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3 Safety Information

This unit is designed for compliance with harmodieéectrical safety standard EN61010-
1:2000. It must be used in accordance with itgifipations and operating instructions.
Operators of the unit are expected to be qualedonnel who are aware of electrical safety
issues. The customer’s Responsible Body, as dkfinthe standard, must ensure that operators
are provided with the appropriate equipment anditrg.

The unit is designed to make measuremenkdaasurement Category las defined in the
standard.

CAUTION. According to installed options the F4&&hagenerate high voltages as follows,
present on the central conductor of the SHV (Sadgh Moltage) output connector.

+ or — 3000 V DC at 0.33 mA maximum.
Tor — 2000 V DC at 0.5 mA maximum.
Tor — 1000 V DC at 1.0 mA maximum
Tor — 500 V DC at 2.0 mA maximum

or
+ or— 200 V DC at 5.0 mA maximum

The hazardous live voltages on the SHV central gotwt are not accessible under the
definitions of EN61010 but may nevertheless givemticeable shock if misuse were to lead you
to come into contact with them. The user mustetoge exercise appropriate caution when using
the device and when connecting cables. Power dhmuturned off before making any
connections.

The unit must not be operated unless correctlynalskesl in its case. Protection from high
voltages generated by the device will be impaifeda unit is operated without its case. Only
Service Personnel, as defined in EN61010-1, shatidsnpt to work on the disassembled unit,
and then only under specific instruction from Pyimechnical Consultants, Inc.

The unit is designed to operate from +24 VDC powath a typical maximum current
requirement of 300 mA. A suitably rated power dyppodule is available as an option. Users
who make their own power provision should ensua tihe supply cannot source more than
3000 mA.

A safety ground must be securely connected to rivengl lug on the case.
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Some of the following symbols may be displayedtanunit, and have the indicated meanings.

Direct current

Earth (ground) terminal

Protective conductor terminal

Frame or chassis terminal

Equipotentiality

Supply ON

Supply OFF

CAUTION — RISK OF ELECTRIC SHOCK

BPO—<4¢++® 1|

CAUTION — RISK OF DANGER — REFER TO MANUAL
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4 Models

F460 lonization chamber controller with 128 elesteter channels, and one
multi-range |-V converter / gated integrator chdnne

-XP30/20/10/5 Add positive HV bias supply 0 to 3000 V / 2000 Y000 V / 500 V
HV output, 1 watt

-XN30/20/10/05 Add negative HV bias supply 0 to -3000 V / -2000 \2000 V / -500
V HV output. 1 watt

-XP002 Add positive LV bias supply 0 to 20 V

-XN002 Add negative LV bias supply 0 to -20 V

-S1 Add servo control option

-IM10 Highest current range 10 mA (1 mA is stanglard

Only one bias output option can be installed.

Example:
F460-XP10-S1

F460-XN10

F460 User Manual

F460 with +1000V positive high voltdges output and servo control
option.

F460 with -20V negative low voltage boagput.
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5 Scope of Supply

F460 model as specified in your order.

PSU24-40-1: 24 VDC power supply with 2.1mm threbg@dek connector and C14 line input.
ADAP-D9F-MINIDIN : D9F to six-pin mini-DIN male aaptor for serial communication
ADAP-LEMO-BNC: Adaptor coaxial, Lemo 00 male to BNack

USB memory stick containing:
F460 User manual
PTC DiagnosticG2 software installation files
Terminal emulation program for testing ASCII commaation
Test data

Optional items as specified in your order.
OEM customers will receive only components relevartheir application.
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6 Optional Items

6.1 Power supplies

PSU24-40-1 +24 VDC 40W PSU (universal voltage tnplug receptacle for standard IEC C14
three-pin socket) with output lead terminated thram threaded jack.

PD-8 Eight output +24 VDC power supply unit, 18tk mounting.

6.2 Signal and high voltage cables and cable access  ories
CAB-BNC-COLN-xx-BNC: Cable, coaxial low-noise, BN&ck to BNC jack, xx feet long.

ADAP-LEMO-BNC: Adaptor, coaxial, Lemo 00 male t&NB jack (fig 1 left).
ADAP-BNC-LEMO: Adaptor, coaxial, BNC jack to Lent® female (fig 1 right)

Figure 1. Coaxial adaptors, Lemo — BNC

Note: only one adaptor ADAP-LEMO-BNC can be coneddb the F460 at one time due to
mechanical space constraints. If you intend toalisef the TTL monitor outputs, we
recommend using Lemo to Lemo miniature coax (RG-dr7@milar), and adapting to BNC if
necessary at the receiving end using ADAP-BNC-LEMO.

CAB-L00-xx-L00: Cable, coaxial, Lemo 00 to Lemo, 8@ feet long
CAB-SHV-xx-SHV Cable, coaxial HV, SHV to SHV, xedt long.

6.3 Data cables
ADAP-D9F-MINIDIN : AB450K-R RS-232 6 pin DIN mal® 9 pin D sub female adaptor.
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Figure 2. Serial adaptor cable

CAB-ST-xxP-ST Fiber-optic cable 1 mm plastic fil&F terminated with color-coded sleeves,

xx feet long.

CAB-ST-xxHCS-ST Fiber-optic cable pair 200 pmcsilfiber ST terminated with color-coded

sleeves, xx feet long.

F460 User Manual
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7 Intended Use and Key Features

7.1 Intended Use

The F460 is intended to read out up to four inputents in the typical range +/-1 nA to +/-1
mA. Higher maximum currents can be specified. Gimeents may be signals from photodiode
beam position monitors, Faraday cups, ionizaticandbers or other similar sensors. The 250
kHz maximum conversion rate permits good time rgsmh of fast-changing signals.
Independent channel gain control allows signalfedifg by many orders of magnitude to be
measured simultaneously. The F460 can of coursséd in any application where several
small currents must be simultaneously measured.

The F460 includes a powerful real-time processdrraemory which allows it to filter, analyze
and buffer incoming data as fast as it is gathered.

Many sensors require a voltage bias voltage. A&®Ean be configured to include a suitable
supply. There are a range of high voltage modaNedable up to 3kV suitable for sensors like
proportional chambers, ionization chambers, Faradaysuppression and electron multipliers.
The is a 20 V low voltage bias source suitabldlior-film detectors such as diamond. Note
however the incoming signals to be measured mugtdend-referenced.

The F460 can be specified with a PID servo corarolA process variable is formed by
arithmetic combination of the incoming signals, #mel value of an analog output is adjusted to
keep it constant. A typical application is stat@tion of the flux from a double-crystal X-ray
monochromator, but it may be used for any apphbcetvith similar requirements.

The primary means of communication with a host cat@psystem is Ethernet. A serial
interface is also available with ASCIl communicasgrotocol to allow simple connection to
legacy systems. The F460 also provides a fibec-gpimmunication channel which allows it to
control slave devices or to be a device on a laoyroller network. A complete system can be
built up around a single F460 in many cases.

The F460 has design features which make it tolerbelectrically noisy environments, but the
place of use is otherwise assumed to be cleanteitbsed, for example a laboratory or light
industrial environment. The unit may be used staode, or networked with other devices and
integrated into a larger system. Users are asstoneel experienced in the general use of
precision electronic circuits for sensitive meameats, and to be aware of the dangers that can
arise in high-voltage circuits.

7.2 Key Features

Highly-integrated and compact device with on baggihal conditioning, analog to digital
conversion, calibration, data buffering and hoshownications.

Four fully-parallel current measurement channels.
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Independent range control on each channel.
Optional high voltage or low voltage output for elebr biasing.

General purpose parallel input/output port withlagautputs and inputs for monitoring and
optional servo control.

Digital outputs (TTL) for monitoring (VFC emulatipn

Gate input and output for triggering on externadreg, and trigger distribution.

On-board precision calibration source.

On-board position function calculation.

Servo controller option.

Ethernet interface with TCP/IP and UDP messaging.

Alternative RS-232, RS-485 and fast fiber-optidalenterfaces built-in. Selectable baud rates.
Slave devices can be connected to the F460 vifibireoptic interface.

The F460 can be a device on the fiber optic netwbikloop controller.
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8 Specification

Current inputs

Number

Four, independent parallel

Operating principle

I-V converter (transconductamplifier) with four ranges.

Input impedance

< 40 ohm

Protection

Back to back diodes and spark gaps

Dynamic current range

0.1 nAto 1 mA, bipolar.

Noise

< 0.01% full scale rms, 1 msec averaging.

Absolute accuracy

Readings within +/-0.1% fulllsa&lative to a traceable
external standard.

Drift

Output drift < 10 ppm hr-1 + 5 ppm C-1 hmwith recalibration

Output drift < 20 ppm hr-1 + 10 ppm C-1 hr-1 witthou
recalibration.

Analog bandwidth

DC to >=40 kHz (- 3dB)

Gain uniformity

Better than 0.1% across all chdsadter calibration

Digitization

16 bit successive approximation, 25{x.

Downsampling

Averaging adjustable from 1 (4 pusexqul) to 250000 (I sec
period)

Simultaneity

All channels converted at once (witBDO nsec)

Accumulation

Charge accumulation provided via namiategration

Calibration

Method

Fully automated calibration of current itgpusing internal
current sources.

Calibration currents

Two internal precision caitoon sources, 833 nA and 83.06
A, used for automatic calibration.

Calibration values

Gain and offset stored in NWWRdach range of each channe].

Sensor compensation

Independent calibration iapailable to compensate sensor
variability.

Other calibrations

Gain and offset parameterssdtfor general purpose analog
inputs and outputs, and for high voltage.

Triggering and buffering

F460 User Manual
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Data buffering

On-board buffering of up to 500@htiguous readings at any
data rate up to maximum.

Gate input

TTL signal on gate input can start,sgaand stop acquisition.
Input impedance 2.5 kohm

Trigger modes

Internal (autorun)
Custom control of start, pause and stop conditinsg gate
input and internal buffer counts.

Monitor outputs and general-purpose input/output

Analog inputs

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

Analog outputs

Four, 16 bit +/- 10V (used for geand monitor outputs).
Accuracy better than +/-0.1% of full scale.

Digital outputs

Four, TTL levels into 50 ohms (dg$er monitor outputs)

High voltage bias output options

Number

One (optional).

Output power

1 watt

Voltage options

20 to 200 V. Line <0.01%, LoadG8%, Ripple <0.01%
50 to 500 V. Line <0.01%, Load <0.01%, Ripple <G®1
200 to 2000 V Line <0.001%, Load <0.01%, Ripple040s
300 to 3000 V Line <0.2%, Load <0.3%, Ripple <075

All options available as positive or negative pityaffactory
selection)

HV monitoring

Voltage divider on output (20 Mohm) bit digitization with
calibration.

Low voltage bias output optio

ns

Number

One (optional, alternative to high voltage)

Voltage options

0 to 20 V. Load <0.05%, RippleGDmV

Available as positive or negative polarity (intdrjuanper
selection)

Output current

> 20 mA

Accuracy

Better than +/- 0.01 V

HV monitoring

Voltage divider on output (110 kohrip bit digitization with
calibration.

F460 User Manual
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Communication interfaces

Ethernet Ethernet 10/100/1000 Base T, TCP/IP dbg U

RS-232 115.2 kbps, serial

RS-485 115.2 kbps, serial

Fiber optic 10 Mbps, binary serial protocol, fantrol of slave devices and

integration into Pyramid systems architectures.

Controls and indicators

Controls Rotary switches for communications maaie fiber optic loop
address.
Push button processor reset.
Indicators Four green status LEDs.
“HV on” orange LED.
Power input
Voltage +24 VDC (+/-2 V)
Current 300 mA typical, 500 mA maximum. 500 mAQPiuse.
Case

Format and materials

Stainless steel sheet magalwith mounting flanges.

Protection rating

The case is designed to ratt#gI(protected against solid
objects greater than 1mm in size, protected agaprslying
water).

Weight

1.28 kg (2.82 Ib)

Dimensions

(see figures 4 and 6).

Environment

Operating

10 to 35 C (20 to 30 C recommended)
< 70% humidity, non-condensing
vibration < 0.1g all axes (1 to 100Hz)

Shipping and storage

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

F460 User Manual
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ANALOG 1/O
9-PIN D-SUB
4X
SIGNAL-IN
GROUND LUG BNC
M3

4X
TTL OUT
LEMO COAX

TTL GATE IN
BNC

HV OUT
SHV

RS-232
RS-485

FIBER-OPTIC RX
FIBER-OPTIC TX
STATUS LEDs

"HV-ON" LED

ETHERNET
COMMS MODE SELECTOR
ADDRESS SELECTOR

+24VDC i }

FRESET SWITCH
T

1 I

POWER IN \|

Ven
(:D)
N2

Figure 3. F460 front and rear panels (models wit¥i bias option).
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Figure 4. F460 case plan and side views (models WV bias option). Dimensions mm.
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4x
ANALOG I/0 TTL OUT
9-PIN D-SUB LEMO COAX
4X TTL GATE IN
SIGNAL-IN BNC
GROUND LUG BNC LV BIAS OUT
M3 BNC

9998

"HV-ON" LED
RS-232
RS-485 ETHERNET
FIBER-OPTIC RX COMMS MODE SELECTOR
FIBER-OPTIC TX ADDRESS SELECTOR
STATUS LEDs FRESET SWITCH
T

I ] 1

+24VDC __
POWERIN \| \

Figure 5. F460 front and rear panels (models withbias option).
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Figure 6. F460 case plan and side views (models W bias option). Dimensions mm.
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9 How the F460 works — an overview

The F460 is a very flexible instrument which usésgh performance current to voltage
conversion circuits, fast ADCs and powerful on-labarocessors. This section gives you an
overview of how incoming signal current is turnatbireadings, and the main features of the
device. Full details are in the later sectionthed manual.

icr:1h A _—_<][> Comms

ChB
in [> >_\: ADC Monitor outputs
ADC

voltage
ADC Processor

ChD
in

Monitor outputs
frequency

Current to voltage

conversion q Gate

Figure 7. F460 block diagram.

The F460 has four parallel input channels whichveainsmall currents to measureable voltages.
The full scale ranges for the conversions can degandently set for each channel. The voltages
are measured simultaneously by ADCs (analog tdaligpnverters). The resulting binary values
are converted to current readings in amps by applyalibration factors. These currents can be
requested over the communication link, and are @dgal to drive the monitor outputs. Let’'s

start by looking at the measurement process ittl@ thore detail.

9.1 Current measurement process

The simplest current to voltage convertor is simghgsistor. The current flowing through the
resistor produces a voltage according to Ohm’s [&he performance is improved greatly if the
resistor is placed into the feedback loop of arrajgenal amplifier circuit, as shown below.
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be
i® — it
N o
z V() =- Ryi(t)

VY

Figure 8. Current to voltage conversion.

The highest current you can measure depends sizthef R, and the voltage range of the ADC
that reads the output of the current to voltagevemion. The lowest current you can measure
depends on the resolution of the ADC, and morendfte noise in the system. The F460 allows
you measure over a wide dynamic range by provitbag amplifier circuits per channel, with
feedback resistors that differ by a factor of 18ueen the ranges. The amplifier to use is
selected under software control.

9.2 Filtering and averaging

Generally we don’t wish to see very high frequesdaiethe signals being measured by the F460.
They are most likely to be interfering noise. Alan ADC should not be presented with signals
with frequencies exceeding 50% of its sampling, rate/ou will get confusing aliased results.
The F460 therefore includes low-pass filters betbeeADC inputs which roll off frequencies
starting around 40 kHz.

Once the signal has been digitized by the ADC, axgehthe opportunity to further filter the

signal in the digital domain. This is very helpiiuyou need to extract small signals from a noisy
background. The F460 provides a block averaginijtiathat permits you to select between 1
and 250000 individual conversions per measurenagitthus change the effective integration
time. This also allows you to control the data&yaind to filter out particular noise frequencies.
For example, if you see interference at 60 Hz, g&dting the integration time to 16668 psec will
eliminate it completely.

9.3 Triggering and buffering

In many cases you will need to coordinate the FA&@surements with external events. You can
preset the F460 with all the measurement paramgtiefsas current range, averaging settings
and so on, then initiate it ready to respond tagger signal. Measurements will start as soon as
the trigger arrives. Advanced triggers allow yopause the measurement when the trigger line
changes again, or when a certain number of reathiags been taken.
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When data rates are high, they may exceed the itapathe communications link and the host
computer system. If you don’t care about misseaylings, then this is of no particular concern —
you will just see the subset of the data that @atrdnsmitted. However you may particularly
want to see fast data that is contiguous in tilnehe manner of a digital oscilloscope, the F460
allows this by streaming data into on-board buffemory. The data can then be sent to the host
computer without the limitations of communicatioates. This facility is particularly useful

when you have a short repeating pulsed signal widhivals between for the data to be

recovered.

9.4 Self-testing and calibration

The F460 can calibrate itself on all channels dhchages fully automatically, and it stores the
resulting factors so that it can provide resultphiysical units (amps or coulombs). You can also
turn on the calibration currents at any time antige any channel to check that the device is
working correctly.

Although the F460 may be reading current very ately, that does not mean that you get
accurate readings from your sensor. The sensbhawk its own gain and offset characteristic,
and if you have a quad sensor, it is unlikely thatfour parts have identical response. To handle
this, the F460 includes a further set of calibmaparameters that you can set to compensate the
response of a sensor system. This allows youabftéld” a detector, for example.

9.5 Monitor outputs

The F460 has monitor outputs, both analog voltagefeequency (TTL pulses). These
correspond to the currents being measured on éweinel, relative to the full scale in use. They
respond to any sensor compensation you are u¥ing.can also ask the F460 to put out
computed X and Y position values on two of the nmmdutputs instead.
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10Installation

10.1 Mounting

The F460 may be mounted in any orientation, or beagimply placed on a level surface. A
fixed mounting to a secure frame is recommendedpermanent installation for best low
current performance, as this can be degraded bgment and vibration. Four M3 through
holes are provided in the base on a 225 mm by If#4ectangular pattern (see figures 4,6).

The mounting position should allow sufficient accés connectors and cable bend radii. 100
mm minimum clearance is recommended at either étitealevice.

Best performance will be achieved if the F460 ia temperature-controlled environment. No
forced-air cooling is required, but free convectstrould be allowed around the case.

10.2 Grounding and power supply
A secure connection should be made using a ringilag the M3 ground lug to local chassis
potential. This is the return path for any hightage discharge passing via the F460.

+24 VVDC power should be provided from a suitabtgdgpower supply with the following
minimum performance:

Output voltage +24 +/- 0.5 VDC

Output current 1000 mA minimum, 3000 mA maximum|
Ripple and noise <100 mV pk-pk, 1 Hz to 1 MHz

Line regulation <240 mV

The F460 includes an internal automatically reisgt®TC fuse rated at 500 mA. However the
external supply should in no circumstances be raitglger than the connector limit of 5 A.

10.3 Connection to signal source

10.3.1 Example setup

Figure 9 shows an example installation in schenfatim. A diode array measures the position
of a radiation beam. The F460 delivers data acéives commands from a host computer
system over Ethernet. Serial RS-232 or RS-485dcalglo be used, but this will limit the data
rate to the host. A trigger input to the gate @mtar allows measurements to be synchronized to
an external event such as a “beam present” signal.
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Photodiode array

Signals
Low-noise coax
“\\ I L
4/ B Ethernet comms

I
7 1

+24Vin

Monitor outputs  Trigger
0 — 1 MHz frequency

Figure 9. Schematic example: basic F460 installafior diode readout

Figure 10 shows another installation example tsitiate some other options. The F460 is in
this case reading out quadrant ionization chamleetredes, and it also provides the bias voltage
for the chamber. The biased electrode is showemsatically behind the readout electrodes: it
will be the anode or cathode of the chamber depgnalpon the bias polarity. In this case the
loop for the measured current is completed thrdbghbias voltage lead and the bias power
supply module in the F460.

The analog output connector is being used to cdrandevice such as a DC-controlled
positioning motor that forms part of a servo siahtion loop (the —S1 option is required to use
this feature).

The F460 is interfacing an M10 general purposeuli® as remote slave device via fiber optic.
The M10 might be connected to a power supply oerodevice that is hundreds of metres away.
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lonization chamber

 — i Eignals_
I i ] ]:
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\—‘— L] F460-XP10-S1 Serial comms
Bias voltage
Servo Gate in

control and
feedback

PSU

+24Vin

Figure 10. Schematic example: F460 installationiém chamber readout

10.3.2 Cables

The F460 measures small signals, down to below.1@#ble quality is vital to obtaining good
noise performance. Well-made screened cablessaemtal for the current inputs, and you
should try to minimize the length, while being miumido remove the F460 from any areas with a
high radiation background. If there is any riskvifration or movement, then the use of low-
noise anti-triboelectric coaxial cables is stronglgommended for the signal inputs. A suitable
type is Belden low-noise RG-58 9223. Other typéh equivalent specification can be used.

High voltage bias cable should be SHV-terminatetti@t~460 and coaxial with a DC rating
sufficient for the maximum voltage you expect te.ufRG-59 is a good choice for most uses,
with a nominal DC rating of 2.1 kV. We have uskis table at 3 kV also without seeing any
problems. F460s with the low-voltage bias optian ase normal RG-58 cable for the bias with
BNC termination at the F460. You can use the widehilable RG-58 coaxial cable with BNC
connectors for the gate input.

10.3.3 Signal current path

The currents measured by the F460 must be alloavesturn to their point of generation.
Depending upon the application and the installegbap, the return path may be via the high
voltage supply, and/or via the facility ground dhd F460 case. If there is no return path, then
you will see no current, or erratic readings. Yway see current initially if there is no return
path, especially if the signal is small, as charge be provided from various stray capacitances,
but this may fall away or become unstable.

F460 User Manual F460_UM_151002 Page 28 of 133




PTC System Controls and Diagnostics

The currents you are measuring pass along theaaagnal cable cores to the F460 inputs. The
current for the operational amplifier action confresn the local circuit ground via the power
supply providing the voltage rails for the amplifeevices in the F460.

In the case of an ionization chamber or similaricewhere the F460 is providing the bias to an
anode from the optional high voltage module, theseguent return path for the current to
complete the circuit back to the anode is throinghHV module as shown in the following
example.

Photodiode
current F460
source Coax screen

:’ """"""

A : N
v 4 v L >
I\ -

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

e N

Figure 11. Current return path: photodiodes

Figure 12 shows current return paths for an ioremathamber where a high voltage module in
the F460 is biasing the chamber. If you are uaimgxternal high voltage supply, then you must
ensure that it shares a common ground with the E&l680mplete the current path.

L(ijr:rc:rfmber Coax screen F460
source / Signal -
A A A i
HENY U >
I
L . A ps
P\ o] &=
Bias |—/v__ V
Auxiliary HV PSU
- o

Figure 12. Current return path: ionization chamb®as provided by F460 HV module
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11 Getting Started Using the PTC DiagnosticG2 Host
Software

The PTC DiagnosticG2 was supplied with your F461@] tne latest versions are available for
download atvww.ptcusa.com Even if you intend to use your own host softwé#rean be very
helpful to use the Diagnostic to check out the dewnd to become familiar with its features.

The PTC DiagnosticG2 is a stand-alone program waliciws you to read, graph and log data
from the F460, and set all the important acquisitontrol parameters. For some applications,
or for initial work, it may be adequate for allydur data acquisition needs. The Diagnostic uses
the same function library that is exposed for usdrs develop their own host applications, and
therefore also serves as a software debugging aid.

11.1 Installation

PTCDiagnosticG2 is a Windows program which has ltested on Windows XP, Windows 7, 8
and 10. Itis installed from an msi file using gtandard Windows installer utility. It also runs
under Linux and has been tested with the Ubuntuiloigion. There is no installer for Linux;
contact Pyramid Technical Consultants, Inc. totigetlatest suite of installation files and detailed
instructions if you wish to run under Linux. Themainder of this section assumes a Windows 7
installation.

Copy the installer file PTCDiagnosticSetup-Vx_xxiwsthe hard drive of the host computer,
where x_xx is the version of the Diagnostic prograbhe host PC must have a standard
Ethernet port.

Install the PSI Diagnostic by running the instalkemd following the screen prompts. During the
process, depending on your account settings, Wisddser Account Control may prompt you to
allow the necessary changes. The installer wélater a subdirectory on the Program Files
directory, place a shortcut on your desktop andrdry in your start list.
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Figure 13. PTC DiagnosticG2 installation

Once the program has installed, you can run ihaeo If you wish to view the files that have
been installed, navigate to Program Files\Pyraneichfical Consultants, Inc.\PTCDiagnosticG2.

If you are updating your version of the Diagnosym,) may simply run the new installer and the
relevant items will be updated. If you wish toneggs your version, you should first uninstall the
program using the Windows “Remove Programs” utilien run the installer for the earlier
version in the usual way.

You can have both the earlier PSI Diagnostic pnogaad the PTC DiagnosticG2 installed on
the same computer. If you wish to run them bathusianeously, you must run PTC
DiagnosticG2 first.

11.2 Connecting to the F460
The following steps take you through the processoohecting to the device.
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1) Itis simplest to start with a direct connentfoom your host computer to the F460 using a
CATS5 or CAT6 Ethernet cable as shown below. Thevaek cable can be a patch or a crossover
type — the F460 automatically adjusts itself td.sui

Ethernet comms

+24Vin

Figure 14. Direct Ethernet connection.

Once you have established reliable communicatiod st a suitable unique IP address, then you
can move the F460 onto a general local area netarmtkwork under DHCP address assignment
if required.

2) The device is set with IP address 192.168.108tZhipment. Once you have a connection
you can change this setting as required. Set uplyast PC Ethernet port with a fixed, non-
conflicting valid IP address in the same subnegearor this example, we’ve used
192.168.100.177.

Figure 15. Configuring the IP address on the ramshputer.
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3) Turn on 24V DC power to the F460, but maketieer connections. While the device is
booting, three lower LEDs on the rear panel cytéhen the device is ready, the “Active” and
“Power” LEDs only should be illuminated.

4) Make the Ethernet connection from the host&té¢ F460. You should see activity on the
LEDs that are mounted in the F460 RJ-45 connecstth@port negotiates with the computer.
Check that you can ping the device from a commaindew prompt.

Figure 16. Ping test of the Ethernet connection.

The Windows firewall may block communication witletF460. It is simplest to start by turning
off the firewall while you are testing. To maintaecurity, you can disable any wireless adaptor
on the computer while you are doing this. Oncelyave established communication, then you
can try restoring the firewall if needed, and ggpermissions for the PTC Diagnostic and the
F460 RPC (port 111) to communicate through thevidle Most users prefer to keep
instrumentation, and the computers controllingsit)ated from the internet, and the firewall can
then be disabled without concern.

6) Start the PTCDiagnosticG2 software. It wiirstwith the Discover Devices dialog open.

Click on Discover Controllers ( ) and the software
will search all IP addresses within its availabééwork looking for compatible Pyramid devices

F460 User Manual F460_UM_151002 Page 33 of 133




PTC System Controls and Diagnostics

Figure 17. Discover devices in progress

Since you have the simplest possible network,aughfind only the F460 you are working with.
The discovered devices may include Pyramid toath s1s the A60 recovery utility. You can

ignore these.

When you click on the discovered F460 entry inlisteto highlight it, the Connect and Discover

Subdevices button (
the F460.

) is enabled. Click on this to establish the catina to

Figure 18. Ready to connect to the F460
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You will see a system configuration tree with tH66. Any slave device you might have
connected to the F460 fiber optic loop would alsove. For example, the there is a Pyramid
M10 device connected via the F460 in the followaxgmple.

Figure 19. System tree showing F460 and M10 slievece

Double-click on the F460 entry, and a window fag 8460 will open. You will see messages in
the message area as the F460 adds your PC as a host

Figure 20. Opening the F460 window

The F460 user interface window is divided into tvadves, graphics and data on left and right
respectively, plus a top banner area. Below thplgc is a message window which reports all
the commands issued to the F460 by the PTC Diaigrmstgram, and the corresponding
acknowledgements. Generally you can ignore ttsgldy when taking data, but it will be
valuable for diagnosis if you have any operatingopgms. The data area on the right changes
according to which display option you select whike pption buttons at the bottom.

We'll now describe the various controls and display
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11.3 Screen layout — Top banner

Figure 21. Top banner

The top banner contains the following indicators:

Comms bar When moving, this indicates that messages fronf4&® are being
received by the PTCDiagnosticG2. The message drexyuis displayed.

Connected LED When lit, this indicates that communications argdvand the system is
not in error.

Busy LED When lit, this indicates the F460 is busy and canespond to inputs,

for example while performing an automated calilmrasequence.

Measuring LED When lit green, this indicates that data acquisiteooccurring. When lit
yellow, this indicates that an acquisition is iai&d but that the F460 is
waiting for a trigger.

Error LED When lit, the F460 has logged a communication erfidre details are
displayed in the message area.

Auto Initiate Checking this box causes the software to autoniticétiate a new
acquisition whenever you change any acquisitioarpeater.

Initiate This button starts data acquisition, if trigger ditions are satisfied.

Abort This button terminates any acquisition in progress.

11.4 Screen layout — Message Log area

Figure 22. Message area

This area shows all the commands and responsesdetive F460 and the host system, plus any
F460 errors, which are shown in red. You can dleamessages with the Clear Log Display
button (=) and you can clear latched errors with the Cleet Error button €)).
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11.5 Screen layout — Right-hand tabs

11.5.1 Data tab

The Data tab displays the instantaneous value afaog input values, including the four
measured currents, plus the computed X and Y paositihat the currents imply if they come
from position sensors. If any current is overrarige highlighted in red. The values are
refreshed whenever the F460 is acquiring data.

Figure 23. Data tab; current overrange indication

The Plot Units drop down allows you to display teadings in amps (exponential notation) or
mA, YA, nA. The selection of display units hasaffect on the way that data is acquired or
logged.

If you have the Compensated box checked, thenghes (and the plotted data) will have the
sensor compensation gains and offsets appliedhédkahis box if you want to be certain of an
accurate absolute current measurement. Notehisatdntrol only affects the result shown on
the PTC DiagnosticG2, and does not affect the wafioeng to the F460 monitor outputs. If you
have selected the monitor outputs to show sendoesathen the sensor gain and offset are
always applied to them.

The Position Plot check box turns on graphing efXhand Y position values.

The Over and Under indicators are alarms thatetré the high voltage readback goes out of
tolerance. This feature will be supported in aifatfirmware release.

11.5.2 Setup

The Setup tab is where you set up acquisition perars, control high voltage supplies, and
establish trigger settings. When you have foundedul set of parameters, you can save the

configuration to on-board non-volatile memory using button. The
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values will be restored when the F460 next stgrtsmith the proviso that the HV will not be
enabled.

There are two sub-tabs.

11.5.2.1 Measuring sub-tab

Figure 24. Setup tab: measuring sub-tab

The integration time parameter is where you coritrelamount of averaging the F460 processor
will do to the incoming ADC values to generate mpbke. As you alter these values, the read
backs below show the resulting number of convesspar sample and sample rate. The
minimum you can select is 4 pusec (one conversios@®@ple, sample rate 250 kHz) and the
maximum is 1000000 psec (250,000 conversions peplea sample rate 1 Hz). This range
gives you great flexibility in optimizing signal twise ratio, time resolution, and data rate.

Each channel has an individual range drop downwatig you to select from the four available
full scale ranges.

Figure 25. Range select control options

The Out.Scale parameter allows you to alter the ghthe mapping from measured value to
monitor voltage and frequency. You can set théesgcaue between 0.02 and 2.0. A setting of
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0.5 would map +/- 50% of the full scale currentgamnto the nominal monitor ranges (+/- 10V,
0 to 1 MHz), for example. See section 17 for minfermation on the monitor outputs.

The Out.Value fields are enabled when you selectudbServo ( ) for

the monitor output mode. They allow you to setahalog output voltages directly. If you have
the —S1 servo option and the servo is enabled,ttireeservo algorithm assumes control of the
outputs.

The Position selection allows you to choose thetiposfunction that will be calculated in real
time by the F460. Quadrant mode is applicabl®if gave a quadrant (2D-sensing) geometry
sensor; split mode is applicable if you have ontwor split electrode (1D sensing) sensors. See
section 16 for more information about position a&tions.

The Monitor Output dropdown allows you to sele@ tlata that is sent to the analog voltage and
TTL frequency monitor outputs.

Figure 26. Monitor output choices

Current Map the full scale currents onto the maniamges.

Sensor Map the sensor compensated values ontodthigomranges

Position Map the position function results onto firg two monitor output ranges

Manual/Servo Allow direct control of the analog jputts. If PID enabled, use first one or two analog
outputs for servo process control.

The Frequency Output selection gives you contrer dw the selected monitor output value is
mapped onto the monitor frequency output range seetion 17 for more information on the
monitor outputs.

The HV controls allow you to set the voltage, andlde or disable the supply. If you have a
negative HV module installed, then you must enegrative numbers. The polarity and
maximum voltage available from the installed HV maladis displayed. The Over and Under
levels set tolerance for the high voltage readbddks feature will be supported in a future
firmware release.

11.5.2.2 Trigger sub-tab

The Trigger sub-tab is where you set up the triggeditions. There are various trigger modes
available. The basic Internal triggering withoutfering will always show you a real time
response on the PSI DiagnosticG2 display. For roongplex triggering requirements and high
time resolution, the Custom trigger controls allgou to define in detail the conditions for
starting, stopping and pausing acquisitions.
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Figure 27. Setup - Trigger sub-tab

The simplest trigger mode is Internal with no briffg. Once you click Initiate, the F460
acquires data at the rate determined on the Mewgssub-tab, and streams it to the host
computer in real time. The fraction of points yeill capture is given by the communication rate
as displayed in the top banner divided by the samgik.

Using the F460 on-board data buffer by checking@u€ontiguous Data allows this rate
limitation to be removed, up to file size limitsatrare imposed by available memory. Checking
the Buffer Contiguous Data box ( ) and selecting a finite stop count up to the
maximum of 65535 samples allows time-resolved agitjoins at high instantaneous rate. See
section 15 for further details of triggering andfbring.

You can choose to start, stop and pause acquisitioredges detected by the F460 on the gate
input. You can choose to stop or pause acquisitidmen certain numbers of samples have been
acquired.

Full access to the buffered and gated acquisii®asailable using the Custom triggering mode.
There are also a number of pre-defined triggeringes, mainly for backwards compatibility
with other Pyramid products.

Figure 28. Triggering modes
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11.5.3 PID Servo tab

The servo tab is enabled if you have the —S1 omtioyour F460, otherwise it is grayed out. See
Section 26 for information on using the servo featu

11.5.4 Calibration tab

The F460 stores four types of internal calibratiwwhich are shown in sub-tabs. The calibration
current sources are used for the automatic cucaititration process, but they can also be
enabled directly for fault-finding. When the drdpwn control is set to None, the calibration
sources are connected to ground. The Internaldaiting enables the 833 nA source and directs
it to the selected channel. The Internal Highisgttnables the 83.3 HA source and directs it to
the selected channel. Remember to re-select Nefloecbmaking any measurements.

Figure 29. Calibration current control

The Clear Calibrations button resets all calibragito nominal apart from the sensor calibration.
Do not use this function unless you mean to.

11.54.1 Sensor calibration

You can define a sensor calibration gain and oftse¢ach channel, to compensate variation in
your sensor system. You enter the values diraftéy determining them using a suitable
procedure. They are used by the PTC DiagnostioGd8i§play and logging if you have the
Compensated box checked, and by the monitor outfoyrisl select Sensor mode.

Figure 30. Sensor calibration sub-tab
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11.5.4.2 Current calibration

The current calibration is responsible for conveytbinary values from the ADC to currents in
amps. There is a gain and offset for each chaamgtkeach range. You can edit the values
directly, although normally you will use the autdroaalibration function. You can run the
automatic calibration for all four channels or &y individual channel.

Figure 31. Current calibration sub-tab

11.54.1 Analog calibration
The analog inputs and outputs are factory calidrateese values should be left unchanged.
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Figure 32. Analog calibration sub-tab

11.54.1 HV calibration

The high voltage output calibration is factory s&€he input calibration is done automatically by
reference to the input calibration, and can alseriiered directly. Ensure that the high voltage
output is not being loaded by disconnecting anyddXle before changing the input calibration.

Figure 33. HV calibrations tab

11.5.5 Properties tab

11.55.1 Firmware

The Firmware section of Properties tab is wheregarusee the firmware versions you have
loaded. There are three files (embedded Linuxaip®y system, A60 realtime application, A60
FPGA).
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Figure 34. Firmware versions

The individual firmware releases are combined esmapatible set into an overall firmware
version. You can update the suite of versions wiemessary by clicking the Update All
Firmware button. The update is carried out viaBteernet interface. See section 27 for further
information about firmware updates.

11.55.2 Communications

The Communication section of Properties tab is wlyeu can see the Ethernet communication
settings, and change them as needed.

Figure 35. Communication settings

Pressing the Configure button allows you to chahgecommunications identity of the F460, the
IP address assignment mode, and the address akdatasgs for static addressing. If you alter
these parameters, you will need to re-discoveF#&9. If you change to a static address outside
your local subnet, you will need to alter your netkvconfiguration to discover it again.

The Gateway and System Log address settings aseffaice and diagnostic purposes, and
should be left at 0,0,0,0 unless you are instrutdezhange them.
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Figure 36. IP Configuration control

See section 25 for more details on network conéigon.

11.6 Screen layout - Graphic display

There are three ways of displaying incoming cureemdt computed position data in a graphical
way: as a rolling strip chart, as a scope disptayas a histogram. Only the checked channels
are displayed (but all channels are always measamddogged).

You can allow the vertical scale to adjust autooadlly, or select a percentage of full scale. The
program will use the highest current range of the thannels as full scale. If your data is
positive only, you allocate most of the verticalscto positive currents with the Set the Y axis to
start at 0 buttori=)).

11.6.1 Strip display

Data from the selected channels, with the selemtedaging, is plotted onto a rolling strip chart
as it is acquired. The model for the display ¢hart recorder. The horizontal axis is the time
since acquisition started and the vertical (y) axife current.
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Figure 37. Graphics display in strip mode with pios display enabled.

When the data you have acquired exceeds the htaizaxis capacity, a scroll bar appears below
the graphic. This allows you to move backwardsfamdards in the data that has been buffered
by the PTC DiagnosticG2. You can do this whiledkquisition is taking place, and after it has
completed.

11.6.2 Scope display

The model for the scope mode display is a digiailtnscope, and this mode is most useful
when you are working in buffered / burst extermigigering mode. If you have a data burst
defined, then the screen is written with the cotstef the burst when it completes, and then
waits for the next burst. Thus if there is a réjpgesignal, such as a beam pulse, then you can
obtain a display synchronized with the pulseghdfe is no burst size defined, then the screen is
refreshed after each data packet of 256 samples.

The graphic looks the same as the strip display.
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Figure 38. Scope mode capture of a 2 msec pujsieiea with 20 psec resolution.

11.6.3 Histogram display

The signal each channel is displayed as a vetiaral This mode emulates a graphic equalizer or
ratemeter, and can be useful for instrument tuning.
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Figure 39. Histogram display.

11.6.4 Cursor

Clicking in the graphic area in strip or histogramode adds a moveable cursor, color-coded by
channel, which gives the count at that time (sdigplay) or continuously in the channel

(histogram).
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Figure 40. Strip chart data display showing cursor

11.6.5 Filtering and zero subtraction
You can low-pass filter the displayed data withéaaging” value A using the IIR algorithm

Yi=Xl/A+ (1 - 1/A)Yi-1,

where Y is the latest output of the filter,.Yis the prior output of the filter and ¥ the latest

reading from the F460. Note that the data is fieted, only the way it is displayed, so you can
change between various amounts of filtering attamg. Figure 41 illustrates how the display of
a square wave test signal is affected by the ifigesetting. The noise reduces, at the expense of
time resolution, in the inevitable way. This fitgg is done in the PTC DiagnosticG2, and only
affects the display. It does not affect the logdath.
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Figure 41. Increasing the low pass filtering oé ttisplayed data.

You can remove any zero offset present by settingzéro toggle ( ). All displayed
readings will have the readings at the time yowsed subtracted from them. If you are applying
the zero correction to a completed acquisition lyave already captured, then note that this
means the final reading will be subtracted fronadaks with the low pass filter, this is a display
control for the PTC DiagnosticG2 only. If you haveeal offset that you need to remove from
the signals for a data collection run, then yowsdthaose the sensor compensation offsets.

11.7 Data logging

The PTCDiagnosticG2 software has a data buffer hvban accumulate up to 100000 samples,
at which point it wraps around and starts to oveenthe oldest values. Accumulation starts
automatically when you click Initiate. You can tae the contents to a .csv format file at any
time using the Save button. Pressing the Cledobulears the buffer and restarts the logging.
The values logged are the timestamp (time sincaisitign start), a trigger count which is a
sequential integer from 0 to 255, the four inputents, the two analog input values and the four
analog output values.

timestamp triggercour overrange channel_1 channel_2 channel_3 channel_4 analog_in_analog_in_ analog_ouf analog_oui analog_oui analog_out_4

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

Figure 42. Example of logged data

Note that the logged data is the raw data: anypass filtering or zero offset removal does not
affect the values you save.
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12F460 Circuit Overview

12.1 Physical configuration
The F460 circuitry is arranged on two circuit baard

- Main board. Circuitry is arranged on both sidéthe board, with much of the analog circuitry
on the underside where it is screened from theadigignals.

- A60 processor board, including the Ethernet gomdcessor and memory.

Figure 43. F460 physical layout showing option pgnlocation; HV module installed.

The boards can be exchanged individually for sereicupgrade. We recommend that such
work is only done by a suitably qualified person.

12.2 Functions

12.2.1 Current signals

Each input is protected by a spark gap, back t& benping diodes and a 20 ohm high power
series resistor. Each signal measurement chaangdrises four current to voltage conversion
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circuits with different feedback resistors to gitie four ranges. The required circuit is switched
in under software control using semiconductor svatc

Vv
Figure 44. F460 inputs and converter stages

12.2.2 Analog signals

The signals from these inputs circuits are low pétesed with a four-pole Butterworth filter
with -3dB at around 40 kHz, then fed to the 16biggolar ADCs. The ADC is a multichannel
fully parallel device which also reads the analgguits and the high voltage monitor.

The four analog outputs are generated by 16 bit ®A& are buffered. Another DAC programs
the high voltage power supply.
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Figure 45. F460 overall block schematic.

12.2.3 Calibration current switching

A matrix of switches allows the currents generdigthe two precision calibration current
sources to be routed to the required signal inpdeusoftware control. The switching is
controlled automatically during a calibration.

12.2.4 Digital signals

The digital lines are all buffered. The TTL gateut presents a 2.5 kohm impedance to ground.
The monitor outputs can drive a 50 ohm load at TeMels.

12.2.5 Bias voltage

The high voltage bias options use an EMCO modute@fequired rating. With a 2 kV module,
the output is filtered by a 3 kHz RC filter with.23kohm series resistance. Lower series
resistance is used for lower voltage modules. filtee is before the sampling voltage divider, so
any voltage drop due to current drawn from the Buigpvisible in the readback. The worst case
drop with a one watt 2 kV supply is 16.6 V at fulirrent. The current draw is typically
negligible when the load is an ionization chamber.
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The voltage divider presents a 20 Mohm load tostiygply, thus it will draw 0.1 mA from a 2 kV
supply at full voltage.

The low voltage bias option uses a high currerdrop circuit that installs in the same location
as EMCO modules. The circuit generates +/-24 Yhftbe incoming +12 V supply. Precision
resistor packs allow the circuit to produce a @meend stable DC voltage. Although the option
is rated to 20 V, the maximum voltage is typicalipund 23 V. The polarity can be reversed
using on-board jumpers.

12.2.6 A60

The A60 is the common processor platform for alidfyid G2 devices. The A60 processor
board contains a high performance FPGA (field-prognable gate array). Two NIOS processor
cores are implemented in the FPGA, one handlinggaktime F460 application written in
Embedded C, and the other handling Ethernet contations running on pCLinux. High speed
FPU instruction blocks are implemented in the FRGArovide real time data processing.
Additional RAM is provided for program executiondadata buffering. The application
processor communicates with devices on the mairdagsing a serial bus.

The A60 sets the switches for I-V converter rareyes calibration current. The A60 handles
communications on the channels on the fiber ogigytiter board, and on the serial port. It
reads the various switches and jumpers and setsdhganel status LEDs. It controls the
enable line for the high voltage, which also drittes front panel indicator LED.

12.2.7 Power supplies

24 VDC input power enters via a 500 mA resettabsef and any device connected to the
relevant pins of the analog I/O connector. Th&/2dput is protected against polarity reversal
by a series diode, and from transients by serghscitors and transorbs to chassis which limit
excursions to 6 V (not shown on the block schematxC-DC converters and linear regulators
generate the voltage rails required by the F460.

+24V Power input. Not used directly by F460 citsui

+15V Bias voltage module. Fused at 200 mA.

+/-12 V I-V converter, other analog amplifiersidil and buffers, DAC reference (to 5V), filters

+5/- V Analog ADC, ADC reference (to 4.096V), rargeitches, |-V amplifiers, calibration current sle
switches

+5V Digital Calibration current sources, fiber tsanitters & receivers, monitor output drivers

+3.3V AB0, DAC, serial transceiver

+2.5V A60, status LEDs, switch and jumper readlbcation current select logic, general logic

+1.2V AB60
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13Bias Voltage Supplies

13.1 Bias Voltage Configurations and Operation

The F460 is available with a voltage supply sugdbl biasing sensor systems. The voltage
range can be specified at time of purchase to beobthe high voltage bias options 200, 500,
1000, 2000V and 3000V with either polarity, or ther voltage option at 20 V. The A60
processor reads internal jumpers on JB2 to ddtecsupply rating. Note that the high voltage
supplies are not intended to deliver output voltags than about 10% of their maximum rating.
The low voltage bias supply is stable from its maxmn down to 0 V. Note that the G2
Diagnostic program displays this option as “25 #ie specification rating is 20 V, but in
practice you will find that the circuit will drivep to about 23 V.

If a high voltage bias option is installed, thepuitconnector will be an SHV. If the low voltage
option is installed, the output connector will bBIMC.

The front panel “Enabled” LED illuminates when thigh voltage output is enabled. The set
value can be adjusted at any time.

The outputs of the high voltage modules are filldrg an RC filter to reduce ripple and noise.
The filter time constant is reduced for lower vgiéaHV supplies, to avoid excessive voltage
drop at large current drains. You can see theahoutput voltage because readback is taken
from a voltage divider after the filter, directlp the HV output. The voltage divider places a
fixed 20 Mohm load on the supply.

The following table gives the smallest value ofeemail load resistance that the various one watt
supply options can drive at full voltage, and tloétssydropped across the filet series resistor at
maximum current.

HV module| Current Smallest load | Filter time Filter series Voltage drop Voltage drop
rating resistance constant resistor across filter across filter
no load full load
+2000, - 0.5 mA 4.3 Mohm 110 psec 33.2 kohm 1V 17V
2000
+1000, - 1.0 mA 4.3 Mohm 110 psec 33.2 kohm 2V 34V
1000
+500, -500 2.0 mA 250 kohm 16 psec 4.7 kohm <01V 10V
+200, -200 5.0 mA 40 kohm 0 0 0 0
+20, -20 20 mA 2 kohm <1 pusec 100 ohm <0.02V 2V

If the readback value differs from the setpointibyre than the expected drop across the filter
resistor, you know that the output is either beingrloaded by a low resistance to ground, or
that it is being driven by another source of higt@mnpliance. Be aware of how the high voltage
readback calibration might affect this. We recomdhthat the calibration is done with no
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connection to the HV outputs. Thus only the nadlealtage drop across the filter is hidden by
the calibration, and when you connect a load yauwkshexpect to see small reductions in the
measured voltage, up to the maxima given in thietabhe measured voltage is the actual
voltage at the output connector.

CAUTION

Do not connect an external power supply to the Fed@@rnal high voltage output that will drive
the built-in supply away from the voltage it isitny to regulate, or you may cause damage to the
F460.

13.2 Changing the High Voltage Bias Supply Range an  d Polarity

The range and polarity of the high voltage suppBd&ed and must be specified at time of
purchase. Units may be returned to the factophtoge the high voltage modules if necessary.
It not recommended that users change the highgekapply modules in case of damage to the
F460. The jumper settings are given here for egiege only. No jumpers installed in JB2 is
interpreted as no bias option fitted.

oM lals +200 V -200 V
5678

olo| |o +500 V io 0 -500 V
olo| o ol |o

5678 5678

O @) +1000 V (@) -1000 V
0 0 ')

5678 5678

Olo|o +2000 V o](®] -2000 V
olo

5678 5678

ol |o +3000 V i O -3000 V
ol o 0

5678 5678

Figure 46. High bias voltage jumper settings (madar JB2)
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13.3 Changing the Low Voltage Bias Supply Polarity

The low voltage bias circuit can be configureddther polarity. It is supplied set for the
polarity specified in the customer order. In ortdechange the polarity you must set the high
voltage jumpers on the main board for the A60 psoeto, as for the high voltage bias options.
You must also set jumpers to match on the biasiitittself.

CAUTION

Do not attempt to change the bias polarity unlesshave a clean, ESD-safe working area, and
are experienced in working on sensitive electronl€s doubt, contact your supplier.

elle] & & +20V o 20V
oo} || Clo
5678 5678

Figure 47. Low bias voltage jumper settings (maoard JB2)

+20V -20V

w [ e w o] w
N N N N
[ [N [ [

2 ddr
T ddr
¢ ddr
T ddr

Figure 48. Low bias voltage jumper settings (lbaard JPR1 & 2)

CAUTION

Changing from a low bias voltage configuration toigh bias voltage configuration or vice versa
is not recommended as a field service optioneduires changing components on the main
board and fitting a different output connector.n@at your supplier to arrange a factory service
return if you wish to make this change.
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14 Samples, Logged Data, Integration and Averaging

14.1 Readings and logged data

Each sample taken on the F460 comprises valuedlfibre input signals. The frequency at
which readings are generated is shown on the PBEgGHosticG2 screen, and is determined by
your selection of integration time.

Each reading comprises many data fields, whichcasusee in detail if you examine one of the
csv log files. In summary, these fields are:

timestamp Time in seconds when the reading was{aktarting from zero when the
acquisition sequence started.

triggercount A sequential number for the readingdrd56. These numbers allow you tg
see very easily whether you have contiguous data.

overrange_1,2,3,4 Flags that get set if any ofdhe channels goes overrange on any individual
conversion.

channel_1,2,3,4 Measured current values in ampsach of the four channels. The values

reflect any sensor compensation if this is optoohecked in the
PTCDiagnostiocG2 Data tab. The values do notctéay filtering
(averaging) or zero subtraction selected for th€ BlagnosticG2 graphics.

analog_in_1,2 Measured signal on the two genengigse analog inputs.

analog out_1,2,3,4 Settings of the four genergbgee analog outputs.

14.2 Integration time

The integration time is used to determine how maDE readings are averaged to form each
sample that the F460 reports. The ADC conversatais 250 kHz, thus for example if you have
chosen 100 psec integration, the readings wilhkeeatverage of 25 individual ADC conversions.

The amount of averaging to use depends, as alwaysw you wish to trade off noise against
bandwidth. The longer your averaging period, tleearyou suppress random noise, but the more
high frequency detail you lose. There is no riSk\@errange when using long integration times,
because the individual binary conversion valuessaemed digitally into a deep counter.

If you happen to know there is a dominant noisgudency in your system, say the line
frequency, or the switching frequency of a poweapdy, then you can suppress this noise in the
data if you set the integration period and avei@ginmatch the noise period, or an integer
multiple of the period. As an example, if you hawese at 400 Hz, then choosing 500 psec
integration and five conversions per sample with@late it, as will five conversions per sample
at 1000 psec, 100 conversions per sample at 1G0gmskso on.
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Figure 49 shows how aliased 50 Hz noise can bereied matching the integration period to
the noise frequency. The screen shot on the lefttaken with 18 msec integration (56 Hz
sampling) and the one on the left with 20 msec $iag50 Hz).

Figure 49. Eliminating noise by matching the ndigguency

If you have a short pulse of signal, then you megide to try to time-resolve the pulse by using
a burst of contiguous readings that cover the padigation. You can then integrate in time in
off-line data post-processing to get the total gharAlternatively you may not care about the
time structure, but just want to know the totalrgeain the pulse. In that case you could choose
an integration period that contains the whole pulBlee amount of data you need to handle is

thereby reduced.
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15Triggers and Data Buffering

The F460 offers great flexibility for collecting tdaand triggering to synchronize with external
events. The primary trigger modes are Internal@astom. The other modes exposed in the
PTC DiagnosticG2 software are provided mainly fackwards compatibility with other devices;
they can all be achieved with particular customfigomations.

15.1 Internal trigger mode

If you simply want to stream data continuously frima F460, then the Internal trigger mode
achieves this. Don’t check the Burst Count or STopint boxes. When you press Initiate, the
F460 will start streaming data to the host computed will continue until you abort the
acquisition. The PTC DiagnosticG2 strip mode aistblgram graphics will keep up with real
time, shown under the strip mode plot as the timsgeiconds since the Initiate. The data rate is
limited by communication rates over the Ethernetyéver, and by the load on the host
computer. Thus, beyond a particular data sampétey there will inevitably be missing readings
in the record. The critical rate will generally tlese to the Comms rate displayed on the PTC
DiagnosticG2, normally about 20 Hz. When the samate is greater than the communications
rate, the proportion of samples that you captutebgigiven by (communications rate)/(sample
rate) to a good approximation. Whether you camutfetting contiguous data will depend upon
what you are trying to measure.

15.2 Data buffers

15.2.1 F460 internal buffer

The internal memory of the F460 allows you to acgitime contiguous data at very high rates.
The maximum buffer size you can select is 65,33bwever, because the buffer is implemented
as a cascade of memory, and because data is dheimgssent up to the host computer during an
acquisition, the amount of available buffering egpear to be variable. When you are acquiring
data into the buffer at high rates, the PTC DiagoG2 display will generally lag behind real
time, underscoring the fact that you are now takiata faster than it can be delivered to the host
computer.

The F460 has demonstrated the capability to capieréull 65535 readings with 8 psec
integration on a lightly loaded network; this capends to a 0.52 second burst. At the shortest
integration time of 4 pusec, over 8000 readingshkmtaken without buffer overflow. Actual
performance will depend upon the details of youwoek.

Before taking any critical time-resolved data, whwuld test the available maximum number of
samples under the expected worst-case loadingusfngtwork and host computer. We
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recommend that you also set a maximum number dfirga (the Stop Count) when using the
data buffers, to avoid arbitrary overwriting of tthata.

15.2.2 PTC DiagnosticG2 buffer

The PTC DiagnosticG2 has its own circular datadyuffith a maximum of 100,000 entries.

This is independent of the F460 buffering. If yalow an acquisition to run longer than this,

and recover the log file, you will see that theadas wrapped around. The oldest entries will be
overwritten. If you wish to clear the buffer

You can clear the Diagnostic buffer at any timewtite “Clear the data buffer butto. You
can save the current buffer contents to a csv fofieeat any time using the “Save the data
buffer to a file” buttorl&l.

15.3 External triggering

15.3.1 Custom triggering

The F460 will respond to edges on the gate inpstdd, pause and stop acquisitions. Using the
Custom trigger mode allows you great flexibilitydhoosing when and how the F460 should
take data, and how data taking should be synchednath external events. The best way to
understand the controls is to look at a schemaaogle.

15.3.2 Pre-defined trigger modes

The F460 provides a number of pre-defined triggedes, primarily for backwards compatibility
with other devices that support them. They cabealhchieved by appropriate Custom trigger
settings. In the following table, NBuf is the beifsize and NBst is the burst size. For every
trigger mode you can force the F460 to the stogpeie at any time by sending the Abort
command.

Mode Start Pause | Stop Notes

Internal Internal| n/a n/a Acquisition will startinediately you send Initiate, and
continue indefinitely if unbuffered, or to the les®f NBuf
size and NBst if buffered.

Custom Full user control over start, pause,mesand stop.

External Start BNC n/a n/a Acquisition will starh@n a valid trigger edge is seen afte
you send Initiate, and continue indefinitely if urffered. If
buffered, it will do NBst readings on each valigjger edge
until it has acquired NBuf readings.

=

External StartStop BNC n/a BNC Acquisition will gtavhen a valid trigger edge is seen after
you send Initiate. If unbuffered, readings wilhtioue until
the opposite polarity trigger edge is seen. [fdmeld, it will
stop on the lesser of NBst or Nbuf readings, othen
opposite polarity trigger edge, whichever comest fir
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External StartHold BNC n/a n/a NBst is forced teadue of 1 in this mode.
A single reading is taken for each valid triggeged This
will continue indefinitely if unbuffered. If buffed, it will
continue until NBuf is reached.

External Windowed | BNC BNC n/a Acquisition will stavhen a valid trigger edge is seen afte

you send Initiate. They continue until either NBst
reached, or the opposite polarity edge is seemh@h point
the acquisitions pause. They resume when thetrigger
edge is seen. In unbuffered mode, this continues
indefinitely. In buffered mode, it continues uitiBuf is
reached.
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16 Position Calculation

The F460 implements the difference over sum pasgigorithm in real time using the incoming
sensor compensated data. The exact shape ofritigofu depends upon the size of the beam you
are measuring, and the spacing between the sensléments (electrodes or diodes), but it is
generally “S” shaped with very high position senglf when the beam is centered, falling off to
zero sensitivity at the sides. Figure 50 showduhetion (A-D)/(A+D) as a function of the
position of a beam with Gaussian profile as it nsoaeross a pair of electrodes, from D to A .
The function value is always in the range -1 to Near the center the slope is approximately
constant, so you can assign a gradient in mm gepuer some limited range, and thus obtain a
readout in physical units relative to the centethefelectrodes. The broader the beam profile,
the wider is the linear region, but the lower thastivity.
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Figure 50. Position function shape

If the sensor is arranged in a quadrant patteam ylou can get the two orthogonal axes
simultaneously. Alternatively, the F460 can reatitawo independent split (one-dimensional)
sensors, which may or may not be orthogonal. Tahgeaxis directions shown in figures 51 and
52, you must connect the signals to the inputhénorder shown.
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Y = ((A+B)-(C+D))/(A+B+C+D)

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

Io 4—,

<
<

lc

Figure 51. Quadrant mode position calculation

< |
ln < B e

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

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

Figure 52. Split mode position calculation
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17 Monitor Outputs

The monitor outputs provide a method to take data fthe F460 without using the
communications interface except for setting upabguisition. The analog voltage outputs
emulate a direct signal from the outputs of thedeviverters. The range is -10V to +10V, and
the outputs can drive 10 kohm loads. The TTL otgtpuoduce a 50% duty cycle square wave of
controlled frequency to emulate a voltage to freqyeconverter connected to the outputs of the
I-V converters. The TTL outputs can drive a 50 dbad. The monitors provide a means to
interface to legacy systems which have voltmetefseguency counter inputs. The following
figure shows example signals for 100 and 300 pAsuesl current on the 1 mA range.

Figure 53. Analog voltage (yellow trace) and TTamtor (blue trace) outputs

TheF460 provides a lot of flexibility about whicigisals you can direct to the monitor outputs,
and which to the PTC DiagnosticG2 display. Itim@est to understand the options if we look
at a map of the dataflow in the device.
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17.1 F460 dataflow

Integration Current calibration Sensor comp Position
time factors factors mode
ChA-D . Apply | Apply _| Position
raw AR calibration sensor comp calc
Memory -
Currents, comp currents, positions
; * ¢ YVYY
Host Servo__,| PID Output Scale Output
comms params calc scale factor scale
MY | 1
Direct — Mode select Monitor Mode
entry mode select
v
Freq Freq
mode map
Yvy v ¢
Host software: Analog voltage outputs TTL frequency outputs
Currents, (-10V to +10V): (0 to 1 MH2):
Comp currents Currents Currents
Position Comp currents Comp currents
Position Position
Set values

(PID process control)

Figure 54. F460 dataflow.

The raw binary values from the four channels atahmough a sequence of calculations done in
real time by the A60 FPGA. First they are accuntmaddaveraged) according to the integration
period you have selected. Then the calibrati@pied, for the selected range, to give floating
point current readings in amps. The sensor congiensfactors are applied. Finally the
position algorithm is executed according to the engolu have selected (quadrant or split
sensors). The results of all these stages of ledilon are available in the F460 memory, and the
host software system can access them as it requires

The results are also available to the monitor astp@rhe output scale gain factor allows you to
adjust the mapping of the monitor output signalbest suit the device you are measuring then
with, independent of any sensor compensation. rmbee selection allows you to choose
whether to map currents, sensor-compensated csiwepsition to the monitors. The TTL
frequency output needs a further frequency modegeh to handle the fact that the F460 is a
fully bipolar device, but we can’t have a negafinegjuency. The analog outputs are used for the
process control signals if the —S1 servo featunesiwlled and in use.
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17.2 Mapping measured signals to monitor outputs

17.2.1 Analog monitors

The analog outputs can span -10 V to +10 V, s®rtural to map negative full scale to positive
full scale current onto this range. The positiondtion can range from -1.0 to +1.0, so this also
maps naturally onto the analog output range.

+10V

-FS +FS

-10V

Figure 55. Default analog monitor output mappirgrrent (left) and position (right)

You can control the gradient and span of the mowitwput with the output scale value. This
can be set in the range 0.001 to 2.0. In the déigimove, a value of 2.0 would map the full scale
current range onto -5 V to +5 V. A value of 0.5uMbmap half of the full scale current range
onto -10 Vto +10 V.

The monitor output can be set to map the sensopeasated readings. This allows you to
remove the effects of any offsets or linear gaffedentials in the sensor responses.

17.2.2 TTL frequency monitors

The overall response of the TTL frequency monitatipats is the same as the analog voltage,
except that you must also choose how to handléttiehat the measured signal may be positive
or negative, but only positive frequencies are iibss There are four options:

Bipolar Zero current is mapped to half of the freey range (500 kHz), with higher
frequencies up to 1 MHz signifying positive curient positions and lower
frequencies down to 0 Hz signifying negative.

Positive | Only positive currents or positions argped onto the range 0 to 1 MHz.
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Negative | Only negative currents or positions argmed onto the range 0 to 1 MHz

Absolute | The absolute value of the current or pmsits mapped onto the range 0 to 1 MHz

1 MHz 1 MHz
500 kHz 500 kHz
_FS 0 Hz +FS -FS /O Hz +FS
1 MHz 1 MHz
500 kHz 500 kHz
-FS 0 Hz +FS -FS /O Hz +FS

Figure 56. TTL frequency monitor options: bipolpositive, negative absolute

Output scaling applies to the frequency in an ag@is manner to the way it works for the
analog voltage monitors. The maximum frequencyadgtually run up to over 10 MHz when

you use scale factors below 1. You can set saxmsopensated currents, the same as for analog
voltage output.
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18 Calibration

18.1 Current calibration

The F460 is designed to produce very accurate mureadings. The automated internal
calibration process measures the background cffsbthe response to one of two very
accurately known internal current sources. Mudtiidadings are taken and averaged with an
integration period that nulls any 50 or 60 Hz noi¥®u should not have any connection to the
inputs when doing a calibration. The resultingéngain and offset values for each channel and
each range are stored in non-volatile memory.

The calibration process does rely on the stalalitgt absolute accuracy of the internal sources.
These use high precision resistors with very sieatiperature coefficients. It is of course
inherently impossible to detect any error in therinal sources by simply measuring with the
F460 them after completing a calibration. You needse an independent external source,
which must itself have very good accuracy and btgbilf your F460 is used for critical
measurements where absolute accuracy is impowargecommend that you make such an
external check once per year, or more frequenttycidl procedures dictate.

18.2 Sensor calibration

The sensor calibration values should be enteretttirby the user to compensate for offsets and
channel to channel gain variation in the sensaesys Offsets are generally simple to establish
by making measurements with no beam present. @Gagusre you to look at the response of
each channel to a known increase in flux, which aglifficult to organize in a well-controlled
manner. If the application is simply to sense wadream is well-centered, having accurate gain
compensation may not be so important. When yoe bavial set of parameters, you can
validate them for the position sensing applicaBgher by measuring a beam that is known to be
well-centred, or by providing uniform flat-fieldradiation. In either case you should see a
position readout close to zero.

18.3 Other calibrations

The calibrations of the analog inputs and outpansl, the high voltage setpoint, are factory-set
and should be left unchanged. If they do needtodirected, the process is similar to sensor
calibration. You will require an accurate voltnretgth at least 5% digit resolution. Set the
monitor mode to PID/Manual. Calibrate the zersef$ of the outputs until you read 0.00V with
zero demand set. Then set 9.00 volts demand anldesgain so that the voltmeter reads this
value. Check at -9.00 volts and iterate as necgssaninimize the error. Having calibrated the
outputs, you can use a loopback connection toreaditine inputs against the accurate outputs.
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19Connecting Slave Devices

The F460 implements a full fiber optic loop confgolcapability. You can connect up to 15
devices and access them via the F460 Ethernet portise a slave device, you simply connect it
to the fiber-optic port on the F460 using suité®leterminated fiber-optic cable and run the
normal Discover sequence in the PTC Diagnostic@2 device will be shown as a slave of the
F460, and you can open its window and control thennormal way.

Figure 57. F460 with an M10 general purpose |/@ide connected as a slave.

The slave device simply passes its data througk46€. It is not constrained by the F460’s
acquisition settings.
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20Connectors

20.1 Front panel connectors

20.1.1 Signal inputs

Four BNC coaxial, screens isolated from chassis.
Input A is synonymous with channel 1, or chann@\8ClII protocol).

20.1.2 Analog input/output
Four Dsub 9 pin female.

Pin5 Pin 1
Pin9 Pin 6 (External view on connector / solder side of mgplug)
1 | Analog ground 6 | Analogout1
2 |Analogin?2 7 | Analoginl
3 | +24 VDC out 8 | oV
4 | Analog out 2 9 | Analogout3
5 | Analog out 4

The 24 V output is fused at 200 mA, and is refeeento power supply OV on pin 8.
Analog outputs 1 and 2 are used by the servosfdhtion is installed and enabled.

20.1.3 Gate input
One BNC female, screen isolated from chassis. ai@ mith standard BNC connector.
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Core: gate signal

20.1.4 Voltage bias output

High voltage bias options: one SHV male, screenmomwith chassis. To mate with standard
SHV connector.

Core: high voltage

Low voltage bias options: one BNC female, screemeoted to analog ground and isolated from
chassis. To mate with standard BNC male connector.

Screen AGnd

@jCore voltage output

20.2 Rear panel connectors

20.2.1 Ethernet communications
RJ-45 jack. To mate with standard RJ-45 plug.

Auto MDIX facility - cable can be direct or crossmtype.

20.2.2 Fiber-optic communications:

HFBR ST bayonets suitable for 1 mm plastic or 2@0gilica fiber. 664 nm (visible red) light.
Light casing = transmitter, dark casing = receiver

Transmit Receive
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20.2.3 RS-232 / RS-485 communications
Six pin mini-DIN socket (PS/2 mouse/keyboard type).

Pin 6 Pin5
Pin4 —| X _— Pin 3
Pin 2 Pin 1

(External view on connector / solder side of maphgp)

1 RS-232 Tx / RS-485 Tx- 4 n/c
2 RS-232 Rx / RS-485 Rx+ 5 RS-485 Tx+
3 Gnd 6 RS-485 Rx-

The socket incorporates a sensor switch that altbe$460 to detect that a plug has been
connected. When a connection is made, the RS-RE2485 transceiver is active, and the
communication mode is set by the mode switch.

(External view on connector / solder side of n@atug)

20.2.4 Gate input
BNC socket (female). To mate with standard siggNC.

Core: signal, TTL levels

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

20.2.5TTL (frequency) monitor outputs
Four Lemo 00 coaxial.

Output A is synonymous with channel 1, or chann@®CII protocol).
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20.2.6 Power input
2.1 mm threaded jack. To mate with Switchcraft BZ6r equivalent

@: Center pin: +24VDC
Outer: OV

20.2.7 Ground lug
M3 threaded stud. To mate with M3 ring lug.
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21 Controls and Indicators

21.1 Controls

21.1.1 Reset button

Momentary push-button that forces a warm resett@bin-board processor. Forces the IP
address to the default (192.168.100.20) if heldiamng boot up.

21.1.2 Address switch
q

16 position rotary switch setting device addressie when you have the F460 on a fiber optic
loop. Choice of address is arbitrary, but eachadew a fiber-optic loop system must have a
unique address.

Setting Function
0 (Reserved to loop controller)
1-15 (0x01 to OxOF) Available address settings.

If you are using the F460 as a loop controlleygsing the Ethernet or serial interfaces, then the
address switch has no function.

21.1.3 Mode switch
9

10 position rotary switch setting communicationsdeo This switch is read if a connection is
made to the serial connector. The ASCII protosgrovided for ease of connection to existing
systems and simple terminal programs.

Setting | Function

0 8 bit binary, 115 kbps, RS-232
8 bit binary, 57.6 kbps, RS-232
8 bit binary, 19.2 kbps, RS-232
ASCII, 115.2 kbps , RS-232
ASCII, 57.6 kbps , RS-232

AIWIN(F
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ASCII, 19.2 kbps, RS-232

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

O 0|V 01

21.2 Front panel indicators

21.2.1 HVon
Amber LED. llluminated if the HV supply is enabled

21.3 Rear panel indicators
Four green LEDs.

. Power
‘ Initiated
‘ Active
‘ Comm

Figure 58. Status LEDs.

21.3.1 Power

Green LED. 2.5 VDC power is present. This voltegjkis derived from the 5 VDC rail, which
is in turn derived from the 24 VDC input.

21.3.2 Initiated
Green LED. Unit has been initiated and triggeceddquire data.

21.3.3 Active
Green LED. F460 processor has booted and is rgmummally.

21.3.4 Comm
Green LED. A host communication channel is active.

21.3.5 Power up sequence

On power-up, all LEDs light initially. The Initiat, Active and Comm LEDs then cycle in
sequence while the F460 is booting. When bootedPower and Active LEDs should be lit. If
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there is a host connection, the Comm LED will ilinate, and if the F460 has been commanded
to acquire data, the Initiated LED will be lit.

21.3.6 RJ-45 indicators

Green LEDs incorporated in the Ethernet connedtowsthat a connection has been established
(left hand LED) and that messages are passing (neyind LED). These indicators are secondary,
and difficult to see.
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22 Communications Interfaces

The F460 is a member of the PSI G2 range of devifeg unit is provided with four hardware
interfaces, RS-232, RS-485, fiber-optic and Etherfidle RS-232 and RS-485 interfaces are
intended for simple direct connection to PCs, withother equipment necessary. The fiber-optic
interface provides greater speed, excellent naiseunity, and allows multiple devices to be
connected in a looped topology. It requires arfijetic adaptor or loop controller device to
connect to the host computer. The fiber-opticriate is well-suited to large systems and
experiments. The Ethernet interface is providealltmw direct connection to systems which are
integrated using standard local area network hamelamad protocols.

The F460 can support multiple clients, and in patér you can be connected via Ethernet and
the serial port at the same time.

If the serial connector is attached, then the bpad becomes active, irrespective of any other
connections. The baud rate, type of protocol dradce of RS-232 or RS-485 levels is made
using the mode switch.

If the Ethernet connection is made then the Ethigrog becomes active. The mode switch and
address switch have no function when using Ethexo@imunications. LEDs incorporated in the
RJ-45 jack indicate activity on the port.

If neither serial nor Ethernet connections are mtun the fiber optic port is the active
interface. The mode switch has no function. Tddress switch sets the fiber optic loop
address.

22.1 RS-232 connection

A basic three-wire RS-232 connection is all thaeuired to communicate with the F460. The
F460 uses a 6-pin mini-DIN connector. An adapbos ©-pin female DSub is available from
Pyramid; a standard pin to pin male to female 9Ef8ub cable can them be used to connect to
the PC. The cable length should not exceed abuueSpecially at the maximum baud rate. For
longer serial cable runs you should use RS-485.
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6 pin mini-DIN male

9 pin D female

X RX

GND
05040342 0!
o°e0 o of

Figure 59. RS-232 cable F460 to PC.

22.2 RS-485 connection example

RS-485 is used to extend a serial connection ol@ngdistance. If you have a RS-232 serial
port on the host PC, then an RS-232 to RS-485 ctenis used at the host PC end. The built-in
RS-485 of the F460 allows a direct connectionsaértd. The F460 does not support multi-drop
RS-485 connections.

A commonly-used converter is the MOXA TC100. Thexd TCC-80 is a low-cost alternative
for less critical applications. The converter dddue configured for four wire (full duplex) RS-
485 operation. The F460 provides parallel ternmameffor transmit and receive. It is therefore
optional whether you also terminate at the TC10f) ent there is no harm if you do. The
recommended Dip switch setting for the TC100 is:

Swil Sw?2 Sw3
OFF ON ON

The recommended Dip switch setting for the TCC<80 i

Swil Sw2 Sw3
ON OFF ON

—H1 ()| Tx+ (B)
1:Tx- 2% Q) Tx(A)
2: Rx+ 1| Rx+ (B)
3: Gnd //\7* @| Rx- (A
4: nlc 1Q
5 Tx+ L0
6: Rx- L0

L0
@] sGnd
F460 TC100

Figure 60. RS-485 cable F460 to MOXA TC100.
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In order to enable the RS-485 interface on the F¥&0 must have a physical connection to the
serial port, and you must select one of the relerades (modes 6 through 9). If you have
trouble getting the RS-485 connection to work, &hearefully to ensure that you have all the

transmit and receive lines connected as shown.
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23 Communication Options

The following methods are available to control H#60 and read back data. Host software can
be run under Windows or Linux.

N O

)
ne

(S

Method Hardware Software Notes
Diagnostic Ethernet PTCControls32 & PTC | General purpose host software for
DiagnosticG2 Windows provided with product.
Allows communication of fiber-optic
slave devices. Linux installation files
available on request.
Custom Ethernet PTCControls32 & custom| Bespoke software created by Pyrami
software or the customer using PTCControls3
library
EPICS/ Ethernet IG2 (distribution includes | I/O points are made available in EPIC
CsSs PTCControls32 and EPICS| via the IG2 service. Control System
CAS), EPICS Control Studio is free data handling and
System Studio control software that includes a Ul
development tool (BOY).
EPICS/ Ethernet IG2 (distribution includes | I/O points are made available in EPIC
LabVIEW PTCControls32 and EPICS]| via the IG2 service. CA Lab makes't
CAS), CA Lab, National EPICS process variables available tg
Instruments LabVIEW LabVIEW. GUI can be built in
LabVIEW.
ASCII/ RS232 or RS48% Terminal program (puTTY, | Simple communications for basic tes
terminal RealTerm, Hyperterminal) | and fault-finding
ASCII/ RS232 or RS48% National Instruments Uses LabVIEW serial device handlin
LabVIEW LabVIEW GUI can be built in LabVIEW.

Pyramid VI sub-routines available to
manage device configuration.

The latest release version of the PTC Diagnostis@ailable for download at
www.ptcusa.com You can also find demonstration host applicatiasing EPICS / CSS,

EPICS /LabVIEW and ASCII / LabVIEW.

EPICS is widely used and supported in the scientdimmunity, and there are many other
services available that allow host software systether than LabVIEW to access EPICS process
variables that are exposed by the Pyramid IG2 seniexamples include C++, C#, Java, Python,

and MatLab.
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24 ASCIlI Communication

The F460 is a high performance device that wilegreu best performance with a dedicated host sodtapplication and high
bandwidth communications interface. Nevertheldsse are numerous applications that do not regsipecially high performance,
and connections to the F460 may be most convewigmia simple serial interface. The F460 suppatgsic ASCII interface over
RS-232 or RS-485. It supports some of the commpraiscribed by Standard Commands for Programmabtauments (SCPI) and
IEEE 488.2, plus specific commands as requiredhbeyoperation of the device. Unlike standard S@IF460 operates in a
“terminal mode”. This means that there is an imiaied'OK<CR><LF>" response to every valid commafuliowed by the data
response if the command was a query. If the condngamvalid then you will get an error messagel3,1“Undefined
header’<CR><LF>"

Commands to the F460 can be terminated with <LHy, @CR> only, or both. All F460 responses arenieated with <CR><LF>.
The following table summarizes the non-printinge®dsed by the F460.

ASCII non-printing character Symbol Dec Hex Ctrich
Backspace BS 8 0x08 Ctrl-H
Line feed LF 10 O0x0A Ctrl-J

Carriage return CR 13 0x0D Ctrl-M

The commands are grouped with a hierarchical stractith the levels separated by the colon charamtby a space. For example:
CONFigure:PERIod le-2

Concatenating commands is not supported.

/I This command configuresititegration period to have a length of 10 mitseds.

SCPI provides for a long and short form for eaamie@and. The short forms are indicated by the cligei part of the command.

Commands which have a query equivalent for readbaeeknarked with "(?)" in the following tables. re@eters are generally passed
to the F460 with the set version of the commandnbuparameters are passed for the query versionexample:

CONFigure:PERIod le-2
CONFigure:PERiod?

/Il set the integration petod0 msec
/I query the integration period
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In the following tables,

{} denotes a required argument.

[] denotes an optional argument.

{}* denotes a required argument that may be inctudeor more times.
[]* denotes an optional argument that may be inetl@ or more times.
? indicates a query command that solicits a resptins the F460.

(?) indicates that a set command is also providedquery form, useful for validation of settingghis is shown in the Q? column of
the following tables.
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24.1 IEEE 488.2 Mandatory commands

Command structure Q? | Description
*CLS Clears the error state of the device.
Does not clear the error/event queue.
*ESE (?) | Not supported
*ESR Not supported
*IDN? Identification Query. F460 returns manufaer, model number, serial number, firmware version
*OPC (?) | Not supported
*RST Reset Command. Restart the device softwadeeturn to the *RST default conditions. .
*SRE (?) | Not supported.
*STB? Not supported
*TST? Not supported
*WAI Not supported

24.2 |EEE 488.2 Optional commands

*RCL

Recall device configuration from flash

*SAV

Save device configuration to flash

The settings covered by *RCL and *SAV are:

. CONFigure:PERIod
. CONFigure:RANge
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. TRIGger:BUFfer
. TRIGger:BURst
. TRIGger:-MODe
. TRIGger:SOURce
. TRIGger:POLarity
Settings saved using *SAV are automatically recialiden the device is turned on.

24.3 SCPI required commands

Command structure

Q?

Description

SYSTem :ERRor [INEXT]? Query the error/event quéar the next item and
remove it from the queue.
*ERR? is an alias for this command.
'VERSion? Query the SCPI standard version.
STATus :DAC {Ch}{Val} Not yet supported.

24.4 F460 specific commands
Note that changing settings in the CONFigure or@gdr subsystems ABORts the acquisition, requirm¢\dTiate.

Command structure

Q?

Description

ABORt Abort measurement
CALIBration :COMPensation? Query external sensor compensation gain andtoffs
{Ch} factors for channel Ch. Channels are numbered30 to
for A to D.
:COMPensation Send external sensor compensation gain and offse
{K1 01 K2 02
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K3 O3 K4 04}

factors for each channel.

Compensation factors are automatically saved ghfla

:GAIn? {Ch}

Query gain and offset for channdi @r each of four
ranges. Returns {GainChRngel, OffsetChRngel, ...
GainChRnge4, OffsetChRnge4}

:RANges?

Query the installed max current ramgesnps. Returns
{RngelMayx, .... Rnge4dMax}

:SOURCce {Ch}

(?)

Enable (query) the internalilmadtion source to channe
Ch. Selection of source current is automatic based
range in use. Disables the calibration curre@tifis not
0-3.

Query may return a channel number even if the
calibration current is off.

CONFigure

:PERIiod {Per}

©

Set (query) averagimgiod Per in seconds. Applies
all ranges. Value will be corrected for 1/ADCrate
granularity (ie to the nearest 4 psec).

O

:PID

:MODe {Mode}
[Mode]

?)

Set (query) the PID mode for PID number 0 and
optionally for PID number 1.

Mode options for the servo process variable:

0: Custom (off or configured via RPC)
111
2:11+12
3:11-12
4:11/12
5: X
6:Y
7. 11+12+13+14

Modes 1-7 are for PID O
257-263: Same as 1-7 for PROFile

For PID number 1, modes 1-6 are available, buntB a
14 are used instead of 11 and 12, respectively..

:MODe? [PIDNO]

Query the PID mode for PID numB¢DNo (O if
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omitted).

‘RATE {Per}

*)

Set (query) the servo period forPer seconds (Per >=
5e-4, Per >= CONF:PERiod)

:LIMit {limlo}
{limhi}

?)

Set (query) the control output analog limitditnlo and
limhi (in range -10V to +10V).

Control output for PIDNo=0 is analog output 1
Control output for PIDNo=1 is analog output 2

:ILOWIimit { Sigl}

?)

Set (query) the sum Sigimps of the input currents used
to form the servo process variable for in the gekéc
mode, below which the servo will be suspended.

:KP {Prop}

*)

Set (query) the proportional pagter to Prop.

Kl {Int}

?)

Set (query) the integral parameté Int.

:REFerence {value}

(?)

Set (query) referencei@dhat is divided out from all
sensor values for PID

:PROFile

:LIMit { LimLo}
{LimHi}
{numPoints}

Set the low and high DAC limits in volts and thember
of points in between for the automated profile wee

:MAP {volts}*

Set a series of DAC points forgtautomated profile
sweep.

:RANge {Ch
Rnge}

*)

Set (query) current range for channel Clrat@e Rnge.
Rnge = 0 (highest) to 3 (lowest).

FETch

:ANAlogIn?
[numSamples]

Returns analog inputs for the numSamples mastite
triggers for the two analog inputs. Returns: num@as
*{averaging period, analnl, analn2, timestamp geig
count, CR LF}. Itis only possible to request nplé
samples if TRIGger:BUFfer > 0. Otherwise,
numSamples should be omitted.

Returns up to 12 samples. If numSamples and
TRIGger:BUFfer are greater than that, this command
may be used multiple times to drain the buffer.

:SENsor?

Returns compensated currents forthe&samples most
recent triggers for the four current input channels
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[numSamples]

Returns: numSamples *{averaging period, currl,Zurr
curr3, curr4, timestamp, trigger count, CR LF}.islt
only possible to request multiple samples if

TRIGger:BUFfer > 0. Otherwise, numSamples shou
be omitted.

Returns up to 12 samples. If numSamples and
TRIGger:BUFfer are greater than that, this command
may be used multiple times to drain the buffer.

Id

:CURrents?
[numSamples]

Returns uncompensated currents for the numSample
most recent triggers for the four current inputrofels.
Returns: numSamples *{averaging period, currl,Zurr
curr3, curr4, timestamp, trigger count, CR LF}.islt
only possible to request multiple samples if

TRIGger:BUFfer > 0. Otherwise, numSamples shou
be omitted.

Returns up to 12 samples. If numSamples and
TRIGger:BUFfer are greater than that, this command
may be used multiple times to drain the buffer.

Id

[numSamples]

:DIGital? Read digital status bits. See follogvsection for the
meaning of the bits.

:HIVOltage? Read HV readback ADC. Returns {HV1

‘PID? Fetch the running servo data.

{PID Enabled, DAC initial V, DAC V, AnalogInl V,
Measured process value f(11,12,13,14), Target pssce
value f(11,12,13,14), Sum of (TargetProcessValue-
ActualProcessValue), Following error
(TargetProcessValue-ActualProcessValue),DAC low
limit hit (0]1), DAC high limit hit (0]1), low cuent limit
hit (0|1),timestamp,time-slice number, CR LF}

May have additional fields if second PID is enabled

Returns up to 9 samples.

:POSitions?

(not yet supported)

:PROFile?

Returns numPoints * {DAC V, Analogl¥1Measured
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Process Value, timestamp, time-slice number, CR LH}

Returns up to 18 samples. Wraps around to the
beginning after all samples are returned. Thedpusf
cleared by setting a new profile map or startimegpa
profile.

INITiate

Initiate data acquisition on validgger.

OUTput

:ANAlog {Ch}
{Vvalue}

*)

Set (query) the setting of analog output(Of1,2,3) to
AnaValue volts, (+/-10V).

Only available if OUTput:MONitor is set to mode Bca
PID is not being run for the particular output.
Otherwise, these outputs are active as monitors.

:FREQuency
{011]2[3}

*)

Set (query) mapping of TTL frequency moniatput.

0 = Bipolar

1 = Positive Only
2 = Negative Only
3 = Absolute

HIVOltage

:MAXvalue {HVYm1}

(?)

Set (query) maxinm allowable external high voltage
setting HVmL1 in volts. This is a software enfordiedit.

:SUPply?

Query maximum allowable external highiage setting
in volts, as determined by the installed HV module.

'VOLts {HV1}

?)

Set (query) the high voltagetseg HV1 in volts. See
FETch:HIVOltage? for readback value.

:ENable {0|1}

(?)

Enable/disable (query) thethigltage power supply.

:MONitor
{0|1]2]3}

Set (query) the position function that is perfed
internally by the F460, and thus the signals thatpat
out on the analog voltage and frequency monitor
outputs.

0 = no position calculation, monitor outputs mag th
input currents

1 = no position calculation, monitor outputs mag th
compensated input currents

2 = monitor outputs A and B map X and Y positions
based on the currently set calculation
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3 = monitor outputs are controlled directly or HipP
PID :SERVo {0|1} (?) | Set (query) servo state
0 = disable
1 =enable
:PROFile {0]|1} Set (query) automatic profilatst
0 = disable
1 =enable
The profile will remain enabled until either turnefi by
this command, or when all data points have been
collected by the device and the profile is complete
SYSTem :COMMunication| :TIMEout (?)| Set (query) dout in seconds. 0 = timeout disabled.
F460 will turn HV off if no valid message is receiin
the timeout period.
:IPMODE (?) | Set(query) the IP address setting mode. NOTE:
{DHCP|Static} Changing this setting may cause loss of commuigati
with the device for several seconds.
:IPaddress {x.x.x.x} (?)| Set(query) the IP skt
:NETmask {x.x.x.x} (?) | Set (query) the subnetska
:GATEway {x.x.x.x} Set (query) the default gatay if IPMODE is Static.
:LOGipaddress (?) | Set(query) the system log IP address
{xxx.x}
:SERIALnumber? Query the serial number of tA60=
‘ERRor :COUNTt? Query the error/event queuelerrtumber of unread
items. As errors and events may occur at any tinoge
items may be present in the queue at the time it is
actually read.
TRIGger :BUFfer {size} (?) | Set (query) the F46@-board data buffer size (stop
count).
Setting a buffer size > 0 enables buffered mode.
:BURst {count} (?) | Set (query) the number of gd@s acquired in a burst
(i.e. before a pause). Thisis 1in

F460 User Manual

F460_UM_151002

Page 90 of 133




PTC System Controls and Diagnostics

EXTERNAL_START_HOLD mode

:MODE {mode}

(?)

Set (query) the trigger modentode . The options are
CUSTom, INTernal, EXTERNAL_START,
EXTERNAL_START_STOP,
EXTERNAL_START_HOLD,
EXTERNAL_WINDOWED

:POLarity {0]|1}

()

Set (query) external gatdgray (external trigger only).
0 =rising edge, 1 = falling edge (invert BNC trégy

:SOURce :STARt
{INTernal|BNC}

?)

Set (query) the start trigger source. UsedUWisTom,
EXTERNAL_START, EXTERNAL_STARTSTOP,
EXTERNAL_START_HOLD, and
EXTERNAL_WINDOWED modes.

{INTernal|BNC}

:STOP (?) | Set (query) the stop trigger source. UsedWi$Tom
{INTernal|BNC} and EXTERNAL_STARTSTOP modes.
:PAUse (?) | Set (query) the pause/burst trigger sourcgedUn

CUSTom and EXTERNAL_WINDOWED modes.

24.5 Digital status bits

Connected

Pending/Busy

Error

Reserved

Output changed (NOT SUPPORTED)

Reserved

Urgent device error (NOT SUPPORTED)

Reserved

| Nl of 01 M W[ N[ | O

Updating firmware
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9 Starting up

10-15 Reserved

16 Acquisition Running (Measuring)

17 Acquisition Paused (Waiting for trigger)
18 Acquisition Stopped

23 BNC gate toggling (Triggering)

24.6 Using PUTTY to test the serial ASCII connectio n

Microsoft Windows no longer includes a terminal éabor that you can use to test the ASCIl commuiooat Hyperterminal may be
transferred from an unused prior Windows versiomdyyying the files hypertrm.exe and hypertrm.Marious public domain
programs are also available to perform this td®jamid has tested PuTTY and Realterm with the FAB® following screenshots
show the configuration of PUTTY with 115kbps baater

Figure 61. Setup of PUTTY for ASCII serial commaiidn with the F460.
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You can be connected to the F460 via ASCII sendlthe PTC DiagnosticG2 via Ethernet at the same.tiSome behavior may be
unusual, so this is only recommended for faultifiggdnot routine measurement.

Figure 62. Example terminal session using puTTY.

24.7 Developing a GUI in LabVIEW with serial ASCIl  communications

National Instruments LabVIEW includes tools forarfacing serial ASCII devices. They assume thé&t®SPI communication
protocol of commands to execute actions and quariesad data. Example files for a F460 GUI huiltabVIEW and accessing data
via serial ASCII are available on the Pyramid wadisitp://www,ptcusa.com The package includes linked .vi files that poedigure
the F460 serial communications to be best-suiteddd.abVIEW serial ASCII capability. The figurelow shows an example screen.
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Figure 63. Example user screen created using LB#Y/With connection via serial ASCII.

Note that the F460 operates in “terminal mode” ttmesLabview application needs to absorb the “OK=€H->" response to a valid
command. The example .vi files set up the intertacdo this.
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25 Connecting the F460 using EPICS

25.1 What is EPICS?

The Experimental Physics and Industrial Controlt&ys(EPICShttp://www.aps.anl.gov/epigs/
is:

“A set of Open Source software tools, libraries apglications developed collaboratively and
used worldwide to create distributed soft real-teonatrol systems for scientific instruments such
as particle accelerators, telescopes and othex taigntific experiments. EPICS uses
Client/Server and Publish/Subscribe techniquestonsunicate between the various computers.
Most servers (called Input/Output Controllers o€K) perform real-world I/O and local control
tasks, and publish this information to clients gdime Channel Access (CA) network protocol.
CA is specially designed for the kind of high baidiw, soft real-time networking applications
that EPICS is used for, and is one reason whynitboeaused to build a control system comprising
hundreds of computers.”

There are EPICS services for serial ASCII devibes tan be used as the basis for custom
EPICS interfaces for the F460. Alternatively, Pyid supplies an executable called 1G2 which
embeds an open source Channel Access Server fBERICS community. This allows
connection via the Ethernet interface.

IG2 is configured for the devices you wish to cartnesing editable xml files. Once IG2 is
running on a computer in your network, then angpttomputer can run a client program which
can display and control the process variableshieidevices. In the simple network in the figure
below, the process variables of and F460 and an&fth@hed to the F460 via fiber optics, are
exposed to the network by the 1G2 service runnim@ gerver computer. One or more client
computers can then access the values.

oooo

GUI client 1G2 server

Figure 64. Simple example network for EPICS comaations.
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There is a wide range of client interfaces fromBERICS community, including interfaces for
C++, C#, Java, Python, LabVIEW ™, and Matlab ™.

25.2 Installing and Configuring 1G2

The 1G2 package is available to users of Pyramodpets. It is supplied as a zip file which
should be de-compressed and the entire folder mvete computer that will act as the server.
The server and the user interface computer caheébsame machine. The F460, the server and
the user interface computer should be able to camwate with each other over your network.

In the folders you have saved, there is an xmé fitethe \service subdirectory that need to be
edited to customize your particular setup. IGX®for the file “system.xml” in the \service
subdirectory to establish the configuration of $lggtem. You can locate system.xml elsewhere
than the default location, or give it a differeaime, in which case you need to specify the path
and file name by means of an argument in the cordrhae that launches 1G2.

The system file comprises a header section onrttiesghema, which does not need to change.
Then comes a description of the user interface ¢msiputer, descriptions of the fiber optic loop
controller devices in your system and descriptiointhe devices attached to loops. The F460 is a
loop controller, because it has the capabilityupport multiple slave devices through its fiber
optic port. You don’'t have to describe every devand every input/output point that is present

in your system, but only the ones that you expoghe system file will be visible to EPICS.

The simplified example in figure 65 shows the form&wo current measuring channels and two
controls only are exposed on the F460; normallywould expose a much more complete set of
process variables. The F460 is supporting onedo@evice for the example, an M10 general-
purpose I/O device, and again only a limited sqirotess variables has been exposed on it for
clarity.

The convention of “wires” for Pyramid device prosesiriables, and the fixed names of those
wires for each supported product, are describéddrdocument “ig2_scripting_v#.#.pdf’, where
#.# is the document revision number. The docuraksat describes how you can scale the values,
for example to convert voltages from general puedd® devices to physical units relevant to the
item they are controlling, and how you can set ymmoring against tolerance bands.

The choice of a corresponding working name for eeicé is up to the user; you may wish to
choose something descriptive that is relevant tatwbu are measuring or controlling. We
nevertheless recommend a naming convention tha¢snaklear whether a value is a readback
or control (the prefixes c_ and r_ are used inetkeemple), which particular device the value is
associated with, and a number or letter to indidaechannel for multichannel devices.
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Figure 65. Example xml system configuration filleEPICS.

Once you have created and saved your system dilecgn run the IG2 service executable. If the
server has a display, you will see a console wintt@t/shows the connection process, then
records subsequent control value changes sent te4#0. The names you declared will now be
recognized as process variables by any EPICS-cdanigatient program.

CAUTION

Don't try to control the F460 simultaneously from BPICS client and from the PTC
DiagnosticG2. The results will be confusing. artgcular, if you attempt to run the 1IG2 service
and PTC DiagnosticG2 on the same computer, the eonwations will conflict.
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25.3 Developing a GUI in Control System Studio

The Control System Studio, or CS Studiutg://controlsystemstudio.qgithub.)as a set of
ready-made tools built on Java and Ecliggé(//www.eclipse.org) that allows users to get
started with little or no programming required. efé are various logging, plotting, post-
processing and alarm point tools. A fully-featutdchg and drop” user interface editor (BOY)
allows quite complex customized user interfacdsetareated with minimum development time.
As an example, the following screenshot shows aingerface for the configuration shown in
figure 64, created in the CS Studio BOY OPI editdhe IG2 server was running on a Linux
server (a Raspberry Pi), and the GUI was running standard Windows PC.

Figure 66. Example user screens created usingrob8ystem Studio BOY.

Example files for a F460 GUI built in Control Syst&Studio are available on the Pyramid
websitehttp://www,ptcusa.com

25.4 Developing a GUI in LabVIEW for EPICS

National Instruments LabVIEW can access EPICS @m®wariables via the CA Lab service
(http://www-csr.bessy.de/control/SoftDist/CA_Lgb/Example files for a F460 GUI built in
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LabVIEW and accessing data via EPICS are availaibline Pyramid website
http://www,ptcusa.com The figure below shows an example screen.

Figure 67. Example user screen created using LBBY/vith connection via EPICS.
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26 Using the F460 on a network

26.1 Network configurations

The F460 uses TCP/IP and UDP communication ovedatd local area network hardware.
Addressing is using the IP4 standard, and it supatic and dynamic (DHCP) address
assignment. The device can be configured via T PiagnosticG2, via the serial interface, or
by your own host software using the appropriategdare calls.

Most control and data acquisition systems are ge&tith fixed addresses assigned by the
network administrator. It is also typical to iselauch networks from the internet to prevent
unauthorized access, and to allow operation witficewalls which can disrupt communications.

In order for the host computer and the F460 to camipate, they must be within the same
subnet. It is typical to limit a local network 266 addresses by setting the IP4 subnet mask to
255.255.255.0. Then the F460 and the host naya the first three bytes of their addresses
common, and must differ in the last byte. For eplemthe host could be 192.168.100.11 and the
F460 192.168.100.20. The last byte must also owflict with any other devices on the same
subnet. Addresses with last byte 0 and 255 aezwed for special functions in TCP/IP.

Note that if you are communicating with the F46thg<€thernet and you change its IP address,
then your communication channel immediately becoimesid. You need to rediscover the
device if using the PTC DiagnosticG2, or othervabange your host software setup as needed.
If you have moved the F460 into a different subfaetexample by setting it to a static address of
192.168.1.20 in the prior example, then will alged to the host PC’s IP address into the same
subnet before you can reconnect.

The simple static IP arrangement allows you to eshasing a direct cable connection as shown
in figure 68, or via a network switch, as showrfigure 69.

Figure 68. Direct network connection
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Figure 69. Network connection via switch

Static addressing will also work if the networklues a router, but this arrangement also allows
dynamic address assignment by the router. If ogt software expects devices to be at specific
addresses, this is not appropriate, but it canglygfdrl for initial testing and for fluid setups.h&
router will ensure that there are no address asfliThe Discover utility in the PTC
DiagnosticG2 makes the use of DHCP-assigned addrgsactical.

Figure 70. Network including router

You may wish to define the address of this roudesome other access point on the network, as
the default gateway, if you want the F460 to beeasible from another network. This is
optional.

26.2 Recovery from unknown IP address
There are two ways to restore the F460 to a kn®eddress.

F460 User Manual F460_UM_151002 Page 101 of 133




PTC System Controls and Diagnostics

26.2.1 Reset at boot time

If you keep the reset button depressed for theffus seconds while the F460 is powering up, it
will return to its default IP setting, which is &asc address of 192.168.100.20.

26.2.2 Using the serial port

You can query and set the F460 network configunatia the serial port. The sample session in
the figure below shows interrogation of the setirand then a command to change from DHCP
to static address assignment.

Figure 71. Terminal session to interrogate andiBetonfiguration

26.3 System log address

The system log address is the IP address of agsgslwer that can log status and error messages
from the F460, for diagnostic purposes. You shdegare this set to 0.0.0.0 unless you are doing
diagnostic investigations directed by Pyramid TéchinConsultants.
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27-S1 Servo Option

The F460 with the —S1 servo option gives you thktyako control some process based upon the

incoming current

readings. The archetypal proestabilization of an X-ray double crystal

monochromator (DCM) output, where ionization chamlm photodiodes are used to measure
the X-ray flux, and variations can be compensatedrlving the crystal cage piezo motor.
However any process which can be controlled byretog voltage and monitored by small
currents can be handled.

Incoming
beam

DCM
Sensor(s)
Sensor Crystal cage Outgoing
beam
e - - - — - _______________>
0-10V
posn
Main cmd
rotation Piezo ‘
motor amplifier
—
control Amp
feedback

Figure 72. Schematic DCM installation.

The current servo implementation in the F460-S4 R4 controller which maintains the process
variable value that existed at the moment the ollatrwas activated, by adjusting the process
control output (analog out 1 voltage). You canrtkethe process variable as any arithmetic
combination of the inputs, for example:

A The servo will attempt to stabilize the valuecbinnel A

SUmABCD The servo will attempt the stabilize théuesof the sum of the channels
DiffAB The servo will attempt to stabilize the déffence B-A

QuotientBA The servo will attempt to stabilize tlagio B/A

Quadrant The servo will attempt to stabilize thsippon function ((A+D)-(B+C))/

(A+B+C+D)
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The PI servo implements the algorithm

DAC,, = DAC,, +k

itial err+k err

Prop Integral *

where DAC is the output analog voltage, err isdifference between the process value target
and the latest evaluation of the process valuekaggand kqeqrai are the servo parameters. It is
simple for you to replace this with your own alglonn if required.

The loop rate for execution of the Pl algorithm banfrom 500 pusec (2 kHz loop rate) upwards.
It is generally sensible to make it the same a$#&9 integration period so that fresh data is
available at each iteration. Don't be tempteduto the servo quickly if it is not necessary.
Generally you should aim to get the signal to noéd® of the incoming signals as high as you
can by increasing the integration time, to prevwkatservo reacting to spurious noise.

27.1 Methods of accessing the servo functions
The F460-S1 comes with three methods of settingnapcontrolling the servo:

- via ASCIl commands over the serial interface
- from the PTC DiagnosticG2 using the pre-defined/s process parameters
- from the PTC DiagnosticG2 using the A60 real-tipnecessing facility

You can of course also create your own host soéwad access the relevant functions that way.
If you are setting up the servo for the first tintes very helpful to start off by using the PSI
DiagnosticG2 to tune the servo and thus definefipropriate servo rate angl ki terms,

because you can get clear graphical feedback ofthewystem responds as you make changes.

27.2 Servo control using ASCII commands

27.2.1 Running the servo

Figure 73 shows a sequence of ASCIl commands a6@ fesponses made with the puTTY
terminal software. For clarity, the terminal entida was set to append extra linefeeds to the
incoming strings and the outgoing commands weraitated by <CR><LF>. Refer to the
ASCII commands table in section 23 for full detamfshe command and response syntax.

The F460 was connected to a test circuit with fthotodiodes to provide the four signal inputs,
and a LED illuminating the photodiodes connectedrtalog output 1, which is the process
control output for the first servo controller
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Figure 73. Example of servo setup using ASCII canus.

In the example, commands were issued as follows:
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- All four inputs (0 to 3) are set to the 1 uA rartg suit the nA-level signals produced by the
photodiodes

- The measurement averaging time is set to 20 msec

- The servo loop rate is also set to 20 msec

- The allowable range for the process control g@tes limited to +2 V to +8V
- The proportional and integral terms are set

- The mode (process parameter) for the first seordroller is set to the sum of all channels. In
other words, the servo will attempt to maintain vhéie of A+B+C+D by adjusting analog
output 1.

- Data acquisition is initiated, and a readingpisen
- The analog monitor outputs are set up for maoaatrol/ servo output process control

- Analog output 1 is set to 3.5 V. With the testuait used, this causes the LED to illuminate the
photodiodes at a particular intensity. The resglturrents can be seen from the following fetch
currents command.

- The servo is enabled. The sum current A+B+C+ihatt moment is captured and becomes the
target for the stabilization

- Five consecutive outputs from the servo contrale requested. This command can be
repeated as necessary to keep track of the process.

27.2.2 Automatic profiling

It is convenient to gather data that shows thearsp of the system to a sweep of the process
control voltage in a single acquisition. Figuresibws an example of how you can set up and
run such a sweep, and recover the resulting dataraging period and servo period were
already set (see figure 73). The sequence of comisnaas:

- Set analog output 1 to a suitable starting vatuéhat the profile starts without a large slew in
the setting

- Configure the servo mode for a profile of theveet control with monitoring of the sum of the
inputs A+B+C+D

- Configure the profile to run from 2 V to 8 V wiftD points
- Run the profile

- Fetch the resulting data. A maximum of 18 poa#s be collected for each call, so the
command is repeated to get the last two values.
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Figure 74. Example of profile setup using ASChaoeands.

An alternative method for collecting system resggotiata is to define the points individually in a
map. You can now create an arbitrary sequenceiofg Figure 75 shows an example of this
approach, using the mode and averaging time ndtedea where the process control voltage
map ramps the control voltage up and then dowmagai
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Figure 75. Example of map profile setup using A8Gmands.

27.3 Using predefined servo modes in the PTC Diagno  sticG2

27.3.1 The PID tab and controls

The PID tab on the F460 screen in PTC Diagnostig@2ides several predefined process
variable options, and exposes the parameters thiahged to set up and tune a servo. The
graphic can be toggled between its normal readbilteanput currents and a display of various
servo parameters. You can run an automated sdhe pfocess control output voltage and
record the resulting process variable readbadkfeom your choice of operating point.
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Figure 76. PID screen.

The predefined process variable choices are asifs/lwhere A,B,C,D are the measured
currents. If you are using sensor-compensate@cisrthen these are used.

Name ASCIl mode Process variable
number (name)

PID Channel 1 (11) A

PID 2 Channels Sum 2 (11+12) A+B

PID 2 Channels Diff| 3 (I11-12) A-B

PID 2 Channels Div| 4 (I11/12) A/B

PID X 5 (X) ((A+C) — (B+D)) / (A+B+C+D) (quadramode)
(A-D) / (A+D) (split noie)

PIDY 6 (Y) ((A+B) — (C+D)) / (A+B+C+D) (quadramode)
(B-C) / (B+C) (splitade)

PID 4 Channels Sum 7 (I11+12+13+14) A+B+C+D

The servo controls available on the screen are

Mode

Select from the predefined process variable optionsunning the servo
and for doing a process control sweep (profile)
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Selecting the Custom option allows use of the A& time processing
features to create your own customized servo clertroSee section 27.4

Plot Checking this box causes the graphic to dyspdavo parameters in place
of the normal display of measured currents.

Period This is the period of the servo algorithimplo Typically you will set this
equal to the Integration Time of the F460. Thedstwalid setting is 500
psec.

Upload This control is reserved for A60 real time procegsi

Configuration

(profile)

Select Waveform

This button opens a dialog whetecgn create or load a process contrd
voltage table for the profile.

Profile

This button causes a loaded profile toecated.

Stop (profile)

This button stops profile execution.

Upload This control is reserved for A60 real time procegsi

Configuration

(PID)

Servo This button starts the servo controller. Talee of the process variable
when you press the button becomes the process.targe

Stop (PID) This button stops the servo controller.

Kprop and Kntegral

These fields are where you set the controller serthyou are working in @
mode where the process variable is a current (amyas difference of the
inputs), the values will be large to reflect thegkagain factor going from
current to control voltage. If the process varala ratio of currents, the
controller terms will be closer to one. If thepesse curve has negative
slope where you want to control, the terms willcdheebe negative.

Low and High
limits

The high and low limits allow you to constrain {hr®cess control voltage
for example to prevent the servo going to a regibere the response

curve has the opposite slop, or no slope. Theuttedation is for the servo
to suspend at the limits, but you can modify thekdwior if needed.

Current low limit

The current low limit field is wére you set a minimum sum of currents
that must be present for the servo to be activas prevents the controller
responding to noise if the signal becomes smallexample if the beam is
suddenly lost in a DCM application. As with thegmut limits the default
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is for the servo to be suspended, but you can thii®if you wish.

Reference This is a normalizing factor that you icroduce to make the servo
unresponsive to particular external factors. Fleeming channel values
are divided by this factor before being used inRhalgorithm. A typical
use is in synchrotron light sources, where you veaDCM servo to
respond to instabilities in the DCM itself, but notthe gradual decline in
X-ray flux from the synchrotron. The host softwaends to the F460 a
value representing the synchrotron current perailjic

You can change which values are normalized in thEfike; the fault is all
of them.

Save configuration The servo parameters are saved@0 non-volatile memory.

27.3.2 Running the servo controller
Before running the servo, check that the MonitotpDtisetting on the Setup tab is Manual/Servo

( ). This makes analog output 1 available to beoagss control voltage.

When you click the servo button ( ), the controller algorithm will capture the
value of the defined process variable and useathitie process target. The process control
voltage will be adjusted continuously to maintdirsttarget, if possible. Since it is likely that
you want the process target to be close to a péatizalue, you should drive the process to this
value before starting the servo, by direct settihthe Out.Value field on the Setup tab

( ). When the servo is running, any changes you rtakige parameters
will be effective immediately. Thus you can tuhe servo dynamically.

The key servo parameters are displayed in a sbtellest, and plotted on the graphic.

Figure 77. PID parameters.

The checked entries only are plotted. All the galare logged, and you can export the data to a
csv file for off-line analysis. The parameters asdollows:

c_enable Boolean; 1 if the servo is enabled, @tf n

c_dac_initial The initial value of the process cohvoltage when the servo was
enabled

c_dac The running value of the control voltage i@paut 1)
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r_adc The running value of the readback (analdg.inTypically you would
connect this to the feedback from the controlledae(piezo motor
or similar).

process_value The running value of the procesaliari

C_process_target The fixed process target. I§éneo is disabled, this tracks the
process value.

error_sum The running value of the accumulated eaused by the integral
term

following_error The running value of the differenoetween the process variable
value and its target

dac_low_limit_hit Boolean; 1 if low limit of the pcess control voltage has been hit

dac_high_limit_hit Boolean; 1 if high limit of th@ocess control voltage has been hit

low_current_limit_hit Boolean; 1 if low limit of #asum of currents used in the process

variable has been hit

27.3.3 Performing a process control voltage profile sweep

The profile sweep function allows you to map o finocess control space that your servo will
work in. Typically you will scan from the lowesseful process control voltage to the highest,

and look at the process variable as a functiohisfuoltage. Then you can make an informed

decision about the target operating point anddiaednd high process control voltage limits.

Before running a profile, check that the MonitortQut setting on the Setup tab is Manual/Servo

( ). This makes analog output 1 available to beoagss control voltage.
Set the Integration time and the Servo Periodécstme value.

To perform a profile, select the required procesmsable profile option from the Mode drop
down. This will make the Select Waveform buttotiveez The button opens a waveform editor
dialog.
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Figure 78. Waveform editor after creation of atrgle wavetable.

You can either load a csv file of output voltagéues, or generate a table using one of the
standard waveform options. The most useful ar&twetooth, which will perform a voltage
ramp from Offset to Offset+Amplitude, and Trianghhich will ramp up and then ramp back
down. The latter can be useful to investigatedrgsis effects in the process.

When you close the dialog, the Profile button Wwélactive, and you can run the profile. Each
point in the table is put out for Period psec,lsrofile takes Points*Period to run. You will
get a plot of the process control voltage (c_d&he) feedback from the controlled device (r_adc)
and the process variable (process_value).
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Figure 79. Completed profile.

If the process value is invisible on the graphicauese it is numerically small compared to the
process control, simply hide the ¢c_dac and r_aief to let it autoscale correctly.

Figure 80. Completed profile — process variablgpthyed.
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27.4 A60 real time processing

The A60 real time processing architecture provaelegxtremely flexible data collection and data
processing environment for the advanced user. system is described in Pyramid Technical
Consultants’ documents

PTC1-9-247 AG60 Real-Time Controller Software andhfiyuration Architecture
PTC1-9-679 AG60 Real-Time Controller Calculations

The behavior of the system when in real-time prsicgsmode is controlled by xml files which
you can edit as needed. For example, you can thes$el60 to put out a table of values on one
or both of its analog voltage outputs at a corgbHate, and log the resulting values. You can
read inputs, do calculations on the values andrgéman output value based on the calculations.
These two examples in fact describe the two feattgguired for the F460 servo, namely:

- the ability to sweep a process control valuei¢agmotor position, for example) and log the
resulting process variable (some arithmetic contlmnaof the measured currents for example)

- the ability to form a process parameter from @ihmetic combination of the measured
currents, execute a PID algorithm on it to formeaviprocess control value, and output the result

The use of the A60 real time processing is thusreegalization of the predefined servo modes
already described in section 27.3.

The profile controls allow you to load an xml capfration file that defines the rate that the
profile points are sent out to the analog outhé,frocess variable calculation and the data to be
logged. The map file is simply a column of voltage be output in csv format. Execute the map
by clicking the Profile ( ) button. Examine the resulting response curvedauitie
where you wish to start the servo, where to plagel@av and high limits, and what approximate
magnitude and polarity thek, and k. parameters will need to have.

The servo controls allow you to load a servo xmel fihat defines the loop period, the calculation
of the process variable, which analog output wellthe process control, data to be sent to the
Diagnostic GUI, the response to hitting limits aedon. Once you have loaded the file, the
graphics will change to plot the parameters spatifn the file.

27.4.1 Xml files

We recommend that you develop a set of xml filegrtvide the profile scans and servo modes
that you require for your applications. When yawé settled on servo parameters that work
well, the values can be added into the relevanoseml file, and they will then override the
values in the input fields on the PTC DiagnosticgGgen. A set of example files was provided
with the F460 documentation if you purchased the efion, and these are a good place to start:
edit the files to suit your needs. The can beeeditith Notepad, but it is more convenient to use
an editor that formats the file in a helpful way.

Some of the key entries in the servo xml file are:
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27.4.1.1 Loop rate control
The rate is set to 10 Hz in this example.

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

27.4.1.2 Process variable definition
The process variable is defined as the sum oball €hannels in this example.

< calculations >

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

< channel name="process_value " />
</  calculation >

The process variable is defined as the ratio ofiteetwo channels in this example.

< calculations >

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

< channel name="process_value " />
</  calculation >

27.4.1.3 Servo algorithm definition
In this example, the xml file calls the PI algonititoded in the A60.

< calculations >
<l-- Calculate the new output
c_dac_new = c_dac_initial + k_prop * followin g_error + k_int * error_sum
-->
< calculation type ="pid ">
<l-- The dac_initial value is reset above any time enab le is false
or reset is true.
In effect, this means the Pid command sets the dac_initial value.
->
argument >c_dac_initial </ argument >
argument >k_prop </ argument >
argument >following_error </ argument >
argument >k_int </ argument >
argument >error_sum </ argument >
Don't use c_dac directly for low current limit che ck at the end -->
channel name="c_dac_new " />
</  calculation >

</calculations

AANANANNAA
7
]

>

In this example, the same calculation is codethéximl file using primitive calculations, and
can thus be altered at will, for example to addffere@ntial term, or to normalize the integral

term to the loop rate.

< calculations >

<l-- Calculate the new output -->

<l-- Step 1: k_prop * following_error -->
< calculation type ="product ">

< argument >k_prop </ argument >

< argument >following_error </ argument >

< channel name="p2" />
</  calculation >

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

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

</  calculation >

</ calculations >

< calculations >

<l-- Calculate the new output -->
<l-- Step 3: DAC _initial + k2 + k3 -->
< calculation type ="sum">

<l-- The dac_initial value is reset above any time enab le is false

or reset is true.
In effect, this means the Pid command sets the dac_initial value.
-->
< argument >c_dac_initial </ argument >

< argument >p2</ argument >

< argument >p3</ argument >

<l-- Don't use c_dac directly for low current limit che ck at the end -->
< channel name="c_dac_new " />

</ calculation >

</calculations

27.5 Servo tuning

27.5.1 Process control voltage operating range

Start the tuning process by running a sweep optbeess control voltage and logging the
process variable. This allows you to see workpace that will be available to the servo. If the
response is a simple increase in the process \@@aalihe control voltage increases, then the
servo will be relatively simple to stabilize. Taeerage gradient of the curve will dictate the
magnitude of servo parametegsokand kywegrat If the response is a simple decrease, the
situation is similar, except that you will need atge servo parameters. If the response has a
maximum or minimum, however, you will need to emstirat the servo cannot go past the point
where the gradient changes sign, as it will immedlfaun up to its control voltage limit. This
can be the situation for a DCM, where there isakpe the response curve, and you need to limit
the servo to operate on one side of the peak dnlyhe following example we’ll take a simple
case where the process variable is simply a smgl@sured current, for example from an
ionization chamber downstream of the DCM.

8.00E-09

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

3.00E-09 -

Process value

2.00E-09 -
1.00E-09 -

0.00E+00 T T T T

Control (V)

Figure 81. Simulated DCM crystal cage movemergarse curve.
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The general experimental requirement is for a stahtl high beam flux from the DCM. If an
operating point is defined on the side of the péakards the top, then a good compromise can
be achieved where there is scope for the servaterp or down the peak to stabilize the
current, but not too much flux has been given Ugtikes to the peak. Adjust the analog voltage
from the F460 that controls the piezo motor tordguired operating point by direct command,
and note that the expected current is being medsureis current value (the process variable
value) is the one that will become the servo taogee the servo is enabled.

8.00E-09

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

3.00E-09 -

Process value

2.00E-09 -

1.00E-09 -

0.00E+00

0 2 4 6 8 10
Control (V)

Figure 82. Selected operating point.

In order to reduce the risk that the servo losedgrobif there are extreme perturbations, you
should set low and high excursion limits on thel@g&oltage output.

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

4.00E-09 -

Process value

3.00E-09 -
2.00E-09 -

1.00E-09 -

0.00E+00

0 2 4 6 8 10
Control (V)

Figure 83. Constraining the process control opargtrange.
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27.5.2 Servo tuning

CAUTION

It is easy to set a servo system into oscillatidhe parameters are set incorrectly, or to rurt@ff
one limit if the signs of the parameters are resgrsThis may damage your equipment. Ensure
you are familiar with the response of the systertihéoprocess control voltage before you start,
and start any tuning exercise with small valuethefproportional and integral terms.

Traditional tuning methods such as Ziegler-Nichol®lve increasing the size of the controller
terms until the loop becomes unstable, then redutie values to particular proportions. First,
set the integral term to zero and increase thegotiopal term until oscillation sets in.

Figure 84. Oscillation when proportional term ixreased.

Reduce the proportional term to 45% of the valuenehinstability starts. Proportional control is

inadequate on its own because it cannot eliminatgtain residual error. So set an integral term
that is 120% of the proportional term divided bg thbserved oscillation period, about 1.5 sec in
the example here.
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Figure 85. Ziegler-Nichols tuned servo.

The result is a very responsive servo running qeldse to the stability limit. It may become
unstable at other places in the response curvethe system changes. It may also be
inadvisable to run a system such as a DCM crysige piezo into oscillation just to obtain a
tuning setting. Since applications such as thesenare concerned with correction of relatively
slow drifts and disturbances, we can tolerate zostrat may be slower to respond.

A simple but effective method for such applicatien#o start with low equal low values fosk,

and Kaegrar Such that the servo is almost unresponsiveoduotrte some typical disturbance and
observe the time it takes for the servo to redfoegprocess target. Increase both terms together
until the servo has sufficient responsiveness éor yeeds. In the example below, the terms
were incremented 1eb, 5e5, 1e6, 5e6, 1le7 andgspemnse to the same disturbance was observed
for each case.
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Figure 86. Increasing servo terms until processalde responds adequately
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28 Firmware Updates

Firmware for the F460 comprises the embedded Lopetrating system for the Ethernet NIOS
processor, the real time application and the FP@&nam. These are provided as a bundled zip
file to ensure that the versions are compatiblefoi starting an update you should ensure that
the power to the F460 and the network connectiomsecure. An interruption during the update
might make the F460 inoperable, in which case i$tve returned to a service center to be
reprogrammed.

Clicking the Update All Firmware button ( ) will open a dialog
warning how long the task will take, and the instien to keep the F460 powered.

Figure 87. Firmware update warning dialog

If you answer yes, the open file dialog will opand you can navigate to the new firmware file.

Figure 88. Selecting the new firmware file

During the update progress, you can monitor thgness in the message area.
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Figure 89. Firmware update in progress

At the end, you will see a message prompting yae{power the device to start the new code. If
you loaded the wrong version, there is still anapmity to change your mind and load a
different version by repeating the process.

Figure 90. Firmware update completed
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29 Fault-finding

Symptom

Possible Cause

Confirmation

Solution

Current measurement
inaccurate

Using sensor compensation
inappropriately

Check setting.

Do not use sensor
compensation when not
required

The device was calibrated
with input currents present

Compare calibration
parameters to previous value

Do calibration with no input
sconnections

Unable to see an expected
current

Using wrong range

Check range setting

Use curestge appropriate
to the expected input currents

\*2J

No return path for current

Trace full current pafkdd a
ground return from the curren
source to the F460 chassis.

Use correct cabling.
t

High noise levels

Using a high current range 1
measure a small current.

ol'ry a more sensitive range

Use current range apptep
to the expected input current

\"2J

Using a small integration
period

Increase the integration perio

d

Bad screening

Disconnect input; try a morg
direct or shorter connection
with good screen.

> Use good quality coaxial
signal cable.

Line frequency pickup

Take data with integration

selgood quality coaxial
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period 1/(Line frequency)

signal cable and good
grounding practice.

Cable being flexed

Recheck with cable not
moving.

Use anti-triboelectric signal
cable.

Unit not collecting data

Inappropriate trigger mode

Select internal trigger mode.

Use appropriategggignode.

Not initiated

Initiate device

Initiate device

No external trigger present

Check signal at gate
connector- must be TTL
levels.

P

No or incorrect response to
external gate

Trigger polarity incorrect

Check trigger polaritgtsng
for acquisition start

Use correct setting.

Position readout does not
change as expected

Connections to sensor not
correct for the position
function assumption.

Check connections

Use connections that matc
the position function.

Sensor compensation is
necessary but not enabled

Check setting

Use an appropriate sensor
compensation

No or low high voltage

Shorted to ground in extérn
circuit

aMonitor HV reading zero or
very low relative to setpoint.
Monitor value recovers if
F460 disconnected from the
external circuit.

Eliminate shorts to ground.

External load resistance too
low.

Voltage recovers if setting is
reduced.

Do not attempt to draw more
than 1 watt from each high
voltage supply. Higher powe
modules are available to

-
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CS

special order.

High voltage not at setpoint

A high compliance seur
such as a charged patrticle
beam is driving the HV
electrode.

Monitor value recovers if
F460 disconnected from the
external circuit.

Change geometry to reduce
beam strike.

Cannot set high voltage

Trying to set above the
maximum allowed value soft
limit.

Sets OK if a lower value is
chosen.

If allowed, increase the
maximum allowed value.

Unable to communicate via
Ethernet

Incorrect IP address for F460
or host (not in the same
subdomain).

Check settings of F460 host
PC.

Use consistent IP addresses

Messages being blocked by
anti-virus software.

Disable anti-virus software

Set up allowed chanfals
F460 messages.

Messages being blocked by
firewall.

Disable firewall

Set up allowed channels for
F460 messages or work
without firewall.

Unexpected changes to F46(
state

Another host is
communicating with the F460

"Use a direct cable connectior

Change IP address.

instead of a network.

Look for unexpected
connection over a VLAN.

I

Set up IP addresses and subpet
masks to prevent conflicts.

-~

Communications interruptions

Other processes ohd®&T
interfering with comms ports.

Use a dedicated PC with
simple configuration and
minimum number of processes
running.
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Excessive RS-232 cable
length.

Check cable — it should not
exceed 15 feet

Use RS-485 for long serial
cable runs

Unable to connect on serial
port

Another program is using the
COM port.

Try to access the required portChoose another port or close

with a terminal program.

down the other program.

Incorrect port settings.

Correct the settings.

Incorrect cable.

Make up a suitable cable.

Mode switch is not set
correctly
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30Maintenance

The F460 does not require routine maintenance.
There are no user-serviceable parts inside.

CAUTION . High voltages may be present inside the casendd open the case when power is
applied.

The F460 is fitted with a 500 mA automatically ritieg positive temperature coefficient (PTC)
fuse in the 24 VDC input. No user interventiomagquired if the fuse operates due to
overcurrent. The fuse will reset when the overnircondition ends.

30.1 Calibration

Run the internal calibration function of the F4&@ipdically. Make sure there are no signals
present at the inputs when doing this. It is gpattice to note any changes in the gain and
offset parameters, because any trend would indibatehe affected channel might be out of
specification.

Depending upon your application and your operatipnacedures, you may need to check the
accuracy of the F460 against an external tracealstent standard periodically. This can be
done with any suitably-rated true current souradsas the models available from Keithley.
Since the F460 has high inherent accuracy, you ensire that your reference source is in
calibration. The compliance voltage of the refeeesource should be set to between 1.00 and
5.00 V, and you should ensure that there is a defihed current return path from the F460 back
to the source.

Take care that you are not confused by any semsopensation when checking current
measurement accuracy.
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31Returns procedure

Damaged or faulty units cannot be returned unld®starns Material Authorization (RMA)
number has been issued by Pyramid Technical Camisjtinc. If you need to return a unit,
contact Pyramid Technical Consultantsapport@ ptcusa.carstating

- model
- serial number
- nature of fault
An RMA will be issued, including details of whiclkrsice center to return the unit to.
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32 Support

Manual and software driver updates are availableldavnload from the Pyramid Technical
Consultants website atww.ptcusa.com Technical support is available by email from
support@ptcusa.com. Please provide the model euartal serial number of your unit, plus
relevant details of your application.
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33Disposal

We hope that the F460 gives you long and reliabteise. The F460 is manufactured to be
compliance with the European Union RoHS Directi@@2295/EC, and as such should not
present any health hazard. Nevertheless, whenPAf0 has reached the end of its working life,
you must dispose of it in accordance with localitagions in force. If you are disposing of the
product in the European Union, this includes coarge with the Waste Electrical and
Electronic Equipment Directive (WEEE) 2002/96/ERlease contact Pyramid Technical
Consultants, Inc. for instructions when you wisldigpose of the device.
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34 Declaration of Conformity
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35Revision History

The release date of a Pyramid Technical Consultimdsuser manual can be determined from
the document file name, where it is encoded yymnfelat. example, B10_UM_080105 would be
a B10 manual released on 5 January 2008.

Version Changes

F460 UM 130220 | First general release

F460 UM _ 131113 | Add examples of servo setup usinGlIAR&mmands
Add section on EPICS interfacing
Add section on predefined servo modes

F460_UM_131115 | Minor corrections to EPICS intenfigcsection

F460 UM _ 140102 | Updates to EPICS interfacing section

F460 UM 150727 | Correction to pinouts on analogdé@nector
Add sections on LabVIEW interfacing (serial ASCHEPICS)

F460 UM 151002 | Add descriptions of new —XP002 axNe02 low bias voltage options.
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