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3 SafetylInformation

This unit is designedor compliancewith harmonizecelectricalsafetystandardcEN61010
1:2000. It must be used in accordance with its specifications and operating instructions.
Operators of the unit are expected to be qualified personnel who are aware of elatétgal s
issues.Thec ust o mer 0 sBo&easdpfinadia thastanelardmustensureghatoperators
are provided with the appropriate equipment and training.

Theunitis designedo makemeasurementis MeasurementCategory | asdefinedin the
standard.

CAUTION. Accordingto installedoptions,thel128 cangeneratéiigh voltagesasfollows,
present on the central conductor of the SHV (Safe High Voltage) output connector.:

+ori 2000V DC at0.5mA maximum.
or

+ori 1000V DC at1.0mA maximum
or

+ori 500V DC at2.0 mA maximum

The hazardous live voltages on the SHV central comalare not accessible under the
definitionsof EN61010but mayneverthelesgive a noticeableshockif misusewereto leadyou
to come into contact with thenThe user must therefore exercise appropriate caution when
using the device and when connecting cabRswyer should be turned off before making any
connections.

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

The unit is designed to operate from +24VDC power, with a typical maximum current
requiremenbf 1000mA. A suitablyratedpower supplymoduleis availableasanoption. Users
who make their own power provision should ensure that the supply cannot source more than
3000 mA.

A safetygroundmustbesecurely connectet thegroundlug onthecase.
Someof thefollowing symbolsmaybedisplayedon the unit andhavetheindicaed meanings.
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Directcurrent

Earth(ground)terminal

Protectiveconductorterminal

Frameor chassigerminal

Equipotentiality

SupplyON

SupplyOFF

CAUTION T RISK OFELECTRICSHOCK

CAUTION T RISKOF DANGERT REFERTO MANUAL

PPO—++©®+|
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4 Models
1128 lonizationchambercontrollerwith 128electrometechannelsand
one multirange +V converter / gated integrator channel.
-XP20/10/5 Add positive0 to 2000V/ 1000V / 500V HV output
-XN20/10/5 Add negative0 to 2000V /1000V / 500V HV output
-Mxx Increasemaximuminput currentfor electrometechannelsl-128to
XX A (options 2 pA, 5 PA, 10 pA, 20 pA; default is 550 nA)
-MPN Monitor unit outputpulsesransformescouplednegativegoing
(default is TTL levels).
-DSUM Configureintegraldoseplaneinput switchingasA or A+B (defaultis
A or B)
Example:
1128-XP10-M05 1128 with 1000V positivehigh voltageoutputand5 pA maximum

current on electrometer inputs.
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5 Scopeof Supply

1128 modelasspecifiedin yourorder.

PSU2440-1R 24 VDC power supply with Redel locking connector
ADAP-D9F-MINIDIN D9 to mini-DIN adaptoifor serialcommunications
ADAP-LEMO-BNC Lemo 00 to BNC coaxial adaptor for gate input
USB memorystick containing:

1128 Usermanual
PTCDiagnosticGZXoftwareinstallationfiles for Windows
IG2 channel access EPICS server for Windows
Testdata

Optionalitemsasspecifiedin your order.
OEM customerwvill receiveonly componentselevantto their application.
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6 Optional Items and related products

6.1 lonization chambers

IC128-25LC Transmissionionizationchamberfor high-energyprotonandotherion beamswith
25 by 25 cm sensitive area, 128 readout strips in each axis and dual gap integral readout section.

IC128-25LC-2I Transmissiononizationchambeifor high-energyprotonandotherion beams
with 25 by25 cm sensitive ared28readout strips in each axand two independent dual gap
integral readout sections.

IC64-16-21 Transmissiononizationchamberfor high-energyprotonandotherion beamswith
16 by16 cm sensitivarea,64 readout strips ieach axis and two independent integral readout
sections.

IC64-6 Transmissiononizationchamberfor high-energyprotonandotherion beamswith 6 by
6 cm sensitivearea,64 readoutstripsin eachaxis andntegralreadoutsection. Very smallgaps
to allow measurement of higher current density beams, including flash therapy.

PX-3 Pixelatedransmissiononizationchambemwith very low scatteringor high-energyproton
and other ion beams with 4.2 cm diameter sensitive area, 120 pixels.

6.2 Power supplies

PSU2440-1R +24 VDC 40W PSU (universal voltage input, plug receptacle for standard IEC
Cl4threepin socket) ratedfor medicalusewith outputleadterminatedn two-pin RedelPAG
connector.

CAB-LR-3-REDEL CableSwitchcraftLR 2.1mmjackto RedelPAG connector.

PDB8EiIi ght output +24 VDC power supply wunit, 1

6.3 Signal cables and cable accessories

CAB-D44M-xxLN-D44F Cable multiway screenedow-noise(antitriboelectric),DSub44 pin
male to DSub 44 way female, xx feet long.

CAB-D44M-xx-D44F Cable multiway screenedDSub44 pin maleto DSub44 way female xx
feet long.

CAB-L304M-xxLN-L304M Cablemultiway low-noise,Lemo0B 4-pin to Lemo0B 4-pin, xx
feet long.

CAB-SHV-xx-SHV Cable coaxialHV, SHV to SHV, xx feetlong.

6.4 Data cables
ADAP-DI9FMINIDIN RS2326 pin DIN maleto 9 pin D subfemaleadaptor.
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Figurel. Serialadaptorcable

CAB-ST-xxHCS ST Fiberoptic cablepair 200um silicafiber ST terminatedwith color-coded
sleeves, xx feet long.

6.5 Trigger distribution
X22 Bi-directionalopticalto TTL converter

CAB-L00-xx-LO0 Cable,coaxial,Lemo00to Lemo00.xx feetlong
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7 Intended Useand Key Features

7.1 Intended Use

The 1128 is intended to provide complete readout and control for pesérmsitive ionization
chambersA single 1128 can read out a 64 by 64 cathode strip chamber which also includes an
integral plane cathoddwo 1128s can read out a 128 by 128 stripraber and two integral
planes.Such chambers are typically used to provide beam analysis in particle beam therapy
systems.The integral plane input provides a choice-df tonverter or gated integrator
operation.The former is particularly suited to measment of continuous beams such as those
deliveredby isochronougyclotronsor slow extractionsynchrotronsandthelatteris particularly
suited to measurement of pulsed beams such as those delivered by synchrocyclotrons or fast
cycling synchrotrons.

In order to convert measured currents from such ion chambers to the current in the ion beam
passinghroughthechamberit is necessaryo know thebeamenergythechambeigeometry,

the filling gas constituents, and the filling gas pressure and temperahe 1128 includes
inputsthatallow it to measurehe pressurendtemperaturelirectly usingsensorghatmaybe
integrated in the chambethe translation to beam current is typically carried out by the host
computer system.

Thel128 canof courseby usedin anyapplication where largenumberof small positive
currents must be simultaneously measured.

The 1128 includes a powerful retine processor which allows it to analyze incoming data as
fastasit is gathered.Interlockdecisionscanbe madebasedn theseanalysesandthe condition
of integrated relays can be set accordingly.

The 1128 provides fibeoptic communication channels which allow it to control slave devices.
A completesystemcanbebuilt up aroundasinglel128 in manycases.Thefiber-optic channels
can also communicate peterpeer with other controllers in largeystems.

The 1128 has design features which make it tolerant of electrically noisy environments, but the
place of use is otherwise assumed to be clean and sheltered, for example a laboratory or light
industrialenvironment.The unit maybe usedstandalone or networkedwith otherdevicesand
integrated into a larger systertdsers are assumed to be experienced in the general use of
precisionelectroniccircuitsfor sensitivemeasurementgndto be awareof thedangerghatcan

arise in highvoltage circuits.

7.2 Key Features

Singlehighly-integratedandcompactdeviceprovidingall servicemeededor a position
sensitive ionization chamber.

Onehundredandtwentyeightfully -parallelelectrometechannels.

Onemulti-rangecurrentto voltageconverterchannelchannel). By softwareselectionthis can
be operated as arM converter or as a gated integrator, according to need.
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Channel0 canbe switchedundersoftwarecontrolto takesignalfrom oneof two connectompins
with the other groundedA build-time option allows channel O to be switched under software
control to take sigal from one of two connector pins, or from both connector pins combined.

Optionalhigh voltageoutputfor detectorbiasingwith remoteloopbackfor verification.

Generabpurposeparallelinput/outputportwith analoganddigital lines,availablefor ionization
chamber monitoring or other purposes.

Pneumati@actuatorcontrolport.

Interlockinputsandoutputsincludingonesafetyratedrelay.

Key-switch to select therapy or experimental modes in medical applications.
Gateinputandoutputfor triggering on externalevents andtriggerdistribution.

Monitor output for dosimetry monitor unit (MU) pulse output.

Etherneinterfacewith TCP/IPandUDP messaging.
AlternativeRS-232,RS-485andfastfiber-optic serialinterfaceduilt-in. Selectabldaudrates.
Slave devices can be connected to the 1128 via the fiber optic interface.

7.3 Relationship to the 1128 revision 5

The 1128 described in this manual is revision four of the 1128 farttilg.form, fit and function
compatible with earlier revisionsubsupersedes therithe 1128 revision 5 has been introduced
with features specific for use in the Pyramid Scan/Dose proton therapy dose delivery flystem.
canonly beexchangeavith thel128revision4 if variousconnectoitype andsignaltypechanges
areconsidered Refer to thd128rev5 user manual for full details thie differences.If you need

to substitute a revision 5 unit for a revision 4 unit, contact Pyramid Technical Consultants for
advice.
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8 Specification

Electrometeinputs

Number

Onehundredandtwenty-eight,independenparallel

Inputimpedance

< 3 kohm

Dynamiccurrentrange

-50 nA to +550nA typical, all integrationtimes.

Highercurrentrangesachievedoy input currentdivision can
be chosen as factogonfiguration options.

Dynamicchargerange

32 pC (55 usecintegration)to 500pC (1 msecintegration)

Longeraccumulationsip to 0.255secachievedby numerical
summation.

Noisecharge

<=0.1pCrmstypical at 100usecintegration,no averaging
<=0.05pCrmstypical at 1000usecintegration,no averaging

Input offsetcurrent

< 10pA (+ or -) beforezerocorrection

Offsetdrift

< 2 pA overonehour, after stabilisationandwith temperature
maintainedo +/- 2 C. measuredvith 1 msecintegration,100
sample per reading.

Integrationtime range

55,60, 75,100,125,¢é . 975,1000usec

Gainuniformity

Betterthan0.1%acrossll channelsafter calibration

Calibrationcurrent

500.00+/- 0.1 nA; temperatureoefficient<=5 ppm C-1

Digitization

20 bit deltasigma,conversiorratelinked to integration
period.

Conversiorrate

18.1kSa/smaximum

Simultaneity

All channelgonvertedat once(within 200nsec)

—

Integral planeinput (I-V conve

rtermode)

Number

One(softwareselectablalternativeto gatedintegrator)

Inputimpedance

< 1 ohm

Dynamicrange

+/- 20 HA downto < +/- 1 nA

Input offsetcurrent <1 nA(+ or-) before zeraorrection

Offsetdrift < 0.01% relative to full scale in use over one hour, after
stabilisatiorandwith environmentatemperaturenaintained
to +-2 C.

Ranges Four;20 yA, 10pA, 5UA, 1A

1128 User Manual
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Calibrationcurrent

2.5000+/- 0.0005nA,; temperatureoefficient<=5 ppmC-1

Externalaccuracy

Betterthan0.05%o0f full scalein use

Digitization

16 bit, 250kSa/s

Downsampling

Block averagingo matchtheelectrometemputsaveraging
time.

In

—+

egral planeinput (gatedintegratormode)

Number

One(softwareselectablalternativeto |-V converter)

Inputimpedance

< 3 kohm

Dynamiccurrentrange

<1 pAto >100pA

Dynamicchargerange

<0.1pCto>10nC

Input offsetcurrent

<6 pA(+ or-) before zeraorrection

Offsetdrift

< 0.5 pA over one hour, after stabilisation and with
environmentatemperaturenaintainedo +/- 2 C; measured
with 10 pF feedback and 100 msec integration.

Noisecharge

<=0.01pCrmstypical at 100 usecintegration,no
summation

<=0.02pCrmstypical at 1000usecintegration,no
summation

Integrationtime range

55usecto 1 msec

Feedbackapacitors

100pFand3400pF

Calibrationcurrent

500.00+/- 0.1 nA; temperatureoefficient<=5 ppmC-1

Externalaccuracy Betterthan0.1%of full scalein use
Digitization 16 bit, conversiorratelinked to integrationperiod
Environmentamonitor/ generalpurpose/O port
Number One
Inputs Threedifferentialanaloginputs+/- 10VDC (for temperature,
pressure and humidity sensing, or other purposes)
FourTTL digital inputs(for generaluse)
Outputs Two analogoutputs+/-10 VDC (for generaluse)
FourTTL digital outputs(for remoteMUX controlor other
purposes)
Actuatorcontrol
Number One.
Outputs Potentialfreerelay contactpair.

1128 User Manual
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+24VDC outputandreturn.

Inputs

Two optoisolatorinputsfor limit switchreadback.

High voltageoutputs

Number One.
Outputpower 1 watt
Voltageoptions 20to 200V. Line <0.01%,Load<0.05%,Ripple<0.01%

50to 500V. Line <0.01%,Load<0.01%,Ripple<0.01%

100to 1250V. Line <0.001%,Load<0.005%,Ripple
<0.001%

200to 2000V Line <0.01%,Load<0.01%,Ripple<0.001%

HV monitoring

IndependenioopbackHV input

Monitor unit output

Number One
Levels TTL levelsinto minimumimpedancef 50 ohm, or
Transformetcoupled+2.5V into 50 ohm(build-time option)
Pulsewidth 50nsecTTL
Chargencrement Userdefinedchargemeasurean integralplaneinput will
result in one monitor pulse.
Triggersandgating

Triggermodes

Internal(autorun)
Customcontrolof start,pauseandstopconditionsusinggate
input and internal buffer counts.

Gateinput

TTL levelsinto 10 kohm

Gateoutput(passthrough)

TTL levelsinto minimumimpedancef 50 ohm

Latency Lessthan50 nsecbetweergateinput andgateoutput
Interlocks

Safetyrelay Potentialfree safetyratedrelaycontactpair (for usein
critical external safety interlock chain).

Relays Generaburposeaelaycontactpair (for generakxternal
interlock use) with internal sensing of relay state.
Generaburposeaelaycontactpair (for signallingii e n a b |
state of the 1128 to external devices)

Enableinput Optoisolateddigital input (for receivingcommandor the

| 128 to gdotsetaeaabl

1128 User Manual
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Communicationnterfaces

Ethernet Ethernetl0/100BaseT, TCP/IPandUDP
RS-232 115.2kbps,serial

RS-485 115.2kbps,serial

Fiberoptic 10 Mbps, binaryserialprotocol.

Forintegratinginto Pyramidsystemsarchitectures.

Controlsandindicators

Controls Normal mode / diagnostic mode keyswitch, front panel.
Positionof switchcanbesensedlirectly by externaldevices
via potentialfree contact pair.

Rotaryswitchesor communicationsnodeandfiber optic
loop address, rear panel
Pushbuttonprocessoreset rearpanel
Indicators Poweronilluminatedlogo, front panel
Eightgreenstatud_EDs, rearpanel
Powerinput
Voltage +24VDC (+/-2 V)
Current 380mA typical, 750mA maximum.
Case
Formatandmaterials 1U 1 9250mm deeprackmountingsteelchassiswith Al

alloy front panel and polycarbonate decals.
Fancooled.

Protectiorrating

The case is designed to rating 1P43 (protected against so
objectsgreatethanlmmin size,protectedagainsspraying
water).

Weight

3.5kg (7.71b)

Dimensions

(seefigures2 and3).

Environment

Operating

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

Shippingandstorage

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

1128 User Manual
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Figure 2.

1128 front andrear panels. Dimensionsnmm.
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9 Installation

9.1 Mounting

The 1128 is intended for 190 rack mounting,
simply placed on a level surfaca.fixed mounting to a secure frame is recommended in a
permanent installation for best low current performance, as this camgizeldd by movement

and vibration.The length of signal cables from the sensor to the 1128 should be minimized for
optimum signal to noise ratio, but you should also attempt to keep the 1128 out of known high
radiationzones closéo a beamline.For bestperformancewe recommendi maximumcablerun

of 10 metres and the use of lewise cable.

Themountingpositionshouldallow sufficientaccesso connectorandcablebendradii. 60 mm
minimum clearance is recommended at front and back of the device.

Best peformance will be achieved if the 1128 is in a temperatametrolled environmentNo
forcedair coolingis requiredin additionto theu n i builéis fan, butfree convectionshouldbe
allowed around the back and sides of the case.

9.2 Grounding and power supply
A secureconnectiorshouldbe madeusingaring lug, from theM3 groundlug to local chassis
potential. This is the return path for any high voltage discharge passing viaz@e 11

+24VDC powershouldbeprovidedfrom a suitablyratedpowersupplywith thefollowing
minimum performance:

Outputvoltage +24+/- 0.5VDC

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

Line regulation <240mV

Thell28includesaninternalautomaticallyre-settingPTCfuseratedat1.1 A. Howeverthe
external supply should in no circumstances be rated higher than the connector limit of 5 A.
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9.3 Connection to signal source

9.3.1 Typical setup

Figure 4 shows an example installation in schematic f@r64 by 64 strip positiorsensing
ionizationchambeincludesstrip electrodegor readingout the positionof a high-energyparticle
beam, and an integral plane electrode for measuring the total curhenkaxis strips are
connected to channelsGl and the yaxis strips to channels 828. The integral plane is
connected to the channel 0 (fAhigh current

When thinking about the current measurement range you will require, you need to include the
gain of the ionization chamber, the size of the beam and the dimensions of readout electrodes.
Gainis typically in therange30to 200for high energyionswhich passthrougha parallelplate
ionization chamber at normal incidence, depending on electrode spacing, fill gas pressure and
ion species and energyhus a beam current of 1 nA for example and a chamber gain of 100
would producea measureabl®otal signalof 100nA. A stripreadoutelectrodevherethebeam
covered around 10 strips full width would give individual strip currents of up to 20 to 30 % of
this total, thus 20 to 30 nA.

HV is delivered to the high voltage planes and sampled by an independentloopbke.
Environmentakensorssuchasprovidedin theC128-25 ionizationchambeiareconnectedo
the sensor signals input of the 1128.

The 1128 delivers data and receives commands from a host computer system over Hiternet.
its turnthel128 cancontrolslavedevicessuchas thevi10 generalpurposd/O unit. Thiscanbe
used to form a control loop, where some remote device is adjnstesponse to the signals
measured by the 1128.

A trigger input to the gate connector allows measurements to be synchronized to an external
event such as a Hadwaenmtedockesigrala geverated by thell28
(potentialfree contacts o24 V logic) are routed directly to ona morebeam abort systems.
Thedecisiondo openthesenterlocksaremadeby thel128,for exampleby comparingoeam
position, shape or current to target values, or as a result of internal errors.

Thell28 cangeneratanoutputi mo n u i ipwliseeachtimeit measures definedincrement
of charge, which may be used to drive an independent counter or sounder.
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Figure4. Schemati@xamplebasicl128installation

It is oftenthe casethatredundanton chambersrerequiredin asystemfor safety. Thuswe may
need multiple 1128 unitd-or example, if you have two chambers, each with 128 strips in each
positionsensing axis and an integral plane, such as the K2®amber, then you would
require a total of four 1128s to read them out, as shown in figure 5

1128 User Manual 1128 UM_250722 Page 24 of 126




PSI System Controls and Diagnostics
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128 Y-axis
signals Anode 1 HV feed/sense

Figure5. Schematiexamplell28installationfor duallC128-25LCionizationchambers

In this example we are supplying HV to two independent anode planes in each ionization
chamberassemblypnebiasingthe X-Y strip readoutsectionandthe otherbiasingtheintegral
plane sectionPrimary and redundant environmental sensors (temperature, pressure and
humidity) arebeingmonitoredin eachionizationchambermssembly.Each 1128eadsoutone
axis of position sensing, thus we need two per chamber in this case.

The integral plane inpytalled the HCC in the PTC Diagnostic host software system) is only
usedin two of thel128sin thisexample.lt canbeusedin |-V convertercircuit configurationor
gated integrator configuration, as required, to best suit the particle beam curreanéetigie
structure.Some ion chamber assemblies include two integral planes, in which case all the
available integral plane inputs would be used.
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A hardwardriggersignalroutesto all thel128svia thegatein / gateout connectors A system
hardwarenterlocksignal,suchasa 20 mA currentloop or 24 VDC logic signalpasseshrough

all the 1128s.Two further relays are available in each 1128, which can be used for different
systeminterlocklevels(notillustratedin theexample).A synchronizatioimessagewhich can

be initiated by the first 1128 as shown, or received from another controlleaswahA560, is

used to ensure that all the 1128s are coordinated in map execAlidme 1128s connect to a

local area network, and they receive maps from and deliver data to the relevant servers on the
network.

Each 1128hasinputsfor environmentasersorsthatmeasureéheionizationchamber conditions,

and thus it can perform real time correction for temperature and pressure, or it can tag the
measured signals with these valu@sher features that could be used in such a system, some
shownearlierin figure 4, includemonitorunit signaloutputs,additionalinterlockloopsto allow
various levels of shutdown response, control of remote devices via fiber optic, and pneumatic
actuator control.;

9.3.2 Cables

The 1128 measures small signals, down to below 1@able quality is vital to obtaining good
noise performancé/Nell-made screened cables are essential for the current inputs, and you
shouldtry to minimizethelength,while beingmindful to removethel128 from any areaswith a

high radiation backgroundf there is any risk of vibration or movement, then the use of low
noise antitriboelectric cables is strongly recommended for the 128 electrometer inputs and the
single channel integral inpu¥ou can order suitable 44ay and 4way terminated cables to
specified length from Pyramid Technical Consultants, Inc.

The high voltage cable should be coaxial with a DC rating sufficient for the maximum voltage
you expect to useRG-59 is a good choice, with a DC rating of 2.1 Kfowever many
photomultipliersdo not requirea voltagethis high, andusea smallercoaxialcablesuch aRG-

316 for convenienceSHV connectors that accept this smaller cable size are available from
Pasternack (PE4498) and Tyco (5051-828nd 51424B).

Trigger signals to and from the gate connectors should be sent in 50 ohm coaxial cable such as
RG-174 or RG316. You can use the waly available R&8 coaxial cable with BNC
connectorsbutyou will needaLemoABF.00.250.CTAadaptorto the Lemo 00 coaxconnector

on the 1128.This is available from various suppliers such as Digikey (# 1I®-ND) or

Farnell (# 3817878).

9.3.3 Signal current path

The currents measured by the 1128 must be allowed to return to their point of generation.
Depending upon the application, the return path may be via the high voltage supply, and/or via
The lab ground and the 1128 cadéthere is no return pathhen you will see no current, or

erratic readings.You may see current initially if there is no return path, especially if the signal
is small, as charge can be provided from various stray capacitances, but this may fall away or
become unstable. The cents you are measuring pass along the multiway cable cores to the
1128 inputs. The current for theperational amplifier action comes from 1beal circuit ground

via the powersupplyprovidingthevoltagerails for theamplifier devicesn thel128. Thecircuit
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ground is called KGnd for the 128 electrometer channels, and AGnd for the separate single
channefor integralplanereadout. KGnd, is connectedo AGnd andto the casewithin thel128.

In the caseof anionizationchambeior similar device,wherethel128is providingthebiasto an
anode from the optional high voltage module, the subsequent return path for the current is
through the HVmodule (figure 6), to complete the circuit back to the anode.

1128

lon Multiway screened @ﬁ
chamber signal cable
\/ \{
I |
(/I\ KGndv
N AN \
\/ U/ —
- Ias Y
T Coaxial 7

HV cable
AGnd

| Case

e T

Figure 6. Currentreturn path:ionizationchambelbiasprovidedby HV modulein thel128

If you areusinganexternalhigh voltagesupply,thenyou mustensurehat itsharesacommon
ground with the 1128 to complete the current path (figure 7).
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Zfback
1

1128
lon Multiway screened
chamber signal cable
[ g I/ \J ” ‘/ \l
; \|/ \{
— Coaxial -

HV cable
@® N

N
/U KGnd
I b o
| External bau —\‘7 AGnd r Case
bias HV I
Frrrd
Fresd Fresd

Figure 7. Currentreturn path:ionizationchamberbiasprovidedseparateHV module
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10How the 1128 Works and How to Useit - An Overview

The 1128 is a very powerful instrument which provides many facilities for reading out and
controllingpositionsensingonizationchambersndrelateddevices.In this sectionwe shall
take a general overview of these capabilities.

10.1 Multichannel electrometer input (channels 1 to 128)

The heart of the 128hannel electrometer section is an ADAS integrated CT electrometer chip
and custom FPGA interfac&ach input channel has an integrating amplifier which accumulates
the incoming current as charge on a s$roabacitor for a defined integration period, from 60

psec up to 1 mseclhe maximum current per channel that can be measured, irrespective of
integration time, is +500 to 600 nAThis can be increased as a purchase option by the addition
of current divison on the inputsThe 1128 is not designed to measure negative currents on the
multichanneinputsbut hassomenegativecurrentmeasuremermnngeto allow for baselinenoise
fluctuations.

The voltage output of the integrator circuit is digitized and read out in the background for all
channels, without disrupting tleecumulation otharge.The binaryalues arextracted byhe
FPGAandconvertedo floating point chargevaluesusingindividual storedcalibrationsfor each
channel.Up to 256 successive accumulations can then be digitally averaged to provide longer
integration times.

o Reset

Coback logic

-
| ADC
— Sensor +

, capacitance

Figure 8. Multichannelelectrometeinput (oneof 128identical parallel inputs,chl1to 128)

Like all integrators the charge accumulating on the feedback capacitor must be removed
periodically, orthevoltage would rise beyontie sparof theanalog to digital converter (ADC).
This is typically done once per usszlected integration periodHowever in the 1128 ADAS
circuit thereis a conditionalresettingschemewhich usesswitcheso removethe chargefrom the
capacitor while also isolating the input when the ADC approaches full scale Resgts
therefore only occur when necessary and aréienbto the integration period.

Current still arrivingduring theshort reset event is stored theinput capacitancéable and
ionizationchamberandis measuredvhentheintegrationrecommencesThis meanghereis

1128 User Manual 1128 UM_250722 Page 29 of 126




PSI System Controls and Diagnostics

minimal deadtime, andany currentarriving in thedeadtime is anyhowmeasuredDigital
reconstruction produces a version of the integrator output with resets suppressed.

10.2 Integral plane electrometer input (channel 0 - HCC)

The separate single channel electrometer in
channel 0) faracumtp fast dosinzerydrom integral plane electrolggovides
largerupperdynamicrangeandfasterdigitizationthanis possiblewith themultichanneinputs,

and it is fully bipolar.The data rate and averaging is coordinated with the multichannel inputs,

so that charge readings from 128 + 1 channels are taken every integration period.

TheHCC can be used in one of two modes, selected by software control, and you can choose the
mode bst suited to the size and time profile of your sigriahe mode is a charge integrating
circuit similar to the multichannel inputs, but with more dynamic rafite feedback capacitor
resets are linked to the integration period, and there is a smallrdeatliring the reseflhis

mode is welsuited to the measurement of small currents (less than 1 nA) at longer integration
times, and for the measurement of regular pulsed beam signals where the capacitor reset can
occurwhenthebeamis absent.Thealterndive modeusesa currentto voltageconversiorcircuit
(alsocalledanI-V converteror transconductancamplifier). This modeis suitedto highersignal
currents (from about 1 nA up to 1 mA), and to continuous signals with time variability that you
need b capture.lt reads continuously with no need to reset.

Reset
\L control
o
Cfback II
Integrator
® oo -
r +
o \_’
ADC
beack
1
LT
. o -
+
I-V converter

Figure9. HCC (integral plane,chO) electrometeinput

Signalsonthetwo input pinsof thefront panel connectotanberoutedto therequiredcircuit
(only one mode can be in use at one tim&u can also cause the two input pins to be
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connectedogether.Thisis usedif you havetwo signalswhich sometimeseedto besummed,
for example a current density pad in the middle of an integral plane electrode.

Thel-V convertersectionprovidesfour current range§ull scalel pA, 5 pA, 10 uA and20 pA)
as standard.

10.3 Acquisition modes

Thell28 cangeneratalatavery quickly, oftenataratehigherthancanbeacceptedn realtime
by eitherthecommunications link othehost computerThe 1128thereforeprovides buffering
schemes that allow you to capture blocks of data at any rate, for later transfer to the host
computer.

Unbufferedmodedoesnot storeanyresultsin thel128. Thevalues aresimply transmittedo the
hostcomputerasfastasthel128 cansendthem,andasfastasthe hostit canaccepthem. At the

shortest integration times, some values may be lost because of limitations in the communications
rate, but this is always obvious in any data you take because the readings are indivnkerally t
stamped.

Buffered modeuses the internal memory of the 1128 to store up to 65535 sets of readings from
the 128 electrometer channels, the HCC, the analog and digital ifjhetg.are transmitted to
thehost in groups oot morethan 100, sthat thedata you see on thest conputer is always
relativelyrecent. Thereis no breakin thereadingsevenat theshortesintegrationtimes. If the
integration time is not too small, then the buffer can be unloaded to the host fast enough that it
will never fill.

Burst modesubdivides the buffer memory you allocate into smaller bursts of readtiags.
burst is accumulated in response to an eridrigger, or when you have reached a specified
burstcount. This modeis usefulif you haveburstsof high speeddata,intersperseavith periods
when there is no useful data, for example a pulsed beam accelerator.

10.4 Triggering

The 1128 can measure irfr@erunning mode, or it can wait for an external triggalseon its
gate input.Theedges of thérigger signal can be assigned to start, pamskend acquisitions.
Thegateinputis echoed tdhegateoutputwith minimal delay,soyou can daisychainunitson
the synchronization line.

10.5 Self-testing and calibration

The 1128 includes two high precision current sources, set to 500.0 nA and 2.500gyAare
usedto performtheautomatedelf-calibrationprocess.The gainandoffsetparanetersfrom the
calibration are stored by the 1128 in reolatile memory and used to convert incoming data to
accurate charge values in coulombs.

The 500 nA source can also be routed to any individual input, or to the HCC input on its most
sensitiverange,under direct user controlhe2.500uA current can be routed theHCC onits
threehighercurrentranges.This allowsacomprehensivdiagnosigo be performedwithoutany
additional test equipment.
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Calibrationsarealsostoredfor the optionalhigh voltagemodulesetandreadbackandfor the
general purpose analog inputs.

10.6 High voltage output

Mostradiationsensorsncludingionizationchambersequirebiasvoltage,andit is convenientf
the source of this voltage is integrated with the signal readmu.can specify high voltage
modules of either polarity up to 2kV in the [128ositive polarity is typical, to match the
paositive current measurement range of the multichannel inputs.

Critical dose measurement applications mean that you must be sure that the bias voltage is
reaching the ionization chambérhe 1128 includes a loop back facility to give clear
confirmationthatthevoltageis beingdelivered. Your highvoltageelectrodeshouldhavetwo
discrete connection points for high voltagéne voltage is applied through one and sampled
throughtheother. Thel128 measureshesampledvoltage. If it is present athe correctlevel,

you can be almost certain that the bias voltage is being delivered.

1128

HV supply

Sample HV out

lonization
chamber ?17

anode

ADC

Sample HV return

Figure 10. High voltageloopbackarrangement

10.7 General-purpose I/O (ionization chamber services)

Thegeneraburposd/O connectoiprovidesdigital andanaloginputsandoutputsavailablefor

any purposesTypical use is to read out environmental sensors that monitor the pressure and
temperature of an ion chamber fill gdhe 1128 can use this data to compensate changes in
chamber gain due to environmental changes.

10.8 General-purpose I/O (actuator control)

lonization chambers are sometime mounted on motion actuators to position them in or out of a

beampath. Thell28includesa pneumatiactuatorcontrol port with a switched24 VDC line to
control a solenoid valve, and opswlated inputs for reading back end of travel limit switches.
These I/0O points can of course be used for general purposes also.
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10.9 Map execution and interlocking

The 1128 includes features that support the concept of dose maps, such as radiation therapy
treatment mapsThe onboard processors can receive maps from a host computer, and execute
those maps in synchronization with other devices, monitoring the incagnagls from

ionization chambers, and reacting to out of tolerance conditibm®e relays, one of them a
safetyrated type, are available for use in system interlock loops and for general haleiveare
status communicationThe relays allow the 1128 t@spond to various levels of deviation from

the map, or any internal failures, by breaking different system interlock loops that can be
arrangedoroducetheappropriateshutdowrresponseThesafetyrelay circuit would be allocated

for the most critical

A front panel keyswitch allows you to select a Diagnostic mode for testing, where the response
to deviations is modifiedThe key cannot be removed when in Diagnostic mode, so that the
systemcanbelockedinto Normalmodeby removalof thekeys. Thestateof themodeswitchis
echoed to a rear panel relay connection.

10.10 Controlling remote devices i fiber optic interfaces

There is a wide range of devices available that communicate over the Pyramid 10 Mbps fiber
opticloop system.Thel128includestwo loop portsandcanperformaloop controllerfunction.

With a single host computer connection to the 1128, you can commeimih up to 30 other
devices (15 per loop).

One example application is the use of a remote M10 or M40 general purpose I/O device to
interface to accelerator controls, to command beam current and read backfstatber use
couldbecontrolandmonitoringof beamscanningelectromagnetsjsingremde M10, M40 and

H10 devicesFigure 11 shows a possible configuration illustrating these two applications, but
there is an almost unlimited range of possibilities.

H10 Hall probe
H10 Hall probe

X-Y scan
magnet

@mlﬁlﬂ

lonization 1128
chamber
M10
LAN Scan magnet
El power supply
M10
M40 Acceleratol
control

Figure 11. Schemati@xample1128 control of remotedevices

1128 User Manual 1128 UM_250722 Page 33 of 126




PSI System Controls and Diagnostics

Oneof thefiber opticloop portscanbeallocatedo synchronizatiormessagesatherthancontrol

of remote devicesOne intelligent real time controller in a system, which may be an 1128 or
another device, acts as the master for map execution, and sends messages to other devices to
ensure thathey all execute the same map point at the same time.

Thel128 providesafurthertwo fiber optic transmittersavailablefor functionssuchasfastbeam
gating control, process status indication using a DC level or frequency, optical version of the
monitor pulse output and so on.

10.11 Monitor unit output

Radiation therapy applications use the concept of a monitor unit, which is an aliquot of dose
delivered by thesystem.lt is generallyrelatedto the overall dosingaccuracyof the systemand
the maximum amount of charge that could be delivered in error before there would be concern.

The monitor unit of dose can be correlated with the charge measutied 328 when it is used

in the dosimetry and beam position tracking applicatigou can define the size of the

measured charge increment that will result in the output of a monitor pulse by therlie8.

pulse is delivered on the monitor output coax@ireector and can be configured for TTL levels
or fastnegativepulses.It canalsobetransmittedrom the processstatusfiber optic transmitterif
required. Typically, these pulses might be used to drive independent dose counters or audible
sounders.

10.12 Communication to the host computer

The 1128 provides three alternative communications interfaces to the host convjoutenust
work with a suitablehostcomputerandsoftwareto setup acquisitionsonthe 128 andreadback
and display the results.

Themostcommonlyusedis the standardL000/100/10BaseEthernetinterfacewhich supports
TCP/IP and UDP protocolshe 1128 can serve multiple clients on the network.

Thereis alsoa 10 Mbpsserialfiber optic channelwhich providescompatibilitywith the Pyramid
Technical Consultant$nc. fiber optic reatime loop controllers, and thus the complete range of
Pyramid productsThefiber optic interface can alternatively bheed to connect slawkevices to
the 1128, for example the Pyramid M10 device, to provide extended I/O capability

Finally, a serialinterfacewhich canbeoperatedvith RS-232 or RS485levelsprovidesasimple
interface for applications where high data rates are not needed, such as service diagnostic
operations.The 1128 will support parallel communication on Ethernet and serial interfaces.

10.13 Embedded software

The 1128 runs an embedded version of the kioperating system on NIOS processors
implemented in th&PGAs. Fourfirmwarefiles makeup afull release, and yooan update with
asinglefile whichintegratesll thereleasesandthusensureghatyou havecompatibleversions.
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11 Getting Started usingthe PTC DiagnosticG2 Host
Program

The PTC DiagnosticG2 is a staatbne program which allows you to read, graph and log data
from thel128, andsetall theimportantacquisitioncontrol parametersFor someapplicationspr

for initial work, it may be adequate for all your data acquisitieads. The 1128 is designed to
beakey componenbf adosemeasuremerdandcontrolsystemhoweverandthusprovidesmany
functions beyond basic signal acquisitidviost of these functions are exposed in the PTC
DiagnosticG2, so that you can explore their operation, but they are most useful when the 1128 is
incorporated into an overall system with appropriate host softwine.Diagnostic uses the

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

PTCDiagnosticG2avasintroducedo supportthe G2 rangeof PyramidTechnicalConsultants,

Inc. products, which featuembedded Linux process and builkin Ethernet interfacedt is

not compatible with the PSI Diagnostic program which supports previous Pyramid products.
However thePTC Diagnostic G2 program will be extended infiitereto add support foall

the previous products.

Your 1128 wasshippedwith a USB memorystick with theinstallationfiles you need.We
recommend that you copy the files into a directory on your hostJh€ck the Pyramid
Technical Consultants, Inc. web sitenatw.ptcusa.confor the latest versions.

Notethatupdatego the DiagnosticG2 programmay introducenewfeaturessothe screensn
the version you are whking with may differ from those shown in this user manual.

11.1 Installation

Theprogram runs under thdicrosoft Windows operating system, and carnnstalled from an
msi file using the standard Windows ultilitit. has been tested on Windows XP, 7, 8 andItLO
alsorunsunderLinux andhasbeentestedwith the Ubuntudistribution. Thereis noinstallerfor
Linux; contactPyramidTechnicalConsultantsinc. to getthelatestsuiteof installationfiles and
detailed instructions if you wish to run under Lindbhe remainder of this section assumes a
Windows installation.

Copytheinstallerfile PTCDiagnosticSetujyx_xx.msito the harddrive of thehostcomputer,
where x_xx is the version of the Diagnogirogram. The host PC must have a standard
Ethernet port.

Run the installer and follow the promptéou will be asked to allow the installer to make
changego the computerafterthe confirmationstage.You will requireadministratoaccesso
permit this.
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iz PTCDiagnsticG2.

Welcome to the PTCDiagnosticG2 Setu

The mstailar vall guide you theough the steps required to install PTCOhagnosticG2 on your computir

IG: This progrémis g d by copyright law and intemastional reaties.
! th or of this program. or any postion of it. may result in severe civil
or crimingl p and will be p tothe axtent possible under the law.

Installing PTCDiagnosticG2

PTCOagnoste(2 is being installed

Plaase wait

| i)

=

Figure 12. PTCDiagnosticG2nstallation

b\ Tachncs Conel Rats, inc

The installer will instell PTCDiagnosticG2 ta the following folder

To install in this folder, click "Next" To instell to a didferent folder, enter it below or chick "Browse"

Foider
lC \Program Files\Pyramid Technical Consultants, Inc\PTCDiagnostic [ Biowse,. i
ik Cost
Install PTCDiagnostcG2 for yourself. or for anyone who uses this computer
9 Everyone
Justme
Cancel < Back Next >

The installer will create a subdirectory in the Program Files directory containing all the
executableandconfigurationfiles andcreateshortcutson your desktopandin the Startmenu.

11.2 Connecting to the 1128

Thefollowing stepstakeyou throughthe process otonnectingo thedevice.

1) Itis simplest to start with a direct connection from your host computer to the 1128 using a
CATS5 or CAT6 Ethernet cablasshownbelow. Thenetworkcablecanbe apatchor acrossover

typei the 1128 automatically adts itself to suit.
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Ethernet

+24Vin

Figure 13. Direct Ethernetconnection.

Onceyou haveestablishedeliablecommunicationandseta suitableuniquelP addressthen
you can move the 1128 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 requirgdt up your host PC Ethernet port with a fixed,-non
conflicting IP address in the same subnet range, for example 192.168.100.11.

[ ‘M -~ B |
Intemet Protocol Version 4 (TCP/IPv4) Properties X
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,

Obtain an IP address automatically
@ Usa the following IP address:
JP address: 192 . 168 . 100 . 11
Subnet mask: 255.255.255. ]

Refault gateway:

@ Use the following DNS server addresses
Freferred DNS server; l

Alternate DNS server:

Validate settings upon exit Advanced. .

OK Cancel

Figure 14. ConfiguringthelP addresson thehostcomputer.

3) Turn on24 V DC powerto the 1128utmake no other connectiongheilluminated logoon
thefront panelshouldlight up, andthe coolingfan will startup. While thedeviceis booting,the
of four LEDs on the rear panelcychen t he device i s ready
only should be illuminated.
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4) Make the Ethernet connection from the host PC to the IYB8.should see activity on the
LEDsthataremountedn thel128 R}45 connector.Checkthatyou canping thedevicefrom a
command window prompt.

&y C\Windows\system32\cmd.exe
Microsoft Windows [Uersion 6.1.7600]
Copyright (c) 2009 Microsoft Corporation All rights reserved

C:\Users\John>ping 192.168.100.20

Pinging 192.168.100.20 with 32 bytes of data

Reply from 192.168.100.20: bytes=32 time<ims TTL=
Reply from 192.168.100.20: bytes=32 timedims TTL=
Reply from 192.168.100.20: bytes=32 time<ims TTL=
Reply from 192.168.100.20: bytes=32 timedims TTL=

Ping statistics for 192.168.100.20

Packets: Sent = 4, Received = 4, Lost = 0 (0%
Approximate round trip times in milli-seconds:
Minimum = Oms, Maximum = Oms, Auerage = Oms

BIC : \Users\John>_

Figure 15. Pingtestof theEthernetconnection.

TheWindowsfirewall mayblock communication withithel128. It is simplestto startby turning
off thefirewall while you aretesting. To maintainsecurity,you candisableany wirelessadaptor
on thePC whileyou are doing thisOnceyou have establishedommunicationthen youcan try
restoringthefirewall if needed, andetup permissiongor the PTC Diagnosticandthel128 RPC
(port 111) to communicate through the firewall.

6) Start the PTCDiagnosticG2 softwaréwill start with the Discover Devices dialog open.
Click on DiscoverControllersandthe softwarewill searchall IP addressewithin its available
network looking for compatible Pyramid devices
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RRAMID

A .3. Technical Consultants, Inc
A ﬁ..&,

PTC Diagnostic v5.5.0

Address Name Owner
M 19216810020 1281

= @ = Looking for Loop Controllers 50%

Figure 16. Discoverdevicesn progress

Sinceyou havethe simplestpossiblenetwork,it shouldfind only thel128 you areworking with.
In some circumstances the discovered devices may include Pyramid tools such as the A60
recovery utility. You can ignore these.

Whenyou click onthediscovered128 entryin thelist to highlightit, the ConnectandDiscover
Subdevices button is erlald. Doubleclick on this to establish the connection to the 1128.

10 Sl

12
| 5] PTC Diagnostic - Discover Devices

PTC Diagnostic v5.5.0

Address  Name Owner
| 19216810020 1281
B AG0 Recovery
@8 Discover Controliers |
0.0.0.0 |Add 1P Address|

| f4 Load System File.... |

[ Connect & Discover Subdevices| [ cancal |

Figure 17. Readyto connecto thel128

A window for thel128will open,andyouwill seemessages themessagareaasthel128 adds
your PC as a hostUnless you have devices connected on the fiber optic loops, you will see
errors at startup whetbe 1128 has failed tbhnd any slavelevices.You can ignoreheseerrors.
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\:

Fin wiven: Tiv feilad

Figure 18. Openingthel128 window

Thegraphicwill beavertically autoscaledhistogramdisplayof backgroundhoisein the 128
channels.The 1128 user interface screen is divided into two halves plus a top banner area.

11.3 Screen layout i Top banner
Thetop bannercontainshefollowing indicators:

Commesbar Whenmoving,this indicateshatmessageom thel128 arebeing
received by the PTCDiagnosticGZhe message frequency is
displayed.

ConnectedLED Whenlit, thisindicategshatcommunicationsirevalid andthe system
is not in error.

Busy LED Whenlit, thisindicateshel128is busyandcannotrespondo inputs,
for example while performing a calibration.

Measuring LED When lit green, this indicates that data acquisition is occurhiviigen
lit yellow, this indicatesthatanacquisitionis initiated but thatthe 1128
is waiting for a trigger.

Error LED Whenlit, thel128 hasloggeda 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.
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Abort This buttonterminatesanyacquisitionin progress.

Ontheleft belowthebannerthereis agraphicdisplayof thedata,with controlsfor howthedata
is plotted below it. This is described in section 11.5 below.

Belowthegraphicis amessagevindow which reportsall thecommandsssuedto the 128 by
the PTC Diagnostic program, and the corresponding acknowledgerfzamtsrally you can
ignore this display, but it will be Waable for diagnosis if you have any operating problems.

Ontheright thereis a screerareawhich changesccordingto which displayoptionyou select
with the option buttons at the bottom.

11.4 Screen layout i Right-hand tabs

11.4.1 Data tab

Thedropdowncontrolatthetop allowsyouto choosehe unitsto displaythe measuresignals
for channel 0 and channelsl28.

Theselectionof displayunitshasno effecton theway thatdatais acquiredor logged.

There are three data stdbs:

All channels: A numeric display of the data on each channel, and check boxes to allow you to
suppresshegraphicdisplayof any subsebf thechannels.Usethescroll barto view thehigher
channels.The color codesorrespond to the colors of the traces of the strip chart and scope
mode graphicsAny channel which is highlighted in red is overrange.

Banks: Checkboxesallow youto selector de-selectdisplayof the channelsn banksof 32. The
numeric values are the sums of all the channels in each bank.

Peak:Resultsfrom peakfitting by theon-boardprocessor.Thisis distinctfrom calculationghat
are available from the PTC Diagnostic@2arameters for two peaks are displayed, so that yo
can read out two positions if the 1128 is reading out two axes.

Belowthe subtabareaaredatadisplaysthatareaalwaysvisible on the Datatab.

/! HCC:

TheHCC valueshowsthe signalfrom channeD. If you checktheHCC box , another

graphic opens to plot this value.
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Figure 19. HCC graphicdisplayed

TheDoseRemaining,TargetreachecandBeamEnabledreadoutseflectthefunctionof thel128
as a primary dose control device.

Dose Remaining:
Beam Enabled:()Target Reached:Q)

On the Setup tab you can enter a target dose to be measured on channel 0, and set the beam
enablebit on (which lightsthe correspondingearpanelfiber optic transmitter). The 1128 will
count down until the target dose is reached, at which point it turns off the beam enable.

Analoginput readbackandoutputsettingg DAC), anddigital outputandinput bitsreferto pins
on the front panel 1/O connector, which you can use for environmental monitor readout or other

purposes.
Dig. Out In

Analog Data (V) DAC (V) ; 8

1 0.000 30 @

2 0.000 40 Q
Theanalogsetpointsandreadvaluesarerefreshedvhenthel128is acquiringdata.

Thehigh voltage readbacks are a continuously refreshed display of the measured high voltage
beingsentout by the 1128, andtheloop backvalue. The overandunderindicationsflag when
the measured voltage is outside a tsgarcified range.

High Voltage
HV:
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11.4.2 Data analysis

The PTC DiagnosticG2 can perform position peak analysis on the incoming data on the 128
electrometer channels by three methods, with results displayed on thi$i&apositions and
standard deviations (one sigma widths) are given in units of siripssecalculations are
distinctfrom the similar calculationgperformedon eachmeasuremery thel128 itself, which
are also displayed, | abel ed fiGaussian Fit

A

Initiate

Position (g): 79.3021 K
Std. Dev (o): 1.89743 ey
Gaussan Fit SNR: 4315.08 Histogram Peak
{Device) Hoize Std. Dev (o): 5.86le-ii Peaks: 1
X*: €2.3%
Y A WIS 7| Center of Gravity
: Position (@) : 79.5009 @ Noise Threshold: ¢ o, *
Gaussian Fit Scd. Dev (ci: 1.89734 iadiial
el 1 2k B Window: +/-5
Position (pi: 79.9576 5
Center of Gravity Std. Dev !T}: 1.2%%83 7] Gaussian Fit (gaussaboia)
TER LU D 20
Position (p): 75.8168 Peak Min.:
Gaussabola Fit Std. Dav (o): 2.05825

Int. Min.:

Threshold: 98 % =

2.5e-07

v Gaussian Fit (regression)
Noise Threshold: 5% s
Window: +-5
2e-07
Weighting: 215

Display Full Statistics
1.5e-07

Current (A)

le-07

S5e-08

TTITtT T
52 56 60 64 63 72 76 B0 24 83 92 95 100 104 108 112 115 120 124 128 1
Channel \ Data Analyss J

19408 Samples| 4% | kel Tonization Chamber

Data

Setup
Calibration
Interlocks

State: Ide Last Error: < - Properties

Figure 20. Data analysisdisplayi 1128 and PTC DiagnosticG2calculations

TheCenterof Gravity calculationsimply computeghe centerof gravity andstandardieviation

of the strip signals out to the points either side of the highest channel where the signal drops
below (noise threshold)% of the peak channel sighlis calculation makes no assumption
about the shape of the peak but is somewhat prone to noise.

The other two calculations assume that the peak has a Gaussian shape andrltie #tfed
curve is shown on the histogram grapHitboth cases, the algorithm exploits the fact that the

logarithmof a Gaussian curvis asecondrderpolynomial,which canbefitted withoutiteration
using matrix inversion.
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The Gaussabola algorithm is very efficient, because it only uses three channels and finds the
unigueparabola that passes through liingarithm of the dataThe threshold value determines
how far thesecond and third strips used in the fit are from thadsgchannellf the adjacent
channels areearly thesameheight as th@eak (greater than threshold$6thepeak), then the
algorithm steps outwards until it has strips with different heights to fitlies algorithm is
optimalif the peaksarenarrow(afew stripswide), butit takesno informationfrom thetails of

wider peaks and can be susceptible to ndise.most purposes the Gaussian regression fit is
more dependable.

The Gaussian regression fit performs the best fit out to the points eithef Higehighest

channel where the signal drops below (noise threshold)% of the peak channel signal, unless
clippedto lessby thewindow setting. You canalsosettheweightingusedin thefit; thenominal

setting is 2, fowhich the datgpoints arenveighted by thesquareof theraw data.This algorithm

has good noise immunity and is generally preferred unless the peak shape deviates greatly from
Gaussianlf the window is set to 1, then the regression fit and the {pog# fit become

eguvalent for practical purpose3.he Gaussian regression fit algorithm is the one implemented

in the 1128 itself, using fast FPGA calculations.

Checkingthe Display Full Statisticsbox turnson displayof computedsaluesadditionalto
position and width foeach of the calculation options.

11.4.3 Device

11.43.1 lonization Chamber

Generakupportfor ionizationchamberss provided,includingreadouiof environmentakensors,
and correction of measured current according to the measured temperature and pressure.
Computation®f position,width, andconfidenceareshownfor strip type chambers.

i | ex | mrc |
—¥ Environmental Correction

Temperature:
Pressure:
Hurmidity:
Reference:

Ion Current ko STP
Gain:

HY:

Integral Plane:

Strips Sum;

~Peak

Position:
Width (o)

Amplitude:

Confidence:

Figure 21.1C DeviceSupport
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Thefollowing parameteraredisplayed:

Temperature., Thetemperaturepressurendhumidity valuesarethereadback$rom
pressure,humidity | the sensors in the ionization chamber that allow you to make gain
corrections, and to monitor the health of the dehumidifier cartridge

Reference Futureuse

lon Current to STP | Thisfactoraccountdor air densityvariationsresultingfrom pressure
Gain and temperaturdeviations from Standar@ressure and Temperatur¢
(STP). Multiply all charge data returned by the 1128 by this factor
make the correction.

HV Loopbackhigh voltagemonitor.
Integral plane TheHCC signal
Strips sum Thesumof the128channels.Tofirst orderthis shouldmatchthe

HCC value for a chamber with equal electrode gaps.

Peak Resultsrom the Gaussiariit performedoy thel128, including
position and sigma (strips), amplitude (C), and confidence.

11.4.3.2 Pixelated sensor readout

ThePTCDiagnosticGZorogramcanbe usedto readout pixelatedsensorsspecificallythe PX-2
and Px3 Pyramid ionization chamber produci®e software translates the raw 128 data
channels into the properdmensional view, then computesam position, sigma, and rotation
values. See section 30 for further details of the PX2 and3®X

Select the pixelated mode by navigating to the Device tab and selecting the-t2X sl
clicking the APX2/ PX30 r adi ata$houtdauomaticallyh e
appeamsthebottomfl P i x e fabmyétssalectedYou canstill navigateto theraw datastrip

and histogram plots if desired.
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O 5% prc Diagnestic 5 - [1126_1 (192.168.100.185)]

Position (mm)

(v) Ausuaguy

Figure 22. Pixelateddevicesetupscreen
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Time (ms)
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Thesystemcomputeghefollowing parameterghat characterizéhe beampositionandshape.

Caicuiabons
Data Valid
Max
Integra
Rotation
Mean X
Mean Y

o Major

O Minge
oX

oY

Elongation

° A&

Origin

/
/

‘ MeanX: ° Mi%
\\

\\ //

/ ‘) Rotation |
/ By

/ MeanY
“/‘ a #
> /

Figure 23. Measuredpharametergrom pixelateddata

A descriptionof theseparameterss listedin thefollowing table.
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Parameter Units Description

Max A or C | Thecurrentor chargeof themostintensepixel, unitsselected
on the AUNnitso pull down orn

Integral A or C | Thesumof thecurrentor chargeof eachof thepixels,units
selected on the AUNnitso pu

Rotation degrees| Therotationof thefitted ellipse.

MeanX mm Theoffsetof thecenterof thefit ellipsefrom the centerof the
device in the X direction.

MeanY mm Theoffsetof thecenterof thefit ellipsefrom the centerof the
device in the Y direction.

0 Major mm Thedistance alonghelong axesof the fittedellipse.

& Minor mm Thedistancealongtheshortaxesof thefitted ellipse.

a X mm Thesigmaof thefit ellipse in theX direction.

ay mm Thesigmaof thefit ellipse in theY direction.

Elongation Theratio betweerthe majorandminor axis(major/minor).

You cancontroltheway thedatais displayedirom the PX tabof the Devicescreen.

Display Dptions
Inwert X
Invert Y

v Smoothing

v Amow 1x
| B
v Ellipse 2sgma
Beam Threshold | 0002004
Discriminator |0 U0e+00 A

Dispiay | Greyscate

Figure 24. PixelatedDisplay Options

Thefunctionsof thedisplayoptionsettingsareasfollows.

Name Description

Invert X

Invertsthe X axisby reflectingthe dataprior to calculatingresults.

InvertY

InvertstheY axisby reflectingthe dataprior to calculatingresults.
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Smoothing Performsa smoothingalgorithmon the pixelateddatato makethedisplay
appear more like a beam profile.

Arrow Drawsagreenarrowfrom theorigin (0,0) of the plot to a specifiedmultiple
of beam position, where 1x draws to the X,Y offset.

Ellipse Displaysa blueellipsearoundthe beamshapeaccordingto the specified
multiple of the major and minor axis sigma.

Beamthreshold | Thethresholdcurrentor chargethatmustbe observedn thefi Ma gudrent
or charge before the data will be displayed or calculated. If below this
value, then a red hour glass will appear in the upper right portion of thg
display to indicate that data is being suppressed.

Discriminator | The current or charge discriminatbat is applied to each pixel before
processingcausingpixelsbelowthis valueto beautomaticallysetto O.

Display Setsthecolor of thedisplay,wherefi Gr e y seteetsh modotonegray
scal e, and -chl@@didplayx 6 a f al se

11.4.3.3 Multilayer Faraday collector readout

The PTC DiagnosticG2 can be used to readout a Maiter Faraday collector (MLFC, also
known as a MultiLayer Range Verifier)The 1128 supports the MLFC simply by asstiag

the calibration table, created at the factory for each specific MLFC, to the 128 data channels
acquiredby thel128. To activatehe MFLC feature,navigateto theDevicetab, MLFC subtab.

lic | px | mFc |

Enabled

I Load Calibration Table from File

No Calibration Table Loaded.

Figure 25. MLFC setup

To setupMLFC mode:
1. Clicktheii E n a bcheekHod to activatethe softwarefeature.

2. Press the fALoad Calibration Table from Fj
calibrationfile thatwassuppliedwith the purchasef the MLFC. Thisfile will beof the
format MLFC######.csv, whergt#H#H is thespecific serial number of tHdLFC that is
being used.

3. Priorto collectingdata,with the beamoff, makesurethatthe stripsareproperlyzeroed
by pressing the AOffset Zerod button fro

After sdup, the MLFC option is ready for use. Irradiate the MLFC with the beam, and the
computedcbeamenergy willbeautomaticallyshownatthetopofthefi St plot asfollows in
the Gaussian Fit section:
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Figure 26. MLFC EnergyDisplay

Theenergyin MeV will bedisplayedusinginterpolationof theloadedcalibrationtable.

CustomershatpurchaseheintegratedMLFC systemwith thel128Selectrometeandcomputer
receive dedicated software for reading out, fitting and displaying MLFC spé&tteasoftware
includes logging and trend tracking.

11.4.4 Setup

The Setuptabis whereyou setup acquisitionparameters;ontrolhigh voltagesupplies establish
trigger settings andontrol dosimetryWhen you havéound a useful set of parameters, yaun

save the configuration to ésoard norvolatile memor)[ bl Save Contenivon |, The
values will be restored when the 1128 next starts up, with the proviso that the HV will not be
enabled.

11.44.1 Measuring sub-tab

Setup

Measuring | Trigger | HCC |

Data Rate
Integration Time: | 1000 ps -
Conv. /Sample: 12

e

e |

High Voltage

fe ooy R
Max:2000 V

High Limit: 800 V |3 Low Limit: 200 V ||

Analogs

Averaging Period: 1667601 ws

Figure27. Setup- Measuring sudab

The Measuring sulab is where you select integration time to be used by the ADAS
electrometechip. Thedrop-downcontrolprovidestimesfrom 55 psecto 1000usec. Thesame
time is used for the HCQf the HCC is working in4V converter mode, then it determines the
number of ADC readings that aageraged per chargeading.If the HCC is operating in gated
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integrator mode, the time used is the selected integration time minus the times defined to reset
the integrator.You can only usé¢he gated integrator mode when the selected integration time
exceedshesumof thetimesthatform theresetsequencésetup resetand settléimes),whichis
typically about 50 psec.

The time to generate each reading of 128 +1 signals that you see is the product of the integration
time and the conversions per sample that are averaged by-Hua@hFPGA.The maximum
Conv./Samplevalueis 255, sothelongestaccumulatiorfor a singlereadingis 1000usecx 255=

0.255 seconds, or a data rate of 4 Arthe other extreme, the highest data rate of 18.2 kHz is
obtainedusing55 psecx 1 = 55 usec. As you alterthesevalues thereadbacksbelowshowthe

resulting fultscale current, fukcale charge and sample rate, based on the configuration of the
ADAS electrometer chip that produced the desired settings.

The HV controls allow you to set the voltage, enable or disable the supply, and define alarm
limits for the monitored high voltagét you have a negative HV module installed, then you
mustenternegativenumbers.Themaximumvoltageavailablefrom theinstalledHV moduleis
displayed, as determined by jumper settings in the 1128.

11.4.4.2 Trigger sub-tab

The Trigger sudiab is where you set up the trigger conditiohkere are various trigger modes
available. The most useful are the basic Internal triggerindnaut buffering, which will always
show you a real time response on the PSI DiagnosticG2 didptaiynore complex triggering
requirementsthe Customtrigger controlsallow you to definein detailthe conditionsfor starting,
stopping and pausing acquisttis.

Setup

Measuring Trigger HCC
Buffer Contiguous Data

Mode: | Internal v

@ Initiate Command
Start On:

Burst Size:
Pause On:

Stop Count:
Stop On:

Figure 28. Setup- Trigger subtab

The simplest trigger mode is Internal with no bufferi@pce you click Initiate, the 1128
acquires data at the rate determined on the Measuringasubnd streams it to the host
computer in real timelf the data rate exceeds the communication rate (typically this occurs
around 20 Hz, but it depends in detail the speed of the computer and network traffic), then
there will be missing points in the recotdsing the 1128 ofboard data buffer by checking
Buffer ContiguoudDataallowsthisratelimitation to beremoveduptofile sizelimits thatare
imposed g available memorySee section 15 for full details of triggering and buffering.
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11.44.3 HCC sub-tab

TheHCC subtabis whereyou controlthedoseinput channel sendan enabldeamsignalto an
accelerator control, and set up a dose tarfjle¢ gated integrator mode will be supported in a
future software release; the controls in the current software relate tevtloeriverter mode for
dose measurement.
Setup
Measuring 1 Trigger HCC
Range: | 20uA v

Combine Channels
Dosimetry

Target Charge: 0.000100C |

Beam Enable: (VI
Target Reached: ()

Monitor Charge: 0.000000 C
Beam Detect

Level 0.000000
u: 12

: 1

Figure 29. Setup- HCC subtab

The range drop down allows you to select from the four available current ranges (1, 5, 10, 20
MA). Checkingthe CombineChanneldox causeghetwo input pinsonthechanneld connector
to be joined, therefore doing a summation of two incoming currents.

The target charge and dose remaining are functions which allow you to exercise precise dose
delivery, provided you can enable and disable the source of cufitemsequence ig tset the

target charge in measured coulombs, then set the Beam Enable check box, which sends a signal
from thel128 BeamEnablefiber optic output. Doseis thenaccumulatedintil thetargetvalueis

reached, at which point the enable signal is turned off.

TheMonitor Chargeparametesetsthe quantumof measured chargehich resultsin apulse
being sent from the 1128 Monitor connector.

TheBeamDetectLevel parameteandU, D countsallow testingof abeampresent absent
detection, which would generally form part of a therapy safety systéey will be fully
supported in a future software release.

The diagnostic program offers software support for several Pyramid devices that might be
attachedo thel128 electrometerincludingionizationchamberspixelatedionizationchambers,
and the MultiLayer Faraday cup.

11.4.5 Calibration

You can direct the internal 500.0 nA calibration current to any selected channel or to the HCC
(channelD) for diagnostigpurposes. Onthethreehighercurrentrangesof theHCC, thesecond
2.500pA calibrationcurrentsources usedinstead.
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Calibration
Calibration Current

@ Off Channel: 40 HCC

Figure 30. Calibration sourcecontrol

The 1128 stores linear calibrations for all analog signal inputs, and for the high voltage and
generalpurpose analog outputs, in ralatile memory.The calibrations for the 128
electrometer channels and the HCC (channel 0) are obtained by measuregptbfset with

no signal, and with the accurate internal current sourbe.gain figures you see when the
calibrationis completearenormalizedo thenominalgainfor channelsl-128. Theoffsets aren
binary bits. You can calibrate all 128 channels, or any individual channel with the selection
control chennet A28 = For the HCC there is a calibration for each current range.

Calibrationvaluesarewrittento nonvolatile memorywhenthe calibrationprocessompletes.
In case yowant to keep a record of the electrometer calibration before overwriting, you can

save a copy as a csv file with the Save Calibration Factors c&ltrol

Current | HcC | Analog 1 HV

Gain Offset A
42 106112 -3
43 1.05976 0
44 106324 9
45 1.06001 0
45 1.06952 2
47 1.06917 "
43 1.07001 8
49 1.06431 2
5o 1.06827 7
51 1.05997 -1
52 106113 4

Current | HCC | Analog | Hv

1pA:
s3 10624 12 Gain Offset
s4 1.06654 8 1 0.606103 19.2859
ss 1059 4
5 pA:
s6 1.06022 4 Gan  Offset
s7 1.06549 3 1 3.04121 7.1438
sg 1.06223 5
1.05988 2 o
&9 Gain Offset
60 1.06523 13 1 3.04867 56265
g1 1.06042 -7
20 pA:
62 1.06003 9 -] | 2
- Gain Offset
Channel: All 128 [~ | Calibrate

1 3.05338 6.6229

[ calbrate |
4 Clear All Calibrations ‘ R

Figure 31. Currentinputcalibrations
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Thecalibrationsor thegeneralpurposeanaloginputsandoutputs,andthehigh voltagesetpoint
and readback are factesgt. Take a record of the values before making any changes.

Calibrationfor the gated integratomodeof the HCC will beaddedn afuturesoftwarerelease.

11.4.6 Real Time Processing

Thistabis designedo interactwith customconfigurationsuploadedo thel128 device.For
further information on this feature please contact Pyramid.

11.4.7 Interlocks

This tab allows you to monitor and test 1128 interlock signals and run test sequEmsas.
usefulduringinitial commissioningf a safetysystemandshouldbe usedin collaborationwith
Pyramid engineers.

Interlocks

Fault: o
Enable In: O
Enabled Command: O
CPLD A Error: O
CPLD B Error: O
Keyswitch: O Normal
Maode: O Normal
Interlock Status: @)
Interlock Command: ()
Interlock Uninitialized: ()
Relay Command: O
Initialize OFf | Initialize On
Enabled Off | Enabled On
Diagnostic Mode | Normal Mode |
Low Failure [ High Failure i
Interlock OFf | InterockOn |
TestA TestB
Test Sequence i

Figure 32. Interlocktestfunctions

Indicators
Fault 1128isin thefault state.
Enableln Greenwhenincomingenabldine is set(opto-couplerdriven)
Enabled Command Greenwhenenabledelayis closed
CPLD A Error Redwhenfirst of theredundansafetyinterlock CPLDsis in errorstate
CPLD B Error Redwhensecondf theredundansafetyinterlock CPLDsis in errorstate
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Keyswitch Redwhenfront panelkeyswitchis in Diagnosticsetting,greenwhenin
Normal setting

Mode Redwhenl128isin Diagnosticstate greenwhenin Normalstate

Interlock status Greenwheninterlocksafetyrelayis closedwhite whenopen

Interlock Command Initialize commanchasbeensentto CPLDs.

Interlock Uninitialized CPLDshavenotbeeninitialized

Relay Command Greerwhenauxiliaryrelayis closed

Controls

Initialize Off / On Initialize the CPLD, eitherleavingtheinterlockin the openor closedstate.
This must be the first command sent to the CPLD.

Enabled Off / On Clearor setthe Enabledelay

DiagnosticMode / Normal Mode | Togglemodes.

Low Failure / High Failure Low failure causes the interlock to open when triggered only when
operatingn normalmode. High failure causesheinterlockto openin
either mode.

Interlock Off /On Openor closetheinterlock safetyrelay

TestA/ TestB TestA cause®nly CPLD A to commandheinterlock safetyrelayopen.

TestB causeonly CPLD Bto commandheinterlock safetyrelay open.
This allows you to confirm that either of the redundant CPLDs can

TestSequence (reserved)

11.4.8 Properties

11.48.1 Firmware

TheFirmwaresectionof Propertiegabis whereyou canseethefirmwareversionsyouhave
loaded. There are four files (operating system, A60 realtime application, A60 FPGA and
ADAS/secondary FPGA.

Frmware

Update All Firmware...

Firmware Version: 0.7.17.53
OS Firmware: 0.3.4.2

Thu Oct 11 17:45:09
2012

Realtime Application: 0.2.9.7

Fri Oct 26 21:08:47
2012

FPGA: 0.1.1.26
Secondary FPGA: 0.1.3.18
Hardware Revision: 0

Figure 33. Firmwareversions
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The individual firmware releases are combined as a compatible set into an overall firmware
version. You canupdatethesuiteof versionswhennecessaryTheupdateis carriedout via the
Ethernet interfacé there is no need to open up the device.

11.4.8.2 Communications

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

Communications

Configure...
IP Addess: 192,168, 100.68
Mode: Static IPv4
MAC: 00:50:¢2:97:50:0¢

Figure 34. Communicatiorsettings

Pressing th€onfigurebutton allows you to changbe communications identity of the 112&he
IP addresassignmeninode,andthe addresandmasksettingsfor staticaddressinglf you alter
theseparameters, yowill need to rediscover the 1128If you changeto a staticaddress outside
your local subnet, you will need to alter your network configuration to discover it again.

The GatewayandSystemLog addressettingsarefor serviceanddiagnostigpurposesand
should be left at 0,0,0,0 unless you are instructed to ehtduegn.

s

Name: i128_0012

Stati
IP Address: |pHCP 00.68

Net Mask: 255.255.0 .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 35. IP Configurationcontrol

Seesection27 for moredetailson networkconfiguration.

11.5 Screen layout - Graphic display

Therearethreewaysof displayingincomingdatain a graphicalway, as arolling strip chart,asa
scopedisplay and as histogram.Only thechecked channels adisplayed (but all channels are
always measured and logge®)ou can toggle display of the HCC on or off with the control in
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theDatatab * H¢& . TheHCC displaymodecanbesetindependentlfrom the 128channel
display.

In thepeak fittingfunctions,only the selectecchannelsaareused inthefit. You mayget
meaningless fits if you remove critical channels from the fit input data.

1128_0012 (192.168.100.68]

2e-07

Al Charmels | Banks | Peak

1.5e-07 Channel Data (A)
3
¥ 34
35
~ 1e-07 e i
< L
4 J 38
g 39
J 40
O se-08 p
v 42
43
£/ 4
0 - ——e ¢
J 46
a7
J 48 =
-5e-08 /) HCC:
14 8 12 16 20 24 28 32 35 40 44 45 52 S5 60 64 68 72 76 80 54 85 92 96 100 104 108 112 116 120 124 128 Doce Ramaiung:
R Beam Enabled:( )Target Reached:(Q)
v Auto - v | | =2ero | @ Stip /\ Scope /\ Histogram / 2025 Samples| o | kel obion P DACH
8.20192-07 0 000
~—8,20185e-07
< o 0.000

-
4 8.2018e-07
]
58 20175e-07
O

8.2017e-07

8.20165e-07

Figure 36. Graphics displayith HCC displayenabled.

11.5.1 Strip display

Datafrom the selectecchannelswith theselectedaveragingijs plottedontoarolling strip chart
as it is acquiredThe model is a chart recordérhe horizontal axis is the time of acquisition
and the vertical (y) axis is the curreitou can select automatic or fixed vertical scaling.

Whenthe datayou haveacquiredexceedshe horizontalaxis capacity,a scroll barappeardelow
thegraphic. This allows you tanovebackwards and forwards in thdata that has been buffered
by the PTC DiagnosticG2You can do this while the acquisition is taking place, and after it has
completed.
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11.5.2 Scope display

The model for the scope mode display is a digital oscilloscope, and it is most useful when you
are working in buffered / burst external triggering modegou have a data burst defined, then
thescreens written with the contentsof theburst whent conpletes,andthenwaitsfor the next

burst. Thus if there is a repeating signal, such as a beam pulse, then you can obtain a display
synchronized with the pulseH.there is no burst size defined, then the screen is refreshed after
each data packet of 256 samples.

Thegraphiclooksthe sameasthe strip display.

2.5e-08

Current (A)

Figure 37. Scopemodecaptureof a pulse.

11.5.3 Histogram display

Thecountor ratein eachchannelis displayedas avertical bar. This modeemulatesagraphic
equalizeror ratemeteandcanbe usefulfor instrumenttuning. Onthe 128channelistogram
you can see the peak shape, and use the peak fitting functions.

11.5.4 Cursor

Clicking in thegraphicareaaddsa cursor, colorcodedby channelwhich givesthe countatthat
time (strip display) or continuously in the channel (histogram).
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Current (A)

Figure 38. Strip chartdata displayshowingcursor.

11.5.5 Filtering and zero subtraction

You canlow-pasdfilter thedisplayeddatawith i a v e r aatpeAnugingthellR algorithm
Yi=XilA+ (1-1/A)Yi,

whereY:; is thelatestoutputof thefilter, Yi.1 is theprior outputof thefilter andX; is thelatest
reading from the 1128Note that the data is not altered, only the way it is displayed, so you can
changebetweervarious amountsf filtering atanytime. Figure39illustrateshowthedisplayof

a square wave test signal is affected by the fiitesetting. The noise reduces, at the expense of
time resolution, in the inevitable way.

Current (A)

T '
0 0.02 0.04 0.06 0.08
Time (seconds)

Y| 10% v &) [Noavg v | | = zero | @ (Bhip )\ Scope /\ Fistogram / 1000 Sampies 4 | k=l
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Se-08

4e-08 -

w
g
)
®

Current (A)

Time (seconds)
Y: 10% v (&) 10xaw v | |=%zero | @ \Stp /\ Scope /\ Histogram / 1000 Sampies| 4 kel

Current (A)

0 0.02 0.04 0.06 0.08
Time (seconds)

vi1o% vz lwoxavg v| [=zen | @ \Bip/\ scope /\ Hstogram / 1000 Samples| ¢ ked

Figure 39. Increasingthelow passfiltering of thedisplayeddata.

You can remove any zewdffset present by setting the zero tog;,ﬂ]ﬂ‘. All displayed
readings will have the readings at the time you set zero subtracted fromlthgu.are
applyingthezerocorrectionto a completedacquisitionyou havealreadycapturedthennotethat
this means the final reading will be subtracted fratad
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Current (A)

Time (seconds)
0%  v(a] Neaw v [=zeo | G\ stp [\ Scope J\ Histogram / 1000 Sampies| ¢ kel

5¢-08

4e-08

Current (A)

Time (seconds)
Y: 10% vl [NoAvg v | = Zers lOl \_strp /\ Scope /\ Histogram / 1000 Samples| 4|kl

Figure 40. Zerocorrectionof displayeddata

These display options can be selected independently of the acquisition mode, and, as mentioned
before theydo not affect theraw dataor theloggeddata,only howit is displayedonthegraphic.

11.6 Datalogging

The PTCDiagnosticG2oftwarehasadatabuffer which canaccumulataipto 100000samples,
at which point it wraps around and starts to overwrite the oldest valgesmulation starts
automatically when you click Initiatérou can capturéhecontents to acsv format fileat any
time usingthe Savebutton. Pressinghe Clearbuttonclearsthe buffer and restartthelogging.
See section 14.1 for details about the logged data.

Notethattheloggeddatais theraw data:anylow-pasdfiltering or zerooffsetremovaldoesnot
affect the values you save.

1128 User Manual 1128 UM_250722 Page 60 of 126




PSI System Controls and Diagnostics

121128 Circuit Overview

12.1 Physical configuration
Thel128circuitry is arrangedn four circuit boards:

- mainboard,includingHCC (channeD) circuits, calibrationcurrentsourcesandrouting, trigger
inputs, serial interface, HV power supply, interlock circuits, power supplies

- ADAS electrometeboard,the 128-channelklectrometechip andsupportingogic, all external
connectors apart from Ethernet and fiogtics, and local power regulators

- Fiber-optic mezzanindoard
- A60 processoboard,includingtheEthernetport, processoandmemory

Calibration

3
;f.c:wer sup&he% y
.

v W

Serial } <
comms'|[f

\
\

Figure41. 1128 physicallayout.

Theboardscanbe exchangedndividually for serviceor upgrade.We recommendhatsuch
work is only done by a suitably qualified person.

12.2 Functions

12.2.1 Signal current inputs

Channelsl to 128 comein to the ADAS electrometechip via aresistivecurrentdivider. In the
default configuration the resistors to ground are not fitted, so there is no divisierseries
input resistor is then 1 kohm which provides transient proteckonhigher maximum current
ratings, the resistors are configured as precision dividers.
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Channel O (Ahigh current channel 6, or HCC)
connectorgachprotectedoy clampingdiodes. Therearetwo signalprocessinghains,amulti-

range +V converter and a gated integratdihe inputs can be directedane of the following

ways under software control:

1) Input A to I-V converterjnputB to ground
2) InputB to |-V converterjnput A to ground
3) Input A to gatedintegrator,jnputB to ground
4) Input B to gatedintegrator,nput A to ground

As abuild-time option (-DSUM), this canbe changedo thefollowing:
1) Input A to I-V converterjnputB to ground

2) InputsA+B to |-V converter

3) Input A to gatedintegrator,nput B to ground

4) InputsA+B to gatedintegrator,input A to ground

Thel-V converterstageprovidesfour alternativefull -scalecurrents. The gatedintegratorstage
full scale charge is adjusted by controlling the integration period, and it may be optionally
configured at time of manufacture with a different value of feedback capdcitayer
capacitorgyive ahigher range, at the experdeeduced lowcurrentsensitivity. The output of
the input stages is low pass filtered wighdB at 35 kHz before being delivered to the ADC.
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Figure42. 1128 blockschematic.

12.2.2 Calibration current switching

A matrix of switchesallowsthe currentsgeneratedby thetwo precisioncalibrationcurrent
sources to be routed to the required signal input under software control.

12.2.3 Analog signals

ThemultichannelADC alsoreadsthetwo high voltagesignalsformedby voltagedivision, and
the generapurpose analog input3.hree differential analog inputs are provided on the 1/0
connector; two of them are switched by a multiplexer (MUX) into one ADC input.

A multichanneDAC (digital to analogconverter)rovidesthe setpointfor thehigh voltageand
the two general purpose analog outpéth.analog inputs and outputs are buffered, the inputs
are also lowpass filtered with3dB at 35 kHz.

12.2.4 Digital signals

The generapurpose digital lines on the 1/0O connector are all buffefidee TTL digital inputs
are active low, with 50 kohm pull up to +5Wwo of the inputs are read by the A60 and two by
thesecondarfFPGA. Thetwo optoisolatedinputson theactuatorconnectortypicallyiia ct uat o
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ino and AActuator outo are read by the A60.
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TheTTL gateinput presents 2.5kohmimpedanceo ground. The gateoutputis ableto drive a

50 ohm load at TTL levelsThe monitor pulse output can be configured at time of manufacture
as TTL into a 50 ohm load, or as a transfort@upled fast negative pulséwo of the outputs

are set by the A60 and two by the secondary FPG# A60 also controls the relay used for
actuator control.

12.2.5High voltage

High voltageis generated bgn EMCO oiUltravolt moduleof therequired rating.The output is
filtered by a 3 Kz RC filter with 33.2 kohm series resistandde filter is before the sampling
voltage divider, so any voltage drop due to current drawn from the supply is visible in the
readback.Theworstcasedropwith aonewatt 2 kV supplyis 16.6V atfull current Thecurrent
draw is typically negligible when the load is an ionization chamber.

Thevoltagedivider presentsa 20 Mohm loadto the supply,thusit will draw0.1mA from a2 kV
supply at full voltage.

HF filtering serieschokesarefitted in theoutgoingandincominghigh voltagelinesto suppress
transients due to external arcing.

12.2.6 Interlocks

A pair of redundanCPLD (complexprogrammabléogic device)monitorthe healthof the A60
processor via a watchdog function, and read the state of the Enable input and Mode keyswitch,
and set the statef the safety relay and the Enabled reldle remaining relay is driven by the

A60 processor, which can also read the keyswitch statehen@RLD state.

Interlock chains may be run as current loops, using an external current source and the-potential
free contactpairs,or as24 VDC logic, usingthefused24V availableon theinterlockconnectors.

12.2.7 A60

The A60 processoboardcontainsa high-performancd-PGA (field-programmablgatearray).

Two NIOS processor cores are implemented in the FPGA, one handling thienecHl 28
application, running on an embedded Linux version, and the other handling Ethernet
communicationsAdditional RAM is providedfor programexecutionanddatabuffering. The
application processor communicates with the secondary FPGA located on the ADAS daughter
board, and with other devices on the main board using a serial bus.

The A60 sets the-V converter range and the input switch configuration for chann€éh6.A60
handlescommunication®n the channelonthefiber optic daughteboard,andon theserialport.
It reads the various switches and jumpers and sets thpagal status LEDdt controls the
enable line for the high voltage, which also drives the fronepadicator LED.

12.2.8 Secondary FPGA

The secondary FPGA on the ADAS board manages theli@&nel electrometer chift
handles all triggering and timing functions, and the monitor output pulse genetatésa
controlsthemultichannelADC, thustakingthedatafrom channel, andthe multichanneDAC.
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12.2.9 Power supplies

24VDC input powerentersvia a1l.1 A resettablduse,andis useddirectly to powerthecooling
fan, and any device connected to the relevant pins of the actuator confiéet@4 V input is

protectedagainst polarity reversal bysaries diode, and from transients by series inductors and

transorbs to chassis which limit excursiea$ V (not shownontheblock schematic)DC-DC

converters and

linear regulators generate the voltage rails required by the 1128.

+24V Powerinput, fan, actuatorusersupplyand general/O usersupply(200mA fuse),interlock
user supply (200 mA fuse)

+15V High voltagemodule. Fusedat200mA.

+/-12V I-V convertergatedintegrator,otheranalogamplifiers,filter andbuffers,ADC, analoginput
MUX

+5VD Interlockrelaycoils, actuatorelaycoil, general/O usersupply(low power), TTL digital
inputs and outputs, monitor pulse output, calibration current select logic

+5VA Calibrationcurrentsourcescalibrationcurrentselectswitches

+3.3V A60, ADAS board,CPLDs,ADC, DAC, serialtransceiver

+2.5V A60, CPLDs,statud_EDs, switchandjumperread,calibrationcurrentselectogic, general
logic

+1.8V CPLDs

+1.2V AB0

1128 User Manual
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13High Voltage Supplies

13.1 Setting the High Voltage Supplies

The 1128 is available with a omveatt high voltage supply suitable for biasing ionization
chambers.The voltage range can be specified at time of purchase from 200, 500, 1000 and
2000V with either polarity.+2000 V is typical for particle tracking chambefihe A60
processoreadsinternaljumperson JB2to detectthe supplyrating. Notethatthe suppliesare

not intended to deliver output voltage less than about 10% of their maximum rating.

For higherpoweror moredemandingapplicationsthel128 canbe suppliedwith a4 watt supply.
Contact Pyramid Technical Consultants, Inc. for further information.

Thefront panelHV on LED illuminateswhenthehigh voltageoutputis enabled Thesetvalue
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 readbagiens t
from a voltage divider after the filter, directly on the HV outplite voltage divider places a
fixed 20 Mohm load on the supply.

Thefollowing tablegivesthe smallestvalueof externalloadresistancehat thevariousonewatt
supply options can drive at full voltage, and the volts dropped across the filet series resistor at
maximum current.

HV module | Current Smallestoad | Filtertime 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

If the readback value differs from the setpoint by more than the expected drop across the filter
resistor, you know that the output is either being overloaded by a low resistance to ground, or
thatit is beingdrivenby anothersourceof highercompliance.Be awareof howthe high voltage
readback calibration might affect thid/e recommend that the calibration is done with no
connection to the HV output3.hus only the ndoad voltage drop across the filter is hidden by
the calibration, and wheyou connect a load you should expect to see small reductions in the
measured voltage, up to the maxima given in the tatie. measured voltage is the actual
voltage at the output connector.

CAUTION
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Do not connect an external power supply to the 1128 external high voltage output that will drive
thebuilt-in supplyawayfrom thevoltageit is trying to regulate or you may causedamagdo the
1128.

13.2 Changing the High Voltage Supply Range and Polarity

The range and polarity of the high voltage supplies is fixed and must be specified at time of
purchase Units maybereturnedto thefactoryto changehehigh voltage moduled necessary.

It not recommended that users chatigehigh voltagesupplymoduksin caseof damageo the
1128. The jumper settings are given here for reference only.

8765 +2000V 8765 -2000V
Ol0|O 0|0
Eo o|® I' O I
JB2 JB2
8765 +1000V -1000V
© O
1k
JB2
+500V 8765 -500V
Of IO
11
JB2
8766 +200V 8765 -200V
oo} O O OEI
O[O io OO
JB2 JB2

Figure 43. High voltagejumpersettings

No jumpersinstalledin JB2is interpretedasno HV optionfitted. Position3 onJB1is fitted if
the 4 watt HV module option is installed, otherwise the standard 1 watt module is assumed.
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14 SamplesLoggedData, Integration and Averaging

14.1 Readings and logged data

Each sample taken on the 1128 comprises values for all the input signals, plus a range of
computed valuesThe frequency at which readings are generated is shown on the PTC
DiagnosticGZcreerandis determinedy your selectionof integrationtime andconversionger
sample for the 128 electrometer channels.

Eachreadingcomprisesnanydatafields, which youcanseein 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 you
to see very easily whether you have contiguous data.

overrange_1,2,3,4 Flagsthatgetsetif anyof the128channelgjoesoverrangeon any
individual conversion Grouped in banks of 32 channels.

channel _1, 2, é 1 2| Measurecthargevaluesin coulombsfor eachof the 128electrometer
channels.

centerA, widthA, amplitudeA, Reattime peakfitting resultsfor thefirst peakin the 128channel®f data.

offsetA, confidenceA

centerB, widthB, amplitudeB, Realtime peak fitting results for the second peak in the 128 channels ¢

offsetB, confidenceB data. Thisis primarily usedwhenyou havetwo 64-strip sensordeingread
by one 1128.

hcc Measuredthargevaluein coulombsrom the high currentchannelchannel
0).

hccdose Doseremainingfrom the hcctargetdose.

analog_in 1,2 Measuredsignalonthetwo generaburposeanaloginputs,typically used
for environmental monitoring of an ionization chamber.

analog_out_1,2 Settingsof thetwo generapurposeanalogoutputs.

digitals Settingsof digital inputsandoutputs.

Fieldsthatdo notreceivedataarereserved fofuturefirmware updates.

14.2 Integration time

The 1128 allows you to set integration times between 55 psec and 1000Hese¢he 128
electrometer channels, this is effectively the period during which the incoming current is
integrated on the feedback capacitors in the ARAIB. In practice the integration can take

place over a slightly lesser time, with the exact requested integration period being made up by

on-chip buffer cycles. Thisis why youwill seeslightly differentfull-scalecurrentsreportedas
you alter the irggration time.
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Whenthe HCC (channel 0)s workingin I-V convertermode,theintegrationtime is usedto
determine how many ADC readings are averaddugk conversion rate is 250 kHz, thus for
examplef you havechosenl00pusecintegration the HCC readingwill betheaverageof 25
individual ADC conversions.

14.3 Conversions per sample

In order to achieve longer integration than 1000 psec, you can select up to 255 conversions per
sample.Thelongestperiodis therefore0.255secondsfor alowestdatarateof about4 Hz. The
maximum rate is achieved using 55 psec integrations and omers@n per sample, for a data

rate of over 18 kHzA single 1128 reading is therefore formed from a number (1 to 255) of
integrations (55 pusec to 1000 psec).

Figure 44 shows how individual integrations are combined into readimgise example, we
havechosen fiveconversions per sampie make up onesading. Theactual charge integration

time on the ADAS chip is shown slightly less than the integration time you enter, as described
above.Acquisitions on all 128 channels are synchroniZEge HCC uses the same integration
time, andin thattimeit will takemanyindividual ADC results. At thecompletionof thesample

period you get data from each electrometer channel and from the HCC, which is averaged over
the whole period.

Integrationtime Actualintegrationtime
* <>
ADAS
L Sampleperiod
ADC Integrationtime
f &
HCC
v

Onereading

Figure 44. Datafeedinto samples.

The amount of averaging to use depends, as always, on how you wish to trade off noise against
bandwidth. The longer your averaging period, the more you suppress random noise, but the
morehigh frequencydetailyoulose. If youhapperto knowthereis adominantnoisefrequency

in your systemgsay the line frequency, or the switching frequency of a power supply, then you
can suppress this noise in the data if you set the integration period and averaging to match the
noise period, or an integer multipletbke period.As an example, if you have noise at 400 Hz,
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thenchoosingb00 pusecintegrationandfive conversionpersamplewill eliminateit, aswill five
conversions per sample at 1000 psec, 100 conversions per sample at 100 psec and so on.

If you haveashortpulseof 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 posprocessing to get the total chargédternatively you may not care about the
time structure, but just want to know ttegal charge in the pulse. In that case you could choose
an integration and conv&ons per sample combination that contains the whole piilse.
amountof datayou need tchandleis therebyreduced.Thisis notaninsignificantconsideration

When you are using the gate input to deliver an external trigger, it is beneficial to use the
smallest practical integration tim@here can be an uncertainty in the alignment of the data
acquisitions to the trigger edge of up to nearly one integration pértug it would be better in
this caseto usetenconversiongersampleat 100 psecintegration(giving anunpredictablelelay
of up to 100 psec between the trigger edge and the start of the first integration) than one
conversion per sample at 1 msec integration (giving an unpredictable delay of up to 1 msec).

14.4 General purpose analog inputs

The generapurpose inputs, whether used to measure ionization chamber environment or other
purposesgenerallydo not requireto measuret the high ratesusedfor the currentsignalinputs.

You can set the averaging period for these inputs independd@mtlstveraging period of 1/line
frequency is a good choice.

When the 1128 is used inRyramid Scan/Dosproton therapy nozzlgystem, an adapttoard
(ADAP-ENV-D9F-D25M) is usedto connectthe Dsub9 pin maleconnectoron thecableto the
DSub 25 pin female general purpose connector on the 1128.
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15Triggers and Data Buffering

Thel128 offersgreatflexibility for collectingdataandtriggeringto synchronizewith external
events.Theprimarytrigger modes are Internal and Custoftneother modes exposed in the
PTC DiagnosticG2 software are providedinly for backwards compatibility with other
devices; they can all be achieved with particular custom configurations.

15.1 Internal trigger mode

If you simply want to stream data continuously from the 1128, then the Internal trigger mode
achievesthisDon o6t <check t he Bur stWhE€myauptessnitiateStheo p
1128 will start streaming data to the host computer and will contintieyou abort the
acquisition. The PTC DiagnosticG2 strip mode and histogram graphics will keep up with real
time, shown under th&trip mode plot as the time in seconds since the InitiEtte.data rate is
limited by communication rates over the Ethérhewever, and by the load on the host
computer.Thus, beyond a particular data sampling rate, there will inevitably be missing
readings in the recordhe critical rate will generally be close to the Comms rate displayed on
thePTCDiagnosticG2normallyabout20 Hz. Whetheryou careaboutgettingcontiguousiata

will depend upon what you are trying to measure.

15.2 Data buffers

15.2.11128 internal buffer

The internal memory of the 1128 allows you to acquire time contiguous data at very high rates.
Themaximumbuffer sizeyou canselectis 65,535. However,becausehe bufferis implemented
asacascadef memory, andecauselatais alwaysbeingsentup to thehostcomputerduringan
acquisition theamountof availablebufferingcanappeato bevariable. Whenyou areacquiring

data into the buffer at high rates, the PTC DiagnosticG2 display will generally lag behind real
time, underscoringhefactthatyou arenow taking datafasterthanit canbedeliveredto thehost
computer.

As anabsolutaninimum,you canbe certainto capture664 contiguougeadingsat any datarate
up to the 18.18 kHz maximum, under any network traffic conditions.

For higher numbers of readings, the maximum number of contiguous samples you can acquire
will be the result of a race between the filling of the buffer levels by incoming data, and
empying of the buffer by data being sent to the hastder typical moderate network traffic
conditions, you will find that up to 27,000 contiguous samples can be captured even at the
shortesintegrations.Settinga higherbuffernumbemwill resultin buffer overflow, butthelevel

at which this occurs will depend on the incoming and outgoing data rsesm illustration,

figure 45 shows the percentage of a 65535 sample requested count that was actually reached
before overflow, as a function of integration time between 55 and 1000 psec (18.18 to 1 kHz).
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Figure 45. Contiguousdatanumberof samplesasa functionof input datarate

Before taking any critical timeesolved data, you should test the available maximum number of
samplesinderthe expectethetworkandhostcomputemworstcasdoading. We recommendhat

you also set a maximum number of readings (the Stop Count) when using the data buffers, to
avoid arbitrary overwriting of the data.

15.2.2 PTC DiagnosticG2 buffer

ThePTCDiagnosticGzhasits own circulardatabuffer with amaximumof 100,000entries.
Thisis independensf thel128 buffering. If you allow anacquisitionto runlongerthanthis, and
recover the log file, you will see that the data has wrapped ardinedoldest entries will be
overwritten.

You canclearthe Diagnosticbuffer atanytimewith thefi C | thedatabufferb u t {#) Nau
can save the current buffer contents to a

buffer to®, fileod button

15.3 External triggering

15.3.1 Custom triggering

The 1128 will respond to edges on the gate input to start, pause and stop acquidgingghe
Customtrigger modeallowsyou greatflexibility in choosingvhenandhowthe 128 shouldtake
data, and how data taking should be synchronized with ex&vraats.lt is best to set a

maximum number of samples (stop count) when working in buffered and triggered modes, to
keep the data file size under control, and to prevent unexpected buffer overflows.

Therulesfor start,pauseandstopare:

Start Acquisitionwill either:
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- startimmediatelyif StartOn: Initiate Commands selected

- startwhenthefirst triggeredgeis detectedafteraninitiate commandf BNCis
selected.You can choose whether to respond to a rising or falling edge.

Pause Acquisitionwill either:

- pauseat the endof theindividual integrationin processvhena numberof
readings equal to the specified Burst Size has been taken

- pauseat the endof theindividual integrationin procesavhenatriggeredgeof
opposite polarity to the start trigger is detected

- not pausef no pauseselectionis made
Theresumeafter pauseconditionsarethe sameasthe startconditions

Stop Acquisitionwill either:

- stopatthe endof theindividual integrationin processvhenanumberof
readings equal to the specified Stop Count has been taken

- stopattheendof theindividualintegrationin processvhen atriggeredgeof
opposite polarity to the start trigger is detected

- not stopif no stopselectionis made

Thebestway to understandhe controlsis to look at someexamples.

To demonstrate thieiggers,we provided asimulatedrepetitive beam pulsas aGaussian pulse
(yellow) deliveredto agroupof channels antb the HCC. Theperiodwas 10msec. This pulse
was synchronized with a TTL trigger (blue), as shown in the figure below.

Figure 46. Signalandtrigger usedfor customtrigger examples

Thell28 wassetup to measurevith 100 psectime resolution thustherewould beexactly100
readings per signal repetition periolls a r ef er enc e, |l et 6s | ook a
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Current (A}

Current (A)

Figure47. Timevarying signalseenin internal mode

The signal appears noisy and there are discontinuiliggu inspect the csv log you will see
that the data is not contiguous, due to the communication speed limitatyoo. now select
Customtriggeringandastopcountof 10000,youwill nhow seeonesecondcontiguousdataat 10
kHz sample rate.

Current (A)

0.99

Figure 48. Timevarying sighalseenn custombufferedmode
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Now | etds say you are only interWththee58% i n t h
trigger duty cycle shown in figure 46, you could select a pause on Bid@ever if you set a

burst size of 50, you will achieve the same, but you will also leetalsee a stable scope mode
display in the PTC DiagnosticG2, that refreshes for each pulsetotal acquisition time will

now betwice aslong, becausehe 10000total buffer you definedis consumedt half therate. If

you inspect the logged data as a function of the time stamps, you will see the bursts of
contiguous data separated by gaps when the 1128 was waiting for the next trigger to resume.
Clearlyif triggersareinfrequent,andthesignalhasshortduration,thisis avery effectiveway of
collecting data.

Current (A)

Current {A)

1993 1994 Data Acwirss

Time (seconds) oritatin Cuamter

ki ] () ) G\ s A 1200 Sameies a1

Figure 49. Usingtrigger signalsandburstsizeto capturea portion of the signal

15.3.2 Pre-defined trigger modes

Thel128 providesa numberof 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 §ine every
trigger mode you can force the 1128 to the stoppaia stt any time by sending the Abort
command.

Mode Start Pause | Stop Notes

Internal Internal | n/a n/a Acquisitionwill startimmediatelyyousendinitiate, and
continue indefinitely if unbuffered, or to the lesser of
NBuf size and NBst if buffered.

Custom Full usercontroloverstart,pauseresumeandstop.

ExternalStart BNC n/a n/a Acquisitionwill startwhenavalid triggeredgeis seen
after you send Initiate, and continue indefinitely if
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unbuffered.If buffered,t will do NBstreadingson each
valid trigger edge until it has acquired NBuf readings.

ExternalStartStop | BNC n/a BNC Acquisition will start when a valid trigger edge is seen
after you send Initiatelf unbuffered, readings will
continueuntil theoppositepolarity triggeredgeis seen. If
buffered, it will stop on the lesser of NBst or Nbuf
readings, or on the opposite polarity trigger edge,
whichever comes first.

ExternalStartHold BNC n/a n/a NBstis forcedto avalueof 1 in thismode.

A singlereadingis takenfor eachvalid triggeredge. This
will continue indefinitely if unbufferedIf buffered, it
will continue until NBuf is reached.

ExternalWindowed | BNC BNC n/a Acquisition will start when a valid trigger edge is seen
afteryousendinitiate. Theycontinueuntil eitherNBstis
reached, or the opposite polarity edge is seen, at whic
pointtheacquisitiongause.They resumeavhen thenext
trigger edge is seenn unbuffered mode, this continues
indefinitely. In buffered modeit continuesuntil NBuf is
reached.

15.3.3 Trigger response time

The 1128 is always integrating the incoming signal, even if the data is not being recorded,
otherwisechargecanbuild upin cablesandgive incorrectreadings.Thusthereis somesmall
variationin thetime betweeratriggeredgeat thegateinput, andthe startof thefirst recorded
reading, because the trigger edge timing is asynchronous relative to the integrations.

Theworstcasedelayis oneintegrationperiodof the 128-channelADAS chip, buton averaget
is less than half of this timé hus if you want to minimize the uncertainty in the trigger
responseit is bestto useshortintegrationtimes. If you needbettersignalto noiseratio, simply
increase the number of conversions per sample, as thisodbaBect the trigger delay.
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16 Monitor PulseOutput

The monitor output allows the 1128 to outpu
electronics. A counter can be connected to this output to provide an independent log of
measured dose in a medical applicatitirihere is a dramatic failure during anadiation, the

countof monitorpulsespermitsyouto makesomeassessmerboutthe dosedeliveredup to that

point. The size of one MU is a configurable amount of charge accumulated on the HCC.

Thesignalis availableas aonepusecTTL logic pulseinto a50 ohmload,or asatransformei
coupled 50 nsec negatigming pulse.The selection is made at time of manufacture.

M Pos: 0.000s CH2

Coupling

CH1 2,00

Figure50. Exampleof monitoroutputpulse: TTL (left), transformercoupled(right).
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17 Actuator Control

Thell28 actuatorport providesthe controlandfeedbackneededor atypical pneumatiactuator
system.This is provided for sensor systems that can be moved in and out of their measurement

position.

Thecircuit provides &4 VDC outputonthe connectorsocontrollinga 24 VDC on/off solenoid
is simple. A solenoid valve type known to work correctly is tHdG SY51205LN-N7T-F2.
Howeversolenoidausingothervoltagescanbeaccommodatedyithin therating of the
connectorpsingthe potentialfreerelay contactpair andanexternallysourcedsoltage.

+5VD

Optoisolator

+5VD

vols > —
-4
0805 _3} Fvsl ACTUATOR_OPTO_A-
s +5VD
DBOF 10K DGND Optoisolator
O—H—. CHASSIS 1% 2 vols ACTUATOR_OPTO B- D
= OPTO_IN_A 0805 * Zvel
o o N - 4 200 mA fuse
olsUSERVE 'U\CZ 24V -
O
- -
° 0P~ opron ~
o TN DGND 24V RTN—)
OC s ACT_RELAY B
ol CT_RELAY
O_m_, CHASSIS Relay
——2O§HELp
ACT RELAY A !
J o | |
- 13N T
DGND _L@f%_L

Figure51. 1128 actuatorcontrol circuit.

A typical arrangementio controla 24V solenoidvalve andreadbackendof travellimit switches

is shown in the following figure.

Opto A input
L]

+24VDC

B

1 +24 VDC

ddodd switched
o0
9 6

Opto B input

Y/

+24 VDC

Figure52. Actuatorconnectiongor 24 VDC solenoid.
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18Interlocks and Direct Control Lines

The 1128 includes a suite of interlock features to enable it to form part of a dosimetry system
whereirradiationmuststopif thereis afailure or out of tolerancecondition. It alsoprovidestwo
fiber optic digital level outputs intended for processtomn A front panel keyswitch allows the
1128 to operate in two interlock modes, one intended for normal use, the other, intended for
engineering or diagnostic use, in which some computed interlocks may be ignored.

CAUTION

A safetysystemmustbe subjectto afull anddocumentedisk analysisspecificto theapplication
and the regulatory environmenkhe 1128 in isolation is not intended to implement a safety
system.However it may form part of such a system, for the particular activity of trgckin
delivered dose, subject to risk analysis and approval by the appropriate bodies.

18.1 Process control outputs

Both thefastfiber optic outputscanbe programmedn the 128 to performanyfunction. The
nominal use is as follows:

- TheProcessStatudiber optic outputis ageneralpurposealirectsignalto any remotesystemof
the computed status of some dose map execution stage.

- TheEnableBeamfiber optic outputis intendedto gatearemotebeamdeliverydevice,sothat
the 1128 can control the amount of dose delivered to some location.

18.2 Interlocks

The 1128 provides four isolated relay contacts and oneieplated digital input that are

intended for interfacing interlock signal§he connectors are Weidmuller 3m8th type with
different pin counts to prevent accidental swappifige relays can be configured to work in
currentloops,or as24V logic. A +24VDC supplyis provided fusedat300mA. In eithercase,

it is a simple matter to put multiple 1128s and A560s into a series interlock loop such that any
one of them can interrupt the line, and thus provide redundant interlocking.
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RE1
+24
2\
_

llelele

b ¥ M
Al

(Tointerlocked device)

- < — <
w L
l/_l u N I/_I W N

T B S

(Tointerlockeddevice)

Figure 53. Interlockrelaysin serieson multiple deviceswired for currentloop (top) or 24V
logic (bottom).

18.2.1 Enable/Status

- I‘H‘I ‘ ~ 1 |/ 1 ‘
" Enable ' Enabled ' Mode '
Cmd | Status | Key

Figure 54. Enabled/Statusterface.

This group ofsignals receives an enaldemmand from theverall system containintpe 1128

via an optaisolated input, and echoes out the enabled state, when it is reached, on a floating
relay contact pairThe input and output signals are processed by the redundant CPLDs in the
1128. In addition,anothercontactpairis broughtto this connectodirectly from thefront panel
keyswitch so that a remote system can detect if the 1128 has been placed in diagnostic mode.

Theenableinput optoisolatorinput requiresa minimumof 1 mA to switchwith 1.5V forward
bias, and has a 2.5 kohm series residtowill respond to typical CMOS TTicompatible
outputs, for example, and is also compatible with 24 VDC logic.

1128 User Manual 1128 UM_250722 Page 80 of 126




PSI System Controls and Diagnostics

18.2.2 Interlock
-+ 1

HAAAS

Figure 55. Interlockinterface.

Weidmuller Omnimate SL 179345000 5 pin connecidre relay is a safetsated type
(SR4D4005) with forcgyuided contacts according to EN 5020%ie minimum wetting current
andvoltagefor thecontactds 10 mA, 5V. Onen/o contactpair is brought totheconnectorand
a second pair is read by the 1128046 confirm operationThe relay is controlled by the
redundanCPLDs,andis typically usedfor majorfailuressuch agprocessowatchdogtimeouts,
or loss of power.

18.2.3 Relay
-+ ‘ |J-| ‘

Relay
| 1 |

Figure 56. Relayinterface.

WeidmullerOmnimateSL 1793440008 pin connector.Therelayis astandardypeandis
controlled by the A60 processdt.is typically responsive to computed out of tolerance
conditions in map execution.
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19ConnectingSlaveDevices

The 1128 implements a full fiber optic loop controller capabilitypu can connect up to 15
devicesandaccesthem viathel128 Ethernefport. To useaslavedevice, yousimply conneciit
to oneof thetwo fiber-optic ports on th&l28 using suitabl&T-terminated fibeioptic cableand
run the normal Discover sequence in the PTC Diagnostid@2.device will be shown as a
slave of the 1128, and yazan open its window and control it in the normal way.

rr

Figure57. 1128 with two M10 generalpurpose/O devicesonnectedsslavesonloop 1

Theslavedevicesimply passeds datathroughthe1128. It is notconstrainedythel 1 2 8 6 s
acquisition settings.
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20 Calibration

20.1 Current calibration

The 1128 is designed to produce very accurate current readihgsautomated internal
calibration process measures the background offset and the response to one of two very
accurately known internal current sourc®ultiple readings are taken and averdgéth an
integration period that nulls any 50 or 60 Hz noi$eu should not have any connection to the
inputswhendoinga calibration. Theresultinglineargainandoffsetvaluesfor eachchannebnd
each range are stored in reolatile memory.

The calbration process does rely on the stability and absolute accuracy of the internal sources.
These use high precision resistors with very small temperature coeffidiantsf course

inherently impossible to detect any error in the internal sources by simply measuring with the
1128 themarftercompletinga calibration. You needto useanindependenéxternalsource which

must itself have very good accuracy and stabilityour 1128 is used for critical measurements
whereabsoluteaccuracyis important,we recommendhatyou makesuch arexternalcheckonce

per year, or more frequently if local procedures dictate.

20.2 Other calibrations

The calibrations of the analog inputs and outputs, and the high voltage setpoint, arestctory
and should be left unchangelfithey do need to be corrected, the process is similar to sensor
calibration. You will require an accurate voltmeter with aa$e 5%~ digit resolutionSet the
monitormodeto PID/Manual. Calibratethe zero offset®f 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 at9.00volts anditerate as necessary to minimibeerror. Having calibrated the
outputs, you can use a loopback connection to calibrate the inputs againstutiaéeagutputs.
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21 PeakFitting

The 1128 implements a peak fitting algorithm as a fast FPGA calculation, and the results are
availablefor dosimetrydecisionmakingatratesup to theincomingdatarate. Theresultsare
displayed in the PTC DiagnosticG2 histogram display, shown below.

Position {p): 79.9006 - b
Sta. Dev (o): 1.83814 Data Autye
Gaussian Fit SHR: 4525.3 Histogram Peak
{Device) Noise Std. Dev (o): 5.354e-11 Peaks:
X*: 6B.4%

Center of Gravity

2.5e-07 Gaussian Fit {gaussabola)

2e-07
Gaussian Fit (regression)

1.5e-07

Current (A)

Display Full Statistics

5e-08

1 1 1 1 Data
B 32 36 40 44 43 52 56 60 64 68 72 76 50 84 83 92 96 100 104 108 112 116 120 124 128 [ )|
d Data Analyss J
Channel

_Strip_/\_Scope /\_Histogram /

Tonszabon Chamber

3/ § 1170 Samples| | ksl

Setup
Cadibration

State: Idle / Measuring Last Error:

Figure 58. 1128 real time peakfitting

Thealgorithm fits a Gaussian curve to the data based on the channel with the highesEsignal.
speed the calculation converts the data to a polynomial, then performs a weighted regression fit
using matrix invergin. The fit constants are then converted back to the three defining
parameterfor a Gaussiarturve,the mean(peakposition),sigma(width) andamplitude(height).
Further details of the algorithm are in Pyramid Technical Note TN0010
(http://www.ptcusa.com/files/technical _notes/TN0010).pdf

If the peak in the data deviates signifitafirom Gaussian shape, for example by being
significantly skewed, or if it sits on a pedestal or halo, then the fit will not be so relfabla-
squaredbstatisticis usedto showhowwell thefitted Gaussiarcurvemodels thalata;if thedatais
closeto Gaussian, then thetatisticwill be closeto 100%. Thepeak shown in figur&8 does not
have the correct Gaussian shape, so the statistic is relatively low (B@©rtheless the
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positionis agoodreflectionof the peakposition,andthiswill begenerallytruefor nonskewed
peaks.

ThePTCDiagnosticGAdmplementghe samealgorithmon datait receivedrom thel128 and
allows you to adjust the fit settings.
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22Usingthe Triangle Generator TestBoard

It can be useful to inject a signal of approximately known current into multiple channels of the
1128 asa simplediagnostiadhatthe channels ar&unctional,andthatthereis no grosssystematic

error in the calibrationThe Pyramid Triangle Generatostdoard plugs into one 4zin

connector and creates a triangle distribution of currents across the bank of 32 channels on that
connector.

Function
generator
input

Figure 59. Trianglegeneratortestboard

GenuineAdvantagePyramidtestboardsareidentifiableby a smallirregularityin thetriangular
profile because the last two channels are swapfieahltage source is required, which can

eitherbea 5V power supply connected thepowerin connector, othe signal from aunction
generator injected at the BNC connectibryou use a function generator, you can give any
desired time profile to the signal.

If you connect a 5 V source and set the first switch down, you should see a steady triangular
patternwith peak aboub00nA. If youremovethe5 V sourceandinstead ptalV signalinto
the BNC connector, you should see the triangle pattern but with peak about 345 nA.
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Dosrvian o 16,8564

B Dev o1 €74

Gaussian Ft Qe

evke)  sitse Sed. Dey (030 3 3Mle-1l
X AT.IN

ont (A4)

Intenos

= Procertes

tate: 1de | Meansry

Figure 60. Testpatternfrom triangle generatorboardusing5V source

If youinjectatime varyingsignalfrom thefunctiongeneratoryou canuseit to checktime

resolved measurements across 32 channels.

281 192368031

1128 Electrometer

Current (A)

Figure61. Timevaryingsignalinjectedto BNCinput of testboard

1128 User Manual 1128 UM_250722

Page 87 of 126




PSI System Controls and Diagnostics

23 Gate connections

The 1128 provides a gate input and gate output conneclioa.input is terminated with 2.5
kohm, suitable to be driven by a standard TTL soulfcéhe incoming gate signal is on a long
coaxial transmission line, yahouldusea source abl¢o drivea50 ohm impedance and provide
50 ohmterminationatthel128. Alternatively,youcanconvertthesignalto optical,thenconvert
back to TTL near the 1128This allows very long signal runs with excellent noise immunity.
ThePyramidTechnicalConsultantsX22 bidirectionalconvertemprovidesthe necessargignal
conversions.

50 ohmsource 1128 1128 1128

> 50 ohm coax [ ] | 1 |
50

50

TTLsource 1128 1128 1128
Fiberoptic y | ] !
// '

Coax

X22 X22

Figure 62. Alternativemethoddor long-distancetrigger delivery: 50 ohmline (top), fiber optic
(bottom)

Usingthegateoutput,you candaisychainalocal groupof 1128swith shortLemoto Lemo
coaxial cablesThe latency between the gate input and output is about 25 nsec, which is
negligible compared to even the shortest 1128 integration period.

14 Pos; 0.000s CH1

Coupling

B Lirnit

CHT O e o
11-Mar=13 1502

Figure 63. GatepassthrougHatency:gatein (yellow),gateout (blue)
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24 Connectors

24.1 Front panel connectors

24.1.11/0 port (environmental monitors)
One25-pin DSubfemale.

Pin 13

Pin 1

‘0 000000000000
O | o00000000000

o

Pin 25 Pin14  (Externalview on connector soldersideof matingplug)
1 |24V return 14 |+24VDC out
2 | Chassis 15 |AGnd
3 |Analogin1+ 16 | Analogin 1-
4 |Digital outl 17 | Digital out2
5 |Analogin 2+ 18 | Analogin 2 -
6 |Analogin 3+ 19 |Analogoutl
7 | Analogin 3- 20 | Analogout?2
8 |AGnd 21 |+5VDC out
9 |DGnd 22 | Digital out3
10 |Digital out4 23 |DGnd
11 |Digitalin4 24 | Digitalin 3
12 |Digitalin 2 25 | Digital in 1
13 |DGnd

24V outfused200mA (combinedoadonthis connectoandactuatorconnector).

Allocation of signalswhenthis connectoiis usedfor IC128-25L Cion chambeienvironmental

monitors:
Analogin 1 Temperaturé Pressuré Humidity / Reference
Digital out2,1 Multiplex controlfor signalsdeliveredto analogin 1
00 Temperature
01 Pressure
10 Humidity
11 Reference
Digital in 2,1 lonizationchambelboardrevision
+ 5VDC out Powerto IC sensors
Chassis lonizationchamberchassis
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An adaptorcableor boardis requiredto convertfrom D25 atthe 128 to D9 attheionization
chamber.

24.1.2 Actuator
OneDsub9 pinfemale.

Pin 5 Pin 1

(Externalview on connectof soldersideof matingplug)

1 |Actuatorrelaypole A 6 | ActuatorrelaypoleB
2 |24V return 7 | OptoinputB anode
3 |nlc 8 |24 Vreturn

4 | +24VDC out 9 |+24VDC out

5

Optoinput A anode

Optoisolatorcathode$haveinternalconnectiorto 24V return.
24V outfused200mA (combinedoadon bothpinsplus|/O connector).

24.1.3 HCC: High current input (channel 0)

Onefour pin Lemo0B female. Suitablematingconnectorsi.emoFGG.0B.304.CLCD52Z
(crimp) or FGG.0B.304.CLAD52Z (solder).

Pin 4

Pin3  (Externalview on connector soldersideof matingplug)

I-V converteiinputA
AGnd

I-V convertelinput B / Gatedintegratorinput

AIW|IN|PF

Chassis

Internalsoftwarecontrolledswitchesallow theinputto be configuredas:
- |-V converterpin 1
- |-V convertersummingpin 1 andpin 3
- Gatedintegrator,pin 3

Thisinputis generallyusedto readouttheintegral,or dosimetry planeof anionization
chamber.
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24.1.4 Signal inputs (strip inputs)

Four44-pin highdensity DSuldemale. Color-codedon decal. Softwarechannelcountis 1 to
128; electrical schematic input count is 0 to 127.

Pin 15 Pin 1
olelelelelolelelolclolelalelo M B P i
Pin 30 ( ©©@@©@©@()© @@@@@? @)©@© @?@g@ @{)O:) @©@©") Pin 16
Pin 44 Pin 31 (Externalview on connector soldersideof
matingplug).

Channelsl-32 (&) i inputs00to 31

1 |Cch29(in28) 16 [Ch31(In 30) 31 |Ch32(In 31)
2 |Ch28(In27) 17 [Ch30(In 29) 32 |Shield

3 |Ch26(In 25) 18 [Ch27(In 26) 33 |KGnd

4 |Ch24(In23) 19 [Ch25(In 24) 34 |KGnd

5 |Ch22(In21) 20 |Ch23(In 22) 35 |KGnd

6 |Ch20(In 19) 21 |Ch21(In 20) 36 |KGnd

7 |Ch18(In 17) 22 |Ch19(In 18) 37 |KGnd

8 |Ch16(In 15) 23 |Ch17(In 16) 38 |KGnd

9 |Ch14(In13) 24 |Ch15(In 14) 39 |KGnd

10 |Ch12(In11) 25 |Ch13(In 12) 40 |KGnd

11 |Ch10(In 09) 26 |Ch11(In 10) 41 |KGnd

12 |Ch08(In 07) 27 |Ch09(In 08) 42 |KGnd

13 | Ch06(In 05) 28 |ChO07(In 06) 43 | Shield

14 |Ch04(In 03) 29 |ChO5(In 04) 44 |Ch03(In 02)
15 |Ch02(In 01) 30 |ChO1(In 00)
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Channel33-64 (Blfaa) i inputs32to 63

1 |Ch61(In60) 16 |Ch63(In 62) 31 |Ch64(In 63)
2 |Ch60(In59) 17 |Ch62(In 61) 32 | Shield

3 |Ch58(In57) 18 [Ch59(In 58) 33 |KGnd

4 |Ch56(In 55) 19 [Ch57(In 56) 34 |KGnd

5 |Ch54(In53) 20 | Ch55(In 54) 35 |KGnd

6 |Ch52(In51) 21 |Ch53(In52) 36 |KGnd

7 |Ch50(In 49) 22 |Ch51(In50) 37 |KGnd

8 [Ch48(In47) 23 |Ch49(In 48) 38 |KGnd

9 [Ch46(In 45) 24 | Ch47(In 46) 39 |KGnd

10 |Ch44(In 43) 25 | Ch45(In 44) 40 |KGnd

11 |Ch42(In 41) 26 |Ch43(In42) 41 |KGnd

12 |Ch40(In 39) 27 | Ch41(In 40) 42 |KGnd

13 |Ch38(In 37) 28 |Ch39(In 38) 43 | Shield

14 |Ch36(In 35) 29 |Ch37(In 36) 44 |Ch35(In 34)
15 | Ch34(In 33) 30 |Ch33(In 32)

Channel$5-96 (i) - inputs64 to 95

1 |Ch93(In92) 16 [Ch95(In 94) 31 |Ch96(In 95)
2 |Ch92(in91) 17 [Ch94(In 93) 32 | Shield

3 |Ch90(In 89) 18 [Ch91(In 90) 33 |KGnd

4 |Ch88(In87) 19 [Ch89(In 88) 34 |KGnd

5 |Ch86(In 85) 20 |Ch87(In 86) 35 |KGnd

6 |Ch84(In83) 21 |Ch85(In 84) 36 |KGnd

7 |chs2(in81) 22 |Ch83(In 82) 37 |KGnd

8 |Ch8o(In79) 23 |Ch81(In 80) 38 |KGnd

9 |Ch78(In77) 24 |Ch79(In 78) 39 |KGnd

10 |Ch76(In 75) 25 |Ch77(In 76) 40 |KGnd

11 |Ch74(In73) 26 |Ch75(In 74) 41 |KGnd

12 |Ch72(In71) 27 |Ch73(In72) 42 |KGnd

13 | Ch70(In 69) 28 |Ch71(In 70) 43 | Shield

14 | Ch68(In 67) 29 |Ch69(In 68) 44 |Ch67(In 66)
15 | Ch66 (In 65) 30 |Ch65(In 64)
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Channel®97-128 (M) - inputs96to 127

1 |Cch125(n124) | 16 [Ch127(In126) | 31 |Ch128(In 127)
2 |Ch124(In123) | 17 |Ch126(In125) | 32 |Shield

3 [Ch122(n121) | 18 |Ch123(In122) | 33 |KGnd

4 |Ch120(In119) | 19 [Ch121(In120) | 34 |KGnd

5 [Ch118(n117) | 20 |Ch119(In118) | 35 |KGnd

6 |[Ch116(n115) | 21 |Ch117(In116) | 36 |KGnd

7 |Ch114(n113) | 22 |Ch115(In114) | 37 |KGnd

8 [Ch112(n111) | 23 |Ch113(In112) | 38 |KGnd

9 [Ch110(In109) | 24 |Ch111(In110) | 39 |KGnd

10 |Ch108(In107) | 25 |Ch109(In108) | 40 |KGnd

11 |Ch106(In105) | 26 |Ch107(In106) | 41 |KGnd

12 |Ch104(In103) | 27 |Ch105(In104) | 42 |KGnd

13 |Ch102(In101) | 28 |Ch103(In102) | 43 |Shield

14 |Ch100(In 99) 29 |Ch101(In100) | 44 |Ch99(In 98)
15 |Ch98(In 97) 30 |Ch97(In 96)

24.1.5 High voltage output and input
Two SHV male. To matewith standardSHV connector.

Core: high voltage
(2 kV max)

Outer screen: shield
(at chassis GND)

24.2 Rear panel connectors

24.2.1 Ethernet communications
RJ45jack. To matewith standardRJ45 plug.

Auto MDIX facility - cablecanbedirector crossovetype.

24.2.2 RS-232/RS-485 communications
Six pin mini-DIN socket(PS/2mouse/keyboartype).

Pin6 Pin5
Pin4 — — Pin3
Pin 2 Pin1

(Externalview on connector soldersideof matingplug)
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RS232Tx/RS485Tx- 4 n/c
RS232Rx/ RS485Rx+ 5 RS485Tx+
Gnd 6 RS485Rx-

The socket incorporates a sensor switch that allows the 1128 to detect that a plug has been
connected Whenaconnections made theRS232/ RS-485transceiveis active,andthe
communication mode is set by the mode switch.

24.2.3 Gate input and output

Two Lemocoax00jack (female).Inputtermination2.5kohm. Outputis ableto drive 50 ohm
load.

24.2.4 Monitor input

OneLemocoax00jack (female).Outputcanbe configuredattime of manufacturd¢o bea TTL-
level pulse (1 psec at logic high, able to drive a 50 ohm load), or a 50 nsec transfoupied
negativegoing pulse.

24.2.5 Fiber-optic communications

Six HFBR ST bayonetssuitablefor 1 mm plasticor 200 um silicafiber. 664nm (visible red)
light.

Dark casing= receiver light casing= transmitter.

Out In Out In Out Out
LChannel 1J LChannel 2J Process Enable

Status Beam

Two loop controller ports, plus two individual digital output lindéote: the fiber optic ports
aremountedon adaughteiboard,whichallowsotherconfigurationof transmittersandreceivers
to be installed for particular applications.

24.2.6 Enable/Status port

OneWeidmullerOmnimatel7934700@ pin 3.81mm connector.Mating connector
Weidmuller 1793090000 shown below right.
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-+ PR

Eﬁ o[+ o]

" Enable ' Enabled ' Mode '
Cmd | Status | Key

24 2.7 Interlock port

OneWeidmullerOmnimatel 7934500 pin connectoi(four pinsused). Mating connector
Weidmuller 1793070000 shown below right.

el
EﬁuUu

24.2 .8 Relay port

OneWeidmullerOmnimateSL 179344000 pin connector.Mating connectoWeidmuller
1793060000 shown below right.

- +‘|J‘|‘

ﬁﬁ

Relay

24.2.9 Power input, 24 VDC

Two-pin Redel PXG.M0.2GG.NG femald.o mate with Redel PAG.M0.2 type or PFG.M0.2
typefreeplugs. Suitablyterminated24 V powersuppliesandleadsareavailablefrom Pyramid
Technical Consultants, Inc.

Pin 1: +24 VDC

Pin 2: 24 V return (PSU 0V)
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24.2.10 Ground lug

M4 threadedstud. To matewith M4 ring lug.
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25 Controls and Indicators

25.1 Front panel controls

25.1.1 Key switch

Two positionswitchto selectNormaloperationmodeor Diagnosticmode. Key is retainedwvhen
in Diagnostic Mode.

25.2 Rear panel controls

25.2.1 Address switch

16 positionrotary switch settingdeviceaddresgor usewhenyou havethel128 on afiber optic
loop. Choice of address is arbitrary, but each device in a-bp#c loop system must have a
unigue addressThis communication mode is not currently supported in the 1128.

Setting | Function

0 (Reservedo loop controller)
1-15 Availableaddressettings.

If youareusingthel128 asaloop controller,theaddresswitchhasno function.

25.2.2 Mode switch

10 position rotary switch setting for serial communications madhes switch is read if a
connections madeto the serialconnector.The ASCII protocolis providedfor diagnosticsising
simple 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, RS-232
ASCII, 57.6kbps, RS232
ASCII, 19.2kbps,RS-232

8 bit binary,115kbps,RS-485
8 bit binary,57.6kbps,RS-485
ASCII, 115.2kbps, RS485
ASCII, 57.6kbps, RS-485

OOV WDNFO

25.2.3 Reset button

Momentarypushbuttonthatforcesawarmresetof theon-boardprocessor Holding the button
for 5 seconds at the start of boot up forces the 1128 to the default IP address (192.168.100.20
static).
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25.3 Front panel indicators

25.3.1 Power on

ThePyramidtrianglefractallogoilluminateswhentheunit is poweredup (+ 5 V digital voltage
rail is present).

25.3.2 Mode switch
OneamberLED. llluminatedif themodeswitch isin the diagnostigosition.

25.3.3HV on
OneamberLED. llluminatedif theHV supplyis enabled.

25.4 Rear panel indicators
FourgreenLEDs.

. Power
. Initiated
. Active
. Comm

2541 Power
GreenLED. 24VDC poweris presenand2.5V rail is present.

25.4.2 Initiated
GreenLED. Unit hasbeeninitiatedandtriggeredto acquiredata.

25.4.3 Active
GreenLED. 1128 processohasbootedandis runningnormally.

2544 Com
GreenLED. A hostcommunicatiorchannels active.

25.4.5 Power up LED sequence

On powerup, the Power LED illuminates, and the remaining three status LEDs cycle in
sequenceluringthebootup. Whentheunit hasbooted the PowerandActive LEDs shouldbe
illuminated. The Com LED will illuminate when a host communication link is active, and the
final LED will illuminate when measurement is in progress.
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25.4.6 RJ-45 indicators

GreenLEDs incorporatedn the Ethernettonnectoishowthata connectiorhasbeenestablished
(left hand LED) and that messages are passing (right hand LED).
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26 Communicationsinterfaces

The 1128 is a member of the Pyramid G2 range of devitles.unit is provided with four
hardwardnterfacesRS-232,RS-485,two fiber-optic receiver/transmittgportsandEthernet.
TheRS232 and RS185 interfaces are intended for simple direct connection to PCs, with no
other equipment necessary.

Thefiber-opticinterfaces argrovidedonthel128to allow it to actasaloop contoller, andthus
control multiple slave devices, and allows multiple devices to be connected to a host computer
via the 1128 in a looped topology.he fiberoptic interface is welbuited to large systems and
experiments.

TheEtherneinterfaceis providedto allow directconnectiorto systemswvhich areintegrated
using standard local area network hardware and protocols.

Thel128 cansupportmultiple clients,andin particularyou canbe connectediia Ethernetand
the serial port at the same time.

If the serialconnectotis attachedthenthe serialport becomesctive,irrespectiveof anyother
connections.The baud rate, type of protocol and choice ofZ33 or R$485 levels is made
using the mode switch.

If theEthernetconnections madethenthe Ethernetport becomes activeThemodeswitchand
address switch have no function when using Ethernet communicatiBbBs incorporated in
the RJ45 jack indicate activity on the port.

26.1 Ethernet

TheEthernetportis astandardRJ}45 jack. Thell28 supportsautoMDIX, soyou do notneedto
worry about whether your cable is a patch cable or a crossdherl128 will negotiate
connection speed with the device it is connected to, and the highest speed thadl®otme
support will be used Communication uses standard TCP/IP and UDP messaieg.section
27 for further information on using the 1128 in a network.

26.2 Web server

You canconnecto the 1128 usinga standardrowsermprogramby typingin its IP address.The

device responds with a screen showing connection details, firmware versions and a list of any
connected devices on the fiber optic pots/ou add new looped devices, they can be
connected from this screen, and you can interrogate thenickingltheir entries in the list.
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Figure 64. Interrogatingthel128via a webbrowser.

26.3 RS-232 connection

A basic threawire RS232 connection is all that is required to communicate with the ITB8.
1128 uses a-pin mini-DIN connector.An adaptor to a-$in female DSub is available from
Pyramid; a standard pin to pin male to femal@r®DSub cable can thebe used to connect to
thePC. Thecablelength shouldhot exceedaboutsm, especiallyatthe maximumbaudrate. For
longer serial cable runs you should use43S.

0 6 pin mini-DIN male

9 pin D female

GND

Figure 65. RS232cablel128to PC.
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26.4 RS-485 connection example

RS485 is used to extend a serial connection over a long distdny@®i have a R232 serial
portonthehostPC,thenanRS-232to RS-485 converteris used athehostPCend. Thebuilt-in
RS485 of the 1128 allows a direct connection at its end.

A comnonly-used converter is tHdOXA TC100. TheMoxa TCC-80 is a lowcost alternative
for lesscritical applications.Theconvertershouldbe configuredfor four wire (full duplex)RS
485 operationThe 1128 provides parallel termination for transmit and recdive.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:

Swl Sw2 Sw3
OFF ON ON

Therecommende®ip switchsettingfor the TCC-80is:

Swl Sw2 Sw3
ON OFF ON
- ——[a @] Tx+ (B)
i /o ]s OO0 SO [BG T
2: Rx+ N PNy 1 @| Rx+ (B)
3: Gnd . S s 1D Rx- (A)
4:nlc (R0
5: Tx+ (30D
6: Rx- (0D
D
1 (D] sGnd
1128 TC100

Figure 66. RS485cablel128to TC100.

In orderto enablethe RS-485interfaceonthel128, you musthaveaphysicalconnectiorto the
serial port, and you must select one of the relevarttes (modes 6 through 9j.you have
trouble getting the R885 connection to work, check carefully to ensure that you have all the
transmit and receive lines connected as shown.

26.5 Fiber optics

Two fiber optic ports are provided for connecting slave devices such as M10 and M40 general
purpose I/0O devices, H10 Hall probes and othélg.to 15 devices can be connected in a loop
on each port, although the available bandwidth must be shared behsseMessaging uses

the PyramidTechnicalConsultantd.0 Mbpsdeterministic8-bit serialprotocol. It is particularly
suitedto realtime systemswherethe slavedevicesmustwork in synchronizatiorwith the1128.
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The fiber optic ports can be used for peer to peer communication between 1128s, or between
I128sandloop controllerssuchasthe A560. This permitsactivitiessuchasmapexecutiorto be
coordinated across multiple devices.

Oneof thefiber optic portsmay alsobeusedto allow thel128to bea clienton afiber optic
loop. This feature is not supported in the current firmware.
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27Usingthe 1128 on a network

27.1 Network configurations

The 1128 uses TCP/IP and UDP communication over standard local area network hardware.
Addressing is using the IP4 standard, and it supports static and dynamic (DHCP) address
assignmentThedevicecanbe configuredvia the PTC DiagnosticG2yia theserialinterfaceor

by your own host software using the appropriate procedure calls.

Most control and data acquisition systems are set up with fixed addresses assigned by the
networkadministrator.It is alsotypical to isolatesuchnetworksfrom theinternetto prevent
unauthorized access, and to allow operation without firewalls which can disrupt
communications.

In order for the host computer and the 1128 to communicate, they must be within the same
subnet.lt is typical to limit a local network to 256 addresses by setting the IP4 subnet mask to
255.255.255.0. Then the 1128 and the host must have the first thytestof their addresses
common,andmustdiffer in thelastbyte. Forexamplethehostcouldbe192.168.100.1andthe

1128 at 192.168.100.20"he last byte must also not conflict with any other devices on the same
subnet.Addresses with last byte 0 an83are reserved for special functions in TCP/IP.

Note that if you are communicating with the 1128 using Ethernet and you change its IP address,
then your communication channel immediately becomes invéld. need to rediscover the

device if using the PTOiagnosticG2, or otherwise change your host software setup as needed.
If youhavemovedthel128into adifferentsubnetfor exampleby settingit to a staticaddresof
192.168.1.20 in the prior exampl e,tothesame wi |
subnet before you can reconnect.

ThesimplestaticlP arrangemenallowsyouto connectusingadirectcableconnectiorasshown
in figure 67, or via a network switch, as shown in figure 68.

L ] =1 OO W W E G

Figure 67. Direct Ethernetconnection
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\ =T CET T Tl (ol W Tl el

Figure 68. Connectiorvia switch

Staticaddressingvill alsowork if the networkincludesarouter,butthis arrangemenalsoallows
dynamicaddress assignmely therouter. If your hostsoftwareexpectslevicesto beat specific
addresses, this is not appropriate, but it candbgful for initial testing and fofluid setups.The
router will ensure that there are no address conflidte Discover utility in the PTC
DiagnosticG2 makes the use of DH@sgsigned addressesaptical.

( ) =T T I EE

Figure 69. Networkincludingrouter
You maywish to definetheaddres®f this router,or someotheraccesgointonthe network,as

the default gateway, if you want the 1128 to be accessible from another nefis ks
optional.

27.2 Recovery from unknown IP address
Therearetwo waysto restorethe128to aknown IPaddress.

27.2.1 Reset at boot time

If youkeeptheresetbuttondepressed fahefirst five secondsvhile thel128is poweringup, it
will return to its default IP setting, which is a static address of 192.168.100.20.
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27.2.2 Using the serial port

You canqueryandsetthel128 network configuratiorvia theserialport. This capabilitywill be
added in a future firmware update.

27.3 System log address

Thesystemlog addresss thelP addres®of asyslogserverthat canog statusanderrormessages
from the 1128, for diagnosticpurposes.You shouldleavethis setto 0.0.0.0unlessyou aredoing
diagnostic investigations directed by Pyramid Technical Consultants.
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28 ASCII Communication

The 1128 includes aerial interface foservice and diagnostwork. This port is not useful for
taking data from the 1128 due to the Future firmware versions will add features such as serial
number and firmware version interrogation, and the abilityuergand set the Ethernet
configuration. Thefeaturewill useASCII commandghatcanbesentfrom astandarderminal

host application.

28.1 Using PUTTY to test the serial ASCIl connection

Microsoft Windows no longer includes a terminal emulator that you can use to test the ASCII
communicationsHyperterminaimay betransferredrom anunusedrior Windowsversionby
copying the files hypertrm.exe and hypertrm.8arious public domain pragms are also
availableto perform this taskPyramid has tested PuTTahd Realterm with G2 device$he
following screenshots show the configuration of PUTTY with 115kbps baud rate.

B rcrioanc S |

Category

oBing the termenai enuiston

Apply | Lancel

!

Apply Gancel

Figure 70. Setupof PuTTYfor ASCllIserial communicatiorwith thel128.

You canbeconnectedo thel128 via ASCII serialandthe PTC DiagnosticG2via Ethernet athe
same time.Some behavior may be unusual, so this is only recommended for fault finding, not
routine measurement.
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29 SpecialApplications

29.1 Pixelated ionization chamber readout

The Pyramid PX2 and PX3 ionization chambers provide a roughly circularswmensional

array of 120 square pixel$he 1128 can be used to read out the pixels and provide bias to the
chamber.If the pixelatedchambeiis used apartof adosimetrysystem thenthemapexecution
and interlock features of the 1128 are also available.

Figure 71.PX2andPX3 lonizationChambers

The 1128 returns a ordimensional list of channel valueBight of the channels will not have
pixel data because they do not nent to a pixelln the PX2 and PX3 these are channels 31,
32,63,64,95,96,127and128. Thehostsoftwaremustreconstructhelinearchannelarrayinto

a twodimensional array before computing parameters such as beam position, sigma, and
rotation. This function is provided by the PTC DiagnosticG2 host program (see section 11).
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Q2 Q1
49| 43| 37| 27| 28| 29

54| 48| 42| 36| 23| 24| 25| 26

58| 53| 47| 41| 35| 18| 19| 20| 21| 22

61| 57| 52| 46| 40| 34| 12| 13| 14| 15| 16| 17

60| 56| 51| 45| 39| 33| 6 7| 8] 9|10] 11

50| 55| 50| 443832 0| 1| 2] 3| 4| 5

69| 68| 67| 66 65| 64| 96 | 102| 108| 114 119 123

75| 74| 73| 72| 71| 70| 97 | 103| 109| 115 120( 124

81| 80| 79| 78 77| 76| 98 | 104| 110| 116( 121 125

86| 8| 84| 83| 82| 99 | 105] 111 117| 122

90| 89| 88| 87| 100 106( 112| 118

93| 92| 91101 107 113
Qs Q4
Figure 72. Examplepixel array for a PyramidPX chamber(base0)

Both the PX-2 andPX-3 canbeinstalledin abeamlinen anyrotationalorientationandwith the
beam passing through in either direction, so the definition of the coordinate axes and
corresponding mapping of the pixels is up to the uSere simple convention is to use the
sequencef thefirst six pixelsto definethe+X axis. Usingthis conventon, thePX-2 andPX-3
coordinate axes are as shown below.

I,

>

— ]

Figure 73. Examplecoordinateaxisassignmentor PX chambers.
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A typical ion beam section is characterized by Gaussian profiles in X and Y axes, thus an
elliptical profile. More generally the ellipse may be rotated and shifted from the nominal
trajectorysoit is usefulto fit anellipsewith arbitrarywidths, rotationsandoffsetsasshown

below.

Origin

oY

@ = \ -

)Rotation
.

o
/ MeanY T
/ o

—>
Mean X

S il

oX

oMinor

Figure 74. Examplecoordinateaxisassignmentor PX chambers.
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29.2 Multi-layer Faraday collector readout

Multilayer Faraday collectors comprise a stack of accurately manufactured and characterised
layers used to determine the energy of a‘@iglrgy chargegarticle beanby measuring its

range in the materiaEach layer comprises a conductive sheet and an insulating sheet, with the
conductivesheetconnectedo aninputchannebn thel128. Thewhole assemblys containedn
ascreeningenclosure.Signallevelsarelow for typical particlebeamshecaus¢hedevicehasno
physical gain. Special attention is needed to noise reduction, and longer averaging of the order
of seconds is needed to get good signal to noise ratio.

e ffidads

Figure 75. 90 MeV (left) and230MeV (right) proto'n beamsstoppingin al28layer MLFC.

!
i

Figure 76. Multi-layer FaradayCup
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Provided the layers are approximately identical, there is a smooth functional relationship
between beam energy and particle range in the desistack of plates of nearly uniform
thickness and with welllefined area makes up the MLFEach plate is indrdually weighed
andrecorded.Becausestoppingpowersarewell knownfor the materialsa calibrationtableof
layer number vs energy can be created using MOaté simulation.The device can thus
provide an independent and absolute measure of beam energy.

The width of the peaks increases with depth, but the peak can be determined with accuracy of
fractions of a layer by peak fittingAt lower energies the peaks are narrow, ahémthe signal

is in nomorethantwo layers,thenthe peakcentroidfinding haslower resolution. Thefollowing
figures show calculated and measured range peaks for a MLFC designed to measure proton
energies from 100 to 250 MeV, with reduced resolutigrabdity down to around 30 MeV.

12000
Monte Carlo
10000

8000 ‘

6000 ‘

4000 ‘

2000

(0] 20 40 60 80 100 120

-2000

——70 MeV 90 MeV 110 MeV 130 MeV ——150 MeV ——170MeV ——190 MeV ——210MeV ——230 MeV —— 250 MeV

9E-11
Measured
8E-11
7E-11
6E-11
5E-11
4E-11
3E-11

2E-11

1E-11

(0] 20 40 60

——70 MeV 90 MeV 110 MeV 130 MeV ——150 MeV ——170MeV ——190 MeV ——210MeV ——230MeV — 250 MeV

Figure 77. Calculatedand measureadangesin an MLFC for typical protonenergiesusedin
particle therapy
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Figure 78. Typicalrangecurvefor a 128layer MLFCusing0.02inch copperlayersand Kapton
insulation.

In proton therapy, the data of immediate interest is the egsb curve in water (the Bragg
curve);theabsolutgrotonenergyis notdirectly relevant. For a particularprotonenergy there

is a one to one correspondence of the range measured by the MLFC and the depth dose that is
measured using a water phantom and ionization chamber syBtenMLFC is much more
convenient for regular checks, however, and can act as a transfer stagtdazein different
beamlines and different accelerator facilities.
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30Fault-finding

Symptom

PossibleCause

Confirmation

Solution

High noiselevels

Environmentahoisesource

Try usingotherintegration
periods, especially 1/line
frequency.

Use low noise (ari
triboelectric cable)Use
longest integration period
compatiblewith yourrequired
time resolution.

Not usinglow noisecable

Check noise without cable.
Removeanysourceof cable
vibration.

Uselow noise(antr
triboelectric cable).

Interferencdrom other
equipment

Badcablesignalcablescreens

Turn off potential source of
interference.Check screens.
If good,try interruptingscreen
at one end of the cable to
break ground loop.

Use good quality cable.
Investigate your particular
situationto find theoptimum
connections for minimum
noise. Re-route cables away
from sourcef interference.
Consider double screening.

Groundloopsor largeground
currents creating potential
differences.

Makeor breakobviousground
paths.

Use good quality cable.
Investigate your particular
situationto find theoptimum
connections for minimum
noise. Re-route cables away
from sourcef interference.
Consider double screening.
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No signalwhenexpectedor
very small signal.

No returnpathfor current

Check cabling.Try a direct
ground connection from the
1128 to the sensor body or
externalhigh voltagesupply
ground,if you are usingone.

Ensureyouunderstanénd
implement the complete
circuit for the measured

current.

HV biasnotbeingappliedto
ionization chamber

Checksettingandloopback
voltage.

Apply appropriatdias
voltage.

Smallsignalis lostin noise

Use longer integration and
moreconversionpersample
to improve signal to noise.

disconnected

No signalwhenexpectedn Usinghighercurrentrange Checkrangesetting Useanappropriateangefor
HCC when signal is small the expected signals.
Connectedo wrongpinson
connector
High offsetcurrents Poorguality signalcables Checkwith cables Usegoodquality low-noise

cables if attempting to
measure small signals.

Bad calibration

Re-calibrate(cablesshould
not be connected during
calibration)

Re-calibrate(cablesshould
not be connected during
calibration).

Inadvertenselectiomf zero
subtraction on the
DiagnosticG2 software.

Checksetting.

Do notselectzerosubtraction
if valid signals are present.

Internalcontaminatiorof
[128.

Return unit to Pyramid
TechnicalConsultantsinc. for
servicing.
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Inaccurateeadings.

Badcalibration

Compare latest calibration
factorswith previousones.
Re-calibrate(cablesshould
not be connected during
calibration)

Re-calibrate(cablesshould
not be connected during
calibration).

Unit not collectingdata

Inappropriate trigger mode
(waitingfor externalrigger
when none present)

Selectinternaltriggermode.

Useappropriateriggermode.

Missingdatain csvlog

Data rate exceeds
communicatiomate

Usebufferedacquisition.

Usebufferedacquisitiorwhen
appropriate.

No monitorpulseoutput Incorrectconfigurationof Checksetting Useappropriatesetting.
charge per pulse value
No signal at HCC inpuit Checkconnections. Connectelevantignalto
monitorpulsesarederived HCC.
from HCC signal.
Unitisnotme a s ur i n g Checkl128state Ensurd128is initiatedand

triggered when necessary.

Unit is configuredfor wrong
type of monitor pulse.

Checkpurchasespecification.

Return unit to Pyramid
TechnicalConsultantsinc. for
modification if necessary.

No orincorrectrespons¢o Incorrectgatepolarity Checksettings Usecorrectpolarity.
external gate selected.
Incorrecttriggermodesetting | Checksettings Usea suitabletriggermode

1128 User Manual

1128 _UM_250722

Page 116 of 126




PSI System Controls and Diagnostics

Sourceof gatesignalunableto
drive the 1128 input
impedance (2.5 kohm) or any
added terminating impedanct

Tee off signal and check
amplitudeonoscilloscope.

Usesuitablyratedtrigger
source.

No or low highvoltage

Shortedo groundin external
circuit

Monitor HV reading zero or
very low relativeto setpoint.
Monitor value recovers if
C400 disconnected from the
external circuit.

Eliminateshortsto ground.

Externalloadresistancéoo
low.

Voltagerecoversf settingis
reduced.

Do not attempt to draw more
than 1 watt from each high
voltagesupply. Higherpower
modules are available to
special order.

High voltagenot at setpoint

A highcompliancesource
such as a charged particle
beam is driving the HV
electrode.

Monitor value reovers if
C400disconnecteffomthe
external circuit.

Changegeometryto reduce
beam strike.

Cannotsethigh voltage

Trying to set above the
maximumallowedvaluesoft
limit.

SetsOK if alowervalueis
chosen.

If allowed, increase the
maximumallowedvalue.

Unableto communicateria
Ethernet

IncorrectlP addresgor 1128
or host (not in the same
subdomain).

Checksettingsof 1128 host
PC.

UseconsistentP addresses.

Messagebeingblockedby
antivirus software.

Disableantivirus software

Setupallowedchanneldor
1128 messages.
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Unexpecteadthangeso 1128
state

Another host is
communicatingvith thel128.

ChangdP address.

Useadirectcableconnection
instead of a network.

SetupIP addresseandsubnet
masks to prevent conflicts.

Communicationgterruptions

Other processes on PC host
interferingwith commsports.

Use a dedicated PC with
simple configuration and
minimumnumberof processes
running.

Unableto connecbnserial
port

Anotherprogramis usingthe
COM port.

Try to accessherequiredport
with a terminal program.

Choosenotherportor close
down the other program.

Incorrectportsettings.

Correctthesettings.

Incorrectcable.

Make up a suitablecable.

Serialcommunicatiomot
supported by firmware.

Checkfirmwareversion.

Unexpectedbehavior

Unit is overheatinglueto
failed fan

Unit feelswarm. Fanstopped.

Returnunit for fan
replacement.

Unit is overheatinglueto
airflow blockage

Unit feelswarm. Performance
improves when operated on
the bench.

Clearspacearoundtheunit
and improve airflow.

Softradiationevents
disruptingprocessor.

Turnoff radiationsource.

Locatel128in aplacewhere
errors do not occur.

Devicewill notbootor
communicate

Damageao A60 processor.

ContactPyramidTechnical
Consultants, Inc.

Failedfirmwareupdate.

ContactPyramidTechnical
Consultants, Inc.

1128 User Manual

1128 _UM_250722

Page 118 of 126




PSI System Controls and Diagnostics

Devicedoesnotactivate
interlockwhenexpected

Modeswitchis in diagnostic
setting

Checkswitchsetting.

Only operate in diagnostic
mode under carefully
controlledconditionsyemove
key at otheritmes.
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31 Maintenance

Thell128 doesnotrequireroutinemaintenancegxceptto clearany dustaccumulationn thefan
filter.

Thereareno userserviceablgartsinside.

CAUTION. High voltagesmaybe preseninsidethecase.Do notopenthe casewhenpoweris
applied.

31.1 Cooling fan maintenance

If thereis buildup of dust inthefilter, you shouldclearthis by vacuumcleaningin situ, or by
removingthefilter elementandcleaningit separatelyvith anair jet. Notethatdetachinghe
filter element also detaches the fan from the case.

Figure 79. Fanfilter removal

If the fan fails, it is necessary to open remove the lid of the case to access the power connector.
Dueto risk of contaminatioror electrostatiaischargedamagewe recommendhatyou consult
Pyramid Technical Consultants, Inc. before attempting this.

To removethelid of thecase removefour M2.5 crossheadcrewsfrom thereartop surface and
slide the cover backwards to disengage from the front panel.
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Figure 80. Fan powerconnector2 pin Molex)

Thell28is fitted with a 1.1 ampautomaticallyresettingpositivetemperatureoefficient(PTC)
fuse in the 24 VDC inputNo user intervention is required if the fuse operates due to
overcurrent.The fuse will reset when the overcurrent condition ends.

31.2 Calibration

Runtheinternalcalibrationfunction of the 1128 periodically. Make surethereareno signals
present at thenputs when doing thislt is goodpracticeto note any changes in tigain and
offsetparameterdyecausanytrendwould indicatethatthe affectedchanneimight be out of
specification.

Depending upon your applicati@md your operational procedures, you may need to check the
accuracy of the 1128 against an external traceable current standard periodicislla

particularly the case for the high current channel (HCC) which is typically used for dosimetry.
External alibration can be done with any suitably rated true current source such as the models
available from KeithleySince the 1128 has high inherent accuracy, you must ensure that your
referencesources in calibration. Thecompliance voltagef thereferencesourceshouldbe set

to between 1.00 and 5.00 V, and you should ensure that there isdefiadid current return

path from the 1128 back to the source.

PyramidTechnicalConsultantdnc. offersabackto basecalibrationservicefor thel128.
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