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3 SafetylInformation

This unitis designedor compliancewith harmonizecklectricalsafetystandardEN61010

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 electrical safety
issues.Thec u s t oRespon&ilddody, asdefinedin thestandardmustensurethatoperators

are provided with the appropriate equipment and training.

Theunit is designedo makemeasuremenis MeasurementCategory | asdefinedin the
standard.

CAUTION. Thel200cangeneratéigh voltagesasfollows:
+ori 1000V DC at 1mA maximum.
Presenbnthecentralconductorof the SHV connector.

Thesevoltages and currents are not classified as hazardous live under EN61010 but may
neverthelesgive anoticeableshock. Theusermustthereforeexerciseappropriatecautionwhen
using the device and when connecting cabRswyer should be turned off before making any
connections.

In applications where high energy charged particle beams can strike electrodes which are
normallyconnectedo thel200, voltagedimited only by electricalbreakdowrcanbuild up if the
1200 is notconnectedo providetheearth returrpath. Theuser must ensuttbat asuitable earth
return path is always present when the particle beam may be present.

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

The unit is designed to operate from +24VDC power, with a maximum current requirement of
500mA. A suitablyratedpowersupplymoduleis availableasanoption. Userswho maketheir
own power provision should ensure that the supply casmatte more than 1000mA.

A safetygroundmustbe securelyconnectedo thegroundlug onthecase.

Someof thefollowing symbolsmaybedisplayedon the unit, andhavetheindicatedmeanings.

1200 User Manual 1200_UM_250722 Page 10 of 147
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Directcurrent

Earth(ground)terminal

Protectiveconductorterminal

Frameor chassigerminal

Equipotentiality

SupplyON

SupplyOFF

CAUTION T RISKOFELECTRICSHOCK

CAUTION T RISKOFDANGERT REFERTO MANUAL

BPO—<¢+® |
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4 Models

1200 Two channepatedintegratorelectrometewith 10pFand1000pF
feedbackcapacitors.

-XP10/5/2 Add positive0 to 1000V / 500V / 200V externalbiasoutput

-XN10/5/2 Add negative0 to 1000V/500V / 200V externalbiasoutput

-Clxly Changéeedbackcapacitorgo x pF andy pF (defaultis -C10/1000).
Options for x are 40, 30, 60,100; y values from 100 to 3300

-100AB Add 100xunequalconversiorgainsoptionfor theinput channels

-S1 Add multi-modeservooption

-3L Signalinputson 3-lug triax connectorgdefaultis BNC)

-TRT Signalinputsonthreadedriax connectorgdefaultis BNC)

Example:

[200-XP10-S1-100AB 1200 with standardBNC signalconnectorswith options

1200 User Manual

1000V positive auxiliary bias output,
selectabld 00xgaindifferenceonthe
multimode servo option.

1200_UM_250722 Page 12 of 147
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5 Scopeof Supply

1200 modelasspecifiedin your order.
Plugpack24VDC powersupplyPSU2440-1
Serial cable adaptor ADAB9FMINIDIN

USB memory sticlcontaining:
Usermanualanddatasheet
Pyramid DiagnosticG1 software installer
Pyramid DiagnosticG2 software installer
PyramidiG2 softwarefor EPICSconnectivity
USB drivers and utilities

Optionalitemsasspecifiedin yourorder.

OEM customers do noeceiveall items.

1200 User Manual 1200_UM_250722
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6 Optional Items

6.1 Power supplies

PSU2440-1. +24VDC 1.66A PSU(100-250VAC, 50-60Hz, IEC C143-pin plugreceptacle)
with outputleadterminatedn 2. 1mmthreadedack.

Supplied with the 1200 for endser customers.

6.2 Signal cables and cable accessories
CAB-BNC-25-BNC Cabletrigger,coaxialBNC plugto BNC plug, 10foot (7.6 m).

CAB-BNC-COLN-10-BNC Cablesignal,coaxiallow noiseBNC plugto BNC plug, 10foot (3
m).

CAB-BNC-COLN-20-BNC Cablesignal,coaxiallow noiseBNC plugto BNC plug, 20foot
(6.1 m).

CAB-SHV-10-SHV Cable HV, coaxial, SHV t&HV, 10 foot (3 m).
CAB-SHV-20-SHV CableHV, coaxial,SHV to SHV, 20foot (6.1 m).
Other lengths are available.

6.3 Data cables
ADAP-D9FMINI RS2326 pin DIN maleto 9 pin D subfemaleadaptor.

Supplied with the 1200 for endser customers.

CAB-ST-HCS25-ST Fiberoptic cable,ST-terminated200um multimodesilica,2 5(@.6 m).

CAB-ST-HCS-100-ST Fiberoptic cable,ST-terminated200um multimodesilica,1 0 (36.5
m).

A pair of fiber opticsis neededor asingle(un-looped)connectiorto thefiber-opticloop
controller.
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6.4 Fiber-optic loop controllers
A360 dual port fiber optic loop controller with Etherneterface.

A500 realtime controllerwith five loop portsandEthernetnterface.
A500-R5T5 realtime controllerwith tenloop portsandEtherneinterface.
A560 realtime controllerwith tenloop ports,Etherneinterfaceandinterlockfeatures.
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7 Intended Useand Key Features

7.1 Intended Use

Thel200is intendedor themeasuremerdf smallcharger correspondingurrentsfrom pA to

€eA) generated by devi c e svacsumddam positiom monitorg, at i o n
proportional chambers and photodiod&svo input channels make the 1200 peutarly well-

suited to split electrode systems used for beam centering.

The-S1loptionallowsthel200to functionasaPID controller,for applicationsvhereananalog
voltage is used to control a process and the process variable is a functiomeatheed input
currents.In particular, it is intended to control the crystal cages of deciyistal
monochromators used in synchrotron light source beamlines.

The 1200 has design features which make it tolerant of electrivaiby environments, but the
place of use is otherwise assumed to be clean and sheltered, for example a ladwoligtary
industrialenvironment.The unit maybeusedstandalone,or networkedwith otherdevicesand
integrated into a larger systerdsers are assumed to be experehin the general use of
precisionelectroniccircuitsfor sensitivemeasurementsndto beawareof thedangerghatcan
arise in highvoltage circuits.
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7.2 Key Features
Highly sensitivechargeandcurrentmeasuringystem.

Two parallel gated integrator channels.
Externalgateinput.

Multiple dataacquisitionmodes

- continuouscurrentmeasurement

- continuouschargentegration

- externallytriggeredwith varioustriggermodes

Dynamicrange0.1pA to 100pA with standardeedbaclkcapacitors.

Built-in precisioncalibrationcheckcurrentsourcefor automatedeli-calibrationanddiagnostics.
RS-232, USB and fast fibewptic serial interfaces builh. Selectable baud rates.
Canbeoperatedn afiber-optic serialcommunicatiooop with up to fifteen otherdevices.
100BaseT Ethernet available through the A360, A500 and A560 loop controllers.

ASCIl andbinaryserialdataformats.

Auxiliary HV outputoption upto +ori 1000VDC.

Servocontroloption. Allows a procesgarameteto the stabilized. Procesgparametecanbe
variousarithmeticcombinationof the measuredurrents controlledoutputis aprecision0 to
10V 16-bit DAC output with loopback ADC.
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8 Specification

Inputs

Two

Integratiortime

Adjustable,20e sninimum,10smaximum.

Input noisecurrent

< 100fA rmsonesigma+ 1 fA rmsperpFinputload(1 second
integration, 10 pF capacitor)

Inputbackgrouncturrent < 10pA, 25C beforezerooffsetcorrection,< 3 pA typical
Input offsetcanbesubtractedn software

Stability Outputdrift < 100fA / hourat 25 +/-1 C ambientafter
stabilisation

Digitization 16 bit over+/- 10V integratoroutputrange.

Multiple conversionperintegrationpossible(subsampling)
Thetwo channelsareconnectedo the ADC througha
multiplexer.

Linearity Deviation from best fit line of individual readings < 0.1% of
maximumcurrentor chargereadingfor givenfeedbackcapacitor
and integration time setting.

Gaindrift < 0.5%o0ver12 hoursat 25 +/-1 C ambientafter stabilisation.

Externalaccuracy 0.25%o0f full scalecharge currentfor theselectedcapacitorand

integration time for capacitive input load < 500 pF.

Auxiliary HV PSU(option)

Factoryoptionof rangeandpolarity:

0to+1000V; 0to-1000V; Oto +500V; 0to-500V; 0 to +200
V; 0to 1200V

1 watt max.
Line andloadregulation< 0.01%.
Output ripple < 0.01 %.

Externalgate(optical)

PhototransistofHFBR 1528)suitablefor 650nm light

Externalgate(BNC)

0/+5V (TTL level), 2 kohminputimpedance.

Triggermodes

Internal(autorun)

ExternalStart:start signal on gate input
ExternalStartStopstartandstopon gateinput
ExternalStartHoldOnemeasuremerdn eachtriggerrisingedge
External Gated: gate inpabntrols integrators directly

Communications

Fiberoptic (10 Mbit/sec)
USB (3 Mbit/sec)

1200 User Manual
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RS-232(115kbit/sec)
Powerinput +24VDC (+/-2 V), 350mA.
Case Stainlessteel.

Caseprotectionrating

The case is designed to rating 1P43 (protected against solid
objectsgreateithan1lmmin size,protectechgainsspraying
water).

Weight

1.64kg (3.610).

Operatingenvironment

10to 35C (15t0 25 C recommendetb reducedrift andoffset)
< 70% humidity, norcondensing
vibration< 0.1gall axes(1to 100Hz)

Shippingandstorage
environment

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

Dimensions

(seefiguresl and?2).

1200 User Manual
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RS232 FIBER-OPTIC TX
USB
+24VDC FIBER-OPTIC RX
POWER IN \ /—STATUS LEDs
/
+24V UsB RS-232 Optical OXmit O Status
e o] O OReov O Link
)| M,g‘(je Adéi‘rfss
@ S |© @ e
/N
COMMS ADDRESS
SELECTOR SELECTOR
2X SIGNAL-IN BNC SHV
AUXILIARY I/O/DCM CONTR "HV-ON" LED
9-PIND-SUBF GATE INBNC
|
— M3
GROUND 29.%m
N LUG
K “ » GATEIN
S48 mm FIBER-OPTIC
1 mm — )
8.8 mm —
11.6 mm _— )
b 134.5 mm

149.5 mm

Figurel. 1200chassiendpanels. Dimensionsnm.
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4x 3.57 mm
MOUNTING HOLE
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@ﬂ ) @—=
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]
- 2X 2X
167.7 mm 164.4 mm [_- 144.0 mm 161.3mm
|
[
il
]
Egﬂj 8.65 mm
@
_w 4 ”D
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161.1 mm
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— 1408mm —H
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Figure 2. 1200 casesideandplanviews(above). Dimensionsnm.
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9 How the 1200 Works - an Overview

The 1200 is a ver{lexible instrument which uses a charge measurement method théemay
unfamiliarto you. This sectiongivesyou anoverviewof howincomingsignalcurrentis turned
into readings, and the main features of the deicdl. details are in the later sections of this
manual.

—QD Comms
Signal

In A |

MUX ADC Processor
Servo control

(S1 option)

Signal

InB

% Gate input

(trigger)

Charge to voltage
conversion

Figure 3. 1200 simplifiedblockdiagram.

The 1200 has a two signal input channels which convertsrasil currents to measureable
voltages.The voltages armeasured bgn ADC (analog to digital converterJhe resulting
binaryvaluesareconvertedo currentreadingsn ampsby applyingcalibrationfactors. These
currents can beequesteaver thecommunication link, and ardso used to drivehemonitor
outputs.L e t 6 s Imoking atthe rheasurement process in a little more detail.

9.1 Current measurement process

Imaginethereis a smallcurrentthatyou wish to measureywhich maybevaryingin time, as
shown orthe following graph.

Current

- o -50 ) 50 100 150 200 250 300 350 40

Time

Figure4. 1200 integration:an examplecurrentto bemeasured
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A conventional current to voltage conversion method would convert this current into an
equivalent voltage, and this voltage would be converted to a numiaer ARC (analog to
digital converter).However this method is less suitable for measuring semdilcurrents
becaus®f signalto noiselimitations. Thel200thereforeusesamethodcalledgatedintegration
instead.

Imaginethatatsomepointin time (zeroonthegraph),you startaccumulatingintegrating)this
current on a capacitoihe capacitor will charge up, and an increasing voltage will therefore
appear across the capacitor.

Current / Voltage

>

-1/00 -50 J 50 100 150 200 250 300 350 400

Time

Figure 5. 1200integration:voltageon a capacitorthatis connectedat timezero

If we measurehis voltagewith anADC, we will knowthe chargeonthecapacitoratthetime of
the conversionlf we measure the voltage at two defined times, we will know the increase in
charge over a known time interval.

Current / Voltage

>

-100 -50 ) 50 100 150 200 250 300 350 A

Time

Figure 6. 1200 integration:capturingthevoltageat twotimes

Fromthiswe knowtheaverageurrentduringthattime interval,becaus@verageurrentis
simply charge divided by timeThe time interval is called the integration period.

We cannotallow thevoltageon the capacitorto simplyincreasdor ever. The ADC hasa
specifiedinput voltagerange andthereis little pointin exceedingt. Thereforewe must
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dischargehe capacitomperiodically,andthis takessometime, typically 20 usec. Thenwe can
restart thecycle.

Current / Voltage

s

-100 -50 J 50 100 150 200 250 300 350 4

Time

Figure 7. 1200integration:dischargingtheintegrationcapacitorandstartinga newcycle.

The process of charging the capacitor and discharging to reset is called gated intefination.
lengthof theintegrationcanbe controlledin thel200in therange20 psecupto 10 secondsand
typical working values are in the range 100 usec to 1 sec.

Noticethatthefirst ADC conversiordoesnot takeplaceimmediatelywhentheintegrationstarts.

This is beause the signal is unstable just after the reset, so we wait a time called the settle time
before making the first conversioifthis time is normallyset to 20 psecThe settle time can be
adjusted, but 1t i s a det atobesvdriepaboua met er t

We can get a running measure of the currerditmply repeating the integration cycle as many
times as we wantEach time, we can divide the measurement of charge thatdgférence
betweerthe endingandstartingADC valuesby thetime intervalbetweerthemto getthecurrent
reading.In thefigure, thebluebars indicate theeadings; eacls thefinal ADC valueminus the
starting ADC value for thahtegration.

Current / Voltage / Reading

1] 1A
A

1300

Time

Figure 8 1200 integration:repeatedntegrationsto samplea continuouscurrentsignal.

Therearesomepoints to note Firstly, noticethat thereadings areeryclearlylinked to thetime
of theirintegration. Becausef theresetsthereis noinfluenceat all from earlierintegrationsjn
contrasto acurrentvoltageconverterthatrelieson extensivdiltering to measuresmallcurrents.
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Next, notice also that we get no information about how the currenhenagyvaried within each
integration- we see onlyhe average in the integration peridéinally, notice that we are not
measuringatall duringtheresets.If you choosehe shortestivailableintegrationtimes,thereset
time might be a noticeable fraction of the overall time.

Why would you choose any particular integration tinféfe first onsideration is the size of
current you expect to measuteor a given charge integrating capacitor, the longer the
integration thesmalleris themaximumcurrentyou canmeasureandthemoresensitivethe 1200
is to very small currents.

The next considation is timing.If the current you are measuring is oplgsent in a short

pulse, there is little point in integrating longer than this, because you will simply be measuring
extra noiself the current is continuous but has variations that you wishe@sore, then you
musthaveintegrationshortenoughto be sensitiveto the variations ratherthansmoothinghem

out.

The final consideration is filteringA given integration time, used repeatedly to measure a
continuous current, acts esctangular lowpass filter. This has the property of completely
suppressing frequencies in the signal which correspond to the integration jfeymdare
troubled by60 Hz noise, for example, then using an integration period of 1/60 seconds will
eliminatethe problem. Sowill anyintegermultiple of thatperiod. A goodchoiceis 100msec,
as this is five times the 50 Hz period, and six times the 60 Hz period.

Thel200 providesalot of flexibility in how measuremen@remade.L e tlodoksatsomeof the
parameters.

9.2 Current ranges

You can control the tradeoff between sensitivity to small currents and ability to measure larger
currents byselecting the integration time and the feedback capaditorger integration times
improve thesensitivity to very small currents, but reduce the maximum current that can be
measured Similarly, thesmallfeedbackcapacitorshouldbe usedto measuresmallcurrentsput

if you need to measure higher currents, use the large capacitor.

As examplesif you needto measureurrentsof only afew pA, youwill needthesmallfeedback
capacitor and integration time in the range 100 msec to 1 sec or lingwe. need to mease

currents up to tens of pA, you will need to select the large capacitor and use integration times in
the order of 100 usec.

9.3 Triggering

In manycases/ouwill needto coordinatehel200 measurementsith externalevents.You can
preset the [20@vith all the measurement settings, then initiate it readgspond to an external
trigger signal.Measurement will start as soon as the trigger arrives.
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9.4 Self-testing and calibration

The 1200 can calibrate itself on both channels and both feedback capacitors fully automatically,
and it stores the resultirfgctors so that it can provide results in physical units (amps or
coulombs).You canalsoturn onthecalibrationcurrentat anytime anddirectit to eitherchannel

to check that the device is working correctly.

9.5 Servo controller

The 1200with thei S1 servo option is a highly flexible servo controller for stabilizing a
particular. You candefinea processariableasoneof severalrithmeticcombinationof the
measured currents, and 260 will maintain theprocess variablby adjustingthe valueof a
control voltage output.
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10Installation

10.1 Mounting

The 1200 maybe mounted in angrientation, or maype simplyplaced on a level surfacé&

fixed mounting to a secure frame is recommended in a permanent installation for best low
current performance, as this can be degraded by movement and vibr&oomnM3 clearholes
are provided irthe base flange on a 152 mm 4 mm rectangular pattern (see figure 2).

Themountingpositionshouldallow sufficientaccesso connectorg&indcablebendradii. Leave
100mm clearance at either end for mating connectors and cable radii.

Bestperformancevill beachievedf thel200is in atemperatureontrolledenvironment.No
forcedair cooling is required, but free convection should be allowed around the case.

10.2 Grounding and power supply
A secureconnectiorshouldbe madeusingaring lug, from the M3 groundlug to local chassis
potential. This is the return path for any high voltage discharge passing via the 1200.

+24VDC powershouldbe providedfrom a suitably-ratedpowersupplywith thefollowing
minimum performance:

Outputvoltage +24+/-0.5VDC
Outputcurrent 500mA minimum,2000mA maximum
Rippleandnoise <100mV pk-pk, 1 Hz to 1 MHz

The 1200 includes an internal automaticallysedting PTC fuse rated at 1.1 Mowever the
externalsupplyshouldin no circumstanceberatedhigherthanthel200 connectotimit of 5 A,
and a maximum of 2.0 A is recommended.
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10.3 Connection to signal source

10.3.1 Typical setup

Figure 9 shows a typical installation in schematic fo8plit readout electrodes in a signal
source such as an ionization chamber are connected to tiptwts via individual coaxial
cables.In thisexample anelectrodas biasedoby the auxiliary externalhigh voltageoutput. A
gate signal generated by a remote timing controller, for example, triggers the 1200 to start
measuring dataData istransmitted to the host computer system via one of the 1200
communications ports.

Conductive Minimal length of unguarded signal core
enclosure inside screened enclosure
\ \ Outer screen shields AC electric fields
Signal source \

Signals

. Comms

Aux bias

Gate in +24V in

Ground

Ground=——=

Figure 9. Schematid200installation

Referto section20in this manualfor generalguidanceon makinglow currentmeasurements.
Thel200shouldbelocatedascloseto the sourceof the signalaspossible.Long signalcables
increase the chances of seeing unwanted signals and Aaisaximum length of 10 m is
advised.There is no hard limit to cable length, but the lowest detectable current will be
increased and the agacy will be degraded by the capacitive loading.

Pyramid Technical Consultants, Inc. does not recommend using the direct USBR82 RS
interfacedor verylow currentmeasurementsecausé¢heyintroduceadditionalgroundsand
potential noise Fiberoptic interfacing is optimum for both speed and noise immunity.
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10.3.2 Signal cables

If your 1200 wassuppliedwith thestandardBNC inputs,you shoulduselow-noisecoaxialcable
to connecto thesignalsource.A cablewhich hasbeentestedandfoundto give goodimmunity
to vibratiorinduced noise is Belden 9223 0101004owise RG58. Low-noise cable
assemblieareavailablefrom PyramidTechnical ConsultantdNormal coaxial cablshouldnot
be used, as this will degrade significantly your ability to measure small currents.

If your 1200 was supplied with the triaxial connector option, you should use triaxial @able.
recommended typis TrompetelTRC 502. Threelug triaxial connectors anesedon thel200 if

this option is takenThe signal core and the inner guard screen are at internal analog ground
potential, with the connection made in the 1200e shared potential of the guard arghai
conductor are important for minimization of leakage currents and triboelectric ibisauter
screen is at 1200 chassis potentighe inner guard should be brought as close as possible to the
pointof connectiorto the signalsource put shouldnot be connectedo anythingatthatend. The
outer screen should generally terminate on the grounded enclosure of the signal source.

If you have an 1200 with triaxial connectors, but wish to adapt tenoise coaxial cable, then
youwill needanadaptorwhich connectghroughthe coreandouterscreenputdoesnotconnect
the inner triax guardA suitable adaptor is Trompeter ADB3ER2-PL75.

10.3.3 Signal current path

FigurelOillustrateshowthecurrentyou aremeasuringpasseslongthecableinnerconductorto
the 1200 input.lt effectively flows between the terminals of the input amplifier to the local
analog ground, due to the amplifier virtual earth, then out to the case of thel't&#0urrent
then returns to theurrent sourcalongtheouterscreen othesignal cablelf you need to break
the continuityof theouter screen fonoisesuppression reasons, then you must ertbareis an
alternative path between the 1200 and the signal source, or you will see no current.

1200

Guard
Current Coax screen | |
source / / | |

0 — A e
U — v

r'

+

(Alternative return if outer screen is broken)

I b

Figure 10. Pathof measuredturrent
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11 Connectingthe 1200 to a hostcomputer

11.1 Interfaces

The 1200 requires a host computer system for control and readout oftdatsupplied with
software to perform this function, or you can create your o@onnection is possible via RS
232 using a serial ASCprotocol, and via R232, USB or fiber optic using a bingpyotocol.
RS-232 is widely available and supported by many legacy systems, especially if you use the
ASCIl command set, but the data rates are relatioglyand the data cable is limited to about
fifteen metres maximum lengtitUSB is similarly constrained in cable length, but is more
commonon newcomputergshanRS-232. It is necessaryo loaddriversfor the USB beforeusing

it. Best performanceomes if you connect tH200 via thefiber optic prt. This requires diber
optic loop controller device, which then connects to your PC via Ethernet.

Thefollowing figuresillustratesomeconnectioroptions.

o Mode switch

| —— setting=6

g

ADAP RS-232

= HO +24V in

Figure 11. Serial ASClIconnection(computerunningan ASCllterminalprogram)

O O Mode switch
| — setting=2

A

ADAP RS-232

= HO +24V in

Figure 12. Serialbinary connectiorusingRS232(computerrunning PTCDiagnosticGlhost
software)
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. ) Mode switch
— setting=1

=

A

| F |
Aln

usB

= & +24V in

Figure 13. Serialbinary connectiorusingUSB(computerunningPTC DiagnosticGlhost
software)

Mode switch
% . setting=0
[] .
o 6 0 +24V in
| Fiber-optic £:'
j% A360
S :
O O

Ethernet

El

+24V in | ——
- fF——
=3

Figure 14. Serialbinary connectiorusingfiber opticsto A360and Ethernetto hostcomputer
(running PTC DiagnosticG2 host software)

11.2 Software options
Therearethreesoftwareenvironmentshatareavailableto 1200 users:

- ASCII (SCPI)
- PyramidG1
- PyramidG2andIG2
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Thefollowing tablesummarisegheinterfacesavailablewith eachandhostsoftware/ user
interface options:

Environment | Interfaces Hostsoftwareoptions
ASCII RS232to PC Terminalprograms
Gl RS-232to PC PyramidDiagnosticG1
USB to PC
Fibervia A500, Etherneto PC
G2 Fibervia A500, Etherneto PC PyramidDiagnosticG2
Fibervia G2loop controller EPICSclientvia G2 channelccesserver.

G2 loop controllersincludeall productswith A60 embeddegbrocessordyothdedicatednultiple
loop controllers (A360, A560) artkvices that can act as loop controllers (F460, 1128, 16400,
F3200E, C400).

The EPICS data layer can serve a large variety of clients including Control System Studio,
Ma t | &pttion,C#,Java(http://www.aps.anl.gov/epics/extensions/index.php).
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12 Getting Started in ASCIlI Mode

Beforeinstallingthel200in its final location,andif it is thefirst time you haveusedan1200, we
recommendhatyou familiarize yourselfwith its operationonthebench. You canchecktheunit

powers ugcorrectly, establish communications, run the internal calibration procedure, and read
the internal calibration currenthis section describes communications using th B5Sport

with serial ASCllcommandsl f you dondt i nt en dndkipthisiseaiont hi s
and move to connection using a PTC Diagnostic host program.

1) Inspecttheunit carefullyto ensurethereis no evidenceof shippingdamage.If thereappears
to be damage, or you are in doubt, contact your supplier before proceeding.

2) Connect24V DC powerbut no otherconnections.The powerLED shouldilluminate when
the poweris applied,andthestatusandlink LEDswill cyclethroughgreen,orangeandred(see
section 21.4).

3) Make a connection to a PC serial pdktthree wire lead terminated in a g0 mini-DIN

male connector (PS/2 mouse type) and a-pineD female is required, as in the figure below.
Pins are shown lookingt the face othe connectorsTheadaptor ADARPD9FMINIDIN that is
supplied with the 1200 provides this adaptidhen the connector is pushed home in the 1200,
thefi o p t LE® ahbubdextinguishandtheii R S 2 sh@ulilluminate. Connectingo thisport
forces the IR0 to be a listening device.

6 pin mini-DIN male

9 pin D female

> RX

|
0504630201
%0 o of

GND

Figure 15. RS23Zonnectiorcablefromthel200to a PC serial port (DB9).

4)Set the addr ess r o (address 4)andithe mdde rotary switchsto t i o n
positionfi 6(ASCII communication115kbps). Theaddresyalueis justfor theexample' you
can choose any number from 1 to 15.

5) Configure a terminal session to use COML1 (or other available COM port on yoasPC)
shown in the following figuresA suitable Hyperterminal file is provided on the 1200 software
USB memorystick. Unfortunately WindowsversionssinceVista do notincludeHyperterminal.
To remedythis, you caneithermovetherelevanffiles (hypertrm.d andhypertrm.exepverfrom
a Windows XP systemAlternatively, you mayse one of the various free terminal emulation

1200 User Manual 1200_UM_250722 Page 33 of 147

1]



PSI System Controls and Diagnostics

programssuchasPuTTY or Realterm.Theterminatingstringfor messagesentfrom Realterm
or puTTY to the 1200 is <cttJ> which is the LF (line feed) character, ASCII 10.

COM1 Properties 2| %]
Port Settings
Bits per second: |115200 L]
Data bits: |3 L]
Parity: |N0ne L]
Stop bits: i1 L]
Flow control: |None LJ
Restore Defaults
oK Cancel I Apply |
1400 test Properties ﬂi‘
Connect To Seﬂiﬂgﬁl
Function, arrow, and ctrl keys actas
(& Terminal keys (" Windows keys
) 2
Backspace key sends ASCIl'Setup __Iil
(" Cul+H (" Del (@ Ct+H, Space. Cti+H ASCIi Sending
5 [v" Send line ends with line feeds
Emulation: -
Echi d characters locall
VT52 L] Terminal Setup... SRR s
Line delay: |0 milliseconds.
PEloetievunal)e: IVTSZ Character delay: |0 milliseconds.
Backscroll buffer lines: ISOO j
[~ Play sound when connecting or disconnecting ESOlReceNing
[~ Append line feeds to incoming line ends
Fi i i 1t -bit ASCII
Input Translation... | ASCII Setup... | | Jeoietconsies oot
v Wrap lines that exceed terminal width
oK I ancel l 0K | Cancel

Figure 16. Hyperterminalterminalsettings

6) Ty pe n#? < CRheactivdistengy.uf gau get the 1200 address switch to 4 you
shoul d get t Yoa arecersnmuoaoatigsudiessbuliyth the 1200. If you hear

your computero6s bell sound when you send th
becausehere was a typing errotf the 1200 does not echo correctly, either the terminal settings

or the 1200 switch settings are likdly be wrong.Check them and retmyntil you see the
charactergchocorrectly. If youmakeanyerrorswhile typing, usethebackspacé&eyandre-type

from the error.

7) Typefi c al i b : g @hedharactBreadheupperorlowercase.Thel200will perform
its internal calibration sequence.
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8) Typefical i b: g aThel2®0wll Retuithegainfactorsfor thetwo channels.

9) Typefir e a d: c u Mhel260WilRdo ameasuremerdandreturntheintegrationperiodit
used and the measuredrrent values for two channel§he current values should be close to
background.The default integration period on powap is the one that gives a one microamp
full scale,for example0.1 msedor al0 pFfeedback capacitor, 10 mskr a1000pFfeedbak
capacitorandsoon.f you repeat fAread: curr ?<CR>0 a fe
change due to background noise.

10) Type fAcal i b: $hstumsoa thdirtendlS5@0 nA calibration currents to each
channel.Typer e a d : ¢ u rtoreadthis urredrt. You shouldseevaluesverycloseto 5.0e 7
A

INType fAsyst : pasuzaw aowdin admhidteatbranode and able to alter some
importantparametersThe 200 will leaveadministratomodewhenit is resetor the power is
cycled.

12)I f your 1200 has the external hi gh Thil t age
establishes +100V as the maximum value that can be set on the auifisnpply. If the
supplyis negative polarity, you must use negatradies. The value is retained indefiniteiy
EEPROMuntil you changet. Ensurenothingis connectedo the signalinputsnor theexternal
HV biasoutput. Typefic on f : hi 2 % < @ RThiswil durnbnthehighvoltageat25V
and the dAHMilunmate. LED wi |

14) Typeii * r s t to@&#he1200. Your unitis functioningcorrectlyandis readyto be
integrated into your system.

15) If youwishto explorethe ASCII communicatiorcapabilitiesof thel200 morefully, referto

the commands list isection 23.You mayalso wish to tryout the terminal mode, which

provides feedback from the 1200 to evemgssage you send, not just quergssages, and is

therefore more usdriendly. The screenshot below illustratestitdsn A OKO r esponse
returnedmmediatelyby thel200for everyvalid command.If themessagevasaquery,suchas
Aread: curr?0 this is followed by the data w
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& 1400 - HyperTerminal g@@
File Edit View Call Transfer Help
D@ & 8 bB

A

#7?

4

calib:gain

OK

calib:gain?

3,9.1988e-01,9%.5705e-01,1.0171e+00,9.8722e-01

read:curr?

OK

1.0000e-04 5,4.999%7e-07 A,-8.7620e-10 A,0

calib:source 1

OK

systipassword 12345

OK

conf:hivo:extimax -100

OK

conf:hivo:ext:volt -25

OK

Epel

OK

v

Connected 0:01:21 YT100 115200 8-N-1

Figure 17. ExampleHyperterminalsessior(terminalmode)

1200 User Manual 1200_UM_250722

Page 36 of 147




PSI System Controls and Diagnostics

13Usingthe PTC DiagnosticG1Host Program

The PTC DiagnosticG1 is a staatbne program which allows you to read, graph and log data
from the 1200, and set all the important acquisition control paramétessalsocalled the PSI
Diagnosticsoftware. It supportscommunicatiorvia anyof theinterfacesonthel200. For some
applications it may be adequate for all of your data acquisition needs.

13.1 Installing the PTC DiagnosticG1 Program

Your 1200 wasshipped with a USB memostick with the installation files you neee
recommend that you coqtlge files into a directorgn your host PCThe software is updated
regularlyto addnewfeaturesandthe newversionsaregenerallycompatiblewith prior hardware
and firmware versionsCheck the Pyramid Technical Consultants, Inc. web site at
www.ptcusa.confior thelatestversionsof the Diagnostic which areavailablefor downloadatno
charge.

The programrunsunderthe Microsoft Windowsoperatingsystemwith the .NET framework.
This hasto beinstalledbeforethe PSIDiagnostic. All newWindowsPCshave.NET already
installed. It can be downloaded from the Microsoft web site at no charge.

Install the PSI Diagnostic by running the PTCDiagnosticSetup.msi installer, and following the
screen promptsOnce the program has installed, you can run it at oeall allow you to

connect to the 1200, and, dependumpn your interface setup, muligpadditional devices at the
same time.The Diagnostic uses the concepts of ports and loops to organize the connected
devices.A port is a communications channel from your PS, such as a COM port, a USB port or
andEthernefport. Eachportcanbeachanneko oneor moreloops,andin the caseof fiber optic
communication each loop may contain up to 15 devices.

13.2 Connecting to the 1200

Connect 24 V DC power to the 1200 but no other connectidhs.power LED should
illuminatewhenthepoweris applied,andthestatusandlink LEDswill cyclethroughgreen,
orange and red (see section 21.4).

To startoff it is probablysimplestto connectthel200 directly to thePCviaits RS-232or USB
ports (see figures 12 and 13)sing the USBnterface, you must install the USB driver (see
section 16).If you are using R232, set the mode switch to position 2 (115 kbps bindfy).
you are using USB, set it to position 1 (3 Mbps binafje address switch can be set to
anything between 1 and(E5).

The PTC DiagnosticG1 will see this simple configuration as a loop with just a single device on
it. Because the direct R&32 or USB connection does not allow other devices to be seen
through that port, the 1200 appears as both a loop detiee on that loopContrast this to the
situationwhereyou havethe A500loop controller,andthel200is connectedo thecontrollervia

a fiberoptic loop. In this case the loop controller is identified as the loop, and the 1200 as a
device on the lop.
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Startthe PTCDiagnosticG1.It will searclhtheavailableportsandpresentisearchalist. Inthe
example shown below the program found two C@difts plus prior record of three user IP
address entries for A500 loop controllelswill search for loops and devices on all checked
options. The user has selected only the COM1 port to be probed for devices.

Device Discovery

[\)R AMID

Technical Consuitants: Inc

WV Ve o e W)

PSI Diagnostic v4.158

Select Ports for Autodetect Below

I~ COM3

v COMA1

~ IP 192.168.1.238:100
I~ IP 10.7.70.238:100

I~ IP 192.168.1.20:100
I LAN Broadcast

AddIP ||
Remove IP

Start I Cancel I

Figure 18. DiagnosticG1 discoverydialog

A few seconds after you click the AStarto
otherdeviceson selectegorts). Clicking onthel200 entryin theexplorerlist will openthel200
window (figure 19).The 1200 will be acquiring datasing default settings and you should see
background noise values for both channels.

Thetop banneronthel200windowis alwaysvisible. It showsarolling communicationsctive
bar, and three device status LEDsConnect ed o s hows ftedlimgywithtah e
host system, the PC via R32 in thisexamplei Pendi ngo means t hat
performing an actioni Er r or 0 means that the | 200 has

i Comms [ | ) Connested “ 4 Pending * - Error

Data

Figure 19. 1200 screernbanner

Below arethreetabswhich accesshevarioususerdisplays.
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13.3 Data tab

Thedatatabshowsdatabeingsentbackby thel200, in digital andgraphicalform. Thegraphic
can be a scrolling strip chart (signal against time) or a histogram (each channel plotted as a
vertical bar).

| £ PSI Loop Diagnostic v4.158 - m] X

Actions Options Window Help
2| & 00 O
A = || @ [ ] || A 12000): Address 5 on COM1
=-2 COM1
2 1200(5)
Current lPlD I Initiate @ Measuring
Abort @ Triggering
@ Fast Mode
° ‘}.ated_J
]Current L”“A L]
1 | 0,123
4|
T(s) 0
Triggers IW
Zero
Set Clear |@
Averaging
1x v
DAC (V) ADC (V) -
‘ CXIIT 00000 |
3.5511 4 5 6 6.7638
Buffer: 535 N i | Digitals
(oo =] s x[Fest =] 4| [ B[l ElEl| oper ®  open @

Figure 20. PTCDiagnosticG1Data tab, strip chartgraphic.
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£ PSI Loop Diagnostic v4.158
Actions Options Window Help

&= )

A =& =]

=55 COM1
1 1200(5)

Averaging
1x -l
DAC (V) ADC (V)
e ; | 0.0000
Buffer: 1200 i | 3 Digitals
7'|Auto _'J;I X|Fast M 2 ““,—Ll jﬁl OptoA @ OptoB @

Figure21. PTCDiagnosticG1Datatab histogramgraphic.

Thecontrolsanddisplayson thedatatabdisplayareasfollows:

Initiate This controlprepareshel200to takedata. If thetriggermodeisfi | nt e
the measurements start at offanode is an external mode, then
measurements start when the incontiigger is detected on the gate inpu

Abort This control stopsacquisition.

Measuring ThisLED is onif thedeviceis initiated.

Triggering ThisLED is onif thedevicehasbeentriggered.

Fastmode ThisLED is onif thedeviceis connectediia an A500 loop controllerand
can stream fast data to the A500.

Gated ThisLED is onif asignalis presenbnthegateinput.

Current/ Charge | This control allows the data to be presented as the charge measured i
integration period, or the average current in each integration périd.
valuescanbeshownin exponentiaformatin C (coulombs)or A (amperes),
or in convenient units in decimal format (pC, nC, uC or pA, nA, pA).

Ell Thedatafor thetwo inputchannelsn therequestedinits. Thecheckboxes

i determine whether the channel will be plotted on the graphic.

T(s) Theactiveintegrationperiodin seconds
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Triggers

Thenumberof measurementsmadeby thel200 sincethelastinitiate.

Zero
Set Clear @

Pressing the Set butteabtracts the most recent reading from subseque
readings on the displayrhe LED is turned on to show that this mode is
active. Thesubtractiordoesnot affecttheactualdatareturnedonly howit

Is displayed.Press Clear to return to normal display.

Averaging
1x j
10x

100x
1000x

You cansetup datafiltering to makea fluctuatingvalueeasierto read.The
filter type is a single pole IIR (infinite impulse response) digital filter. Th
number in the drop down list is the parameter A in the filter equation
Yi=Xi/A +(1-21/A)Yi1,

whereY; is thelatestoutputof thefilter, Yi.1 is theprior outputof thefilter
and X is the latest reading from the 1200.

Presghe Resetbuttonto clearthefilter memory(zeroYi.y).
Thefilter doesnot affecttheactualdatareturnedpnly howit is displayed.

|E‘uffer 535

The number of readings that have been loaded into the PTCDiagnostic
buffer. Whenthebufferreache$5535,newreadingsoverwritetheoldest
readings.

|Auto ~

Changeheverticalscaleof thegraphic.

For anyfixed vertical scaleselection pffsetthe scalesothatis showsfrom
+(selectedull scale)to-0.1(selectedull scale)insteadof +/-(selectedull
scale)

Selecttherateatwhich newreadingdrom thel200 arefedto the
PTCDiagnostiduffer.

Togglethis controlto displaythedifferential of the signals(difference
between successive readings).

Thefilter doesnotaffecttheactualdatareturnedonly howit is displayed
on the graphic.

Selectstrip chart,scopemodeor histogramdisplay.

Strip chart (figure 20) shows a continuous rolling chart of signal agains
time. Scope mode is similar to strip chart mode but displays successiv
blocksof dataaftertheyhavebeenacquiredandis mainly usefulwhenyou
are using thé\500 loop controller and taking triggered dakéistogram
mode displays the channels as vertical bars in the style of a ratemeter

Clearandrestartthe PTCDiagnosticdatabuffer without restartinghe1200.

Notethatpressingnitiate alsoclearsandrestartghe buffer, butthel200is
restarted.

Savethedatain thePTCDiagnosticdatabufferto acsvfile. You aregiven
the option to save the raw data, or the data with zero offset and filterin
applied.
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DAC Settheoutputvoltagefrom thel200 16-bit DAC (Aux 1/O connectopin 6).

ADC Displayof thevoltagemeasuredy thel200 ADC (Aux I/O connectoipin
7).

Digitals Displayof the statusof thetwo 1200 opto-isolateddigital inputs(Aux I/O
connector pins 5 and 9).

If you havethei S1servocontroloption,thenyouwill beableto accessherelevantcontrolson

the PID suktab of the data taliHere you can control the precision DAC output voltage, sweep
the DAC over a range and look at the resulting response on the current inputs, and start a
propotionakintegral servo loop to lock the current (or combination of the two currents) to a
particular value byontrolling the DAC.See section 26 for full details of the servo controller
function.

13.4 Setup tab

Click on t hHereyo&amdust measueedment parameters such as integration
period,feedbackcapacitor settheauxiliary high voltage,andusethe built-in calibrationfacility.

£ PSl Loop Diagnostic v4.158 - [m] >4

Actions Options Window Help

2| & 09 L2

Ay systen s @ =]

=-£h CoM1
- 1200(5)

A% 1200(5) : Address 5 on COM1

CONFiguration TleGger CALlbration Calibrate
- Integration Period —  External Bias EElies T —
2000E002 s | | max000vtoov) - || [Cosd | [ 00ma)
1000 vV —Gate Polarity Save Gt ]_.H_:]
Range @ ﬂ c Clear
o ¥
5000E-009 ~|A Set Value - ] ?
[T  Trgger Points N’
-Subsamples - — INFINITE INF —Gain Factors
: < v valid 10pF 1000pF
1 = —Connector o1
CBNC &0
~Capacitor Optical @2
10 ~| pF
RESet
Tws) Cmd 10pF  1000pF
e - |
seite [ 5 R IEE
Setup P -
SWi1 ,T- (Front)
e 5 HEl 50

Figure 22. PTCDiagnosticG1Setuptab showingdefaultsettings.
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Thecontrolsanddisplayson thedatatabdisplayareasfollows:

Integrationperiod

The integration period for measurements in secomtsre are some drop
downpresetvalues butyou canenteranyvaluefrom 100pus (1e4 sec)upto
10 sec in increments of 20 psec.

Range The nominal full scale range in amps that corresponds to the selected
integrationperiodandfeedbackcapacitor.If youmakeanentryin thisfield,
the integration time will be adjusted accordingly.

Subsamples Thenumberof readinggo takein eachintegration,up to amaximumof 255
and with minimum allowed subsammpacing20 usec. Thedefault is one.

Capacitor Selectthesmallor largefeedbackcapacitor. Thestandardraluesare10 pF
and 1000 pF, but other values are available as-timile options.

Externalbias If a HV bias supplys installed theating of the supplywill be shown above

the Max field Max -1000V1I0 0V} gettingalower value(for example-500V
if the supply is ratee1000 V) limits the maximum value that can be set.

The set value is the requested valiYau have to enter the polarity
explicitly (for example-760V if thesupplypolarityis negative, 760V if it is
positive). The readback field shows the monitored output value.

Triggersource

|E
External Start
External Start Stop
External Start Hold

xternal Start :_]

Selectatriggeringoption. Theexternalmodesall requireatriggersignalon
the gate input, but respond in different ways.

ExternalStartstartstheacquisitionwhenit seeghetriggeredge.

ExternalStartStopstartsthe acquisitionwhenit seeghetriggeredgeand
stops it again when it sees the opposite edge.

ExternalStartHold startstheacquisitionwhenit seeghetriggeredge stops
it again when it sees tlopposite edge, and repeats for each trigger pulsg

Gatepolarity You canchoosevhetherthe startingtriggeredgeis positiveor negative
going.

Triggerpoints Thenumberof measurementhatthel200 will makebeforestopping. If
you select INF NE Tit will run indefinitely.

Connector You canchoosewvhetherthetriggersignalis TTL levelsonthe BNC gate
input connector, or light on the fibeptic ST gate input connector.

Calibration Presdhe Calibratebuttonto starttheautomaticself-calibration.You will be

warned that the existing calibration will be overwrittdiine calibration
takes a few seconds only and produces new gain factors for each capa
on each channel, which are display@the LEDs are lit for a channéf the
calibration factors are within an allowed hamolded rangeThe calibration
gain values will be retained hlge 1200 until to calibrate again, or clear thg¢
values.You should have no connection to the signal inputs when dioeng
calibration.
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Loadrecoversapreviouslysavedcalibrationfrom memoryandmakest the
active calibration.Save copies the active calibration into memdziear
resets all the calibration values to 1.000.

Calibration The 500.00 nA precision calibration current is used for the automatic

current calibration,but canalsobe enablecandsentto oneof otherof theinputsat
any time for faulfinding and othepurposes.

Reset Timing parameter$or theintegratomreset. Thesedo not needto bealtered

in normal use of the 120Bee section 18 for more details.

13.5 Device tab

Click onthed D e v tale ¥od cancheckthe communicatiorink statusandverify theversions
of the hardware and firmwar@n the right is the firmware update utility.ou can use this to
downloadfirmware updatesilownloadedrom the PyramidTechnicalConsultantsinc. website.

£ PSl Loop Diagnostic v4.158

Actions Options Window Help

BRG] 00 o

A e Ee =]

=5 COM1
[ 1200(5)

A 1200(5) : Address 5 on COM1

Communication SYSTem Properties Utilities
~Messages Sent e ~ Device Version I
i i SAFEstate o 4.0E Reset Device
29211 : !
AUTC J ) S
~Checksum Errors — ~FPGA Version - Upload Application -
COMM-TERM 9 9.1.12 Select hex file
COMM-CHECksum | @ —Hardware Version
‘ ECFOE& FREQuency 1 Upload FPGA
¢ ooz ] 10 Input Length Select fhex file
[pHimeautsS SERIALnumber 2
0 0000004682 10 Output Length
20
; ~ COMM:TIMEout
| Reset Counters |
0

Figure 23. Devicetab, showingfirmware updateutility controls.

Thecontrolsanddisplayson thedatatabdisplayareasfollows:

Communication

Theseadisplayscountthenumberof messagesxchangedbetweerthel200
and its host computer or loop controller, and the number of three types
error. The Reset Counters button zeroes all the counters.
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SafeState EnablingSafeStatavill causethel200 togo to its defined safstateif there

Is acommunicationsimeout.In particulartheHV supplywill beturnedoft.
Autorecover, Thesecontrolsaffectbehaviorof thel200whenin ASCII terminalmode.
Comm:Term, You can ignore them when using the PTC Diagnostic.

Comm:Checksun

Frequency This parametesetstheaveragingeriodthatwill beusedfor calibration.
You should set it to the local line frequency.
SerialNumber Thisis themanufacturingserialnumberof your device,andshouldbeleft

unchanged.

Comm:Timeout

Thisfield canbeusedto controlhowthel200 behavesf thecommunication
link to its hostis lost. Enteringanynonzerointegervaluesetsthe numberof
seconds that the 1200 will continue what it is doing if communications a
lost. After that it will go to its defined safe state.

Properties

Displaystheinstalledfirmwareversiondor the PIC microcontroller(Device
Version) and the FPGADisplays the hardware version of the 1200.

IO InputandOutputlengthsareparameterassociateavith message
transfers.

ResetDevice

This buttoncauses full warmresetof thel200. Any acquisitionin progress
will be lost.

Selecthexfile

This button starts the 1200 PIC microcontroller firmware update process
After awarningmessagé opensafile selectiondialog. Whenyou selecta
valid hex file it will start uploading to the 1200. Upon completion the 120
will restartautomaticallyandyouwill seethenewDeviceVersionnumber
displayed.

Selectfhexfile

This buttonstartsthe 1200 FPGAupdateprocessAfter awarningmessagé
opens a file selection dialog. When you select a fhex file it will start
uploadingto the1200. Uponcompletionyou mustrebootthe200to loadthe
new code, and you will see thew Device Version number displayed.
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14 Usingthe PTC DiagnosticG2Host Program

The PTCDiagnosticG2 is a stara@lone program which allows you to read, graph and log data
from thel200, andsetall theimportantacquisitioncontrolparametersit allowsyouto connect

the 1200 via a Pyramid G2 device such as the A360 or A560 loopterd, and thus to a PC
via Ethernet, as illustrated in figure 1Although the software architecture of the G2 system is
differentfrom the G1 systemtheDiagnosticuserscreensandthe procesof connectinglevices

are very similar.

14.1 Installing the PTC DiagnosticG2 Program

PTC DiagnosticG2 is available for Windows PCs (Windows 7 and later) and selected Linux
distributions. TheWindowsversioncanbeinstalledusingtheinstallerprovided. If youwantto
rununderLinux, pleasecontactPyramidfor detailsof theinstallationprocess.Theremaindeiof
this section describes the Windows installation.

Copythe .msi installer file onto your computeklthough it is not always necessary, we

recommend that you uninstall any old version usmgt Wi ndows Contr ol Pan
p r o g wtidityn @aunchtheinstallerby doubleclicking thefile andfollow theinstructionghat

follow. You will need to have administrator rights to the PC, and Windows will ask you to

confirm the changes tithe computerThe process takes one to two minutes.

You canhavebothPTCDiagnosticGlandPTC DiagnosticG2 installedon the samePC, but
only use one of them at any time.

14.2 Connecting the 1200

We shall assume the 1200 is connected as thedavige on a loop of an A360 loop controller,
andthe A360is configuredto connecto your PC,asshownin figure 14. Referto the A360 user
manual for more details.

Whenyou starttheprogramthefi d i s csoreempens.Click i Di s cCowd r ardthee r s 0
software will search the accessible network for G2 loop controllers and display them.
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|m_! PTC Diagnostic - Discover Devices ? X [® PTC Diagnostic - Discover Devices ? X | PTC Diagnostic - Discover Devices ? X

BRAMID

4 Technical Consultants, Inc.

I\)(RAMID

Technical Consultants, Inc.

£\ Technical Consultants, Inc.
PTC Diagnostic v5.19.4 PTC Diagnostic v5.19.4 PTC Diagnostic v5.19.4
Address Name Owner Address Name Owner ° Address

Name Owne "
M 192.168.1.115 a560_1 |

£ 192.168.100.20 c400_1
A 192.168.100.193 a560_1 192.168.100.45
M8 192.168.100.230 i128_1_EP3C80

102160100107 A5EN 1
- Looking for Loop Controllers 16% |— a Discover Controllers |

M8 192.168.100.20 c400_1
‘ A 192.168.100.230 i128_1_EP3C80

M 192.168.1.68  a360_1

== 107 1A2 10N 727 ASNNA107 168 10N 227 Nt Fanne ©
<

20|
107 160 100 A4S |

“ Discover Controllers

192.168.100.20 | Add P Address |} Load System File... 192.168.100.20 | = Add TP Address {2} Load System File... 192.168.100.20 | = Add IP Address

) Load System File...

 Connect & Discover Subdevices Cancel  Connect & Discover Subdevices Cancel

I .y Connect & Discover Subdevices| Cancel

B PTC Diagnostic - Discover Devices ? b

\ ; Technical Consultants, Inc
PTC Diagnostic v5.19.4

Address Name Owne
5 192168168 a360.1

Looking for Devices 0%

AddTP Addries Low Syntarn File

- Connect & Discover Subdavices cancel

Figure 24. Devicediscoveryprocessstages

Locate your loop controller from the list and click on it to highlighNtow c¢c 1 i ck @A Conn
Di scover Subdeviceso and the soft wGickée wi | |

1200 entryin the systemtreeonthe left of the screerandthe 1200 window will openafterafew
seconds with the Data view open.
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m]
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Figure 25. 1200 screernonintial connectiorshowinglive readingsand systentonnections

14.3 Screen items

The 1200 screen comprises a standard G2 top banner which is always visible, a gliaplaigs
whichis alwaysvisible but canbe setto showstrip chart,scopeor histogramamessagearethat

is always visible, and a pane on the right which can be set to show data, setup parameters,
calibration or device properties.

Data

Properties
Setup

Calibration

Figure 26. Display paneoptions

14.3.1 Top banner

The top banner shows a rolling communications active bar that shows the communication rate
between the 1200 and its loop controller host, plus four device status fED© nnect ed 0 g
thatthel200is communicatingvith a hostsystemthe A360in thisexample.fi B u sngabdghat
thel200is busyperforminganaction.A Me a s unreanghgtthel200is measuringhesignals
onitsinputsi Er r or 0 means that the |1 200 has gone i
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Al ni préparésieeR00totakedata.If thetriggermodeisfi | n t ethemeasuementstart

at one.If mode is an external mode, then measurements start wheictmeing trigger is

detected on the gate inpiit.St opo st ops a melafs ufreutenti nint ipat
checked, then the Diagnostic will automatically initiate a new measurement whenever a control
parameter is altered.

Vo Y BARr Rt A e SRS =3

Initiate Stop

Figure 27.PTCDiagnosticG2op banner

14.3.2 Graphics area

The plots show average current per integration in amps or charge per integration in coulombs
according to the selection on the data pdre channels that are checked on the data plane are
plotted. You canplacea cursoron strip or histogramplotsto getmoredetailsabouta datapoint,

and in the strip displayou can backwards in time using the slider below the ffloe Samples
readout below the plot shows the number of readings receiviiek BTC Diagostic. For

longer integration periods, this will equal the trigger count shown on the data pane, which is the
number of measurements made by the 1200.

4e-11 -

Current (A)
Current (A}

Figure 28. PTCDiagnosticG2graphicsareashowingstrip chart and histogramviews

Thecontrolsanddisplaysin thegraphicsareaareasfollows:

Y: Setverticalscaleto afixed fractionof nominalfull scaleor to
autoscale.

For anyfixed vertical scaleselection pffsetthescalesothatis
shows from +(selected full scale)-@.1(selected full scale)
instead of +{(selected full scale)

Filter You can set up data filtering to make a fluctuating value easie
read.Thefilter typeis asinglepolelIR (infinite impulseresponse)
digital filter. The number in the drop dowist is the parameter A

in the filter equation
Yi=XilA+(1-1/A)Yiq,
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whereY; is thelatestoutputof thefilter, Yi.1 is theprior outputof
the filter and X is the latest reading from the 1200.

Presghe Resetbuttonto clearthefilter memory(zeroYi.y).
Thefilter doesnotaffecttheactualdatareturnedonly howit is

displayed.

— Zero €4 Pressing the Zero button subtracts the mestnt reading from
subsequernteadingonthedisplay. Theclearbuttonis coloredto

— 20 | @ showthat this modés active. The subtraction does not affect the

actual data returned, onhpw it is displayedPress clear to turn
off zero subtraction.

\_strip /\_Scope /\_Histogram / Selectplotting mode.

Strip chartshowsa continuougolling chartof signalagainstime.
Scope mode is similar to strip chart mode but displays succes
blocks of data after thdyave been acquired, and is maingeful
whenyou areusinga G2 loop controllerandtakingtriggereddata.
Histogram modelisplays thechannels asgertical bars irthestyle
of a ratemeter.

e Clearthe PTC Diagnosticdatabuffer.

H Savethe contentf the PTC Diagnosticdatabuffer to a csvfile.
Note that the data mlways saved as charge measured in the
integration period.

14.3.3 Message area
The messagareareportsdetailsof connectionghataremadeandcommandgprocessedby the

1200. Error messageareshownin redtext. Press % 1o acknowledgendclearerrors. Press

E:J to clear the message log.

01.09.2016 12:22:29.688 Initiate accepted by device.
01.09.2016 12:22:40.339 SetConfiguration accepted by device.

01.09.2016 12:22:40.491 Initiate accepted by device.

State: Measuring Last Error: <3 D

Figure 29. Messagearea

14 3.4 Data pane

The data pane shows the digital readouts of the input signals, the monitored high voltage output
and the state of the optsolated digital inputs (Aux I/O connector pingdd 9). Channels that
arecheckedareplottedon thegraphicdisplay. The Units drop-downallowsyouto chooseamps

or coulombs, in exponential format, or in scaled units such as pA, nA, PA or pC, nC, uC.
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Units: A ¥

Channel Data (A) ‘

“Digitals

OptoA @ Optos O
Figure 30. Data pane

14.4 Setup pane
Thesetuppaneis dividedinto threetabbedsectionsMeasuring,TriggerandAdvanced.

Setup Setup Setup
Measuring Trigger Advanced Measuring Trigger Advanced Measuring Trigger Advanced
Data Rate and Range = Triggering Reset Times (pS)
Integration Time: 100 ps :J[ Mode: Internal - __ Cmd 10 pF 1000 pF
Range: 1.000e-06 v A @) Initiate -
Subsamples: = Start.  guc Rising Edge Settle
on: Setup:
Capacitor: 10 pF ¥ Optica Rising Edge ~ i
ample Rate: tane Inl 3¢
. — : (O Buffer Size: } ted SWi:
: = e
Accumulate: 0 Compensation Stop | J BNC: Rising Edge -

High Voltage n:

T B ) Optical: Rising Edge
v oy o e

Limit:“—1000 Vi Max:-1000 V [] Buffer Contiguous Data

Buffer Size: ks

Figure 31. Setuppanes
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Thecontrolsanddisplaysin the setuppaneareasfollows:

Measuring

Integration Setthel200integrationtime in psec,from 20to 10,000,000n 20 psec

Time increments.

Range Thenominalfull scalerangein ampscorrespondingo the selectedntegration
time and feedback capacitor.

Subsamples | Thenumberof readinggo takein eachintegration,up to amaximumof 255
and with minimum allowed subsamm@pacing?20 psec.Thedefault isone.

Capacitor Selectthesmallor largefeedbackcapacitor. Thestandardraluesare10 pF and
1000 pF, but other values are available as Hunhe options.

SampleRate | Thecomputedsamplingratein integrationgpersecond{akinginto accounthe
integration time and reset, settle and setup tinfes. maynot recover all the
samples at high rates back the PTC Diagnostic unless you have a data c}
such as via the A500 loop controller that allows the 1200 internal buffer to
used.

Accumulate Control of charge accumulation across multiple Options for including char

| No Compensation ~

NO Lompensatio
| Estimated

| Lossless

thatis missedduringtheresetcycle,sothatchargecanbeintegratecoverlong
time periods.

A No o mp e n giaabléesahargeaccumulation.

AEst i msedaaldutationof thechargemissedn theresetcycleusingthe
current in the previous integration.

A L o s sldts¢hechabgeaccumulaten strayexternalcapacitanceuringthe
reset then transfers this charge to the integrator at the start of the next
integration. See section 18 for further details.

High Voltage

Thesoftwarereportstheratingof theinstalledHV module; M- 1006V

Thef L i rfield abowsthehighestsetpointto bemadelessthanthemodule

rating.
00 v - IR

In order to turn on the HV, set the value (with negative polarity entered

explicitly), thenpressheHV button' " |. Thel200will bebusywhile the
HV ramps up.Press the HV button again to turn off the HV.

Thesettingandreadbaclaredisplayec!

Trigger

Mode:

Select ariggering option.Internal mode is the default and will start taking
readings as s o00n Taeextérmalmmodes adl tequive ai 9
triggersignalonthegateinputfollowing initiate, but respondn differentways.

ExternalStartstartsthe acquisitionwhenit seeghetriggeredge.
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ExternalStartStopstartsthe acquisitionwhenit seeghetriggeredgeandstops
it againwhen it sees the opposite edge.

External Start Hold starts tlaquisition when it sees ttigger edge, stops it
again when it sees the opposite edge, and repeats for each triggeiYpulse.
cangetthe sameeffectasExternalStarStopby usingExtarnalStartHold with

a suitably limited buffer count.

Starton

If youhaveselectedan Externaltriggermode,youcanchoosevhetherthe
triggersignalis detectecdbnthe BNC gateconnectoior the ST opticalgate
connector.You can also select whether the start trigger sedge is rising or
falling.

Stopon

If you have selected an External Start Stop or External Start Hold mode, y
can choose whether the end of measurement trigger signal is detected or
BNC gateconnectoior the ST opticalgateconnector.Theedgepolarity must
be opposite to the start edge.

Buffer

If youchecki B u fCbnéiguoud a t yaucansetabuffersizeupto 65535.
Measuringwill stop when this number or readings is reached, irrespeative
the trigger mode.

Advanced

ReseflTimes

The integrator reset parameters have been chosen to give best overall
measuremergerformancesoyou shouldnotneedto alterthesevalues. See
section 18 for full details of the reset process.
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14.5 Calibration pane

Calibration
Calibration Current
@ off (O channel: 1

Calibration Factors
Cap1 Cap 2
v Gain

e

M Save to file...
H Save = Load

<+ Calibrate 4l Clear

Figure 32. Calibration pane

Thecontrolsanddisplaysin the calibrationpaneareasfollows:

CalibrationCurrent

You can turn on the 500.00 nA calibration current at any time and
directit to eitherof thesignalinputchannels.Notethatthe calibration
currentis addedo anycurrententeringon thatchannel.Remembeto
turn off the calibration current whenaking normal measurements.

CalibrationFactors

Thefour activegainfactorsfor thetwo feedbackcapacitor§Capl,
Cap2)onthetwo signalchannelsaredisplayed.A valueof 1.0000
means that the capacitor is exactly its nominal value.

M Save to file...

Makearecordof thedisplayedcalibrationfactorsasa csvfile.

H Save

Savetheactivecalibrationfactorsto nonvolatile memoryin thel200.
This is in addition to the active factors, which are also stored.

[+ Load

Recoverthefactorssavedn thel200 andmakethemthe activefactors.

9 Clear

Setall theactivefactorsto 1.0000.
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14.6 Properties pane

The properties panshows theversions ohardwareandinstalled firmwaran thel200, the serial
numberof thedeviceandallowsthe PIC microcontrollerandFPGAfirmwareto be updated.See
section 28 for instructions on updating firmware.

Properties

Firmware
Update PIC Code...

Update FPGA Firmware...

Device 4.0.E
FPGA 9.1.12

Hardware Revision 1

Serial Number: 0000004682

Figure 33. Propertiespane
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15Usingthe IG2 Interface to EPICS

1.1 What is EPICS?

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

AA set of Open Source software tool s, Il i br a
usedworldwideto createdistributedsoft reattime controlsystemdgor scientificinstrumentsuch

as particle accelerators, telescopes and other large scientific experiElRIGES uses

Client/Server and Publish/Subscribe techniques to communicate between the various computers.
Most servers (called Input/Output Controllerd@Cs) perform reaorld 1/0 and local control

tasks, and publish this information to clients using the Channel Access (CA) network protocol.
CA is specially designed for the kind of high bandwidth, softties networking applications
thatEPICSis usedfor, andis onereasorwhy it canbe usedto build a controlsystemcomprising
hundr eds o fTheedsmwidetrange ®f.clnt interfaces from the EPICS community,
including interfaces for C++, C#, Java, Pyt

PyramidsuppliesanexecutablealledIG2 which embedsnopensourceChannelAccessServer
from the EPICS communityThis allows connection via the Ethernet interfakd&2 is
configured forthedevices you wish to connect usiaditable xml files.OncelG2 is runningon
acomputelin your network,thenanyothercomputercanrun a client programwhich candisplay
and control the process variables for the deviteshe simple network in the following figure,
theprocess variables @in 1200 attached to an A36ta fiber opticsareexposed to thaetwork
by the 1G2 service running on a server compu@me or more client GUI computers can then
access the values.

o N
ﬁ . hhhkAA GhARAS

L OSSR CESEEE N 1

Switch

|
o S [ s ]

il ——

i Router T~

% 1G2 server

GUI PC
on (o)

Figure 34. Examplenetworkfor EPICScommunications.
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15.1.1 Example connection to Control System Studio

The Control System Studio, or CS Studiatt://controlsystemstudio.qgithub.)as a set of
readymade tools built on Java and Eclipsé&t://www.eclipse.org) that allows users to get
started wih little or no programming required.here are various logging, plotting, post
processing and alarm point toos.fully-f eat ur ed fAdrag and dropo
allowsquite complexcustomizediserinterfacedo be createdvith minimumdevelgpmenttime.

As an example, the following screenshot shows a simple user interface created in the Control
System Studio BOY OPI editor.

I E|
3 1200_demo,opi 23 | @ G100 7

>«

1200 EPICS CAS/CSS Connectivity Demo Initiate

-1.5566E-11

Sample rate

7.7282E-9 7
4 Acquisition control

6E-9 ] 2E-4  usecintegration

] i 1 subsamples
4E-9 g

Feedback capacitor

Small cap: 10 pF

Trigger type

-8.2718E-25 ]
] W Ext start/hold

o

-4E-9 ] Set Read

Current (&)
m
o
T
=T =]

<6.1825E-3 T e e
0 100 200 300 400 SO0 600 700 800 900 1000 1091
t

OptoA @ Opto B 9

Figure 35. Exampleuserscreenfor the|C101usingCSStudioBOY.
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1.2 Installing and Configuring 1G2

The 1G2 package is available to users of Pyramid proditassupplied as a zip file which
shouldbede-compressedndthe entirefolder movedto thecomputerthatwill actastheserver.
The server and the user interface computer can be the same madtarileop controller, the
serverandthe userinterfacecomputershouldbe ableto communicatevith eachotheroveryour
network.

In the folders younave saved, there is an xml files in thervice subdirectorthat need to be

edited to customize your particular setpG2 | ooks f or t helsdrvicék e fisy
subdirectoryto establisithe configurationof the system.You canlocatesystem.xnl elsewhere

than thedefault location, ogiveit a different name, in which cageu need to specifghe path

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

The system file comprises a header section on the xml schema,delEimot need to change.

Then comes a description of the user interface host computer, descriptions of the fiber optic loop
controller devices in your system and descriptions of the devices attached tovamps. d o n 6 t
haveto describesverydeviceandeveryinput/outputpointthatis presenin your systemputonly

the ones that you expose in the system file will be visible to EPICS.

The simplified example in figure 36 shows the xml scheAaubset of the 1200 process
variablesareexposednormallyyou would exposea muchmorecompleteset. The A360is
supporting the 1200 as the only looped device.

The convention of Awireso for Pyramid devic
wiresfor eachsupportegroduct,aredescribedn thedocumenfii g2 s cr i ptwhereg Vv #.
#.# is the document revision number, included with each rel@&sedocument also describes

how you can scale the values, for example to convert voltages from general purpose 1/O devices
to physical units relevd to the item thewre controlling, and how you can set up monitoring

against tolerance bands.

The choice of a corresponding working name for each wire is up to the user; youshay
choose something descriptive that is relevant to what yom@asuring or controllingWe
nevertheleseecommendi namingconventionthatmakest clearwhetheravalueis areadback
or control (theprefixes ¢ and r_ angsed in theexample) which particular devicghevalueis
associated with, and a number otdeto indicate the channel for multichannel devices.
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<?xml version="1.0" encoding="iso-8859-1"%>

"http://www.ptcusa.com"
—“hctp //www w3 .0xg/2001/XMLSchema-instance"
iLocation="http://www.ptcusa.com AS10.xsd" type="pyramid" >

<! NOTE: the ir X e Y
<host ip="192.168.1.95" name="PTCE_Laptop4" localhost="true"” />
</hosts>

<loopcontrollers>
ype="A360" ip="192.168.1.68" >
=gy >
type="I200" address="5">
< "e_T200_1 initiate"” wire="digital out_initiate" />

"e_T200_1 lnteqratxon_pexxod wire analoq out_integration period" />

"e_I200_1 subsamples" wire="int_ out_subsamples" />

"c_I200_1 capacitor" wire="int_ out_capacitor" />

e 1200 1 _external bias" "int_out_hv_external bias" />
“:_IZOO_l_external_bias” “analog_in_hv_external bias" />
.af;=”c_IZOO_X_c:xgqez_source” wire="int_out_trigger_ source"” />

“r_I200_1 channel a" wi
"xr_I200_1_channel b"

="analog_in channel a" />

analog_in channel b" />

"xr_I200_1 actuator_a' "digital in_actuator_a" />

o B I200 1 actuator b wire="digital in actuator b />

bt 1200 1 external bxas _max" wire="int_in_ external _bias max" />
e I200 1_ calxbxatxon source” t.:==“xnt_out_calxbratxon_source“ /
“:_IZOO_l_sample_rate” wire="analog_in_sample rate" />
lame="r_I200_1_ trigger count" wire="int_in trigger count" />

type="epicscas" name="epics_server" />

</system>

Figure 36. Examplexml systentonfigurationfile for IG2/ EPICS.

Onceyou havecreatecandsavedyour systentile, you canrunthelG2 serviceexecutablelf the

server has a display, you will see a console window that shows the connection process and then
records subsequent control value changes sent to theTB@hames yodeclared will now be
recognized as process variables by any ERI@8patible client program.

CAUTION

Donét try to control the 1200 simultaneousl
DiagnosticG2.Theresultswill beconfusing.In particular,if you attemptto runthelG2 service
and PTC DiagnosticG2 on the same computer, the communications will conflict.
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16 USB Installation

16.1 Windows XP Installation

If youintendto usetheUSB interface you mustinstall theappropriatelriversonyourcomputer.

Each 1200 is identified on USB by a vendor identification (VID), a product identification (PID)

and the unit serial numbeAll 1200s have thesame VID (0403, indicating the USB interface

chip vendor, FTDI Ltd) and PID (C58D, indicating the 1200 product) but have a unique serial
number.Microsoft Windowswill recognizevhenadevicewith anewcombinations connected

for the firsttime,andlaumh t he fAFound New Hardwareo wizar

The selection of files installed lige Wizard is guided byformation in the file PTC.INF.
Therearetwo typesof driver for the FTDI chip usedin thel200,COM andDLL. It isimportant
not to let the wizardhstall the COM driver, which it tends to do if you take defaulise PSI
Diagnostic software requires the DLL driver.

Thewizardshouldberunasfollows (Windows XP):
1) D o nlétthewizardlook for driversontheinternet.

Found New Hardware Wizard

SO Welcome to the Found New Hardware
Q Wizard

Windows vall search for current and updated software by looking on
your computer, on the hardware instaliation CD. or on the Windows
Update Web site (with your permission)

Can Windows connectto Windows Update to search for software?
(™ Yes. this bme only

" Yes. now and every ime | connect a device

@ No, notthis ime

Click Next to continue

| Nexi > Cancel
Figure 37. USBdriver install stepl.

2) Selectinstallationfrom a specificlocation.

1200 User Manual 1200_UM_250722 Page 60 of 147




PSI System Controls and Diagnostics

Found New Hardware Wizard

This wizard helps you install software for

PTC 1200

J If your hardware came with an installation CD or
s floppy disk. insert it now.

What do you want the wizard to do?

(" Install the software automalically (Recommended)

(@ Install from 3 list or specific location (Advanced)

Click Next to cantinue

<Back | Next > I Cancel
Figure 38. USBdriver install step2.

3) Using the browse optiomavigate to the location of the PTC.INF file on the menkay
suppliedwith the 1200, or to the appropriatedirectoryon your computer.Thedriverfiles and
uninstall files should be in the same directory as PTC.INF.

Found New Hardware Wizard

h your s: hand i lati pli s

(@ Searchforthe bestdriverin these locations.

Please

Use the check boxes below te limit or expand the default search, which includes local paths and
removable media. The best drver found will be instalied

[~ Search removable media {floppy. CD-ROM..)

[V Include this focation in the search
|C.\_Documenls and Settings\John Gordon\My Documents - ]

™ Don'tsearch. | will choose the driver 1o install

Choose this option to selectthe device dnver from a list Windows does not guarantes that the
driver you choose will be the best match for your hardware:

<Back 1 Nexi > Cancel

Figure 39. USBdriver install step3.

Thewizardmayfind other.inf files which alsohavevalid entries,dependingnthehistoryof
your PC.Select the PTC.INF file.
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Found New Hardware Wizard

Please select the best match for your hardware from the list below. RN
¥
G PTC 1400
D P Version | Manuf: Location
PTCI20 3120 PTC c\wandowsiinfloem42.inf
PTCI200 3120 PTC ci\d! and settings\john gordonimy d
« ol

,;B This driver is not digitally signed!

<Back I Next> | Cancel
Figure 40. USBdriver install step4.

If thereis only onevalid entry,thewizardwill proceedlirectlyto theinstallationphase.
4) Allow theinstallationto continuedespitethedriver not havingthe WindowsLogo approval.

Hardware Installation

! } The software you are installing for this hardware:
PTC 1200

has not passed Windows Logo testing to verify its compatibility with
poriant)

Windows XP. (Tell ms why thie tasling is impo

Continuing your i liation of this may impair or
d bilize the P ion of your sy either
immediately or in the future. Mi ft gly

that you stop this i ion now and the h
vendor for that has p d Wind Logo

Continue Anyway I STOP Installation I
Figure41. USBdriver install step5.

5) Thedriverinstallationshouldnowoccur.
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Found New Hardware Wizard

Please wail while the wizard installs the software...

Ge, PTC 200

Setting a system restore point and backing up old files in case
your system needs to be restored in the future.

Found New Hardware Wizard

Completing the Found New Hardware
Wizard

The wizard has finished installing the software for

E PTC 1200

Click Finish to close the wizard

| Finish

Figure42. USBdriver install step6.

Wheninstallationis completethefi Y o newhardwards installedandreadytou s en@ssage
balloon should appeai¥ou may be prompted to reboot your PC.

Note that Windows XP recognizes each individual 1200 as a different device because it has a
uniqueserialnumber. Thereforeyouwill be promptedo install thedriver againif you connect
another 1200 Simply repeat the process outlined above.

16.2 Windows 7 and 10 Installation Differences

Windows7, Vistaand10 havea moreautomatediriver installationprocessvhich searcheshe
internetandyour computerfor a suitabledriver. If you haveinstalledotherPyramidTechnical
Consultants USHlevices in thgpast on theomputer Windows will usuallyrecognize that the
samedriver is appropriate.Otherwiseyou will needto directit to thedriver location. With the

1200 connected to a USB port, open Device Manager and find the 1200 under Universal Serial
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Bus controllers. Doubleclick to openthePropertieglialog,andselectUpdateDriver. You can
then navigate to the correct directory and install the driver.

If you do not see the 1200 in the list of devices, this mawan that the FTDdhip is not
progranmedwith thecorrectPID. You canstill usethe USB port. Look for theFTDI Serial
Converter device in the list, and proceed as above.
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17 Principle of Operation

17.1 Gated Integrators

The 1200 uses the gated integrator methbiis is a particularly effective technique for
measuringgmallamountf electricalcharge.Thechargeaccumulatesn asmalllow-leakage
capacitoiin thefeedbackoop of anoperationabmplifier, with theresultthatthevoltageatthe
amplifier output is the integral of the current that flows into the input.

FET Sw2
o/c
Cs, |
I(®) N I -V(t)T —
t t
O—0—© =
FET 4 © 1
Swi V=- ri(t).dt

Cfb

Y

Figure 43. Thebasicgatedintegratorcircuit.

IntegrationstartswhenFET switch Sw2is opened.Thecurrentinto theinput canbenegativeor
positive. The voltage at the output of the amplifiesampled and digitized gn ADC.
Calibrationwith a stableaccurateljknowntestcurrentallowsvariablessuchasthe exactsizeof

the feedback capacitor, buffer amplifier gain and ADC gain to be compensated in a single gain
factor. At anytime t after the start of the integration, the accumulated charge is thus given by

Omeas = k( ADCt - ADCstart)

wherek is thegainfactor. Thedatacanalsobe presente@dsanaverageurrentin thetime
interval between the readings, because that interval is known accurately.

— k( ADCt - ADCstart)

meas
t

As the integration proceeds, this measure of the average current achieves increasing signal to
noiseratio, asmorecharges accumulate@ndthelow pasdiltering roll-off dueto theincreasng
integration time moves to lower frequency.

Theinherentintegrationis very effectivein reducingnoise,beingin effectarectangulatow-pass
filter with -3dB response at0.44lz and zer o responKeowat N/t H
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dominantnoisefrequenciesfor exampldine voltageinterferenceat 50 Hz or 60 Hz, canbe
completelysuppressed bghoosingper= 1/50 or 1/60 secondsy integer multiples thereof.

17.2 Sub-sampling

Readings aravailableat times ndiwduringtheintegration, where =1 é N with N thenumber

of subsamples requested in the integration perigg,and $ub = ter/ N. This method is most
effective when you have a host system that can handle higher data rates, such as the-A500 real
time loop controller.Figure 44 illustrates how a portion of the input waveform is integrated by
the opening of Sw2The plots are (from thiop) an illustrative input current waveform; the
integrator gate Sw2 state, the integrator output with ADC sample points shown; the ADC
readings.ADC readingsaretakenfor the subsamplesyith ADCstartbeingsubtractedrom each
subsequent sample pooduce a charge reading.

NN N —

Open
Closed / \

i(t)

Sw2

-V(t)

ADC N

ADC n

ADC

ADC 0 = ADC start | ‘ ‘
|

n.t

A 4

sub

per

Figure 44. Dataacquisitiontiming diagram.

Integration cannot proceed indefinitely because the charge amplifier output voltage cannot
exceed its voltage suppigils. It is necessarto reset the integrator periodically, at a rate
determinedy theaveraganput currentandthe sizeof thefeedbackcapacitor. After thedefined
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integrationperiod,tper, SWitchSw2 closeso shortthefeedbackcapacitorandreleasehecharge,
so zeroing the integrator ready for the next cycle.

Theresettime needdo besufficientto completelycleartheaccumulate@hargethroughthe FET

on resistance, and thus depends upon the size of the feedback capaeiters also a short
settle time allowed after opening Sw2 to start the integration before the start ADC reading is
taken, to allow transients to die away further time associated with the reset, called the setup
time, accounts for the fact that the AldGnversions are not generally exactly aligned with the
end of the specified integration period.

17.3 1200 Circuit Overview

Two identicalgatedintegratorchannelsaremultiplexedinto a 16 bit bipolarADC. Thedigitized

charge values are managed byiarocontroller/FPGA combination which handles all
measurement timing control, <calibration, da
computer systemCommunications can be via 32, USB or fibetoptic using ASCII

protocols based upon SCP,mnaryprotocols.RS232 and USB are intended for direct
connectiorto ahostPC. Thefiber-opticinterfaceallowsafull loop-basedsystemwith multiple
individually-addressed devices.

Cal current Switchable test & calibration source
DC-DC +24V DCin
Switchable large feedback capacitor - ‘
| ‘ Gate TTL
‘ Gate optical
[
| 1 Serial/USB uss [<|>
Ch1i D
in FPGA
Ny rsz2a2—|>
—— b of
MUX — ADC — Fiber-optic
1 < RX
Il f
| 11
Ch2 DAC Servo control
in out
g DAC

2x gated

integrator HV D
PSU - Hv
Divider
| Divider| o
A 4

* ADC
Micro- <

controller ADC

q Analog in

Digital in

Figure 45. 1200 blockschematic.

The two integrators argperated in synchronizatioffhe output voltages are multiplexed into
the ADC in rapidsuccessiornto bedigitized by successiveonversions.Thetime offsetbetween
the two inputs is 4 microseconddecause the ADC conversions can occur much more rapidly
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that the integration period, the 1200 can useistdgration period sampling to track the charge
build-up on the feedback capacitors betwessets, as described in the previous secfltms
enables several useful measurement techniques and feMillves.the average current being
measured is verpw, so that a long integration period is needed to get a precise value, sub
integrationsamplirg allowsintermediatecurrentvaluesto bereturnedyatherthanhavingto wait
for the integration to end before getting a new readinme-resolved data is available from
within theintegrationperiod. This allows, givenadequateignalto noiseratio, reconstructiorof
the shape of a pulse that occurred within one integration period.

A precision 500 nA calibration current source is built in to the 1200an be switched into
eitherchannel.Confirmationof correctoperationandgaincalibrationcanbeperformedunder
remote control.

Eachintegratorcircuit hasa FET switchin seriedn its input, in additionto theresetswitchin its
feedback loop Operation of this switch in combination with the reset switch allows an
integration modevhereno chargas missed, even durimgsets.This is described in theection
on charge accumulation measurements.

Theonboardprocessocanmonitorseveraldditionalparameteraswell astheintegrator
outputs.

Externalauxiliary HV output,via avoltagedivider
Two optocoupled digital input lines

Analoginputto a 10-bit ADC (bufferedandscaledto read0i 10V from apin onthe
auxiliary 1/) connector)

Thel200i S1servocontrolversionprovidesa high-precisionbuffered16 bit O to +10V outputfor
process controlThe output can be commanded directly, or placed under servo control using an
error value derived from the current input$e servo is executed in the microcontroller using
floating point arithmeticFurther details on the sereontrol option can be found in section 22.
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18 Making Measurements

18.1 Current and charge ranges

The 1200 measures the charge g thantegrated on the feedback capacitdhe exact
integrationtime tperis returnedwith everyreading,sothevaluesaresimply convertedo the
average current during the integration from

Theselectionof feedbackcapacitorjntegrationperiodandprogrammablgainamplifier setting
determines the maximum currepbithat can be measured, limited thye ten volt range of the
input amplifier.

. _10Cy
Imax =T
per

The table gives the nominal full scale measurement ranges for the standard feedback capacitors
and three example integration periodf®u are of course free to select antegration perid in

the available span (20 psec to 10 sdd)e actual full scale ranges will differ slighfipm

channeto channeldueto thesmallconversiorgainvariation(duein turnto smalldifferencesn
thefeedbackcapacitorvalues)thatis compensatetly the 1200 calibrationfactors. Which ranges

are useful will of course be limited biye offsets and noise levels in your system.

Capacitor FSrange(C) FSrange FSrange(A) FSrange(A)
tper= 100 usec toer= 10 Msec tper= 1 SEC
10 pF le10 1pA 10nA 100pA
1000pF le8 100pA 1pA 10nA

In addition to the charges readings in coulombs and integration period in seconds, the returned
data also includes a bitwise overrange byte that flagslaynels where the reading has gone
overrangg ADC valuegreateithan95%of full scale). Thelowertwo bits indicateoverrangedor
channel A and channel B.

LSB InputA overrange
InputB overrange

MSB

In general you should check the maximum current that youneasure for a given set of
conditionsif it is veryimportantthatyou neveroverrangeandprovidesomemarginasneeded.
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18.2 Integrator Control

Thestandard settings of the reset parameters should provide good performance for most
applications.However the 1200 allows the user a high degree of control over the integration
cycle, so you can optimize the operation of the device for your applicatmvarious times
thatcanbeprogrammedreshownschematicallyn thefollowing figure. Thepairsof ADC read
pulses correspond to the capture of the two input chanhleésy are about 5 psec apart.

Integrator output

/

L

ADC conversions

|

SW2

v
4
4
v

1:setup 1:reset 1:settle tsub

SW1

~  to
1:offset 2| “width

Figure 46. Programmablgimesfor theintegratorresetprocess.

tper Thetotal integrationperiod,measuredbetweercorrespondingirst andlastADC
readings.Minimum 100 psec, maximum 10 sec.

tsub The subsamplgeriod. tsub = tpe/N, wheren is the numberof subsamplesMinimum
100 psec, defined by the subsample number.

tsewp | ThetimebetweerthelastADC readingin anintegrationcycleandthe closingof Sw2
to reset theéntegrator. This has to be set long enough to ensure that the last ADC
readings are not affected by the closing of Sw2.

treset Thetime theintegratoris heldin reset. This hasto be setlong enoughto clearall the
charge from the feedbadapacitor.

tsettle Thetime allowedaftertheintegratoresetfor theintegratoroutputto settle,beforethe

first (zero)ADC readingis taken. This hasto be setlong enoughto cleartheinitial
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noisierpartof theintegratoramp,assuminghebestmeasuremeryrecisionis required.

tofiset | Theoffset(positive,or negativeasshownin figure 45) of the Swl openingfrom the
start of thaentegrator resetOn the PSI Diagnostic this is called Sw1l time (Front).

twidth The time that Sw1 is opened to disconnect the integrators from the signal inputs :
time of reset. This canbe beneficialto reducethe perturbatiorfrom theresetswitching
transient charging the cable capacitar©a.the PSI Diagnostic you set Sw1 time
(Back), so igih = [Swl time (Back)J [Sw1l time (Front)].

Figure 47 shows examples of real internal waveforms for a setup,wihl00 psec, four
subsampleto give tsun= 25 Usec,treset= 20 USEC, tsettie = 25 PSeC,tsetup= 8 pIsec. Notethefive
pairsof ADC conversiongyellow trace),correspondingo four subsampleneasurementslus

the initial zero, for the two channels (blue and gnalkces).The real integrator outputs are
negativegoing signals as shown, whereas they are shown as positive going in the schematic
figures elsewhere in this manual for convenience.
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Figure 47. Examplemeasurednternal waveforms.

Thefrequencyat which newcompleteintegrationreadingsaregenerateds

1
+1

Fupdate - (t er +1 +1

reset settle setup)

Thelive time proportionis given by
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t

per

(t per + treset + tsettle + tsetup)

Thedefaultreset settleandsetuptimesfor thestandarcandoptionalfeedbackcapacitorchoices
are:

Cn tsetup treset tsettle twidth toffset
10 pF 8esec 20e sec 25ge sec 5esec -lesec
1000pF 8esec 20e sec 25ge sec 5esec -lesec

If the livetime proportion is more important than absolteuracy and precision in your
application thenit maybebeneficialto reducethesettle resetandsettletimesbelowtheir
nominal values, until you notice an unacceptable degradation in accuracy and precision.

18.3 Continuous Current or Charge Measurement

The 1200 returns charge readings to its host plus the time over which the charge was integrated.
The data can thus be presented as charge or cuBgrontinuous repetition of the

measurement the 1200 can make a continueading of the current or charge on its inpuits.

this mode it behaves like a sensitive current to voltage convditterinput current can be

positiveor negative.A positivereadingrepresentsonventionaturrentflowing into thel200. A
negative readig represents conventional current flowing out of the 1200.

it)

Sw?2
I
\
I
\
—
\

V(t)

¢ ADC end
- /\ /

Figure 48. Timingdiagramfor continuouscurrentmonitoring. Thedeadtimefor setup reset
and settle g.s) is shown relatively large fazlarity.
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Repeatedntegrationf thespecifiedperiodtyeraremade. Eachintegrationyieldsstartandend

ADC values, plus interim charge values from any-isuiégration sampling that has been
requestedThe PSI Diagnostic host allows yourexord data directlgs chargeFigure 49

shows an example of this, for a case with five 20 psec subsamples in each of three 100 psec
integrations., while measuring the 500 nA internal calibration soiNoge that the charge
accumulates during each intagon, but is reset for each new integration, as you would expect
from the operation of the integrators.

6.00E-11
5.00E-11 - - - -

4.00E-11
3.00E-11 - - - -

Charge (C)

2.00E-11

1.00E-11 - - - -

0.00E+00 T T T T
0.0E+00 1.0E-04 2.0E-04 3.0E-04 4.0E-04 5.0E-04

Time (s)

Figure 49. Readingsecordedascharge.

Conversiorto currentis simply amatterof dividing by theappropriatdime interval,t. The
reported current value for any subsample or complete integration period is

— k( ADCend B ADCstart)

meas
t

wherek (coulombbit?) includesthe storedcalibrationfactorfor thatchannelwith thefeedback
capacitor in useFigure 50 shows the result of converting the data of figure 49 to current.
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6.00E-07

500E-07 1 ==m==a  eca=mc=e  c=aco-=-

4.00E-07 -
3.00E-07 -

Current (A)

2.00E-07

1.00E-07 -

0.00E+00 T T T T
0.0E+00 1.0E-04 2.0E-04 3.0E-04 4.0E-04 5.0E-04

Time (s)

Figure 50. Readingsecordedascurrent.

The deadtime (composed of setup, reset and settle time components) while the integrators are
beingresetdoesnot generallyaffecttheintegrity of a currentmeasurementTheonly exception

would be a casehere a significant frequency component of the signal happened to coincide
closelywith theintegration cycle.This can be&hecked and avoidedriecessarpy alteringthe
integration period.

18.4 Charge Accumulation Modes

Applicationssuchasradiationdosimetryoftenrequirethetotal chargeto beaccumulatedsothat
aprocess can blealted when garticular valuas reachedWhen chargaccumulation is turned

on, the 1200 keeps running total of the accumulated charge acrossialetrations since the

last initialize. If sub-samples have been specified, these are used as interim values to be added
temporarily to the accumulating totalhey are superseded by subsequentssubples in the

same integration period up until the fir@mple which is logged permanently to the total.
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Charge added Charge added Interim charge from
to accumulator to accumulator sub-sample
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> ° Charge missed ¢
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Figure51. lllustration of integratorvoltageat ADC samplingpointsduring charge
accumulation.The reset periods are shown relatively large.

Therearetwo meanf dealingwith the chargethatis missedduringtheintegratoresets.These
are no correction, interpolation, and-lest charge.

18.4.1 Estimated

The 1200 assumes that the measured charge in the last integration period masakee pro
extendedverthetotal cycle (tint + tsetupt tresert tsetid. Thechargeaddedo theaccumulatofor
each integration cycle is thus

— k(ADCend - ADCstart) (t +1

q-= Imeas(t per + tsetup + treset tsettle) - t per setup
per

Sl S o |

reset settle)

18.4.2 Lossless accumulation technique

In critical dosimetryapplicationsgt maybeimportantto knowthetotal accumulateahargeover

a period of time, without making any assumption about what happened during the integrator
resets.The 1200 can achieve this for signal sources that can be modeled as a capacitance i
parallel with a venhigh resistanceThis is a good model for ionization chambers, isolated
electrodes that collect charged particles, and photodiodes.

Themethodis to usetheinherentcapacitancef the sensorCs, to capturethe chargeduringthe
integrator reset cycle, then to transfer this charge onto the feedback capacitor at the start of the
next integration.The switching sequence is illustrated in the following figure.
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Sw2 Sw2
o/ ° o/ o
1) Integrating on Cy, c 2) Collecting on C, c
11 | |
................................................... — Swl I I Swil I I
o—o0—0 - o—o/ o =
| ° | o
+ +
CS J: CS J:
Sw2 Sw2
O—0
3) Reset integrator .
) 9 Cfbl | 4) Collecting on C Cfbl |
................................................. - Swil I R — Swl I
o—o/o - o—o/ o =
——o0 ———o
+ +
Cs J: Cs J:
Sw2
Sw2 O/O /O
5) Transfer charge C 6) Integrating on on Cy, Ch
from C, to Cy, I I I I
..................................................... - swi Swil
oO—O0— O - o—o0—0 -
—L 0o

ol

R | v

Figure52. Switchingsequencéor theno-lost chargemethod.

Consider the integrator working normally, with charge accumulatingira@l thus voltage
increasing at the output (1)'he mode 2 no charge loss reset cycle startypbping the input
switch Swl (2).If the load parallel resistance is high, the quigce that the source current can
now go is to build up charge or.('he integrator is now reset (3) bipsing Sw1; charge
continues to accumulate or @). When Sw1 closes again, the accumulated charge transfers
quickly to Gw. This is because theffective input capacitance of the integrator is much greater
thatCs dueto theamplifier action(5). Theintegratoroutputvoltagejumpsupwardasa resultof
thetransferredcharge.Assuminglosslesdransfer the netresultis to extendthe integrationtime
over the complete reset cycle, so that all of the incoming charge is meaBhegdtegration

now proceeds normally again (6).
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Figure 53. Nolost chargdiming diagram.
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18.5 Time Resolved Measurements

18.5.1 Standard Mode and FastMode

Thel200 canoperaten two datatransfermodesaccordingto thetype of hostsystemit is
communicating with.

Standard mode

The 1200generates readings at the rate dictated by the integration time, subsample count and
resetparametersThehostsystemcollectsthesereadingsconvertedo ampsor coulombsby the

1200, attherateallowedby the hostsoftwareandthe communicationdink. Any readingswvhich

are not collected before the next reading overwrites them are lost.

Standardnodecommunicationganbeby ASCII or binarymessagesyith binarymoreefficient
and thus fasterThe readings are translated to using $kored calibration.

FastMode

FastMode is only available in combination with the Pyramid Technical Consultants, Inc. A500
reaktime controller.It is automatically selected with the first initiate command for all running
modesexceptall accumulatiormodesgatedtriggermode,andmessagériggermode. If youare
using the PSDiagnostic host software, there is a LED disptaythe Data tab which shows that
FastModes in use. FastModepermitsuseof integrationperiodsandsubsampl@eriodsdownto

20 psec.

FastModecommunicationgrein theform of raw 16-bit data. Theapplicationof thecalibration
and translation to physical units is performedhry A500, using calibration factors uploaded
from the 1200.

Thel200 on-boardmemorycanstoreupto 768readings.Theseareguaranteeto be contiguous,
even at the shortest integration and subsample peridd that there will be deadtimes for
each integrator reset, howevédiryou wish to capture a single shot event with no breaks in the
data, then this is still possible by using multiple subsamples in a single integration which
encompasses the evehip to 256 subsamples can be used per integratfibe.full ADC
resolution is effectivelghared between the subsamplésu must also takeare that the
integrator does not overrange during the event.

In additionto thel200 on-boardstoragethe A500 canstoreover1,000,000eadings.Thesewill

be contiguous if the communications between the 1200 and the A500 can keep up with the data
generation rateThis in turn depends upon the available bandwidth ofothethat services the

1200.

18.5.2 Example of single shot time-resolved data capture at high rate

Clearly FastMode is required for the best tiresolved reading capabilityt is particdarly
suitedto capturingasequencef readingsacrossasingle shoteventsuchasashortbeampulse,
where an external trigger signal is availablde best wayo understand this is to look at a
practical exampleFor the example, an 1200 input wasven with a pulse from a function
generatowith the characteristishapeshownin figure 54. Thiswasconvertedo currentwith a
peak value of 18 nA using a 10 Mohm resistor.
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Figure 54. Pulseinputusedto createa oneshotcurrentpulsesignalfor thel200.

In order to sample this waveform with the highest possible time resolution and no deadtime, a
singleintegrationwith alargenumberof subsamples/asused. Thel200 wassetto capture250
subsamplesvera5 msecintegration,andthusa subsamplg@eriodof 20 psec,usinganexternal
trigger from the signal generatofhe resulting capturegdaveform is shown in figure 55.
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4" 1200(1) : Address 1 on [Loop 1] on A500 192.168.100.200:100

Current | PD |

2E-08

1.5E-08

1E-08

5E-09

-5E-09

-1E-08

-1.5E-08

-2E-08 =
- 452E-05

Y-Range X-Time

kB

[100% ~| |Fast

=

[ 250 |<]|

)
0.002
Buffer

0.005025

0.004

Couple Mode Run

- 0| x|
— @ Measuring
Initiate @ Triggering
Abort @ FastMode
@ Gated J
’Current LH“A L]
21 | 6.905
= | __0.000
T (s) 5.00e-003
Triggers 250
Zero
Set Clear @
Averaging
Reset |1x =
DAC (V) ADC (V)
0.0000 0.0000
Digitals
OptoA @ OptoB @

Last Error (5:09:08 PM)

FETCHMONITOR -802 Timeout

Figure 55. Exampleof singleshottime-resolveddatacapturedby thel200in fastmode.

Notethattheability to taketime-resolveddatais limited ultimatelyby signalto noiseratio, and
the frequency components of the noiééshort integration or subample periods, lower
frequencynoisecomponentgarenot averagedsoyou mayendup with nothingmorethangood
time-resolved noise if there is insufficient signal and / or your noise levels are high.

18.6 Data Readout and Buffering

18.6.1 Data readout and buffering in ASCIl mode

In ASCII mode, the ADC readings are converted to flogpioigit numbers in coulombs by
applicationof the calibrationin thel200. Thevaluefor eachchannekequiresl2 bytes,andthe
integration time and the overrange byte add to this to give a message size for reading out both
channelsf 37 bytes. Themaximumdatarateto the hostis 3 Mbpsvia USB, and115kbpsvia

RS-232, so the transmission time for the data is in the range 0.1 to several milliseCoads.

data rate will generally be less than this implies, because the host must send messages on the
same fiber optic channel, and there rbayother devices if you are using a loop topology.
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Figure 56. Dataflowin ASClImode

If data is generated lifie 1200 at a higher rate than the maximum available transmission rate,
thensampleghatcannotbetransmittedarediscarded.Becauseeach2-channesampleas givena
sequentiaindexnumbercorrespondindo eachtrigger,you canseeif anysamplesavebeenlost

by examining the datdn the basic application of monitoring a slowligrying current with
random noise components, such mmggata is of little consequencEowever if you are
attemptingto capture a transient event, then this is likelpe unacceptable, and you should use
a higher bandwidth communication protocol and interface.

18.6.2 Data readout and buffering in binary mode

Binarymodeprovides higher performance, especiallyen thel200 is connectetb areattime
controllersuchasthe A500. Eachchannefkequiresour byteswhich representhechargevalue,
andthe maximumcommunicatiorspeedusingthefiber-opticloopis 10 Mbps, sodataratescan
be 5 to 10 times faster than the best that can be achieved in M8@#l Values are sent up to
the host as they are generated.

1200 Host system

Calibration

|

FPGA DLL v
t, 4. 02

t, d1, 02
(BIN) (float)

ADCs

Figure 57. Dataflow inbinary modewithout A500.

The A500 hasthe capabilityto buffer asequencef overamillion values. Dependinguponthe
loadingof the communication channel, thetegration periodnaybeas short a&00 pseawith
no lost data.

18.6.3 Data readout and buffering in FastMode

In FastMode the translation to coulombs is performethbyA500, using the calibration data
uploaded from the 1200This process is transparent to the host compiitehis mode it is also
possibleto buffer up to 768 samplesn the 1200 itself, which allowscontiguousubsampleddata
with periods down to 20 psec in all circumstancERis is the highest available time resolution,
and can be used.he A500 can also buffer over one million samples in its ovemory, which
maybe contiguous data if the data transfer rate from 1200 to A500 is greater than the rate at
which data is generated Hye 1200. If the 1200 is the onlylevice running on a fibewptic loop,
then this can be achieved at 20 usec.
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Figure 58. Dataflowin fastbinary modewith A500.
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18.6.4 Triggering

18.6.5 Triggering, trigger points and measurement timing

Everymeasurement sequence recordethieyi200 is a result of a sequence of triggditse
sequence is started either internally, or as the result of an externalwargreset all the
relevantparametersuchasfeedbaclkcapacitorjntegrationperiod,numberof subsamplesand
type and number of trigger3hen initiate the measuremenrhe measurements ordyart
however when a trigger is detected.

As an example, sayat you have requested ten trigger points, fourssaiples per integration,
and AExternal Start o t ahightpgalevahanthe BNCtinpuThee t r i
initiate command primes the 1200 for datas collection, but it will then wait until the trigger start
event is detectedl'he status LED wilbe orange in this waiting staté&/hen the gate input goes
high, the measurement sequence will stahe status LED goes to gredrour trigger points
occurin thefirst integrationperiodfrom thefour subsamplesfour in the secondntegration,and

then the requested total of ten is reached halttmapugh the third integratiorMeasurements

stop being recorded, and the status LED turnsidite that the analog integrators continue to
run even after the measurement has been completed, until yotheeixbrt or initiate

commands, or new parameters are skrjou set the number of trigger points to infinite,
measurements will continue indefinitely following the start event.

If youarein internaltriggeringmode the starteventis generatedhterrally. Thesequence
therefore starts immediately after you send the initiate command.

The 1200 keeps count of the number of trigger points, n, following the start event, and this
numberis usedto determinghetime of anymeasurementlativeto thestartof the sequence:

t —_ t + % tint 6 é n 6
n = lewe ¥ NE O+ INTa___ _ O_ldtsettle + treset + tsetup)
c Nsub - c Nsub -

whereNsupis thenumberof subsampleperintegration. Theformulasimply reflectsthefact that
you always start with a settle time, followeddayintegration with a number of sgshmples,
then followed by the reset sequence.

18.6.6 Trigger sources

Thereareseverapotentialtriggersourcesandmodes. The gatepolarity (ie whetherrising or
falling edges cause the stated responses) depends on the gate polarity parameter.

Internal Auto-run. The start event is generated internéjythe 1200 once

thei ni ti at ed meReadagseontinue untilehe e i
definednumberof triggerpointsis reachedprthefi a b anessage
is received.

ExternalStart A rising (falling) edge on the gate input starts a predefined
acquisitionsequenceReadingxontinueuntil thedefinednumber
of trigger points is reached
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ExternalStartStop A rising (falling) edge on the gate input starts a predefined
acquisition sequencdreadings continue until either the
programmed number of integrations is complete, or the gate inj
falls (rises) again, in which case the sequence terminates after
subsamplen progress.Readingsontinueuntil thedefinednumber

of triggers is reached, or t
ExternalGated (nolongersupported)
Message A specialonebyte messagen thecommunicatiorink triggersthe

predefinedacquisition sequencdreadings continue until the
defined number of triggers i
received.

Thistriggermodeis only supportedriatheRS-232andUSB ports,
or via the A200 loop controlleit is not supportethrough the
A500 or A300 loop controllers.

ExternalStartHold A rising (falling) level on the gate input causes the first integrati
of the predefined sequendategrations continue if the gate input
stayshigh (low). After thegatefalling (rising) edge theintegrations
stop after the one in progress completBse 1200 then waits in
reset for the next high (low) to cause the second integrafibis.
process continues until the defined number of triggers is reache
t he fAaborstreteivede ssage i

In all caseyou canselectinfinite triggersandtheacquisitionswill continueindefinitely until
you send the abort command or reset the 1200.

The external and gated modes require a physical signal via the gate input BNC or iimgugate
fiber-optic receiver.They are most appropriate when you require the minimum (sub
microsecond) and most consistent dédayween the trigger and the start of integratibne
selectionof theactivetriggerinputis via a softwarecommandthedefalt is theBNC. Thesense
of the logic is a software configurable parameter.

The BNC input requires a TTL level, and presents a TTL gate imped@naaoid spurious
signalsdueto noise,we recommendhatyou fit a 50 ohmterminatorto thisinputif you arenot
using it. If your trigger source is able to drive a 50 ohm load, we also recommend this
termination if you are using the input to guarantee clean trigger edges.

Thefiber-opticinputrequiresanon/off light, 640nm nominalwavelength. If youdo notintend
to use the optical trigger input, you should ensure it is not selected to avoid accidental triggers
from ambient light, or fit a blanking plug.

Messageriggeringprovidessimilar performanceo the externalmodesput with slightly greater
dday. In looped systemsheloop controllerknows theposition ofeach devicen theloop, and
arranges for each device on the loop responding to the trigger tatdetasponse according to
its position in the loop, so that all devices start thequisitions at the same time.
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18.6.7 lllustrations of external triggers

The following figure is a schematic example showing an external start triggeeqtiance of
sevenntegrations.Eachintegrationincludesthreesubsamplesfor atotal trigger point countof
21. Datais of coursegatheredn eachof thetwo channels.A similar sequenceouldbestarted

by a message trigger.

i)

Gate

|
ARRRRRR

S2

V()

Figure59. Exampleofanfi e x t 8 t ataghepedmeasuremerdequencatartedby a rising
edge

Figure 60 shows an External St&tbp trigger exampleThe sequence starts on the rising edge
as in the previous examplelowever in thisase the 1200 is also sensitive to the falling edge.
When the gate line falls again, the sequence terminates after the acquisition in pidggess.
externalsignalthatstartsthe measuremergequenceanbealsobe sentoverthe communications
channel, asn alternative to making a hardware connection to the gate input connector.
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Figure60. Exampleofanfi e x t e t @A a | tliggerednpeasuremergequencstartedby a
rising edge and ended by a falling edge.

Figure 61 shows alBxternal StarHold trigger exampleThe gate has to go high to release the
first integration.If the gate is low again at the end of that integration, the integrators remain in
hold until the gategoeshighagain. In this manneithe externaltriggersignd candirectly control

when the integrations occulf.the gate is still high when an integration ends, then the next will
start immediately The whole process ends either when the trigger count is reached, or the host
aborts the measurement.
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Figure6l. Exampleofanii e x t e t @& a I tfiggevedndeasuremergequence.
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19 Calibration and background offsetcurrent correction

Takingaccuratecurrentor chargemeasurementsith thel200 requireaccurategainfactors k,
for each channel and consideration of the background offset current.

19.1 Background offsets

Consider an integration cycle as shown in figure B2e voltage presented to the (ideal) ADC
comprises the integrated signakigha_current the integral of any net background offset current,
Vbdg_current @Nd a voltage pedestalotve, due to amplifier offsets and the offset of the ADC
itself. In practce these unwanted offsets will be much smaller than the signal, anblemay
negativeor positiverelativeto thesignal,buttheymustneverthelesbe manageaorrectlyto get
maximum accuracy at the lowest currents and charges.

A ADC,

Vi

g Vsignal_current

V
_ /
T Voffset

L
>

t t

bgd_current

M
v

Figure 62. Anintegrationshowingsignaland noisecontributionsto thefinal output.

VofisetiS eliminatedautomaticallyby the operatiorof thel200, becaus¢he chargas measureds
k(ADCn i ADCo), so the offset cancels.

Background current is not eliminated automatically, becausénidistinguishable from signal

current at anynoment in time.The 1200 internal background current is small (pA level) and
stable. Thebackgroundrom theexternalcircuit will generallybe higher,butdependgreatlyon

the particular sensor or transducer.

Dependinguponyour measurement needs, it magappropriatdo subtract théotal background
current if it is significant relative to the signal, and relativahble.You should be careful of
changeso the backgroundvhich would renderanysuchcorrectioninvalid, however. This could
be due to changes in temperature or electrical noise.

Backgroundnulling canbe automatedn the hostsoftware. The backgroundshouldbe measured
with alongintegrationperiod,sufficientto getanaccuratevalue,and with notruesignalpresent,
only thebackgrouncturrent. Theresultingbackgrounccurrentvalues,ings, for eachchannelcan
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be subtractedrom subsequenturrentreadingseithermanuallyor in hostsoftware.In charge
measurement modes, subtragig(X tper).

19.2 Gain calibration

The calibration gain factors convert charge into ADC output, and thus are the composite of the
feedback capacitor size, buffer amplifier gain and ADC géhre 1200 calibrates itself
automaticallyon all channelsy switchingon theinternal500.00nA currentsourceandmaking
measurements with known integration period.

IMPORTANT: Theremustbenosignal currentflowing into theinputswhenthe calibrationis

taking place, because it will add to the calibration current and give an incorrect Téssilt.
incorrect calibration would not be detectable by checking the internal calibration source
readback, but only by measuring a known independent current source.

Because background offset current can affect the gain calibration process itself, the 1200 also
makes a background measurement as part of the calibration theleneasured background

ADC differenceis subtractedrom the ADC differencemeasureavith the calibrationsourceon

to get the net value that is equated to 500 nA.

Thecalibrationfactorsarestoredin thel200in EEPROMwhenafi s acvael i b commanasn o
issued.They are then laded automatically on powep. The host computer can upload them
for use in binarcommunication modedf there is no calibration available, the 1200 will use a
nominal calibration and the measurements will be of reduced accuracy.
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20High Voltage Supply

20.1 Setting the high voltage

The range and polarity of the high voltage suppffixed and must be specified at time of
purchase Units maybe returned to the factoty alter the high voltage modules if necessary.
The set value can be adjusted at amg, independent of what measurements are in progress.
Any valid setpointabovezerovolts enableshe supply. TheHV on LED illuminateswhenthe
supply is enabled.

Eachsupplyis limited by a softwarehigh voltagelimit, whichis passworgrotectedandstored
in EEPROM in the 1200The 1200 will reject anyttempts to set the voltage higher than the
limit. This allowssensitive detector systems, or experiments which may be damaged by
excessive voltage, to be protected.

CAUTION

Note that the HV modules are not designed to operate below 10% of their maximum rating.
Theywill regulateat lower voltageshanthis, butat startupyou mayseethevoltageovershoot
considerablybefore it settles to the setpoint over a period of a few secdiis happens
irrespective of anhigh voltagdimit you haveset. Always specifyan HV moduleoption that
matches the requirements of your sensor system.

The maximum current compliance of the high voltage power supplies depends upon the output
voltage. At low outputs the complianceof the 1000V high voltagesuppliesfor examplecanbe
represerdd as the current that the voltage would cause to flow in a resistor of about 300 kohm.
Thusupt o 100 €A is available at 30 ¥thighett put ,
outputsit is limited to 1 mA maximum. HV moduleswith lower voltageratingcanbe specified

at the time of order, which provide correspondingly greater cucanpliance.

1200

1000 A
800 - .
Unavailable

600 -

400 - Operating region

Current compliance (UA)

200 -

0 50 100 150 200 250 300 350 400
Voltage setting (V)

Figure 63. Currentcomplianceof the1000Vhighvoltagesupplies.
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Positive supplies source conventional current,reeghtive supplies sink conventional current.
A 25 Mohm bleed resistor fixed load is connected to each high voltage swpiyt which
drains40¢e Aatmaximumvoltagefrom the 1000V supply. Transorbprotectiondevicesprevent
the absolute valueoltage at the output going more than 80 V above the maximum rating.
Howeverthesedevicesarenot designedo pasdargecurrentsindefinitely, soyou shouldbe
carefulnotto overdrivethe outputswith otherpowersuppliesor with chargedparticlebeam
strike currents.

The output voltage is monitored hyl0 bit ADC, and the value can be displayedheyhost
software. Themonitorvalueis not usedfor controlor feedbackpurposeslt is of relativelylow
accuracyandis only intendedfor confirmationthatHV outputis beinggeneratedYou cantell

if the voltage is being pulled down kycessive current drain byatching for relative changes.

CAUTION

Do not connect external power supplies to the 1200 external high voltage output tloiziveill
thebuilt-in supplyawayfrom thevoltagest is trying to regulate or you maycausedamageo the
1200.

CAUTION

Do notconnect the 1200 signal inputs, or the external high voltage output, to electrodes in a
systemthatwill besubjectto directstrikeby high energy high currentchargedoarticlebeams

that will drive the builkin supplyabove the voltage it is trying tegulate, or you magause
damage to the 1200.

20.2 High voltage options

Therangeandpolarity of the high voltagesuppliess fixed andmustbe specifiedat time of
purchase.The following HV options are available:

1200 option Maximum voltage Current rating

-XP10 +1000 1mA
-XP5 +500 2mA
-XP2 +200 5mA
-XN10 -1000 1mA
-XN5 -500 2mA
-XN2 -200 5mA

Units maybereturnedo thefactoryto alterthe high voltagemodules. It notrecommendethat
users change the high voltage supplydule.

CAUTION

Incorrectjumpersettingcanresultin theincorrectoutputvoltageandno outputvoltagefeedback.

The necessary configuration details are given here for reference.
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HV Module JPR2 setting JPRA4 setting
+1000V 1
NEG |
Ne) HVE
POS 3
+500V o © 1 ol
51| HVE NEG -
o 0 POS 3
+200V 1 ol
NEG |
0 O HVE
QO 0O POS 3
-1000V 1 []
g 8 HVE NEG
POS 3 g
-500V © O L[]
NEG
e HVE 2
POS 3 g
-200V 1 []
NEG
SEe) HVE 2
POS 3 [

Figure 64. High voltagesupplyjumpersettings.
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21 Connectors

21.1 Front panel connectors

21.1.1 Auxiliary I/O
Nine pin Dsubfemale.
Pin5 Pin1

Pin9 Pin6
(Externalview on connector soldersideof matingplug)

1 AnalogGnd 6 Analogoutput
(ProcessontrolDAC)

2 AnalogGnd 7 Analoginput

3 +24VDC out 8 PSUGNd(24V rtn)

4 Optocommon 9 Optoin B

5 Optoin A

21.1.2 Signal inputs
CoaxialBNC sockettwo (channell andchannel). To matewith astandardBNC plug.

Core: signal

Outer screen: shield
(at chassis GND)

Triaxial femaleconnectors@reavailableasanoption,two (channell andchannel). To mate
with threelug standard triaxial connector such as Trompeter PL.7Ho adapt to BNC, use
adaptor Trompeter ADBJ2B2-PL75.

Core: signal
(at chassis ground)

Outer screen: shield Inner screen: shield
(at GND) (at analog ground)

Threadedriaxial connectorsareavailableto specialorderasafurtheroption.

21.1.3 Auxiliary HV out
SHV male. To matewith standardSHV connectosuchasRadiallR317005.
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Core: high voltage

(0-1000V))
Outer screen: shield

(at chassis GND)

21.1.4 TTL gate input
BNC socket(female)for gateandtriggerinputs. To matewith standardsignalBNC.

Core: signal
(0-5v)

Outer screen: shield
(at GND)

21.1.5 Optical gate input
ST socketbayonetfemalefor gateandtriggerinputs. To matewith ST terminatediber optic.

..

21.1.6 Ground lug
M3 threadedstud. To matewith M3 ring lug.

21.2 Rear panel connectors

21.2.1 Power input
2.1mmthreadedack. To matewith SwitchcraftS761Kor equivalent

@ Center pin: +24VDC
Outer: 0V

21.2.2 USB communications
USBtypeB female.

=]

21.2.3 RS-232 communications
Six pin mini-DIN socket(PS/2mouse/keyboart/pe).
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4,5,6: nlc

Pin 2: Rx

Pin 3: Gnd

Pin 1: Tx

(Externalview on connector soldersideof matingplug)

21.2.4 Fiber-optic communications

ST bayonet.To matewith ST maleterminatediber optic cable. Transmitteris light gray,
receiver id dark gray.

Transmitter ﬁ\

/7 Receiver
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22 Controls and Indicators

22.1 Front panel controls
None.

22.2 Rear panel controls

Power RS-232 Optical @ Xmit @ Status
¢ ® ® @ Rcv @ Link

Input ‘ ' - Address

+24V === 500 mA M

Binary 0

Figure65. Rearpaneldecalshowingcontrolsandindicators

22.2.1 Mode switch

10 positionrotaryswitchsettingcommunicationsnode. Binary protocolsareusedfor highest
dataratesby the PSIDiagnosticprogram,andothersuitablehostsystems.Thefiber optic link
can run up to 10Mbps, the USB up to 3 Mbps and th BSup to 115.2 kbpsThe ASCII
protocol is preided for ease of connection to existsygstems and simple terminal programs.

Setting | Function

9 bit binary,10 Mbps
8 bit binary, 3 Mbps

8 bit binary,115.2kbps
8 bit binary,57.6kbps
8 bit binary,19.2kbps
ASCII, 3 Mbps
ASCII, 115.2kbps
ASCII, 57.6kbps
ASCII, 19.2kbps
(Reserved)

OONO|T A WNF O

Theswitchsettingworksin conjunctionwith theconnectoisensor.
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22.2.2 Address switch

16 positionrotaryswitchsettingdeviceaddress.Choiceof addresss arbitrary,but eachdevice
in a fiberoptic loop system must have a unique address.

Setting | Function

0 (Reservedo loop controller)

1-15 Availableaddressettings.
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22.3 Front panel indicators

22.3.1 HVon
RedLED. TheHV supplyis enabled.

22.4 Rear panel indicators

22.4.1 +24V

GreenLED. +24VDC poweris presentpV DC-DC converteris running.

22.4.2 USB
GreenLED. USB communications active.

22.4.3 RS-232
GreenLED. RS-232communications active.

22.4.4 Optical
GreenLED. Fiberopticcommunications active.

22.4.5 Xmit
GreenLED. Databeingtransmittedrom outgoingmessagéuffer.

22.4.6 Rcv
GreenLED. Databeingreceivednto theincomingmessagéuffer.
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22.4.7 Status

Red/GreenED. ThisLED indicatesavarietyof internalstatesasfollows:

Alternatingred/orange/green/off

Unit poweringup

Off Unit idle (notmeasuring)

Orange Waiting for trigger; or resettingntegrators
Green Integrating

Red Error

Alternatinggreen/orange

ANNODE

Downloadingprogramfrom host

22.4.8 Link

Red/GreeED. ThisLED indicatesavarietyof communicatiorstatesasfollows:

Alternatingred/orange/green/off

Unit poweringup

Off

No connectiorsincelastpowerup.

Alternatinggreen/off

Unconnected

Alternatingorange/off

Unconnectedunit hasgoneto the safestate.

Green

Connected

Red

Fatalcommunicationgrror

Fastalternatinggreen/orange

ENNOBOE

Boot state(waiting startcommandr code
download)
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23 Communicationsinterfaces

The 1200 is provided with three hardware communications interface83R3JSB and fiber
optic. TheRS-232andUSB interfacesareintendedfor simpledirectconnectiorto PCs,with no
other equipment necessarihe fiberoptic interface provides greater speed, excellent noise
immunity, and allows multiple devices to bennectedn alooped topology It requires diber-
optic adaptoror loop controllerdeviceto connecto thehostcomputer.Thefiber-optic interface
is well-suited to large systems and experiments.

Only oneinterfaceis in useat anytime. Selectiorof theactiveinterfaceis accordingto the
cables that are connected.

Cableconnected Interfaceselected
USB RS232 | None
X USB
X X USB
X RS232
X Fiberoptic

Interface speed and protocol is selectethieymode switchThefiber optic interface can run up
to 10 Mbps,andtheRS-232upto 115.2kbps. The USB portalwaysrunsat 3 Mbps, irrespective
of the mode switch positionThe following table summarizes the interface selection and
protocol that is active for all possible connector and mode switch configuralibasnost
common selections are shown in bold

1200 User Manual 1200_UM_250722 Page 100 of 147




PSI System Controls and Diagnostics

Cableconnected Interface | Protocolselectedy modeswitchsetting
selected
USB | RS None 0 1 2 3 4 5 6 7 8 9
232
X USB BIN8 |BIN8 |BIN8 |BIN8 |BIN8 |ASC8 |ASC8 |ASC8 | ASC8 | ??
3M 3M 3M 3M 3M 3M 3M 3M 3M
X X USB BIN8 |BIN8 |BIN8 |BIN8 |BIN8 |ASC8 |ASC8 |ASC8 | ASC8 | ??
3M 3M 3M 3M 3M 3M 3M 3M 3M
X RS232 ?? ?? BIN8 |BIN8 |BIN8 |ASC8 |ASC8 |ASC8 |ASC8 |??
115k 57.6k |19.2k | 115k 115k 57.6k | 19.2k
X Fiber BIN9 |BIN8 |BIN8 |BIN8 |BIN8 |ASC8 |ASC8 |ASC8 | ASC8 | 7??
optic 10M 3M 115k 57.6k |19.2k | 115k 115k 57.6k | 19.2k
BIN 8: 8-bit nibble-orientedbinary
BIN 9: 9-bit full binary

ASC8:8-bit ASCII, SCPImessagéormat
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24 Communicationsprotocols

24.1 Overview

Thel200 supportghreetypesof communicatiorprotocol,selectedaccordingo thesettingof the
mode switch:

a) An eightbit ASCII protocol,messagesompliantwith SCPI. Thelow severbits areusedto
encode the ASCII charactefhe eighth bit is onlget for synchronization when the <AGK
<BELL>, <CR>,<LF>, and<ESC>characteraretransmitted.

b) An eightbit binaryprotocol. Thefirst andlastbytesof the entirecommandor reply havethe
eighthbit setandcontaintheaddressAll otherbytesin themessagearebrokeninto two bytes,
encoded into the low nibble (4 bits), thus never having the top bit set.

c) A nine bit binaryprotocol. Synchronization is done with the ninth bit. The first and last byte
of eachmessagéavetheninth bit setandcontaintheaddressandall otherbytesareunmodified
binary (with the ninth bit clear).

ASCII messaging is provided for users who wish to use existing host software systems that
provide convenient support for ASCII communicatioAdl.the capabilities of the 1200 are
availablethroughafamiliar virtual instrumenimodelandmessagstructure.A simpleterminal
program such as Windows Hyperterminal is sufficient to establish communication with the
device. It is possible to communicate with multiple devices at different addresses on e sam
channel by selecting a particular address to be the listener device at any time.

The binarymessaging is more efficient in its use of communications bandwidthfully
deterministic with embedded addressing in the messages and immediate respdodasy in

error reports, from the deviceByramid provides software drivers and diagnostic host programs
for userswhowish to usebinarycommunicatiorprotocols. Eight bit binaryis primarily intended

for direct host to deviceommunication, foexampleviaRS-2332or USB links. Nine bit binary

is reserved for the 10 Mbit/s fibeptic channel, and is highhecommended for larger systems
with multiple addressable devices in a loop.
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24.2 ASCII Protocol - SCPI

Standard Commands for Programmable Instruments (SCPI) is an extension of the IEEE 488.2
standard.This was originally developed ByewlettPackard for the HB (later GRIB)
interfacebeforebeingadoptedoy the IEEE, andis widely usedby manufacturersf measurement
equipment.The 1200 implements the 1999.0 revision of SCPI (© 1999 SCPI Consortium).

24.2.1 Messages

Thefirst bit of everyeightbit groupin amessagés the startbit, followed by sevenbits encoding
a character from the ASCII character set.

A full commandrom the hostto thel200 compriseassmanyASCII characterasneededo form
the message, terminated thye LF(0x0A) character.The 1200 will not start to process a
command until the OxOA character is receivétie list of valid commands is listed in the next
section. If the communications is being handled in a terminal session, the terminal program
should send CROx0d) before the LF to get a legible displaiyhe CR is ignored bthe
command interpreter in the 1200.

The 1200 generates a refityeverymessage from the host when it is the listerire first byte

of its replywill always be a single neprinting character.The first character is ACK (0x06)
whenthecommandasbeensuccessfullyexecutedvith no errors. Response® hostcommands
with a 0?06 will then have the r eqlitherhestis dat a
not requestoi)ng nbatoa h(emro biyt es wi lIifthelBO® t r ans mi
generateanerrorwhenexecutinghe hostcommandit will transmitasingleBELL (0x07)asits
responseA computer running a terminal p caongtr a m  wii
execute a command, for example due to incorrect sydtax.mor e i nteracti ve 0
can be selected which modifies this behavior to make the 1200 mor&iasdty when it is

being driven from a terminal program.

Deviceaddressings perfornedusingthespecialcommandd # Addressings only necessarfor
devices linked by fiberopt i ¢ | oo p, but a device is made
#ADDRESS. For example,#4 will make the device with address 4 the listefyaru must

ensure that all devices on the same communications channel have unique adélllesses.
subsequent commands sent (without address) will be listened and responddéviadsy only.

The host message #? asks who the listendihis.# command can be sentsasompound

message, such as #3;*IDN?.

24.2.2 Status registers

Thel200implementghe IEEE 488.2statusegistermethod. Eachof theregisterds maskedoy a
corresponding enable registért i s recommended that you set
Thehostsoftwareshouldusethe*STB? commando watchfor changeso the statusof thel200,

and then *ESR?,STATus:OPERation:CONDition? or :STATus:QUESTionable:CONDition?

as appropriate to recover the details from the relevant register.

You canusethe 200 ASCIlI communicationsvithout usingthe statugregisters.
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Status

Que stionable
Questionable  COuestionable Ewernit
Condition Euerit Enable :QUEStionable
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“altage 1] 1] 0 L
Cument 1 1 1 Ll
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Temperature [ 4 3 Her—[ 4 =
) T o 5 £~
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7 7 [ 7 | Logica
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4 4 o g E= ETor
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13 —— 13 5 13 E
T4 T4 T4 -
:CONDition :EVENt :ENABIle
S@andard Serc
Standard Event A= Request
Ewant Status Bue Enable
Status Enablae Register Register
Registar Fegister aail {o—| avail -
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Power On T Ia) v -
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*ESE? Eft/ = Bmor fadlable
Q50 = Questionable Summary Bt
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o, ESH = Bvent Surmmary B
: : Ren ot RO% = Fequest or Seroe
Operaton Operation Evert : i :
Condition Ewent eabe :OPERation 038 = Dperstion Summary Bt
Regizter Regizter Registar
Calbratng 0 ] (=} i] -
; 1 i o T ”
Fanging 7 7 (= 7 .
3 3 [} 3 -
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:CONDition  :EVENt :ENABIle

Figure 66. SCPIStatugegisterstructure
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24.2.3 Host Commands

The 1200 responds to the mandatooynmands prescribed ISCPland IEEE 488.2, plus specific commands as requiretidy
operationof thedevice. Thecommandsregroupedwith ahierarchicaktructurewith thelevelsseparatedby the coloncharacter.For
example:

CONFigure:GATe:INTernal:PERIiotle2 5

This commandconfiguregheinternalintegrationgateto havea lengthof 10 millisecondswith five subsampleof theintegrator
output, after 2, 4, 6, 8, and 10 milliseconds.

SCPIprovidesfor alongandshortform for eachcommand.Theshortformsareindicatedby the capitalizedpartof thecommand.{ }
denotes a required argument, [ ] denotesg@ional argument.

Somecommonlyusedcommandsreavailablefrom theroot of the hierarchyasa shortcut,aswell asin theirlogical positionin the
structure.For example:
CAPacitorl
and
CONFigure:CAPacitod
areequivalentwvaysto switchin thelargefeedbaclcapacitoronthefour channels.

A numberof commandarepassworgrotectedo reducethe chanceof changinghemaccidentally. Thecommand®nly effective
after the device has been rebooted if they have been enabled by first sending

SYSTem::PASSword 2345

Sendinganyothernumberastheargumenof this commandlisableghe protecteccommandsagain.

24231 ADDRESSING DEVICES

SCPIldoesnotprovidespecificcommandgor addressingnultiple devicespbecausé¢hiswashandledoy hardwaredn the original IEEE
488.1specification.Thel200 providesa simplemechanisnior makinganydeviceontheloop thelistener. Thedevicewill remainthe
listener until another device is selected.

#{address} /l Makedeviceaddresg1 to 15) thelistener

#? /I Querywhich deviceis listener.
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24.2.3.2 IEEE 488.2 MANDATORY COMMANDS
Commandsvhich haveaqueryequivalentfor readbackaremarkedwith fi ( njthefollowing table

Parameteraregenerallypassedo thel200 with the setversionof thecommandput no parametersrepassedor thequeryversion.
For example,

*ESE3 Il setthe EventStatusEnableregisterto 0000011

*ESE? /I querythe EventStatusEnableregister

*CLS ClearStatusCommand.Clearall eventregistersandtheerrorqueue

*ESE (?) | Program(query)thestateof the EventStatusEnableregister. 8 bits. 1200 returnsdecimalvalue.

*ESR? StandardEventStatusRegisterQuery. Querythe stateof the EventStatugregister. 1200 returnsdecimalvalue.

*IDN? IdentificationQuery. 1200 returnsmanufacturenmodelnumber serialnumber firmwareversion

*OPC (?) | Set(query)theOperationCompletebit in the StandardEventStatusRegistefafterall pendingcommanddavebeenexecuted.
Not currently supported.

*RST ResetCommand.Returnthedeviceto the*RST defaultconditions.

*SRE (?) | Program(query)the ServiceRequesEnableregister. Not currentlysupported.

*STB? ReadStatusByte Query. Querythe StatusByte Register.1200 returnsdecimalvalue.

*TST? SelfTestQuery. Performachecksunteston ROM andreturntheresult. 1200 returns<1>.

*WAI Wait-to-ContinueCommand.Wait until all previouscommandsreexecuted.Not currentlysupported.
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24.2.3.3 IEEE 488.2 OPTIONAL COMMANDS
*RCL Recallinstrumenttatefrom EEPROM
*SAV Savepreseninstrumentstateto EEPROM

Thesettingscoveredoy *RCL and*SAV are:

SOURce

CONFig:ACCumulation

CAPacitor

PERiod
CONFig:GATe:EXTernal:POLarity
TRIGGER:SOURce
TRIGger:POlnts

Notethatthehighvoltagesettingg CONFigure:HIVOIltageareNOT included.
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24.2.3.4 1200 COMMANDS

READ commanddgorceanacquisitionandreturnthe datawhenit completesandthereforethe datais new. FETChcommandgetthe
most recent value in the 1200 internal buffer, which may or may not be new data.

1200 setcommandsvhich havea queryequivalenfor readbackaremarked with i ( In)th@following table. Parameteraregenerally
passed to the 1200 with the set command, but no parameters are passed for thersjoacy-or example,

CONF:GAT:INT:PER 1e3 5
CONF:GAT:INT:PER?

Il settheintegrationperiodto 1 msecwith five subsamples

/I query the integration period and number of subsamples

ABORt

Abort measurement

CALIBration

:GAIn [{CLEar}]

?)

Calibrate(query)gainfor eachchannelpr resetstored
gains to nominal

:SOURCc€0|1}

?)

Set(query)internalcalibrationsourcestate,
0 = off,
1=o0n

‘RCL

Recallthegainsandzerooffsetcurrentfrom EEPROM

:SAV

Storethe gainsandzerooffsetcurrentdo EEPROM

CAPacitor {0|1}

?)

Set(query)feedbaclcapacitorfor all channelsf =
small value, 1 = large value

CONFigure

:ACCumulation
{011|2[3}

?)

Set(query)accumulatehargeacrosgateresetsmode,
0 = do notaccumulate

1 = accumulatdvy interpolation

2 = accumulatdoy no-lost chargemethod

3 =accumulatevithout correctionfor deadtimeduring
resets

:CAPacitor{0|1}

?)

Set(query)feedbaclcapacitor(all inputs)
0 =smallvalue
1 =largevalue

:GATe

:EXTernal

:POLarity{0|1}

?)

Set(query)externalgatepolarity (externalriggeronly)
0 = highactive
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1 = low active

JINTernal

:LOSSlesq0|1}

?)

Set(query)losslessntegrationmode,0 = off, 1 =on

:PERiod
{<total>]AUT Oscale}
[{subsamp}]

?)

Set (query) integration period in seconds or enable
autoscalinggsubsampsubsampleperperiod(default
1)

:RANGe{<amps>}
[{subsamp}]

?)

Set (query) a full scale current range by adjusting
integrationperiodfor theselecteadapacitor<subsamp>
subsamples per period (default 1)

:RESET{<reset>}
{<settle>} {<setup>}

?)

Set(query)thereset settleandsetuptimes(password
protected)

:HIVOltage

:ENADble?

Querythehighvoltageenablestate
0 =allHV off
1 = externalor signalbias HV on

:EXTernal

:MAXvalue
{<volts>}

?)

Set(query)maximumallowableexternahighvoltage
setting (password protected)

:VOLTs {<volts>}

?)

Set(query)theexternahighvoltage

:PID

"MODe {0]1]2|34}

?)

(-S1optiononly) Set(query)the PID mode,where
1=11

2=11+12

3=11-12

4=11/12

5= (11-12)/(11+12)

:RATe{<per>}

?)

(-S1optiononly) Set(query)thePID servoperiod,5 to
255 msec.

:LIMit {<limlo>
<limhi>}

?)

SetservoDAC outputlow limit <limlo> andhigh limit
<limhi>, 0t0 10.0V

(11I2LOW {<curr>}

?)

(-S1optiononly) Set(query)the sumof thetwo input
currents <curr> amps below which the servo will be
suspended

:KP {<prop>}

?)

(-Sloptiononly) Set(query)the servoproportionaterm
<p|’0p>

Kl {<int>}

?)

(-Sloptiononly) Set(query)theservointegralterm
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<int>

:PROFile

:LIMit {<prflo>
<prfhi>}

?)

(-S1optiononly) Set(query)the DAC start<prflo>and
end<prfhi> pointsfor theautomatigprofile sweep0 to
10.0v

:POINTS

?)

(-S1optiononly) Set(query)the numberof datapoints
for the automatic prOfile, (10 to 1000).

:REFerencé<ref>}

?)

(-S1optiononly) Set(query)thenormalizingreference
<ref>for thecurrentreadingded to the servoalgorithm.
Float 32. Typically the stored currenin a beamstorage
ring.

CONFigure?

Querythelastconfigurecommand

DATa

:CLEar

Clearall datafrom 1200

:Count?

(notsupported)

:FEEd{<source>}

?)

Set(query)sourcedatafeedmask,ii 1 £ datafrom
channels 1, 2

:POINts{<points>}

?)

Set(query)thedatabuffer size(limited to availabledata
memory)

:VALue?{<index>}

Readdatafrom bufferatindex. Returns<integration
time, chargel, charge2, over range byte>

FETCh

:CHARge?

Fetchchargedata<integratiorperiod,chargel¢charge2,
over range byte>

:CURRent?

Fetchcurrentdata<integratiorperiod,chargelcharge2,
over range byte>

DIGital?

Fetch digitals
bitO=digitalin 1

bitl = digitalin 2

bit2 (reserved)

bit3 = HV enabled

bit4 = externalgatepresent

:PID?

(-S1optiononly) Fetchtherunningservodata
.3f DAC startingV
.3f DAC presenV
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.3f Monitor ADC V
.4e Measuregrocessaluef(I1,12)
.4e Targetproceswaluef(I1,12)
.4e Sumof (TargetProcessValuactualProcessValue)
.4e Followingerror(TargetProcessValde
ActualProcessValue)
d Errorstate:
0x01if DAC limit hit,
0x02if datainvalid or currentlow limit hit

:PROFile?

(-S1optiononly) Fetchthenextprofile datapoint (if not
available DataNotAvailable error is returned)

.4e Measuregrocessaluef(I1,12)

.4f Monitor ADC voltage

FETCh?

Do same-ETChcommandasprevioug(defaultso
charge if no previous)

INITiate

Initiate readingson valid trigger

PERiod{<period>}
[{sub}]

?)

Set(query)integrationperiod<period>in secondsle-4
to 6.5el, <sub> subsamples (default is 1)

PID

:SERVo{0|1}

?)

(-S1optiononly) Set(query)servostate
0 =disable
1 =enable

:PROFile{0[1}

?)

(-S1optiononly) Set(query)automatigorofile state

0 =disable

1 =enable

Theprofile will remainON until eitherturnedoff by this
command, or when all data points have been read al
the profile is completed.

READ

CHARge?

Readchargedata. Returns<integratiortime, chargel,
charge2, over ranglags>

CURRent?

Readcurrentdata. Returns<integratiortime, currentl,
current2, over range flags>

DIGital?

Readdigitals
bit0 =digitalin 1
bitl = digital in 2
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bit2 (reserved)
bit3=HV enabled
bit4 = externalgatepresent

:PID?

(-S1optiononly) Readtherunningservodata
.3f DAC startingV
.3f DAC presenV
.3f Monitor ADC V
.4e Measuregrocessaluef(I1,12)
.4e Targetproceswaluef(I1,12)
.4e Sumof (TargetProcessValuactualProcessValue)
.4e Followingerror(TargetProcessValde
ActualProcessValue)
d Errorstate:
0x01if DAC limit hit,
0x02if datainvalid or currentlow limit hit

:PROFile?

(-S1optiononly) Readthe nextprofile datapoint (if not
available, then DataNotAvailable error is returned)
.4e Measuregrocessaluef(11,12)

.4f Monitor ADC voltage

READ?

Do sameREAD commandasprevious(defaultsto
charge if no previous)

STATus

:OPERation

:CONDition?

Queryoperatiorregisterstatusconditionbit

:ENABIle

?)

Set(query)operatiorregisterstatusenablebit

‘EVENt?

Queryoperatiorregisterstatuseventbit

:QUEStionable

:CONDition?

Queryquestionableegisterstatusconditionbit

:ENABIle

Set(query)questionableegisterstatusenablebit

‘EVENt?

Queryquestionableegisterstatuseventbit

SYSTem

:COMMunication

:CHECKsum{0|1}

Setappendinghecksunto all replies(password
protected)

0 = off

l1=on

(IDENTIFY?

Sendshaineddentify command.Devicesin theloop
combineto assembléheresponse<numberof devices
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in loop, addrof first device,addrof secondevice,é .
addr of last device>

:TERMinal{0|1}

?)

Set(query)terminalmode(passworgrotected)

0 = terminalmodeoff

1 =terminalmodeon

In terminal mode, ACK and NACK are not sent, and
fi O Koderrorresponseés sentfor all valid commands
that do not otherwise generate a response.

:TIMEout
{<timeout>}

?)

Set(query)timeoutin secondgpasswordrotected)0 =
timeoutdisabled. 1200 will goto unconnectedtateif no
valid message is received in the timeout period.

:ERRor?

Querythenexterrorin theerroreventqueue.

:FREQUENCY
{<Hz>}

Setthedominantnoisefrequency<Hz>to be suppresse
in the calibrationroutine. Thiswill generallybe theline
frequency (50 or 60).

:PASSword{<pass>}

?)

Set(query)theadministratopasswordipass>to allow
accesso protectedunctions. Thedefaultis <12345>.

:SAFEstatd0|1}

?)

Set(query)whetherthel200 goesto the safestatewhen
unconnected.

0 = do notgoto safestate

1 = go to safe state

Safestateis HV off.

:SERIALnumber
{<serial>}

?)

Set(query)theserialnumber<serial>of the 1200, max
10 alphanumeric characte@assword protected.

:VERSion?

?)

Querythe SCPIstandard/ersion

TRIGger

:COUNt?

QuerythetriggercountsincethelastINITiate

:DELAY {<delay>}

?)

Set(query)thetriggerdelayfor messagériggermode.
Thisparametepermitsall devicesonaloopto startan
acquisition at the same time, despite message
propagation delays around the loop.

:POINts
{<poin>|INFinite}

?)

Set(query)thenumberof triggerpointsafteran
INITiate before acquisition

1200 User Manual

1200_UM_250722

Page 113 of 147




PSI System Controls and Diagnostics

:SOURCceg<source>}

?)

Set(query)thetriggersourceto <source>.Theoptions
are:

<internal>

<external_start>

<external_gated>

<message>

<external_start_stop>

VOLTage{<DAC
seting>}

?)

Set(query)the DAC outputusedfor theservoto <DAC
setting> volts, 0.0 to 10.0, float.
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24.3 ASCII Protocol T Terminal Mode

SCPlis notidealfor ausertrying to controlthel200 from aterminalprogram.A more
interactive terminal modean be turned on by sending the command

SYSTem:COMMunication: TERMindl

After this command is executed, the 1200 will provide a response to ewenyand.Valid
querycommandsvill gettheir normalreply. Othercommandsvill generatean<OK> response
if theywereinterpretedvithouterrors,or anerrormessagé theycouldnotbeinterpreted.The
non-printing ACK and BEL characters are not sent.

Thel200 startsin terminalmode.

24.4 Binary protocol

The binaryprotocol is optimized fodeterministic loop operation, and is primaiityended for
usewith PyramidTechnicalConsultanthostsoftwareandsoftwaredevicedrivers. If youwish
to develop your own host software using bineeynmunications, yo should contact Pyramid
Technical Consultants to discuss available device drivers and wrappers to suit your host
environment.

The device model for the binacpmmunications is essentially the same as for ASCII, and
particularly the terminal modeAll host messages get an immediate response from the 1200.
Therearearangeof summarylevel commandshatareunavailableunderSCPI. For examplethe
complete contents of the data buffer can be returned with a single command.
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25Techniquesfor Making Low Current Measurements

Measurement of currents of around 10 nA and below requires some care to prevent unwanted
interferencehatcandistorttheresults. In particular,the conductorthatcarriesthe currentto the

1200 input (the sensitive node) must be carefully isolated and guarded to ensure unwanted
currents cannot flow into it.

Whenan unexpectedlizigh background offset current is seen, finst thingto do is tocheck
againwith the signalinput(s)disconnectedrom the 1200. Thiswill isolatethe problemto the
external measurement circuit, or within the 1200 itself.

25.1 Guarding and screening

If thesensitivenodeis separatedrom a voltagesource(suchasapowerrail) by aninsulating
layer, then a small current will flow through the finite impedance of the insulator.

+V Voltage source

l l l llnsulator

Figure 67. Offsetcurrentto unguardednput

For example, a 10 V conductor separated from the sensitive ndd&blgm of total resistance
would drivein 10 pA of backgrouncturrent. If theinsulationis compromisedy contamination,
then the problem is magnifiedhe solution is tgrovide a guard shield around the sensitive
node, at the same electrical potential, in a triaxial configuratieakages currents across
insulators now flow to the guard, where they do not affect the reading.
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+V Voltage source

l l l llnsulator |1

a ¥ N
v ) 1

I

Figure 68. Guardedinput

AC fieldsin theenvironmentaninduceAC currentan the sensitivenode. Dependinguponthe
frequencies and the integration time in use, these may appear as noise fluctuation in the signal.
An outer cable screen is used to shield the sensitive node from externallfieddsbination

with theneedto guardthe sensitivenode,theresultis thatthe useof triaxial cableis necessaryn

this case.

AYE [ — 2
U WAV, . ——
S$creen \—
Guard

VY
Figure 69. Guardedandscreenednput

Practical measurements have shown that triaxial cable is regetied for the 1200This is in
contrasto the Pyramidl400 device ,whereit is essentiabecause¢he signalinputscanbebiased
several hundred volts from grounid.is more important to minimize triboelectric noise (see
below).
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25.2 Temperature

Offsetfactorsaregenerallyexacerbately increasedemperaturesTemperaturductuationcan
appear as variation in the readinghen verysmall currents need to be measured, the
experimental arrangement should be temperature stabilized as far as possible.

25.3 Triboelectric effects

Whenthereis relativemovemenbf insulatorsandconductorsn signalcabling,freecharges
released.This is particularlythe case for the screen aaxial cable.The resulting potential
difference can drive small currents to the signal conductor across the high impedance of the
insulator. Additionally, charge may leak in directly if there are any breaks in the insulator.

Special lownoise cable is avable with graphite lubrication bonded to the insulator, to reduce
charge generation, and to conduct any released charge away harnBetdiyr 9016010100
low-noise RG58 coax cable has been tested and found to be satisfaEiguye 70 shows
triboeledric noise in amps caused Ogliberate flexing of coaxial cable for about ten seconds,
suchasmightoccurin amotionactuatorsystem.Noiseof about+/-1 nA wasseenwith standard
RG-58, but this was reduced to about 2% pA with lownoiseRG-58.
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¢e “Q?. ".; &
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0.00E+00 e 48 .s!oy.;f‘,.&-——. 0.00E+00 A A e
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f“-\ EEANOES
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.
{
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Figure 70. Comparisorof triboelectricnoisecauseduy flexing standardRG-58 (left) andlow-
noise RG58 (right)

Othermitigationsincludekeepingthe signalcablesshortandmotionless.

25.4 Battery Effects

lonic contamination, such as salt from fingerprints, which connects to the sensitive node, can
give batteryeffects, particularlyn the presence of moisture, which can drive unwanted currents.
Any insulatingsurfacesn contactwith the sensitivenodemustbe clean. Humidity levelsshould
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be suchthatthereis no moisturecondensationWhereverpossiblethe sensitivenodeshouldbe
insulated by vacuum aur.

25.5 Piezoelectric Effects

Ceramicandplasticinsulatorscanreleasechargevhenundermechanicastressywhich maybe
collected on the sensitive nodehe effect is generally small (less than 10 pA), and can be
avoided by eliminating stressesdables and connections.

25.6 Integration Period and Synchronization

The 1200 provides considerable flexibility in setting the integration time interval, and
synchronizing the integration to external evefise integration method is inherenggod at
averagng noise.Very low current currents generally require the smallest available feedback
capacitor and the longest practicable integration time to build up a reashiyurable voltage.
For example, a 1 pA current integration on a 10 pF feedteu#citor requires 10 seconds to
developl V. Backgroundffsetnoiseis alsointegratedpf course andcannotbedistinguished
from the signal.This sets the ultimate detection limit.

Theplotsin figure 71illustratehowa5 pA signalfrom asmallionizationchambetbecomes
clearly distinguishable from a reference background signal, and the noise reduces, as the
integration period is increased from 1 msec to 100 msec to 10,000 msec.

1 msec

2.0E-10
1.5E-10 A
1.0E-10 A : . i
5.0E-11 A ° vvu: o eo . :v u:uumu ° vu'vu © 0o o
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-5.0E-11 § "D ‘: 002 7 qu 0664 °: ) : oge : uou " 06033: ) : o ‘:d 1

-1.0E-10 - . S T
-1.5E-10

* Chl - ion chmbr = Ch2 - no signal

100 msec
7.0E-12

6.0E-12 4 R A
4.0E-12 1 a o .

3.0E-12 -
2.0E-12 A
10E-124 . L L
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10000 msec
6.0E-12

50E-12 90960009%4009080%609°° ;007990 5609050505004 908090,00 4565090069909 049% 9606990 0099¢5°0400969990 %9,
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3.0E-12 1
2.0E-12 A
1.0E-12 A

0.0E+00 T T 5 T
-1.0E-12 200 400 600 800 1000

‘ = Chl - ion chmbr = Ch2- no signal ‘

Figure 71. Separatiorof a 5 pA signalfrom backgroundjntegrationperiodsl msec0.1sec
and 10 sec.

Where there are known dominant noise frequencies in current measurements, for example line
voltageinterferencethesecanbesuppressetly choosinganintegrationperiodthatis aninteger
multiple of thenoiseperiod. Forexample, 50 Hz or 6Bz noisefrom thepower lineis present

in most environmentsThis can be completelgmoved in the 1200 bselecting the integration
period adollows:

Noisefrequency | Integration period choicesto eliminate noise

50Hz 20.00,40.00,60.00,80.00,100.00¢é . K x 20.00 msec

60 Hz 16.67,33.33,50.00,66.67,83.33,100.00,& . K x 16.67msec

Note that 100 msec is a useful integration tbeeause it suppresses both 50 Hz and 60 Hz
noise. Very small charge package measurements should be optimized by synchronizing the
integrationcarefullyaroundthearrival of the charge. This minimizestheamountof background
offsetcurrentthatis includedin thereading. Oftenthearrival of thecharges associateavith an

event in the system which can be used to drive the external gate input of the 1200 to obtain the
required synchronization.

25.7 Summary

Factor Typical noise Mitigation Typical noise
offset current after mitigation

Triboelectriceffectsin | 108 A Reducecablelengths. 1012A

cable

Keepcablefrom moving.
Use lownoise cable.

Current across 107 to 101° A Guardthe sensitivenode 1012 A

insulatordromvoltage Usetriaxial cable
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sources
AC interference 10%t0 10%°A Usedscreenedcoaxialor 1012 A
(AC) triaxial) cable
AC interference 10%t0 10%° A Use integration periods that | 1012 A
(AC) areanintegermultiple of the
dominant noise frequency.
Contaminatedhsulators| 108 A Cleaninsulatingsurfacesvith | 1013 A
solvent
Useair insulationwhere
possible
Keephumidity low
Piezoelectrieffects 10%2to 10 A | Avoid mechanicastresseand | Negligible

vibration, in the sensor and
cable.

ResistorJohnsomoise

<10™A

Nonei fundamentalimit set
by signal source resistance

Temperaturductuation | 10°to 10 A | Temperature stabilize the 10%%to 10 A
fluctuation wholemeasuremergpparatus | fluctuation
Elevatedemperature | 10'%to 10'* A | Reduce temperature of the | 10A

wholemeasuremergpparatus
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26 ServoControl Applications

Thel200with the-S1optioncontainsadditionalhardwareandsoftwareto allow it to controlany
processhatcanbecommandedby a0 to 10V analogoutputsignal,andwhich canbe monitored
throughoneor two smallcurrentsignals. Thel200-S1 calculatesa processsariablewhichis one
of five available arithmetic combinations of the two input signélse servo algorithm adjusts
theanalog output voltage in order to maintain a selected value of the process variable.

Althoughthel200 canin principle stabilizeanysystemthatmeetshesecriteria, thesenoteswill
focus on the Xay Double Crystal Monochromator intensgtabilizationapplication. Thei S1
option was developed initially with this application in mind.

26.1 DCM stabilization

A Double Crystal Monochromator (DCM) accepts a broad frequency spectrumanliation

from a source such as a bending magnet or insertion devaredlectron storage ring, and
produces a nearly monochromatic output beam by Bragg diffraction from two crystals mounted
onacrystalcage. The Braggangleandthuswavelengths selectedy a precisionrotarybearing.

Fine adjustment is achieved Aymicto-motor system such as a piezo motor driVee X-ray

beam intensity can be sensed by devices such as ionization chambers or photodiodes located
downstream and upstream of the DCM.

DCM
Sensor(s)
Sensor Outgoing
beam
Incoming
beam
0-10v
posn
Main cm
rotation Piezo
motor amplifier
control Amp
feedback

Figure 72. DCM componentselevantto servostabilization

Under operating conditions near the operating point, the output beam intensity variation as a
function of the piezo position command forms a wdelfined peak. Many X-ray experiments
require that the beam intensity after thenochromator is stable, despite small fluctuations in
themonochromatosettingor the primarybeam. This canbe achievedoy monitoringthe output
beam and adjusting the piezo drive to maintain intensity under servo control.
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In the simplest sensor system, a single beam intensity sensor such as an ionization chamber or
photodiode senses the beam intenddgwnstream of the monochromatan. this simplest case,

the procesyariableis simply the currentreadingfrom channelA, calledll in thePSIDiagnostic
software. The 1200 is perfectly suited to read out an ionization chamber, and can also provide
high voltage to the chamber if needddhe 1200 S1 option provides a higtesolution analog

output to program the piezo motor amplifier, and an auxiliary analog input to read the motor
position feedback.

The integrated 1200 profile function allows you to program a sweep of the analog output DAC
betweerdefinedlimits, andwith adefinednumberof stepsNsteps A currentintegrationis made

at each step, so the duration of the sweep is givésdxyNsteeps Clearlyit can be best to start

with a coarse profile, using full span, fewer stapd/or shorter integration, before refining the
range, number of steps and integration time to get a good measurement of the output beam
intensity as a function of the DAC output voltage.

Assumingthe DCM is positionedsothattherequiredpeakis within the piezorange theresponse
will show a weltdefined peak A simulated example is shown in figure 73.

8.00E-09

7.00E-09 -
6.00E-09 -
5.00E-09 -
4.00E-09 -
3.00E-09 -

Process value

2.00E-09 -
1.00E-09 -

0.00E+00 —
0 2 4 6 8 10

Control (V)

Figure 73. Simulatedsystenresponsdunction

Thegeneral experimental requirement is fatable and high beam fluxf an operatingoint is
defined on the side of the peak, towards the top, then a good compromise can be adteexed
there is scope for the servo to move up or down the peak to stabilize the current, but not too
much flux has been given uplativeto thepeak. Move the DAC to therequired operatingoint

by directcommandandnotethatthe expectecturrentis beingmeasuredThis currentvalue(the
process variable value) is the one that will become the servo target once the servo is enabled.
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8.00E-09

7.00E-09 -
6.00E-09
5.00E-09 - /\
4.00E-09 -
3.00E-09 A

Process value

2.00E-09 -
1.00E-09 -

0.00E+00 T T T T
0 2 4 6 8 10

Control (V)

Figure 74. Exampleoperatingpoint selection.Bluei userselectedAC setting;orangei
corresponding measured current that will be used as the servo target

In orderto reducetherisk thattheservolosescontrolif thereareextremeperturbationsyoucan
set low and high excursion limits on the DAC output.

8.00E-09
7.00E-09 -
6.00E-09 -
5.00E-09 -
4.00E-09 -

3.00E-09 -

Process value

2.00E-09 -
1.00E-09 -

0.00E+00 ‘
0 2 4 8 10

Control (V)

Figure 75. Limits seton control parameter(DAC voltage)

26.2 Process parameter options

Thel200-S1allowsselectionof five possibleprocesgparametershatwill bestabilizedby the
servo. The options are various arithmetic combinations of the two input signals, 11 and 12.

1 11

2 11+12
3 11712
4 11712
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| 5 | (117 12)/(11+12) |

Modesl and?2 aretypical for detectorsystemsntheoutputsideof aDCM. Mode4 allowsthe
output flux from aDCM to benormalized to thénput flux, so that theervowill not respondo
variations in the beam, but only to variations introducethbyDCM. Mode 5 allows
stabilization on the signal from a edeanensional position sensor such as a split electrode ion
chamber.

26.3 Process parameter normalization

Someservo applications mayork best if you make the servo insensitive to a particular external
effect. For example, you maequire the servo to respond to mechanical drift in the DCM or
otherbeamlinecomponentshut notto theslow dropin thecirculatingcurrentin thestorageing.

In modes 1,2 and &eservo would attempt to compensate itbgultingdrop in flux, and would
probably run out of control range at some stage.

Thel200-S1allowsthis externalparameterP, to beremovedrom theservoresponsdy
normalizing the two current readings before they are passed to the calculation.

11 becomes$l/P
12 becomed2/P

Thusif themeasureaurrentsonthel200inputsaredirectly proportionalto P, anychangedueto
variation in P icancelled.The 1208S1 cannot measure P directly, but you can pass it a value
that has been measureddiiter means via the communication linlkis can be done at any
time, including while the servo is runnindgn between updates to the value of P, theswvill

be responding to its effect on the readings, buidiyg a suitable rate of updates, you can
remove effect of its longer term drift.

Notethatthevalueof Pisirrelevantin servomodes4 and5, asit simply cancelout.

Process parameter nornzaltion is included in firmware release 4.0E and later.

26.4 Servo algorithm

Thel200implementsa Pl (proportional integral)servoin firmware. New valuesfor the control
voltage (DAC output) are given by

DACout = DAClnitiaI + kProp'err + kIntegral a. err

whereerris thedifferencebetweernthetargetprocessialue, measuret thetime the servowas
enabled, and the latest measured vakigp and knegraiare the servo term®ACinital is the
starting DAC value that the 1200 wpsatting out when the servo was enabl&te sum term
keeps a running total of the errors since the servo was enabled.

Theupdateperiodfor theservocalculationis userdefinable,in therange5 msec(200Hz) to 255
msec (3.92 Hz)Note that this periodsinot linked to the integration frequendyccording to
how you set these two parameters, there beag new process value for evegrvo iteration,
many more process values than are used, or multiple use of the same process value.
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The err value either has units of current or charge (modes 1, 2, 3), or is dimensionless (modes 4,
5). If you are using process parameter normalization, and theafritare also convolvedn

order to keep the magnitude of the servo terms similar, the values that the user enters are
normalizedo thefull-scalecurrentfor modesl, 2, 3. Actual valueswill dependgreatlyuponthe
application, but should be in thange 0 to about 100.

If theDAC.ut valuereacheshelower or upperuserdefinedby theuser the servocalculationis
suspended except in that agy values that would tend to move the control value off the limit
are added to the surithis allows the s&o to move back from the limit automatically if the
error terms permit.

If the userdefined low limit for 11 + 12 is reached, or if either of the inputs goes overrange, the
servois suspendedThel200 continuedo put outthelastoutputuntil thecurrent(syecoverover
the low limit.

26.5 Servo tuning

If you are holding a position on the left hand side of a positive peak in the mode 1 process
parameter case, as shown in figure 74, then the servo parameters nepoasiovee This is
because a posre error (meaning the actual process value is below the target) requires an
increasan controlvalueto moveup thesideof thepeak. Conversely stabilizingon theright

hand side of the peak will require negative valuesnerally, the servparameters will be
positiveif the processesponse&urvehaspositiveslopein theregionyouwish to stabilizein,

and vice versa.

Be careful to set the low and high servo limits corredfiyhey are too tight, then the servo will
notbeableto follow thefull rangeof perturbationsif theyaretoowide,theservomayin f a f f 0
the peak, or move over the top of the peak.

If the response of the system to control inputs has negligible lag, then ydinthéhat only

integral control isxecessarylf there is lag, then adding proportional term will improve the
responsd¢ime. Too muchof eithertermwill maketheloop unstableandthe control outputwill
start to oscillateThe following simulated example shows how tuning the loop migitqed.

Initially with bothservotermssetto zero,the systemis unresponsivéo changesn the process
value.

5.50E-09

5.00E-09 -

4.50E-09 -

4.00E-09 -

Process value

3.50E-09 -

3.00E-09

0 10 20 30 40 50 60

Time

‘ —— Process target —— Process actual ‘

Figure 76. Examplesystenresponsevith no servo.
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If we nowintroducesomeintegralterm,thesystemstartsto respondo the perturbations.

5.50E-09
5.00E-09 -
3]
=}
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]
8 4.00E-09 -
a
3.50E-09 -
3.00E-09 T T T T T T
0 10 20 30 40 50 60
Time
‘—Process target —— Process actual ‘

Figure 77. Systemiesponsavith integral servoterm.

Increasingheintegraltermleadsto someoscillationdueto phasdagin thesystem.
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Time
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Figure 78. Systenresponsavith excessiventegral servoterm.

Adding someproportionaltermdampsthe oscillation.

1200 User Manual 1200_UM_250722 Page 127 of 147




PSI System Controls and Diagnostics

5.50E-09
5.00E-09 -
3]
=}
'S 4.50E-09 -
1]
]
8 4.00E-09 -
a
3.50E-09 A
3.00E-09 T T T T T T
0 10 20 30 40 50 60
Time
‘—Process target —— Process actual ‘

Figure 79. Systemiesponsevith integral andproportional servoterms.

Both termscannow beincreasedn stepsuntil atendencyfor instability become®vident.
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Figure 80. Systemresponsat stability limit.

You shouldthenbackoff the settingsuntil anytendencyfor instabilityis eliminated.
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Figure 81. Systemresponsevith optimizedntegral and proportionalterms.
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27The -100AB Option

The 1200100AB is a special order option of the 1200 which allows you to have a factor of 100
differencein sensitivitybetweerninputchannelsA andB. Thiscanbeusefulparticularlyin servo
applications that involve a ratio of the twignals (servo mode 4As an example, a double
crystal monochromator application can involve one sensor monitoring at the input beam and
another lookingat the monochromated beam which can be hundreds of times lower intémsity.
order to optimize the sl to noise ratio and resolution with this large intensity ratio, it can be
compensated with a corresponding sensitivity ratio between the two 1200 input ch&mels.
1200 with both servo options and tHEDOAB option is designated 12681-100AB.

A specid hardwarenodificationin the-100AB versionprovidesthis feature. Thefeedback
capacitor selection is altered to be as follows:

Capacitorselection Input A Input B
Smallii 1@F o 10pF 10 pF
Largefi 1 0RO 10pF 1000pF

Note that the unibperates normally when the small capacitor is selestdten the large
capacitoiis selectedhoweveronly channeB changedo thelargercapacitor.Theresultis that
channel A now has one hundred times higher sensitivity, and correspondingly lovgealeill
current, than channel B for any setting of integration time.

Thel200 firmwareneedgo beawarethatthe hardwareoperateshisway. Any versionof FPGA
code9.1.11orlaterandPIC devicecode4.0Cor latercansupportthe-100AB option. A jumper
setting on the 1200 circuit board enables the correct firmware featiuegers are fitted on
positions 5 and 6.

CAUTION

Do not setthesgumpersfor standard200 units, or youwill getincorrectreadings.
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Figure 82. Internal jumpersettingfor the-100ABoption.
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28 Updating firmware

Thel200hasthreeembeddedirmwarereleases.

Firmware Function

FPGA(.fhex or.poffile) Generalogic, loopmessaggassthroughADC readingand
averaging

PIC Boot (.hexfile) Boot up, codeupload

PIC Application(.hexfile) | Main application;calibration,conversiorto floating pointvalues,
range control, HV PSU control, 1/0 readback, host
communications, SCPI instrument model.

The PIC microcontroller boot cod#ould never need updatinGhanging it requires access to
thecircuit boardanddedicategprogrammingoolsto loadnewcode. If thebootcodedoesneed
to beupdatedyour supplierwill contactyouandmakearrangementsitherto returntheunit for
upgrade, or to have an engineer call.

Do notattemptto updatefirmware unlessyou aresureyou haveareliablecommunications
channel and a reliable 24 V power supply for the 1200.

28.1 Updating PIC (Device) code

New code for the Pl@icrocontroller can be uploaded using either PTC Diagnostic program.
The upload does not affect calibration factoksy measurement in progress will be stopped.
Theexamplehereis usingthe PTCDiagnsoticGXoftware.Pressi U p dRAGCeo d e @nthe
Propeties pane A dialog will open to allow you to select the .hex file.

1200 User Manual 1200_UM_250722 Page 131 of 147




PSI System Controls and Diagnostics

¥
<
C

B
‘aBbRBR

Figure 83. Selectinghe.hexfirmwarefile (PTCDiagnosticG2).

Thecodeuploadwill startandtheprogresss displayed.

1200_1 {Loop: 5

1200 E B [

Initiate Stop

Properties

Firmware
Update PIC Code...

Update FPGA Firmware...

Device 4.0.€

9.1.12

Current (nA)

Updating Firmware

DO NOT TURN OFF DEVICE POWER
DO NOT CLOSE THE DIAGNOSTIC

Time Remaining: 36 seconds

Time (seconds)

N v e Zero %3 \_Scope /\_Histogram /

Data

>
13122 Samples g k=l

Properties

Setup
State: Busy

Last Error 1 B Calibration

Figure 84. PIC firmwareuploadin progress(PTC DiagnosticG2).

Whenthe uploadis completethedevicewill restartautomaticallywith the newcodeandwith
the normaldefault startup settings.
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28.2 Updating FPGA code

The FPGA code handles the léavel timing and control of the 1200t can be uploaded using
the PTCDiagnosticG1 or PTC DiagnosticG2 softwaiew code releases will be provided by
your supplier,or canbe downloadedrom the PyramidTechnicalConsultantsinc. website. The

upload can be performed directly from the PC host vic2BSor USB, or routed &ian A360,
A500 or A560 controller.

TheexampleshownhereOntheDevicetab,click thefi S e Lfreexfti buttamandnavigateto
the relevant file.The code will then loadThe process takes a few minut&®u will then be
prompted to reboot th@evice to launch the new FPGA code.

A\ PSI Loop Diagnostic v4.158
Actions Options Window Help

2 Hl 00 O

& Sysem EREERIES
E-gh COM1 A\ 120065) - Address 5 0n COM1 [= ==
-8 1200(5)
0 ey | : Pe
i
A Upload FPGA firmware application code %
« « 4 || « PTCSoftware > Firmware > 1200 v 0| | Searchi2o0 »
Organize ¥ New folder v @M @
#FGiigass & Neme 2 Date modified Type Utilities

| 1200_FPGAD9-1-12_110114.fhe 1/14/2011 5:45 PM FHEX Fil =
B Deskiop

% OneDrive
|5 Documents

L Y

[&] Pictures

~Upload Application —
j Select hex file
| AS00 j
LA v < >

Upload FPGA
Fliename]|ZOD_FPGADB-1-12_110114Afhex v| | FPGA Firmware (*fhex) v|
o ;
- | 0000004682 ] N o "‘v“‘zsﬂ's"' - ‘

S &/
o

Figure 85. Selectinghefhexfile to load (PTCDiagnosticG1).
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Figure 86. PIC firmwareuploadin progress(PTC DiagnosticG1).

28.3 Updating FPGA code using the Altera USB Blaster accessory

Old FPGA versions were not able to be updatedpgdgad from the PTC Diagnostitt is also
possiblethatthe FPGA codegetscorruptedby abaduploadsothatthe 200 will notbootup. In

this case the 1200 must be recovereddsgrogramming the FPGA using a programming
adaptor.Pyramid does not recommend this as a normal field service activity, as there is risk of
damage to the device from mishandlin@gEor other causes, and your warramiyy be void.

Only follow thisproceduref you havebeenspecificallyauthorisedy Pyramidor your supplier.

28.3.1 Access the programming connector
Thework areashouldbe cleanandESD-safe. WhenhandlingtheexposedCB,wearan ESD
strap and avoid touching the board, especially the area around the signal input.

Removeeight M3 hex head screws teleasehe bottom cover of thease.Removethe locking
nutandwasheron the powerconnector.RemovethreeM3 screwsto releasehe PCBandsignal
input end panel from the case.

Connecthe Altera USB Blasterprogrammeto thehostPC.

Connect the header connector of the Altera USB Blaster, aligning the pin 1 indicators and
ensuringthe connectoiis not offset. Whentheconnectioris confirmed,connec24V powerto
the 1200.
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Figure87. ConnectingheAltera USBBlaster.

Startthe AlteraQuartudl Programmeapplication. Ensurethatthe USB Blasteris shownasthe
active programming deviceSelect Active Serial Programming as the mode:

de:. |Active Serial Programming v

@ addFie...
Click Add File - w . Selecttherequired.poffile.
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Figure 88. Selectinghe.poffile.
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Figure 89. File loadedandreadyto program.
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Figure 91. Programmingcomplete.
Disconnec4V power,disconnecthe programmingheader.
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Re-assembl¢éhe PCBinto thecase:
- ensurgheplasticwasheris mountedon the powerconnectionnsidethecase
- fit threeM3 screwgfinger tight, do not overtighten)andthe powerconnectiormetalwasher

and nut
- putthebasen position(theremaybea specificorientationwhich placesnsulationoverthe HV
module) and fit the eight M3 screws

Powerup andconnecto the PyramidDiagnosticprogram. Checkthatthedeviceconnectsand
that the expected FPGA version is displayed on the Device tab.
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29 Fault-finding

Symptom PossibleCause

Confirmation

Solution

High backgrouncaturrent Resistivepathto signalinput
due to missing or broken

guard.

Disconnect input
backgrounghouldreduceo
specificaton levels

Ensuregoodguardintegrityall
the way to the signal source.

High humidity

Problemvarieswith relative
humidity.

Ensure there are no water
absorbeninsulators.Reduce
the humidity levels.

Internalcontamination.

Background currentemains
highwith inputsdisconnected.

Contactyour1200supplierfor
advice or to organize a returr|
for cleaning.

High noiselevels Integrationtimetoo shortfor

signal being measured

Noiselevelreducesvith
integration period

Useanappropriatentegration
time for the signal level.

RF pickup

Noise varies with cable
position,statusof neighboring
equipment.

Checkintegrity of outer
screen®f signalcables.

Line voltagepickup

Noise level drops sharply if
integrationperiodis 16.7msec
(60 Hz) or 20 msec (50 Hz)

Keepl200andsignalcables
clear of unscreened high

current mains voltagdJse

integration periods (N/line
frequency).

No signal Smallsignallostin noise

Signalappearssintegration
period isincreased.

Uselongerintegrationtime.
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Signaldoesnotvaryas
expected

Integratorsareoverrange.

Overrangdlagsareset,signal
recovers if integration period
Is reduced.

Reduceheintegrationperiod
or use the larger feedback
capacitor.

Measurecturrentor charges
are inaccurate by up to 15%

Unit not calibrated.

Calibrate.

Calibrationwascarriedout
while a signal current was
present.

Internal calibration source
does not measure as 500nA
with all inputsdisconnected.

Repeatalibrationwith no
external signal present.

High backgrounaffset Variouscauses Referto section21.
current

500nA backgroundnall Internalcalibrationsourcehas Turnoff calibrationsource.
channels. been turned on.

1200 stopsmeasuring

Triggerpointslimit reached.

Measuremendtartsagainif
1200 is reinitialized.

Adjusttriggerpointsas
required.

Databufferfull.

Measuremendtartsagainif
1200 is reinitialized.

Adjustdatapointsasrequired
and/or turn on data buffer
wrap.

Communicatiodink timeout

Investigate and fix
communicationsssue.Usea
longer timeoutetting.

No orincorrectrespons¢o
external trigger or gate

Incorrectgatepolarity
selected.

Usecorrectpolarity.

200 notconfiguredto respond
to external gate.

Usecorrectsetup.

No highvoltage

Shortedto groundin external

Monitor HV readingzeroor

Eliminateshortsto ground.
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circuit

very low relative to setpoint.
Monitor valuerecoversf 1200
disconnecteffomtheexternal
circuit.

Cannotsethigh voltage

Trying to set above the
maximumallowedvaluesoft
limit.

SetsOK if alowervalueis
chosen.

If allowed, increase the
maximumallowedvalue.

Unableto communicatavith
200

Wrongmodeswitchor
addressetting

Check mode switch setting
againstablein sectionl6and
address against expected
address in host software.

Usecorrectswitchsettings.
Switches can be changed
while the unit is operating.

Unableto connecobnfiber
loop

Connectosstill fittedto RS232
or USB

RemoveRS232andUSB
connectors.

Communicationgterruptions

Other processes on PC host
interferingwith commsports.

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

Unableto connecion USB

Missingor incorrectUSB
driver.

Deviceconnectedonenot
heardwhenconnectinghe
USB cable.

Install correctdriver. Referto
the 1200 Software Manual.

Unableto connecbn RS232

Anotherprogramis usingthe
COM port.

Try to accessherequiredport
with WindowsHyperterminal.

Choosenothemportor close
down the other program.

Incorrectportsettings.

Try to connectwith the.htm
file supplied with the unit.

Correctthesettings.

Incorrectcable.

Makeup asuitablecable. See
figure 5.
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30Maintenance

Thel200doesnotrequireroutinemaintenanceThereis risk of contaminatiorwhich may
degrade performance if tltase is openedlhere are no useserviceable parts inside.

A\

CAUTION. High voltagesarepreseninsidethecase.Do notopenthe casewhenpoweris
applied.

Thel200is fitted with a1.1 A automaticallyresettingpositivetemperatureoefficient(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.
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31Returns procedure

Damagedr faulty unitscannotbereturnedunlessa ReturnsMaterial Authorization(RMA)
numberhasbeenissuedby PyramidTechnicalConsultantsinc. If youneedto returnaunit,
contact Pyramid Technical Consultantsapport@ ptcusa.corstating

- model
- serialnumber
- natureof fault
An RMA will beissuedjncludingdetailsof which servicecenterto returntheunit to.
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32 Support

Manual and software driver updates are available for download from the Pyramid Technical
Consultants website atww.ptcusa.com Technical support is available by email from
support@ptcusa.comPleasegrovidethemodelnumberandserialnumberof your unit, plus
relevant details of your application.
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33Disposal

We hope that the 1200 gives you long and reliable servibe.|1200 is manufactured to be
compliance with the European Union RoHS Directive 2002/95/EC, and as such should not
presentanyhealthhazard.Neverthelessyhenyour 1200 hasreachedhe endof its working life,
you must dispose of it in accordance with local regulations in fdfg@u are disposing of the
product in the European Union, this includes compliance with\taste Electrical and
Electronic Equipment Directive (WEEE) 2002/96/ERlease contact Pyramid Technical
Consultants, Inc. for instructions when you wish to dispose of the device.
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34 Declaration of Conformity

Declaration of Conformity

Issued by: Pyramid Technical Consultants, Inc.
1050 Waltham Street, Lexington MA 02421, USA

The undersigned hereby declares, on behalf of Pyramid Technical Consultants, Inc. that the
referenced product conforms to the provisions as listed. Refer to the document: Extension of testing
and analysis to the PTC product line, December 10, 2007 and the 1400 Technical Construction File
for detailed testing information.

Product: 1200 Dual Charge Integrator
Year of initial manufacture: 2007
Applicable Directives: 73/23/EEC Low Voltage Directive:

Laws for electrical equipment within certain voltage limits

89/336/EEC — EMC Directive:
Laws relating to electromagnetic compatibility

Applicable Standards: IEC 610101:2002 (2™ Edition)
UL 61010-1:2004
EN 61326: 1997+A1:1998+A2:2001
EN 55011:1998, A2:2002
EN 61000-6-2:2001 — Electromagnetic Compatibility
Generic Standard, Immunity for Industrial Applications

Issuing Agencies: Safety: TUV Rheinland North America.
12 Commerce Rd, Newtown, CT 06470 USA

EMC: TUV Rheinland North America.
12 Commerce Rd, Newtown, CT 06470 USA

Applicable Markings: TUV, FCC, CE

Authorized by: /? ﬁ 6%

President, Pyramid Technical Consultants, Inc.

Date: '{—Apf‘ 0%

The Technical Construction File required by theses Directives are maintained at the offices of Pyramid Technical
Consultants, Inc, 1050 Waltham Street, Lexington MA 02421, USA

A copy of this file is available within the EU at the offices of Pyramid Technical Consultants Europe, Ltd, 2
Chanctonbury View, Henfield BN5 9TW, United Kingdom.

1200 User Manual 1200_UM_250722 Page 146 of 147




PSI System Controls and Diagnostics

35RevisionHistory

Thereleasalateof a PyramidTechnicalConsultantsinc. usermanualcanbe determinedrom
thedocumenftile name whereit is encodedsymmdd. For example 200 _UM_080105vould
be an 1200 manual released on 5 January 2008.

Version

Changes

1200_UM_071205

Firstgeneralelease

1200_UM_080721

Defaultsignalconnectorghangedrom triaxial to coaxial
ExternalGate trigger mode removed.
CE conformanceertificateadded.

1200_UM_080821

Descriptionsandexampleof 20 psectime resolutionadded.

1200_UM_100526

Add VOLTagecommandnissedrrom ASCII list.
Add sectionon disposal

1200_UM_110905

Add Overviewsection
Add descriptionof servoprocesgparametenormalization
Add section onr100AB option

1200_UM_160905

Add sections oiagnosticG2 and IG2/EPICS software.
Correcterrorin ASCII tablefor pointsin profile command.
Add section on firmware updates.
Generalupdateandminor corrections.

1200_UM 250722

Updated address and removed outdated references
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