plasticor 200 um silicafiber. 664nm (visible red)light.
Light casing = transmitterjark casing = receiver.

Transmit Receive
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20.2.3 RS-232/RS-485 communications
Six pinmini-DIN socket(PS/2mouse/keyboartype).

Pin 6 Pin5
Pind —|| fopay - Pin3
()

Pin 2 Pin1

(Externalview on connector soldersideof matingplug)

1 RS232Tx/ RS485Tx- 4 n/c
2 RS232Rx/ RS485Rx+ 5 RS485Tx+
3 Gnd 6 RS485Rx-

The socket incorporatessensorswitch that allows th&460 to detect thatglug has been
connected Whenaconnections made theRS232/ RS485transceiveis active,andthe
communication mode is set by the mode switch.

(Externalview on connector soldersideof matingplug)

20.2.4 Gate input
BNC socket(female). To matewith standarasignalBNC.

Core: signal, TTL levels

Outer screen: shield / 0 V reference
(at DGnd)

20.2.5 TTL (frequency) monitor outputs
FourLemo0O0 coaxial.

OutputA is synonymousvith channell, or channeD (ASCII protocaol).
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20.2.6 Power input
2.1mmthreadedack. To matewith SwitchcraftS761Kor equivalent

@: Center pin: +24VDC
Outer: 0V

20.2.7 Ground lug
M3 threadedstud. To matewith M3 ring lug.
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21 Controls and Indicators

21.1 Controls

21.1.1 Reset button

Momentarypushbuttonthatforcesawarmresetof the on-boardprocessor ForceshelP
address to the default (192.168.100.20) if held on during boot up.

21.1.2 Address switch

16 positionrotaryswitchsettingdeviceaddresgor usewhenyou havethe F460on afiber optic
loop. Choice of address is arbitrary, but each devicefibes-optic loop system must have a
unique address.

Setting Function
0 (Reservedo loop controller)
1-15 (0x01to OxOF) Availableaddressettings.

If youareusingthe F460asaloop controller,or usingthe Ethernebr serialinterfacesthenthe
address switch has no function.

21.1.3 Mode switch
A
~ =
o <]H &)
&
5 L4
10 position rotary switch setting communications mofes switch is read if a connection is

madeto theserialconnector.The ASCII protocolis providedfor easeof connectiorto existing
systems andimple terminal programs.

Setting | Function

8 bit binary,115kbps,RS-232
8 bit binary,57.6kbps,RS-232
8 bit binary,19.2kbps,RS-232
ASCII, 115.2kbps, RS232
ASCII, 57.6kbps, RS-232

AWINIF O
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ASCII, 19.2kbps,RS-232

8 bit binary,115kbps,RS-485
8 bit binary,57.6kbps,RS-485
ASCII, 115.2kbps, RS-485
ASCII, 57.6kbps, RS-485

OO 01

21.2 Front panel indicators

21.2.1 HVon
AmberLED. llluminatedif theHV supplyis enabled.

21.3 Rear panel indicators
FourgreenLEDs.

. Power
. Initiated
. Active
. Comm

Figure 58. Statud_EDs.

21.3.1 Power

GreenLED. 2.5VDC poweris present.This voltagerail is derivedfrom the5 VDC rail, which
is in turn derived from the 24 VDC input.

21.3.2 Initiated
GreenLED. Unit hasbeeninitiatedandtriggeredto acquiredata.

21.3.3 Active
GreenLED. F460processohasbootedandis runningnormally.

21.3.4 Comm
GreenLED. A hostcommunicatiorchanneis active.

21.3.5 Power up sequence

On powerup, all LEDs light initially. The Initiated, Active and Comm LEDs then cycle in
sequenceavhile the F460is booting. Whenbooted the PowerandActive LEDs shouldbelit. If
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thereis ahostconnectionthe CommLED will illuminate,andif theF460hasbeencommanded
to acquiredata, the Initiated LED will be lit.

21.3.6 RJ-45 indicators

Green LEDs incorporated in the Ethernet connector show that a connection has been established
(left handLED) andthatmessagearepassingright handLED). Thesendicatorsaresecondary,
anddifficult to see.
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22 Communications Interfaces

The F460 is anember of the PSI G2 range of devic&be unit is provided with four hardware
interfaces, R232, R$485, fiberoptic and EthernetThe RS232 and R$185 interfaces are
intendedor simpledirectconnectiorto PCs,with no otherequipmennecessaryThefiber-optic
interface provides greater speed, excellent noise immunity, and allows multiple devices to be
connected in a looped topologl.requires a fibeoptic adaptor or loop controller device to
connect to the host computdrhe fiberoptic interface is welsuited to large systems and
experimentsThe Ethernet interface is provided to allow direct connection to systems which are
integrated using standard local area network hardware and protocols.

TheF460cansupportmultiple clients,andin particularyou canbe connectediia Ethernetand
the serial port at the same time.

If theserialconnectoiis attachedthenthe serialport becomesctive,irrespectiveof anyother
connections.The baud rate, type of protocol and choic&&f232 or R$485 levels is made
using the mode switch.

If the Ethernet connection is made then the Ethernet port becomes ativmode switch and
addresswitchhaveno functionwhenusingEtherneitommunicationsLEDs incorporatedn the
RJ45 jack indcate activity on the port.

If neither serial nor Ethernet connections are made, then the fiber optic port is the active
interface. Themodeswitchhasno function. Theaddresswitchsetsthefiber opticloop
address.

22.1 RS-232 connection

A basicthreewire RS232 connection is all that is required to communicate with the FAIGE.
F460 uses a-fin mini-DIN connector.An adaptor to a-pin female DSub is available from
Pyramid; a standard pin to pin male to femal@r®DSub cable can them be ugedtonnect to
the PC. Thecablelengthshouldnot exceedaboutom, especiallyat the maximumbaudrate. For
longer serial cable runs you should use43S.
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6 pin mini-DIN male

9 pin D female

> RX

GND

65 0% 0302 @!
e’e o @f

Figure59. RS232cableF460to PC.

22.2 RS-485 connection example

RS485 is used to extendsarial connection over a long distantfeyou have a R32 serial

portonthehostPC,thenanRS-232to RS-485 convertelis usedatthe hostPCend. Thebuilt-in
RS-485 of the F460 allows a direct connection at its érfte F460 does not support medtiop
RS485 connections.

A commonlyusedconvertetis the MOXA TC100. The Moxa TCC-80is alow-costalternative
for lesscritical applications.Theconvertershouldbe configuredfor four wire (full duplex)RS

485 operation.The F460 provideparallel termination for transmit and receiNeis therefore

optional whether you also terminate at the TC100 end, but there is no harm if ybuedo.

recommended Dip switch setting for the TC100 is:

Therecommende®ip switchsettingfor theTCC-80is:

1:Tx-
2: Rx+
3: Gnd
4: nlc
5: Tx+
6: Rx-

Swl

Sw2

Sw3

OFF

ON

ON

Swil Sw2 Sw3
ON OFF ON
Ot
TL. | ‘
F460

Figure 60. RS485cableF460to MOXATC100.
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In orderto enablethe RS-485interfaceon the F460,you musthavea physicalconnectiorto the
serial port, and you must select one of the relevant modes (modes 6 throligilo@hhave
trouble getting the R885 connection to work, check carefultyensure that you have #ile
transmit and receive lines connected as shown.
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23 Communication Options

Thefollowing methodsareavailableto controlthe F460andreadbackdata. Hostsoftwarecan
be run under Windows or Linux.

Method Hardware Software Notes
Diagnostic | Ethernet PTCDiagnosticG2 General purpose host software for
Windows providedvith product.
Allows communication of fibepptic
slavedevices.Linux installationfiles
available on request.
Custom Ethernet Customsoftware Bespokesoftwarecreatedoy Pyramid
orthecustomer
EPICYS Ethernet IG2 (distribution includes | I/O pointsaremadeavailablein EPICS
CSS EPICS CAS), EPICS via the 1G2 serviceControl System
Control System Studio Studio is free data handling and
control software that includes a Ul
development tool§OY).
EPICS Ethernet IG2 (distribution includes | I/O pointsaremadeavailablein EPICS
EPICS CAS), CA Lab, viathelG2 service.
ASCII/ RS2320r RS485| Terminalprogram(puTTY, | Simplecommunicationor basictests
terminal RealTerm, Hyperterminal) | and faultfinding

The latest release version of the PTC DiagnosticG2 is available for download at
www.ptcusa.com

EPICS is widely used and supported in the scientific commuanity there are many other
servicesavailablethatallow hostsoftwaresystemgo acces€PICSprocess variablabatare
exposedy the PyramidlG2 service.ExamplesncludeC++, C#, Java,Python, and MatLab.
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24 ASCIlI Communication

The F460 is a high performance device that will give you best performance with a dedicated host software application and high
bandwidthcommunicationgnterface. Neverthelessherearenumerousapplicationghatdo not requireespeciallyhigh performance,

and connections to the F460 niagy most convenient with a simple serial interfatlee F460 supports a basic AS@iterface over

RS-232 or RS485. It supportssomeof thecommandgprescribedy StandardCommandgor ProgrammablénstrumentgSCPI)and

IEEE 488.2, plus specific commands as requirethbyoperation of the devicélnlike standard SCPI, the F460 operates in a

At er mi mallhimodeeans that there i s an i muatddcomanane, foilo@edbifeRlata L F > 0
response if the commandwasaquéryft. t he command i s invalid-1tl1Be n Ayouw ewii Inle dg et
header 0<CR><LF>0

Commanddgo the F460canbeterminatedwith <LF> only, <CR>only, or both. All F460responseareterminatedvith <CR><LF>.
The following table summarizes themprinting codes used by the F460.

ASCIInon-printing character | Symbol | Dec Hex Ctrl-char
Backspace BS 8 0x08 Ctrl-H
Line feed LF 10 Ox0A Ctrl-J
Carriagereturn CR 13 0x0D Ctrl-M

Thecommandsregroupedwith a hierarchicaktructure with thelevelsseparatetby the coloncharacteor by aspace.Forexample:
CONFigure:PERIiod 12

Concatenatingommandss not supported.

/I This command configures the integration period to have a length of 10 milliseconds.

SCPIlprovidesfor along andshortform for eachcommand.Theshortformsareindicatedby the capitalizedpart of thecommand.

Commandsvhich havea queryequivalenffor readbackaremarkedwith "(?)" in thefollowing tables. Parameteraregenerallypassed
to the F460 with theet version of the command, but no parameters are passed for theaygeny. For example:

CONFigure:PERIiod 12
CONFigure:PERIiod?

/I settheintegrationperiodto 10 msec
/I query the integration period
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In thefollowing tables,

{} denotes @equiredargument.

[] denotesanoptionalargument.

{}* denotes aequiredargument that malyeincludedl or moretimes.
[]* denotesanoptionalargumenthatmaybeincludedO or moretimes.
?indicatesaquerycommandhatsolicitsaresponsérom the F460.

(?) indicatesthata setcommands alsoprovidedin aqueryform, usefulfor validationof settings. This is shownin the Q? columrof
the following tables.
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24.1 |EEE 488.2 Mandatory commands

Commandstructure Q? | Description
*CLS Clearstheerrorstateof thedevice.
Doesnotcleartheerror/eventueue.
*ESE (?) | Notsupported
*ESR Not supported
*IDN? IdentificationQuery. F460returnamanufacturenmodelnumber serialnumber firmwareversion
*OPC (?) | Notsupported
*RST ReseCommand.Restarthedevicesoftwareandreturnto the*RST defaultconditions.
*SRE (?) | Notsupported.
*STB? Not supported
*TST? Not supported
*WAI Not supported

24.2 |EEE 488.2 Optional commands

*RCL

Recalldeviceconfigurationfrom flash

*SAV

Savedeviceconfigurationto flash

Thesettingscoveredoy *RCL and*SAV are:

A CONFigure:PERiod
A CONFigure:RANge
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To To Do Io Do

TRIGger:BUFfer
TRIGger:BURst
TRIGger:MODe
TRIGger:SOURce
TRIGger:POLarity

Settingssavedusing*SAV areautomaticallyrecalledwhenthedeviceis turnedon.

24.3 SCPI required commands

Commandstructure Q? | Description
SYSTem :ERRor [:NEXT]? Querytheerror/eventjueuefor thenextitemand
remove it from the queue.
*ERR?is analiasfor thiscommand.
:VERSion? Querythe SCPIstandardrersion.
STATus :DAC {Ch} {val} Not yetsupported.

24.4 F460 specific commands
Notethatchangingsettingsan the CONFigureor TRIGgersubsystem&BORtstheacquisition requiringaniINITiate.

Commandstructure Q? | Description
ABORt Abortmeasurement
CALIBration :COMPensation? Query external sensor compensation gain and offset
{Ch} factorsfor channelCh. Channelsarenumberedto 3
for Ato D.
:COMPensation Sendexternalsensocompensatiogainandoffset
{K1 O1K2 02
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K3 O3 K4 04}

factorsfor eachchannel.

Compensatiofactorsareautomaticallysavedo flash.

:GAIn?{Ch}

Querygainandoffsetfor channelCh for eachof four
ranges.ReturngGainChRnge10ffsetChRngelé .
GainChRnge4, OffsetChRnge4}

‘RANges?

Querytheinstalledmaxcurrentrangesn amps. Returns
{RngelMax.¢ .RngedMax}

:SOURCce{Ch}

?)

Enable (query) the internal calibration source to charn
Ch. Selection ofource current is automatic based on
rangein use. Disableghecalibrationcurrentif Chis not
0-3.

Querymayreturnachannehumberevenif the
calibration current is off.

CONFigure

:PERiod{Per}

?)

Set(query)averagingperiodPerin seconds.Appliesto
all ranges.Value will be corrected for 1/ADCrate
granularity (ie to the nearest 4 psec).

:PID

:MODe{Mode}
[Mode]

?)

Set(query)the PID modefor PID number0 and
optionally for PID number 1.

Modeoptionsfor theservoproceswariable:

0: Custom (off or configured via RPC)
1:11

2:11+12

3:11-12

4:11/12

5: X

6:Y

7:11+12+13+14

Modes1-7 arefor PIDO

257-263: Sameas1-7 for PROFile

For PID numberl, modesl-6 areavailable but|3 and
14 are used instead of #hd 12, respectively..

:MODe?[PIDNo]

Querythe PID modefor PID numberPIDNo (O if
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omitted).

‘RATE {Per}

?)

Set(query)theservoperiodfor to Persecond¢Per>=
5e-4, Per >= CONF:PERiod)

:LIMit {limlo}
{limhi}

?)

Set(query)thecontroloutputanaloglimits to limlo and
limhi (in range-10V to +10V).

Controloutputfor PIDNo=0is analogoutputl
Controloutputfor PIDNo=1is analogoutput2

ILOWIimit { Sigl}

?)

Set(query)thesumSigl ampsof theinputcurrentaused
to form the servo process variable for in the selected
mode, below which the servo will be suspended.

:KP {Prop}

?)

Set(query)theproportionalparameteto Prop.

KI {Int}

?)

Set(query)theintegralparametetrto Int.

:REFerencdvalue}

?)

Set(query)referencevaluethatis dividedoutfrom all
sensor values for PID

:PROFile

:LIMit { LimLo}
{LimHi}
{numPoints}

Setthelow andhigh DAC limits in voltsandthenumber
of points in between for the automated profile sweep

:MAP {volts}*

Setaseriesnf DAC pointsfor theautomategbrofile
sweep.

:RANge{Ch
Rnge}

?)

Set(query)currentrangefor channelChto rangeRnge.
Rnge = 0 (highest) to 3 (lowest).

FETch

:ANAlogIn?
[numSamples]

Returns analog inputs for the numSamples most rect
triggersfor thetwo analognputs. ReturnsnumSamples
*{averagingperiod,analnlanaln2timestamptrigger
count, CR LF}. It is only possible to request multiple
samples if TRIGger:BUFfer > Otherwise,
numSamplesshould be omitted.

Returns up to 12 sample.numSamples and
TRIGger:BUFferaregreateithanthat,thiscommand
may be used mtiple times to drain the buffer.

:SENsor?

Returnscompensatedurrentsfor thenumSamplesnost
recentriggersfor thefour currentinputchannels.
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[numSamples]

ReturnsnumSample¥{averagingperiod,currl,curr2,
curr3, curr4, timestamp, trigger count, CR LH}is
only possible to request multiple samples if
TRIGger:BUFfer> 0. OtherwisenumSampleshould
be omitted.

Returns up to 12 sampled.numSamples and
TRIGger:BUFferaregreateithanthat,thiscommand
may be used multiple times to drain the buffer.

:CURrents?
[numSamples]

Returns uncompensated currents forrthenSamples
mostrecenttriggersfor thefour currentinput channels.
ReturnsnumSample¥{averagingperiod,currl,curr2,
curr3, curr4, timestamp, trigger count, CR LH}is
only possible to request multiple samples if
TRIGger:BUFfer> 0. OtherwisenumSamplesshould
be omitted.

Returns up to 12 sampled.numSamples and
TRIGger:BUFferaregreatethanthat,thiscommand
may be used multiple times to drain the buffer.

[numSamples]

:DIGital? Readdigital statushits. Seefollowing sectionfor the
meaning of the bits.

:HIVOltage? ReadHV readbaclADC. ReturngHV1}.

:PID? Fetchtherunningservodata.

{PID Enabled, DAC initial V, DAC V, AnalogInl V,
Measured process value f(11,12,13,14), Target process
valuef(11,12,13,14), Sum of (TargetProcessValue
ActualProcessValue), Following error
(TargetProcessValdua&ctualProcessValue),DAC low
limit hit (0]1),DAC highlimit hit (0]1),low currentlimit
hit (0]1),timestamp,timslice number, CR LF}

May haveadditionalfieldsif second?ID is enabled.

Returns up to 9 samples.

:POSitions? (notyetsupported)
:PROFile? ReturnsnumPoints {DAC V, Analoginl1V, Measured
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Proces¥/alue, timestamptime-slice number,CR LF}

Returns up to 18 sample®/raps around to the
beginningafterall samplesrereturned. Thebufferis
cleared bysetting a nevprofile map or starting a new
profile.

INITiate

Initiate dataacquisitiononvalid trigger.

OUTput

:ANAlog {Ch}
{Value}

?)

Set(query)thesettingof analogoutputCh (0,1,2,3)}to
AnaValue volts, (+10V).

Only availableif OUTput:MONitoris setto mode3 and
PID is not being run for the particular output.
Otherwisetheseoutputsareactiveasmonitors.

:FREQuency
{011]2[3}

?)

Set(query)mappingof TTL frequencymonitoroutput.

0 =Bipolar

1 = PositiveOnly
2 = NegativeOnly
3 = Absolute

:HIVOltage

:MAXvalue {HVmM1}

?)

Set (query) maximum allowable external high voltagg
settingHVmL1lin volts. Thisis asoftwareenforcedimit.

:SUPply?

Querymaximumallowableexternahighvoltagesetting
in volts, asdetermined by the installed HV module.

:VOLts {HV1}

?)

Set(query)thehighvoltagesettingHV1 in volts. See
FETch:HIVOltage? for readback value.

:ENable{0|1}

?)

Enable/disabléguery)thehighvoltagepowersupply.

:MONitor
{011|2[3}

Set (query) the position function that is performed
internallyby the F460,andthusthesignalsthatareput
out on the analog voltage and frequency monitor

outputs.

0 = nopositioncalculationmonitoroutputsmapthe
input currents

1 =nopositioncalculationmonitoroutputsmapthe
compensated input currents

2 = monitoroutputsA andB mapX andY positions
basednthecurrentlysetcalculation
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3 =monitoroutputsarecontrolleddirectly or by PID
PID :SERV0{0|1} (?) | Set(query)servostate

0 =disable

1 =enable

:PROFile{0]|1} Set(query)automatigorofile state
0 =disable
1 =enable
Theprofile will remainenableduntil eitherturnedoff by
this command, or when all data points have been
collected by the device and the profile is completed.

SYSTem :COMMunication | :TIMEout (?) | Set (query) timeout in secondd.=timeout disabled.
F460will turnHV off if novalid messagés receivedn
the timeout period.

:IPMODE (?) | Set (query) the IP address setting mode. NOTE:

{DHCP|Static} Changinghissettingmaycausdossof communication
with the device foseveral seconds.

:IPaddres$x.x.x.x} (?) | Set(query)thelP address.

:NETmask{x.x.x.x} (?) | Set(query)thesubnetmask.

:GATEway{x.x.X.x} Set(query)thedefaultgatewayif IPMODE is Static.

:LOGipaddress (?) | Set(query)thesystemog IP address

{Xx.x.x}

:SERIALnumber? Querytheserialnumberof the F460.

:ERRor :COUNt? Query the error/event queue for the number of unreal
items. As errorsandeventamayoccuratanytime, more
items may be present in tqeieue at the time it is
actually read.

TRIGger :BUFfer{size} (?) | Set(query)theF4600n-boarddatabuffersize(stop
count).

Settinga buffer size> 0 enablesdufferedmode.

:BURSst{count} (?) | Set(query)thenumberof samplescquiredn aburst
(i.e.beforeapause).Thisis 1in
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EXTERNAL_START_HOLDmode

:MODE {mode}

?)

Set(query)thetriggermodeto mode. The optionsare:
CUSTom, INTernal, EXTERNAL_START,
EXTERNAL_START_STOP,
EXTERNAL_START_HOLD,
EXTERNAL_WINDOWED

:POLarity{0|1}

?)

Set(query)externalgatepolarity (externakriggeronly).
0 =rising edge, 1 = falling edge (invert BNC trigger)

:SOURce :STARt
{INTernal|BNC}

?)

Set(query)thestarttriggersource.Usedin CUSTom,
EXTERNAL_START, EXTERNAL_STARTSTOP,
EXTERNAL_START_HOLD, and
EXTERNAL_WINDOWED modes.

{INTernal|BNC}

:STOP (?) | Set(query)thestoptriggersource.Usedin CUSTom
{INTernal|BNC} and EXTERNAL_STARTSTOP modes.
:PAUse (?) | Set(query)thepause/burdriggersource.Usedin

CUSTom andEXTERNAL_WINDOWED modes.

24.5 Digital status bits

Connected

Pending/Busy

Error

Reserved

OutputchangedNOT SUPPORTED)

Reserved

Urgentdeviceerror(NOT SUPPORTED)

Reserved

| Nl O O M| W N| | O

Updatingfirmware
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9 Startingup

10-15 Reserved

16 AcquisitionRunning(Measuring)

17 AcquisitionPaused(Waitingfor trigger)

18 Acquisition Stopped

23 BNC gatetoggling(Triggering)

24.6 Using PUTTY to test the serial ASCII connection

Microsoft Windowsno longerincludesaterminalemulatorthatyou canuseto testthe ASCIl communicationsHyperterminaimaybe
transferred from an unused prior Windows versiordyyying the files hypertrm.exe and hypertrm.Marious public domain
programs are also available to perform this td&kamid has testeduPTY and Realterm with the F460he following screenshots
show the configuration of PUuTTY with 115kbps baud rate.

—= ————————— T -
B s R 5 (Erm orao S = TR
B purr Recontguaton B8 purry reconngurion S (ER purr Reconguraton NS 5 =
Category: Category: Category:
- Session Options controlling the terminal emulation - Session Options controlling the effects of keys - Session Options controlling local serial lines
Logging Logging Logging
5 Setvarious terminal options L Toimtd | Change the sequences sentby: LToit] | Configure the serial line
Keyboard V| Auto wrap mode initially on The Backspace key . Keyboard Speed (baud) 115200
Bell [C]DEC Origin Mode initially on Bell Q) Control-H Control-? (127) Bell
Features 7] implicitCR in every LF I Features The Home and End keys Features Data bits 8
FWindow []Use background colour to erase screen FWindow @ iandard ot i Stop bits 1
Appearance = _ Appearance The Function keys and keypad Appearance
Behaviour - ‘Eﬂaz‘s 1:"'":": =t Behaviour @ ESCIn™ ©)Linux | Xterm R6 Behaviour Parity
Translation nswerback to Translation = = = | Translation
Selection PUTTY Selection Vo Do =£0 | Selection Elow control None M
Colours Colours APphcaton kaypad setings | Colours
= Connection Line discipline options = Connection S e | | & Connection
Serial Serial Initial state of cursor keys: [ Serial]
Local echo: © Normal (©) Application I Il
QAo Forcaon Forca ot Initial state of numeric keypad
Local line editing , @ Normal (© Application )NetHack
@ Auto Force on Force off
Enable extra keyboard features:
Remote-controlled printing B Gy séts 25 Compiose key
Printerto send ANS! printer outputto; ] Control-Alts difierent from AHGr
None (printing disabled) -

Figure61. Setupof PUTTY forASCllserial communicatiowith the F460.
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You canbeconnectedo the F460via ASCII serialandthe PTC DiagnosticG%ia Ethernetatthe
sametime. Somebehaviormaybe unusual, so this is only recommended for fault finding, not

routine measurement.

o] B [

*idn?
IPYRIECHCO,f460_2625—REVO,0000002625,3.6.5/1.0.7

fetch:currents? 5
2.0000e-02 5,6.8324e-10 A,5.5815e-10 A,2.5214e-10 A,9.2230e-10 A,0.

2.0000e-02 5,7.3812e-10 A, 6.0420e-10 A,7.6315e-10 A,9.7473e-10 A,2.
2.0000e-02 5,7.3657e-10 A,6.0480e-10 A,7.6101e-10 A,9.7302e-10 A, 4.
2.0000e-02 5,7.3896e-10 A,6.0662e-10 A,7.5716e-10 A,9.7546e-10 A, 6.

2.0000e-02 5,7.3678e-10 A,6.0263e-10 A,7.5448e-10 A,9.7312e-10 A,8

0000e+00 S,

0000e-02 S,

0000e-02 S,

0000e-02 S,

.0000e-02 S,

m

Figure 62. ExampleterminalsessiorusingpuTTY.

25 Connectingthe F460using EPICS

25.1 What is EPICS?

TheExperimentaPhysicsaandIndustrialControl System(EPICS http://www.aps.anl.gov/epigs/

IS

AA set of Open Source

sof t war e

t ool s, [

usedworldwideto createdistributedsoft reattime control systemdgor scientificinstrumentsuch
as particle accelerators, telescopes and other large scientific experiElRIES uses

Client/Server and Publish/Subscribe techniques to communicate between the various computers.

Most servers (called Input/Output Controllerd@Cs) perform reaorld 1/0 and local control
tasks, and publish this information to clients using the Channel Access (CA) network protocol.
CA is specially designed for the kind of high bandwidth, softties networking applications
thatEPICSis usedfor, andis onereasorwhy it canbeusedto build a controlsystemcomprising

hundreds of

computers. o0

br a

There are EPICS services for serial ASCII devices that can be used as the basis for custom
EPICSinterfacedor theF460. Alternatively, Pyramidsuppliesanexecutablealled|G2 which
embeds an open source Channel Access Server from the EPICS comifiisitgllows

connection via the Ethernet interface.
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IG2 is configured for thelevices you wish to connect using editable xml fil@sce 1G2 is
runningonacomputelin your network,thenanyothercomputercanrun aclient programwhich
candisplayandcontrolthe processariablesfor thedevices.In thesimplenetworkin thefigure

below, the process variables of and F460 and an M10 attached to the F460 via fiber optics, are
exposed to the network lblge 1G2 service running on a server compu@ne or more client
computers can then access the values.

e\ oooo
[ |

GUI client 1G2 server

Figure 64. Simpleexamplenetworkfor EPICScommunications.
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Thereis awide rangeof clientinterfacedrom the EPICScommunity,includinginterfacedor
C++, C#, Java, Python, and Matl ab E.

25.2 Installing and Configuring 1G2

The 1G2 package is availableusers of Pyramid product#.is supplied as a zip file which
shouldbe de-compressedndthe entirefolder movedto thecomputerthatwill actastheserver.

The server and the user interface computer can be the same madttare160, the server and

the user interface computer should be able to communicate with each other over your network.

In the folders you have saved, there is an xml files ingdevice subdirectorthat need to be

edited to customize your particular seti32 looks for the fildi s y st e m. Xservice i n t |
subdirectoryto establisithe configurationof thesystem.You canlocatesystem.xmklsewhere

than thedefault location, ogive it adifferent name, in which cag®u need to specifthe path

and file name by means of an angent in the command line that launches 1G2.

The system file comprises a header section on the xml schema, which does not need to change.
Then comes a description of the user interface host computer, descriptions of the fiber optic loop
controllerdevicesn your systemanddescription®of thedevicesattachedo loops. The F460is a

loop controller, because it has the capability to support multiple slave devices through its fiber
opticportt You dondét have t o de simput/oudpet panttieatris/presestv i c €
in your system, but onlihe ones that you expose in the system file will be visible to EPICS.

Thesimplified examplen figure 65 showstheformat. Two currentmeasuringchannelsandtwo
controlsonly areexposedn the F460;normallyyou would exposea muchmorecompletesetof
process variablesThe F460 is supporting one looped device for the example, an M10 general
purpose I/0O device, and again oalyimited set of process variables has been exposed on it for
clarity.

The convention of Awireso for Pyramid devic
wires foreach supported product, atescribed inthd o c ument @Ai g2 scere ptif
#.#is thedocumentevisionnumber. Thedocumentilsodescribefow you canscalethevalues,

for exampleto convertvoltagesrom generapurposd/O deviceso physicalunitsrelevantto the

item they are controlling, and how you can set up momigoaigainst tolerance bands.

The choice of a corresponding working name for each wire is up to the user; youshay
choose something descriptive that is relevant to what you are measuring or contvdéing.
nevertheleseecommend namingconventionthatmakest clearwhetheravalueis areadback
or control (theprefixes ¢_ and r_ argsed in theexample), which particulatevicethevalueis
associated with, and a number or letter to indicate the channel for multichannel devices.
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<?xml version="1.0" encoding="isc-8859-1"7>
<=zystem

xmln=="http://www.ptousa.comn"

xmlns:xsi="http://www.w3.o0rg/2001/MLSchema-instance"

[ x=i:schemalocation="http://www.ptcusa.com A510.xsd" type="pyramid" >
[ <hosts>
<!-— NOTE: the ip address does not matter for ig2, but may be required to be present ——>
<host ip="192.168.1.64" name="PTICE Server" localhost="true" />
</hosts>
Ll <loopecontrollers>
{!__ ?463 _‘rl W ke e e e e W e e W e W e e e W e e W e e e e e e W e e o e e e ke e e e e e e e W e e e e o e W e e W e e e e e e e e e o e e e e e e b e e e e W e e e
= <loopcontroller type="F460" nams="F460 1" ip="192.168.1.69" >
= <channels>

<channel name="¢ F460 1 initiate" wire="digital out initiate" />
<channel name="c F460 1 avgTime" wire=”analog_put_integration_;ime" i=
<channel name="r F460 1 chA Curr" wire="analog_in_purrent_;” f=
<channel name="r F460 1 chB Curr" wire="analeg in current 2" />
<channel name="r F460 1 chC Curr" wire="analeg in current 3" />
<channel name="r_F460_;_phD_purr" wire="analog_in_current_4" /4

r </channel=s>

= <loops>
<!—— Al:lc.c.:l e ke b ke e e e e e ke b e e e e e ke e e ke ke e e e e e ke ke e e e e e ke ke b e e e e e e e e e e e e e e e ke ke e e e e e ke ke e e e e e e ke e e e e e e
<loop number="1" name="S5lave device loop">
<boards>

<board type="ML0" name="ml0Q 1" address="1">
= <channels>
<channel name=”r_m10_;_ainl” wire=”analog_;n_;” S
<channel name="¢ ml0 1 aoutl" wire="analeog out 1" />
<channel namse="r ml0 1 dinl" wire="digital in 1" />
<channel name="c_ml0_1 doutl" wire=”digital_put_}” /=
r </channels>
r </board>
r </boards>
r </loop>
r </loops>
</loopcontroller>
</loopcontrollers>
—-| <interpreter>
E <devices>
<epicscas type="epicscas" name="epicsserver" />
</devices>

</interpreter>

- </system>

Figure 65. Examplexmlsystentonfigurationfile for EPICS.

Onceyou havecreatecandsavedyour systentile, you canrunthelG2 serviceexecutablelf the
server has a display, you will see a console window that shows the connection process, then
recordssubsequentontrolvaluechangesentto the F460. Thenamesyou declaredwill nowbe
recognized as process variables by any ERI@S8paible client program.

CAUTION

Donét try to control the F460 simultaneousl
DiagnosticG2.Theresultswill beconfusing.In particular,if you attemptto runthelG2 service
and PTC DiagnosticG2 on the sanmnputer, the communications will conflict.
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25.3 Developing a GUI in Control System Studio

The ControlSystem Studio, or CS Studidt{p://controlsystemstudio.github.)as a set of
readymade tools built on Java and Eclipsé://www.eclipse.org)j thatallows users to get

started with little or no programming requirethere are various logging, plotting, post
processing and alarm point toos.fully-f eat ur ed fAdrag and dropo
allowsquite complexcustomizediserinterfacedo be createdvith minimumdevelopmentime.

As an example, the following screenshot shows a user interface for the configuration shown in
figure 64, created in the CS Studio BOY @fitor. The 1G2 server was running on a Linux
server (a Raspberry Pgnd the GUI was running on a standard Windows PC.

i3 F460_demo_2.0pi &2
F460 EPICS CAS/CSS Connectivity Demo

Averaging 2 s Monitor:
time Manual

X position Y position

X-Y Plot

= 6E- =
a6 :
£24£9 :
3 3
2269 :

=2
2012969 =

T T T
6488 6500 6520 6540 6560
t

a

= 0 Y iz
H Analog 1 - Analog 3 Analog out1 Analogout2 Analogout3 Analog out4

Analog 2

Analog 4

[ Acquisition ] [ Calibration ] Servo IConfiguratmn} [ Utilities ] [Do(umentation]

M10
Analog1 0.0003 -
Analog 2 -0.0003 o ")

Digital 1 Digital 2 Digital 3 Digital 4

Figure 66. ExampleuserscreensreatedusingControl SystenStudioBOY.

Examplefiles for aF460GUI built in Control SystemStudioareavailableonthePyramid
websitehttp://www,ptcusa.com
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26 Using the F4600n a network

26.1 Network configurations

The F460 uses TCP/i@hd UDP communication over standard local area network hardware.
Addressing is using the IP4 standard, and it supports static and dynamic (DHCP) address
assignmentThedevicecanbe configuredvia thePTC DiagnosticG2yia theserialinterface or

by yourown host software using the appropriate procedure calls.

Most control and data acquisition systems are set up with fixed addresses assigned by the
network administratorlt is also typical to isolate such networks from the internet to prevent
unauthorizeadccessandto allow operationwithout firewalls which candisruptcommunications.

In order for the host computer and the F460 to communicate, they must be within the same
subnet.lIt is typical to limit a local network to 256 addresseseiting the 1P4 subnet mask to
255.255.255.0. Then the F460 and the host must have the first three bytes of their addresses
common,andmustdiffer in thelastbyte. Forexamplethehostcouldbe 192.168.100.1andthe
F460 192.168.100.20rhe last byte mst also not conflict with angther devices on the same
subnet.Addresses with last byte 0 and 255 are reserved for special functions in TCP/IP.

Note that if you are communicating with the F460 using Ethernet and you change its IP address,
then your commuication channel immediately becomes invaltthu need to rediscover the

device if using the PTC DiagnosticG2, or otherwise change your host software setup as needed.
If you havemovedthe F460into a differentsubnetfor exampleby settingit to a staticaddres®of
192.168.1.20 in the prior example, then wil
subnet before you can reconnect.

ThesimplestaticlP arrangemenallowsyou to connectusingadirectcableconnectiorasshown
in figure 68 or via a network switch, as shown in figure 69.

Figure 68. Direct networkconnection
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Figure 69. Networkconnectiorvia switch

Staticaddressingvill alsowork if the networkincludesarouter,butthis arrangemerdlsoallows
dynamicaddressassignmenby therouter. If your hostsoftwareexpectdevicesto beat specific
addresses, this is nappropriate, but it can beelpful forinitial testingand forfluid setups.The
router will ensure that there are no address conflidte Discover utility in the PTC
DiagnosticG2 makes the use of DH@sgsigned addresses practical.

Switch

Router

Figure 69. Networkincludingrouter

You maywishto definetheaddres®f this router,or someotheraccesgoint onthe network,as
the default gateway, if you want the F460 to be accessible from another netinisrks
optional.

26.2 Recovery from unknown IP address
Therearetwo waysto restorehe F460to aknownIP address.
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26.2.1 Reset at boot time

If you keeptheresetbuttondepressedbr thefirst five secondsvhile the F460is poweringup, it
will return to its default IP setting, which is a static address of 192.168.100.20.

26.2.2 Using the serial port

You canqueryandsetthe F460networkconfigurationvia the serialport. Thesamplesessiorin
thefigure belowshowsinterrogationof the settingsandthenacommando changegrom DHCP
to static address assignment.

FP FA60_Serial =

*idn?
PYRTECHCO, £460_1-REV0,0000002625,3.6.8/1.0.7

syst:comm:ipmode?
DHCP .

syst:comm:ipaddress? [
192.168.0.6

syst:comm:netmask?
255.255.255.0

.

syst:comm:ipmode static
OK

syst:comm:ipmode?
Static

Figure 70. Terminalsessiono interrogateandsetIP configuration

26.3 System log address

Thesystemlog addresss the P addres®f a syslogserverthatcanlog statusanderrormessages
from the F460,for diagnostigourposes.You shouldleavethis setto 0.0.0.0unlessyou aredoing
diagnostic investigations directed by Pyramid Technical Consultants.
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271 S1ServoOption

TheF460with thei S1servooptiongivesyou theability to controlsomeprocesdasediponthe
incoming currenteadings.The archetypal process is stabilization of ara}{ double crystal
monochromator (DCM) output, where ionization chambers or photodiodes are used to measure
the X-ray flux, and variations can be compensated by driving the crystal cage piezo motor.

Howeveranyprocessvhich canbecontrolledby ananalogvoltageandmonitoredby small
currents can be handled.

DCM
Sensor(s)
Sensor Crystal cage Outgoing
beam
Incoming o L
beam
0-10v
posn
Main Piezo cm
rotation amplifier
—b
motor
control Amp
feedback

Figure 71. Schemati®CM installation.

Thecurrentservoimplementatiorin the F460.S1is a Pl controllerwhichmaintaingheprocess
variable value that existed at the moment the controller was activatadjusying therocess
control output (analog out 1 voltageyou can define the process variable as any arithmetic
combination of the inputs, for example:

A Theservowill attemptto stabilizethevalueof channelA

SumABCD Theservowill attemptthe stabilizethevalueof thesumof thechannels

DiffAB Theservowill attemptto stabilizethedifferenceB-A

QuotientBA Theservowill attemptto stabilizetheratio B/A

Quadrant Theservowill attemptto stabilizethe positionfunction ((A+D)-(B+C))/
(A+B+C+D)

N
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The Pl servoimplementghealgorithm
DACout = DAClnitiaI + kProp'err + klntegral'Berr

where DAC is the output analog voltage, err is the difference between the process value target
andthelatestevaluationof the processralue,andkprop andKintegraiarethe servoparametersit is
simple for you to replace this wigfour own algorithm if required.

Theloop ratefor executionof the Pl algorithmcanbefrom 500 usec(2 kHz loop rate)upwards.

It is generallysensible to make it the same as the F460 integration period so that fresh data is
available at each iteratiombMo n 6t be t empt ed tfdismounecedsdlye ser v ¢
Generallyyou shouldaimto getthesignalto noiseratio of theincomingsignalsashigh asyou
can by increasing the integration time, to prevent the servo reacting to spurious noise.

27.1 Methods of accessing the servo functions
TheF460S1comeswith threemethodf settingup andcontrollingtheservo:

- via ASCIl command®vertheserialinterface
- from thePTCDiagnosticGaisingthe pre-definedservoprocesgparameters
- from thePTCDiagnosticGaisingthe A60 reattime processindacility

You canof coursealsocreateyour own hostsoftwareandaccessherelevantfunctionsthatway.
If you are setting up the servo for the first time, it is veelpful to start off byusingthe PSI
DiagnosticG2 to tune the servo and thus define the appropriate servo ragelatetiks,
because you can get clear graphical feedback of how the system responds as you make changes.

27.2 Servo control using ASCIl commands

27.2.1 Running the servo

Figure 73 shows a sequence of AS&limmands and F460 responses made with the puTTY
terminalsoftware.For clarity, theterminalemulationwassetto appendextralinefeedgo the
incoming strings and the outgoing commands were terminate@€By<LF>. Refer to the
ASCIl commands table in section 23 for full details of the command and response syntax.

TheF460wasconnectedo atestcircuit with four photodiodego providethefour signalinputs,
and a LED illuminating the photodiodes connddi® analog output 1, which is the process
control output for the first servo controller
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Frsn _— — . )

conf:ran 1 0
OK

conf:ran 2 0
OK

conf:ran 3 0
OK

conf:per 0.02
OK

conf:pid:rate 0.02
OK

conf:pid:1im 2 8
OK

conf:pid:kp 1leé
[0)3¢

conf:pid:ki 2e6 N
OK

conf:pid:mode 7

()36

L
init i
OK
fet:cur? |

2.0000e-02 5,4.2470e-10 A,4.2812e-10 A,5.1158e-10 A,2.5607e-10 A,1.1240e+01 5,50

lout:mon 3
OK

out:ana 0 3.5
I°>* |
fet:cur?

2.0000e-02 5,2.0614e-09 A,1.8024e-09 A,2.3652e-09 A,1.7189%9e-09 A,5.0180e+01 5,205

pid:serv 1
OK

fet:pid? 5 —
1,3.5000e+00 V,3.4991e+00 V,3.4924e+00 V,8.5815e-09,8.5713e-09,-4.3385e-10,-1.0236e-11,0,0
,0,1.2942e+03 5,64709

.1,3.5000e+00 V,3.4990e+00 V,3.4923e+00 V,8.5693e-09,8.5713e-09,-4.7608e-10,1.9540e-12,0,0,
0,1.2944e+03 5,64719

1,3.5000e+00 V,3.4990e+00 V,3.4923e+00 V,8.5756e-09,8.5713e-09,-5.2118e-10,-4.3583e-12,0,0
+0,1.2946e+03 5,64729

m

1,3.5000e+00 V,3.4988e+00 V,3.4919e+00 V,8.5793e-09,8.5713e-09,-5.7962e-10,-8.0247e-12,0,0
»0,1.2948e+03 5,64739

1,3.5000e+00 V,3.4987e+00 V,3.4920e+00 V,8.5831e-09,8.5713e-09,-6.4249%9e-10,-1.1872e-11,0,0
+0,1.2950e+03 5,64749

|4

Figure 72. Exampleof servosetupusingASCllcommands.

In theexample commandsvereissuedasfollows:
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- All four inputs(0 to 3) aresetto the 1 uA rangeto suitthe nA-level signalsproducedoy the
photodiodes

- Themeasuremerdveragingimeis setto 20 msec

- Theservolooprateis alsosetto 20 msec

- Theallowablerangefor the processontrolvoltageis limited to +2 V to +8V
- Theproportionalandintegraltermsareset

- Themode(procesgparameterjor thefirst servocontrolleris setto thesumof all channels.In
other words, the servo will attempt to maintain the value of A+B+C+D by adjusting analog
output 1.

- Dataacquisitionis initiated,andareadingis taken
- Theanalogmonitoroutputsaresetup for manualcontrol/servooutputprocessontrol

- Analogoutputlis setto 3.5V. With thetestcircuit used this causeghe LED to illuminatethe
photodiodesat a particularintensity. Theresultingcurrentscanbe seenfrom thefollowing fetch
currents command.

- Theservois enabled.ThesumcurrentA+B+C+D at thatmomentis capturecandbecomeshe
target for the stabilization

- Five consecutiveutputsfrom the servocontrollerarerequested.This commandcanbe
repeated as necessary to keep track of the process.

27.2.2 Automatic profiling

It is convenient to gather data that shows the response of the system to a sweep of the process
contrd voltagein a singleacquisition. Figure74 showsanexampleof how you cansetup and

run such a sweep, and recover the resulting dataraging period and servo period were

already set (see figure 73)he sequence of commands was:

- Setanalogoutputl to asuitablestartingvaluesothatthe profile startswithoutalargeslewin
the setting

- Configurethe servomodefor a profile of the servol controlwith monitoringof the sumof the
inputs A+B+C+D

- Configuretheprofile torunfrom 2 V to 8 V with 20 points
- Runtheprofile

- Fetchtheresultingdata. A maximumof 18 pointscanbe collectedfor eachcall, sothe
command is repeated to get the last two values.
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out:ana 0 2
OK

conf:pid:mod 263
OK

conf:pid:prof:1im 2 8 20
OK

pid:prof 1
OK

fet:prof?
2.0000e+00 V,1.9968e+00 V,1.9394e-09,4.0000e-02 5,0

2.3000e+00 V,1.9968e+00 V,1.9158e-09,6.0000e-02 5,1
2.6000e+00 V,1.9969%9e+00 V,1.9349e-09,8.0000e-02 5,2
2.9000e+00 V,2.1156e+00 V,1.9984e-09,1.0000e-01 5,3
3.2000e+00 V,2.4145e+00 V,2.4827e-09,1.2000e-01 5,4
3.5000e+00 V,2.7136e+00 V,3.6665e-09,1.4000e-01 5,5
3.8000e+00 V,3.0131e+00 V,5.4059e-09,1.6000e-01 5,6
4.1000e+00 V,3.3127e+00 V,7.4277e-09,1.8000e-01 5,7
4.4000e+00 V,3.6123e+00 V,9.6372e-09,2.0000e-01 5,8
4.7000e+00 V,3.9123e+00 V,1.1953e-08,2.2000e-01 5,9
I5.0000e+00 V,4.2127e+00 V,1.4320e-08,2.4000e-01 5,10
5.3000e+00 V,4.5132e+00 V,1.6676e-08,2.6000e-01 5,11
5.6000e+00 V,4.8138e+00 V,1.9063e-08,2.8000e-01 5,12
5.9000e+00 V,5.1146e+00 V,2.1409e-08,3.0000e-01 5,13
6.2000e+00 V,5.4154e+00 V,2.3719e-08,3.2000e-01 5,14
6.5000e+00 V,5.7161e+00 V,2.6000e-08,3.4000e-01 5,15
6.8000e+00 V,6.0166e+00 V,2.8195e-08,3.6000e-01 5,16
7.1000e+00 V,6.3170e+00 V,3.0373e-08,3.8000e-01 5,17

fet:prof?
7.4000e+00 V,6.6177e+00 V,3.2465e-08,4.0000e-01 5,18

7.7000e+00 V,6.9182e+00 V,3.4500e-08,4.2000e-01 5,19

2.0000e+00 V,1.9968e+00 V,1.9394e-09,4.0000e-02 5,0

2.3000e+00 V,1.9968e+00 V,1.9158e-09,6.0000e-02 5,1

Figure 73. Exampleof profile setupusingASCIllcommands.

m

An alternativemethodfor collectingsystenresponselatais to definethe pointsindividually in a
map. You can now create arbitrarysequence of pointgzigure 75 shows an example of this
approach, using the mode and averaging time noted above, where the process control voltage

map ramps the control voltage up and then down again.
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[@ F460_Serial - — =
A = L -
N

conf:pid:prof:map 2 3 4 56 78 98 7 65 4 3 2
OK

pid:prof 1
OK

fet:prof?
2.0000e+00 V,1.9967e+00 V,2.0119e-09,4.0000e-02 5,0

3.0000e+00 V,1.9968e+00 V,2.0051e-09,6.0000e-02 5,1
4.0000e+00 V,1.9968e+00 V,2.0081e-09,8.0000e-02 5,2
5.0000e+00 V,2.3978e+00 V,3.3167e-09,1.0000e-01 5,3
6.0000e+00 V,3.3956e+00 V,8.2315e-09,1.2000e-01 S5,4

7.0000e+00 V,4.3961e+00 V,1.5821e-08,1.4000e-01 5,5

w

.0000e+00 V,5.3981e+00 V,2.3705e-08,1.6000e-01 5,6

9.0000e+00 V,6.4001e+00 V,3.1241e-08,1.8000e-01 5,7 '

w

.0000e+00 V,7.4013e+00 V,3.8141e-08,2.0000e-01 5,8
7.0000e+00 V,8.4017e+00 V,4.4318e-08,2.2000e-01 5,9
6.0000e+00 V,8.5977e+00 V,4.4844e-08,2.4000e-01 5,10
5.0000e+00 V,7.5976e+00 V,3.8567e-08,2.6000e-01 5,11 \
4.0000e+00 V,6.5970e+00 V,3.1874e-08,2.8000e-01 5,12

3.0000e+00 V,5.5952e+00 V,2.4666e-08,3.0000e-01 5,13

2.0000e+00 V,4.5931e+00 V,1.7077e-08,3.2000e-01 5,14

2.0000e+00 V,1.9967e+00 V,2.0119e-09,4.0000e-02 5,0

m

3.0000e+00 V,1.9968e+00 V,2.0051e-09,6.0000e-02 5,1

4.0000e+00 V,1.9968e+00 V,2.0081e-09,8.0000e-02 5,2

pid:prof? —
0 -

S —=

Figure 74. Exampleof mapprofile setupusingASCIllcommands.

27.3 Using predefined servo modes in the PTC DiagnosticG2

27.3.1 The PID tab and controls

The PID tab on th&460 screen in PTC DiagnosticG2 provides several predefined process
variable options, and exposes the parameters that you need to set up and tuneTaservo.
graphiccanbetoggledbetweenits normalreadoubf theinput currentsandadisplayof various
servo parametersyou can run an automated scan of the process control output voltage and
record the resulting process variable readback, to inform your choice of operating point.
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Current Low Limit: 0.00e+00 <
Reference: 1.00e+00 =

Figure 75. PID screen.

Thepredefinedproceswariablechoicesareasfollows, whereA,B,C,D arethemeasured
currents.If you are using sensamompensated currents, then these are used.

Name ASCIl mode Proceswvariable
numbername)

PID Channel 1 (11 A

PID 2 ChannelsSum | 2 (11+12) A+B

PID 2 ChannelDiff | 3 (11-12) A-B

PID 2 ChanneldDiv | 4 (11/12) A/B

PID X 5 (X) ((A+C) T (B+D))/ (A+B+C+D) (quadranimode)
(A-D)/ (A+D) (split mode)

PIDY 6 (Y) ((A+B) T (C+D))/ (A+B+C+D) (quadranimode)
(B-C)/ (B+C) (split mode)

PID 4 ChannelsSum

7 (11+12+I13+14) | A+B+C+D

Theservocontrolsavailableonthescreerare

Mode

Selectfrom the predefinedorocesssariableoptionsfor runningthe servo

and for doing a process control sweep (profile)
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Custom Profile

Profile Channel

Profile 2 Channels Sum
PID 2 Channels Diff Profile 2 Channels Diff
PID 2 Channels Div Profile 2 Channels Div

PID X Profile X

PID Y Profile ¥

Selecting the Custom option allows use of the A60 real time processir|
featuredo createyour own customizedservocontroller. Seesection27.4)

Custom
PID Channel
PID 2 Channels Sum

Plot Checkingthis box causeshegraphicto displayservoparameter place
of the normal display of measured currents.

Period This is theperiod ofthe servo algorithm loopTypically you will set this
equalto the IntegrationTime of the F460. Thelowestvalid settingis 500
psec.

Upload This controlis reservedor A60 realtime processing.

Configuration

(profile)

SelectWaveform

This buttonopensadialogwhereyou cancreateor loada processontrol
voltage table for the profile.

Profile

This buttoncauses loadedprofile to beexecuted.

Stop(profile)

This buttonstopsprofile execution.

Upload This controlis reservedor A60 realtime processing.

Configuration

(PID)

Servo This buttonstartsthe servocontroller. Thevalueof the processariable
when you press the button becomes the process target.

Stop(PID) This buttonstopsthe servocontroller.

kProp and kI ntegral

Thesefields arewhereyou setthe controllerterms. If youareworkingin a
mode where the process variable is a currentganyor difference of the
inputs), the values will be large to reflect the large gain factor going fr¢
current to control voltagef the proceswariable is a ratio of currents, the
controller terms will be closer to onH.the response curve has negative
slope where you want to control, the terms will need to be negative.

Low andHigh
limits

Thehigh andlow limits allow you to constraintheprocessontrolvoltage,
for example to prevent the servo going to a region where the responsg
curvehastheoppositeslop,or no slope. Thedefaultactionis for theservo
to suspend at the limits, but you can modify this behavioedded.

Currentlow limit

The current low limit field is where you set a minimum sum of currents
thatmustbepresenfor theservoto beactive. This preventghecontroller
respondingo noiseif thesignalbecomesmall,for examplef thebeamis
suddenhostin aDCM application. As with the outputlimits thedefault
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Is for theservoto be suspendedyutyou canalterthisif youwish.

Reference This is a normalizing factor that you can introduce to make the servo
unresponsive to particular external factofbe incomingchannel values
aredivided by this factor beforebeingusedin the Pl algorithm. A typical
use is insynchrotron light sources, where you want a DCM servo to
respondo instabilitiesin theDCM itself, but notto thegradualdeclinein
X-ray flux from the synchrotronThe host software sends to the F460 a
value representing the synchrotron current pecedti.

You canchangewhich valuesarenormalizedn thexml file; thefaultis all
of them.

Saveconfiguration | Theservoparameteraresavedo F460nonvolatile memory.

27.3.2 Running the servo controller
Beforerunningthe servo,checkthatthe Monitor Outputsettingon the Setuptabis Manual/Servo

Monitor O t: - . .
(e o anualsero |). This makes analog output 1 available to be a process control voltage.

Servo

When you click the servo buttol- . IO), the controller algorithm will capture the
value of the defined process variable asd this as the process targehe process control
voltage will be adjusted continuously to maintain this target, if possthiee it is likely that
you wantthe procesgargetto becloseto a particularvalue,you shoulddrive the procesgo this
value before starting the servo, by direct setting of the Out.Value field on the Setuptab
Range Owut. Scale Out. Value
(lml TwA 1 45). When the servo is running, any changes you make to the parameters

will be effective immediatelyThus you can tune the servo dynamically.
Thekeyservoparameteraredisplayedn ascrollablelist, andplottedonthegraphic.

Channel Data (4)

Channel Data (A) ~ Channel Data (4) -
c_enable 8

/| following_er...
< process value i J| dac_low_lim...
/| dac_high_li...
< low_current...

c_dac_initial
¥| c_process_t...

4 [m

error_sum %8

Figure 76. PID parameters.

Thecheckedentriesonly areplotted. All thevaluesarelogged,andyou canexportthedatato a
csv file for offline analysis.The parameters are as follows:

c_enable Boolean;l if theservois enabled if not

c_dac_initial Theinitial valueof the processontrolvoltagewhenthe servowas
enabled

c_dac Therunningvalueof the controlvoltage(analogout 1)
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r_adc Therunningvalueof thereadbacKanalogin 1). Typically youwould
connect this to the feedback from the controlled device (piezo mg
or similar).

process_value Therunningvalueof theprocessariable

C_process_target Thefixed procesgarget. If theservois disabledthistracksthe
process value.

error_sum Therunningvalueof theaccumulateerror,asusedby theintegral
term

following_error Therunningvalueof thedifferencebetweerthe processariable
value and its target

dac_low_limit_hit Boolean;l if low limit of theprocessontrolvoltagehasbeenhit

dac_high_limit_hit Boolean;l if highlimit of theprocessontrolvoltagehasbeenhit

low_current_limit_hit Boolean;l if low limit of thesumof currentsusedin the process
variable has been hit

27.3.3 Performing a process control voltage profile sweep

Theprofile sweepfunctionallowsyouto mapoutthe processontrol spacehatyour servowill

work in. Typically you will scan from the lowest useful process control voltage to the highest,
and look at the process variable as a function of this volfBigen you can make an informed
decision about the taetjoperating point and the low and high process control voltage limits.

Beforerunninga profile, checkthatthe Monitor Outputsettingon the Setuptabis Manual/Servo

Monitor Qutput: - . .
(T anualsero |). This makes analogutput 1 available to be a process control voltage.

Set thelntegration time and the Servo Period to the same value.

To perform a profile, select the required process variable profile option from the Mode drop
down. Thiswill makethe SelectWaveformbuttonactive. The buttonopensawaveformeditor
dialog.
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Figure 77. Waveformeditor after creationof a triangle wavetable.

You can either load a csv file of output voltage valuegiemerate a table using one of the
standard waveform option3.he most useful are the Sawtooth, which will perform a voltage
rampfrom Offsetto Offset+Amplitude andTriangle,whichwill rampup andthenrampback
down. The latter can be useful tavestigate hysteresis effects in the process.

When you close the dialog, the Profile button will be active, and you can run the [aitlle.
point in the table is put out for Period psec, so the profile takes Points*Period téaquinvill
getaplot of the processontrolvoltage(c_dac) thefeedbackrom thecontrolleddevice(r_adc)
and the process variable (process_value).
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460_1 (192.168.1.69)

1 2 3
Time (seconds)
[ [ 2er0 | @/ \ strip /\Scope J\ Fistogram /
d by device
cepted by
vError accepted by

e.

41 InitiateMap accepted by d

State: Map Idle / Measuring Last Error:

4 5

256 Samples| e[

5

- el

Iniiate  [{  stop [
PID Servo
Mode: [profie 4 Channels sun v | 9] Plot

Period: 20000 ps %
Profile

Select Waveform...

Profil J
Time (s)

Servo @] Stop
kProp: 1.00e+06 | <
Kint: 1.00e+06 |-
Low Limit: 220V 2
High Limit: 950V <
Current Low Limit: 0.00e+00 |+
Reference: 1.00e+00 |~

Channel Data (A)

|l save Configuration

Data

Setup.
PID Servo

Calibration

Properties

Figure 78. Completedrofile.

If the proceswvalueis invisible onthegraphicbecausdt is numericallysmallcomparedo the
process control, simply hide the ¢_dac and r_adc traces to let it autoscale correctly.

1 2 3
Time (seconds)

= Zero | @ \_strip /\ Scope /\ Histogram /

State: Map Idle / Measuring Last Error:

===

| @ Measuring | @ Err
Initiaste  f{  Stop [

PID Servo

Mode: |Profile 4 ChannelsSum v | [V] Plot

Period: 20000 ps | &
Profile

| Select Waveform... J

( Profie ]

Servo @]l Stop

[

kProp: 1.00e+06 <
Kint: 1.00e+06 =
Low Limit: 220V %
High Limit: 950V <
Current Low Limit: 0.00e+00 |+
Reference: 1.00e+00 -

Channel Data (A)

c_dac

[ |l save Configuration ]

Data

J
Setup ‘
PID Servo |
)
J

Calibration

Properties

Figure 79. Completedgrofilei processvariabledisplayed.
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27.4 A60 real time processing

The A60 realtime processingirchitecturgprovidesanextremelyflexible datacollectionanddata
processing environment for the advanced u$ke system is described in Pyramid Technical
Consultantsd6 document s

PTC19-247 A60 RealTime ControllerSoftwareandConfigurationArchitecture
PTC19-679 A60 RealTime Controller Calculatios

The behavior of the system when in rgale processing mode is controlledyl files which
you can edit as needeBor example, you can cauiee F460 to put out &ableof values on one
or both of its analog voltage outputs at a contralégd, and log the resulting valueéou can
readinputs,do calculationon thevaluesandgenerateanoutputvaluebasedn thecalculations.
These two examples in fact describe the two features required for the F460 servo, namely:

- the abilityto sweep grocess control value (a piezo motor position, for example) antiéog
resultingproceswariable(somearithmeticcombinationof themeasured@urrentsor example)

- the ability to form a process parameter from an arithmetic combination of the measured
currents,executea PID algorithmonit to form a newprocessontrolvalue,andoutputtheresult

Theuseof the A60 realtime processings thusa generalizatiorof the predefinedservomodes
already described in section 27.3.

The profile controlsallow you to load an xml configuration file that defines the rate that the
profile points aresent out to th@analogoutput, therocess variablealculation and thdatato be
logged. Themapfile is simply acolumnof voltageso be outputin csvformat. Executethe map
by clicking the Profile [ Prefie ) button. Examine the resultingesponse curve and decide
where you wish to start the servo, where to placd@myand high limits, and what approximate
magnitude and polarity thekpand kn: parametersvill need to have.

Theservocontrolsallow youto loadaservoxml file thatdefinestheloop period,the calculation

of the process variable, which analog output will be the process control, data to be sent to the
Diagnostic GUI, the response hdting limits and so onOnce you have loaded the file, the
graphics will change to plot the parameters specified in the file.

27.4.1 Xml files

We recommend that you develop a set of xml files to provide the profile scans and servo modes
that you require foyour applicationsWhen you have settled on servo parameters that work

well, the values can be added into the relevant servo xml file, anavilhélyen override the

values in the input fields on the PTC DiagnosticG2 scréeset of example files was prioled

with the F460documentatioiif youpurchasedhei S1option,andthesearea goodplaceto start:

edit thefiles to suit youmeeds.Thecan beedited with Notepad, but it is mocenvenient to use

an editor that formats the file in a helpful way.

Sameof thekeyentriesin theservoxml file are:
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27.4.1.1 Loop rate control
Therateis setto 10 Hz in this example.

<l-- Set the timeslice here to set the servo update period.
It can be set to 500us or more. -- >
<loopcontroller type ="F460" name="F460_1" ip ="192.168.0.6 " timeout ="50" timeslice ="100000" >

27.4.1.2 Process variable definition
Theprocessariableis definedasthe sumof all four channelsn thisexample.

<calculations >

<calculation type ="sum">
<l -- Select a sensor or position channel here to choose the process
parameter.
If changing this, also change the current sum below. -- >
<arguments count ="4" name="r_sensor_ " start ="1" />
<channel name="process_value " />

</ calculation >

Theproceswariableis definedastheratio of thefirst two channelsn thisexample.

<calculations >

<calculation type ="quotient ">
<l -- Select a sensor or position channel here to choose the process
parameter.
If changing this, also change the current sum below. -- >
<arguments count ="2" name="r_sensor_ " start ="1" />
<channel name="process_value " />

</ calculation >

27.4.1.3 Servo algorithm definition
In this examplethexml file callsthePl algorithmcodedin the A60.

<calculations >

<I'-- Calculate the new output
c_dac_new = c_dac_initial + k_prop * following_error + k_int * error_sum
- >
<calculation type ="pid ">
<l-- The dac_initial value is reset above any time enable is false
or reset is true.
In effect, this means the Pid command sets the dac_initial value.
- >
<argument >c_dac_initial </ argument >
<argument >k_prop </ argument >
<argument >following_error </ argument >

<argument >k_int </argument >
<argument >error_sum </ argument >
<!-- Don't wuse c_dac directly for low current limit check at the end -- >
<channel name="c_dac_new " />
</ calculation >

</calculations

In this example the samecalculationis codedin thexml file usingprimitive calculationsand
can thus be altered at will, for example to adtifferential term, or to normalize the integral
term to the loop rate.

<calculations >

<! -- Calculate the new output -- >

<l-- Step 1. k_prop * following_error - >

<calculation type ="product ">
<argument >k_prop </ argument >
<argument >following_error </ argument >
<channel name="p2" />

</ calculation >

<l-- Step 2: k_.int * error_sum
(Can do this at the same time as step 1) -- >
<calculation type ="product ">

<argument >k_int </argument >
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<argument >error_sum </ argument >
<channel name="p3" />
</ calculation >
</ calculations >
<calculations >

<! -- Calculate  the new output -- >
<l -- Step 3: DAC_initial + k2 + k3 -- >
<calculation type ="sum">
<! -- The dac_linitial value is reset above any time enable is false
or reset is true.
In effect, this means the Pid command sets the dac_initial value.
- >
<argument >c_dac_initial </ argument >

<argument >p2</ argument >
<argument >p3</ argument >
<I-- Don't wuse c_dac directly for low current limit check at the end -- >
<channel name="c_dac_new" />
</ calculation >

</calculations

27.5 Servo tuning

27.5.1 Process control voltage operating range

Start the tuning process by running a sweep of the process control voltage and logging the
process variableThis allows you to see workirgpace that will be available to the serViothe
response is a simple increase in the process variable as the control voltage increases, then the
servo will be relativelysimple to stabilizeThe average gradient of the curve will dictate the
magnitude of servo parametersokand knegrar If the response is a simple decrease, the

situation is similar, except that you will need negative servo paramétére.response has a
maximum or minimum, however, you will need to ensure that the servo cannot go past the point
where the gradient changes sigs it will immediatelyrun up to its control voltage limitThis
canbethesituationfor aDCM, wherethereis a peakin theresponseurve,andyou needto limit

the servo to operate on one side of the peakdnly. t he f ol | owi n gimgex a mp |
case where the process variable is simply a single measured current, for example from an
ionization chamber downstream of the DCM.

8.00E-09

7.00E-09 -
6.00E-09 -
5.00E-09 -
4.00E-09 -

3.00E-09 -

Process value

2.00E-09 -

1.00E-09 -

0.00E+00 - T T T T

Control (V)

Figure 80. SimulatedDCM crystalcagemovementesponseurve.
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The general experimental requirement is for a stable and high beam flux from thelDaDiM.
operatingpointis definedon thesideof the peak,towardsthetop, thenagoodcompromisecan

be achieved where there is scope for the servo to move up or down the peak to stabilize the
current,but nottoo muchflux hasbeengivenup relativeto thepeak. Adjusttheanalogvoltage

from the F460 that cordls the piezo motor to the required operapogt bydirect command,
and note that the expected current is being measiitad.current value (the process variable
value) is the one that will become the servo target once the servo is enabled.

8.00E-09

7.00E-09
6.00E-09 -
5.00E-09 -
4.00E-09 -

3.00E-09 -

Process value

2.00E-09 +

1.00E-09 +

0.00E+00

0 2 4 6 8 10
Control (V)

Figure81. Selecteaperatingpoint.

In orderto reducetherisk thatthe servolosescontrolif thereareextremeperturbationsyou
should set low and high excursion limits on the analog voltage output.

8.00E-09
7.00E-09
6.00E-09 -

5.00E-09 +
/N

4.00E-09 -

Process value

3.00E-09 -
2.00E-09

1.00E-09 -

0.00E+00

0 2 4 6 8 10
Control (V)

Figure82. Constrainingthe processontrol operatingrange.
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27.5.2 Servo tuning

CAUTION

It is easyto seta servosysteminto oscillationif theparameteraresetincorrectly,or to run off to

one limit if the signs of the parameters are rever3dis maydamage your equipmenEnsure

you are familiar with the response of the system to the process control voltage before you start,
and stareny tuning exercise with small values of the proportional and integral terms.

TraditionaltuningmethodssuchasZieglerNicholsinvolve increasinghe sizeof the controller
termsuntil theloop becomesinstablethenreducingthe valuesto particularproportions. First,
set the integral term to zero and increase the proportional term until oscillation sets in.

1008 PID Servo

Mode: | Custom - ‘
Profile

Upload Configuration... |

Select Waveform... J

Profle J( Stop. |
Time (s)

1.4e-08

PID

Upload Configuration.... |

Servo Q Stop. ||

1.2e-08

|
kProp: 1.90e+08 < ‘
Kint: 0.00e+00 |
Low Limit: 0.00V [* ‘
|

High Limit: 10.00V <

Current Low Limit: 0.00e+00 | =

1e-08

Reference: 1.00e+00 | <

8e-09

6e-09

710 720 730 740 750
]

Figure 83. Oscillationwhenproportionaltermis increased.

Reducethe proportionaltermto 45% of the valuewhereinstability starts. Proportionalcontrolis
inadequat®n its own becausét cannoteliminatea certainresidualerror. Sosetanintegralterm
that is 120%of the proportional term divided bthe observed oscillation period, about 1.5 Bec
the example here.
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Initiate
1.085e-08 PID Servo
Mode: |custom |
Profile
( Upload C:
( Select Wavefor
( Profie I stop
Time (s)

1.084e-08

1.083e-08

PID

( Upload Configuration...

[ servo (@] Stop
Kerop: 8550407 |2
ot 6.84e+07 |+
Low Limit: 000V 2
High Limit: 1000V 2

Current Low Limit: 0.00e+00 |~

1.082e-08

<

1.081e-08

Reference: 1.00e+00 | =
1.08e-08 Channel
c_enable

c_dac_initial

1.079e-08

7] ¢_process t...
error_sum

1.078e-08

|| following,

1,130 1,140 1,150 1,160 1,170

Figure 84. ZieglerNicholstunedservo.

The result is a vergesponsive servo running quite close to the stabifitit. 1t maybecome
unstable abther places in the response curve, or if the system chahgeay also be

inadvisable to run a system such as a DCM crystal cage piezo into oscillation just to obtain a
tuningsetting. Sinceapplicationssuchasthesearemoreconcernedvith correctionof relatively

slow drifts and disturbances, we can tolerate a servo that may be slower to respond.

A simplebut effectivemethodfor suchapplicationds to startwith low equallow valuesfor Kprop
and kategray SUCh that the servo is almostrasponsivelntroduce some typical disturbance and
observe the time it takes for the servo to restore the process fakggease both terms together
until the servo has sufficient responsiveness for your ndedse example below, the terms
wereincrementedleb,5e5,1e6,5e6,1e7andtheresponseo the samedisturbancevasobserved
for each case.

F460 User Manual F460_UM_250722 Page 120 of 133




PTC System Controls and Diagnostics
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Stop
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Upload Configuration... ]
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Profie J Stop ]
Time (s)
PID
Upload Configuration... |
servo Q[  swp J
kProp: 1.00e+07 |+
Kint: 1.00e+07 |+
Low Limit: 000V =
High Limit: 10,00V 2
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Reference: 1.00e+00 |~
Channel Data (4)
c_enable
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Figure 85. Increasingservotermsuntil processvariablerespondsadequately
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28 Firmware Updates

Firmware for the F460 comprises ttmbedded Linux operating system for the Ethernet NIOS
processortherealtime applicationandthe FPGA program. Theseareprovidedasa bundledzip

file to ensure that the versions are compatiBlefore starting an update you should ensure that
the powerto the F460andthe networkconnectiongresecure.An interruptionduringtheupdate
might make the F460 inoperable, in which case it must be returned to a service center to be
reprogrammed.

Clicking the UpdateAll Firmwarebutton(| Update All Firmuware... |) will openadialog
warning how long the task will take, and the instruction to keep the pa6red.

|| PTC Diagnostic [

I w I Warning. This device firmware update will take approximately 3 minutes, You

cannot power down the device during this pericd. Would you like to proceed?

=l

Figure 86. Firmware updatewarningdialog

If youanswelyes,theopenfile dialogwill open,andyou cannavigateto thenewfirmwarefile.

Figure 87. Selectinghenewfirmwarefile

During theupdateprogressyou canmonitortheprogressn themessagarea.
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