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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 measuremenidaasurement Category las defined in the
standard.

Although the M40 does not generate dangerous \esdtagpr is it designed to measure directly
such voltages, in your application it may be cditrg power supplies that do. Appropriate
precautions must be taken.

The unit must not be operated unless correctlynalsksal in its case. Only Service Personnel, as
defined in EN61010-1, should attempt to work ondisassembled unit, and then only under
specific instruction from Pyramid Technical Conaalts, Inc. or their authorized distributors.
Pyramid may agree to the M40 being embedded wéldnstomer device where this is necessary
for an application, either cased or un-cased. clisgomer assumes responsibility for the safety,
design and performance of the integrated system.

The unit is designed to operate from +24VDC powdth a maximum current requirement of
200mA. A suitably rated power supply module isikade as an option.

The unit must be grounded by secure connectiorgto@nded conducting surface. If the unitis
mounted on an insulating surface, then one ofdbemhounting screws must be re-assigned as a
grounding connection.

Some of the following symbols may be displayedi@munit, and have the indicated meanings.
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Direct current

Earth (ground) terminal

Protective conductor terminal

Frame or chassis terminal

Equipotentiality

Supply ON

Supply OFF

CAUTION - RISK OF ELECTRIC SHOCK

CAUTION - RISK OF DANGER — REFER TO MANUAL

BPPO—<¢+® i+ |
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4 Models
M40 Universal device interface with eight analogputs, eight analog
inputs, eight TTL outputs, eight TTL inputs.
-NOCASE Option for supply as uncased circuit bddar embedded applications
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5 Scope of Supply

M40 model as specified in your order.
PSU24-40-1 power supply.

USB memory stick containing:
Datasheet
User manual
PSI diagnostic software files
PTC DiagnosticG2 software files
IG2 interface layer files for EPICS connectivity
Test data

Optional items as specified in your order.
OEM customers will not receive all items.
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6 Optional Items

6.1 Power supplies

PSU24-40-1. +24 VDC 1.62 A PSU (100-250 VAC, 5080 IEC C14 3-pin plug receptacle)
with output lead terminated in 2.1mm threaded jack.

6.2 Signal cables
CAB-D44F-10-D44M Signal cable 44-way screened, Dvde to D44 female, 10'.

Other lengths available.

6.3 Data cables
CAB-ST-HCS-10-ST Fiber-optic cable, 200 um sili§d, terminated, 10'.

Other lengths available up to 1000'.

6.4 Test connectors
Loopback test connector for the M40.

6.5 Fiber-optic loop
A360 fiber-optic loop controller / Ethernet adaptor

A500 intelligent real-time controller with Ethernaterface.

A560 intelligent real-time controller with Ethernaterface.
6.6 DIN rail mount

MTG-DIN35-11462. Mounting adaptor for 35mm startBIN rail. M40 can be mounted
along or across the rail.
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7 Intended Use and Key Features

7.1 Intended Use

The M40 is intended for general control and moimigrapplications using analog voltages in the
+/-10 V range, and TTL level digital inputs andputss. It has similar features to the M10
device, and the same case size, but it providéegh@ihnumber of inputs and outputs than the
M10. A typical M40 application would be the rematentrol and monitoring of one or more
power supplies. The analog outputs would set gel&nd current commands or compliance
limits, the analog inputs would monitor actual agke and current. The digital outputs can be
assigned to functions such as enable, reset aod,smd the digital inputs can monitor status
bits.

The M40 has design features which make it tolepetectrically 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 measeats, and to be aware of the dangers that can
arise in high-voltage circuits.

7.2 Key Features
Precision analog inputs and outputs +/- 10 V ramigie 16 bit digitization.

Fast digital inputs and outputs.
On-board digital averaging of analog inputs.

Very low transition transients on analog outputsMeen DAC levels, compatible with control of
wideband devices.

Multiple waveform output capability with synchroett data collection.
Can be operated in a fiber-optic serial commuracalbop with up to fifteen other devices.

100BaseT Ethernet interfacing to a host computailave through the A360, A500 and A560
loop controllers.
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8 Specification

Analog outputs

Number Eight identical, bipolar, +/-10 V

Configuration Single-ended

Compliance 5 mA max per channel via internal 108fes resistance

Resolution 16 bit over full range.

Linearity 0.1 % maximum deviation of any point fraimear fit to all points
over full span.

Noise < 0.5 mV RMS measured by loopback to anaipgts, with line
frequency averaging.
Typical RMS noise measured with external DVM < 50 u

Crosstalk <1 mV for 10 V output on another channel

Thermal stability

<200 pV C-1

Slewing rate

0.6 V psec-1 typical

Maximum output refresh
rate

100 kHz (internal wavetable driven)

10 kHz (host controlled via fiber optic interfaspecial host
software)

Calibration

Independent gain and offset storecetarh output in NVR

Analog inputs

Number Eight identical, bipolar, +/-10 V
Configuration Single-ended
Input impedance >=1 Mohm

Input protection

4.7 kohm series input.

Analog filter 2-pole LP filter, 10 kHz (-3dB)
Noise < 0.50 mV RMS with line frequency averaging.
Typical measured RMS noise with unconnected inputs:
<200 pV at le-4 s averaging
<30 uV at le-2 s averaging
<10 pV at 2e-1 s averaging
Digitization 16 bit over full range
Crosstalk <1 mV with 10 VDC on another input

M40 User Manual
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< 30 mV with 10 VAC 1 MHz on another input

Conversion rate

250 kHz on each input, fully simndous

Digital filtering

Software configurable block avgiag, 1 second maximum.

Linearity 0.1 % maximum deviation of any point fréimear fit to all points
over full span.
Calibration Independent gain and offset storecetarh input in NVR

Waveform memory
(future option)

Outputs

1024 output values x 8 analog channelsgiassynch bit

Output rate

Period selectable 10 psec to 3600 gecon

Inputs

1024 input readings x 8 analog channels dilgital input byte

Digital outputs

Number Eight

Voltage levels TTL

Maximum compliance 3 mA per channel source or sink
Output series resistance 100 ohm

Minimum output pulse 15 nsec

length

Digital inputs

Number Eight

Voltage levels TTL

Configuration

Active low with internal 47 kohm pulp to +5V

Input protection

470 ohm series

Controls and displays

Controls

16 position rotary switch for loop addreskection

Displays

Four LEDs (power, activity, network, deajic

Communications

Interface

Fiber optic 640 nm, ST connectors (10thbc)

Data rate

Typical data rate to host > 1 kHz. Ratgptimised systems up
to 10 kHz.

M40 User Manual
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Power

Power input +24 VDC (+12 V, -4 V), 120 mA typic200 mA maximum,
excluding any direct user load. 500 mA fused.

User power Maximum user power from 24V supply 400 (500 mA fused).

Mechanical

Case Stainless steel.

Connector Signal connector DSub 44 pin (high dghtimale.

Power connector Switchcraft 2.1mm jack.

Case protection rating

The case is designed tog##43 (protected against solid
objects greater than 1mm in size, protected agaprslying
water).

Weight

0.28 kg (0.62 Ib).

Dimensions

(see figures 1 and 2).

Environmental

Operating environment

10 to 35 C (15 to 25 C recemhed to reduce drift and offset)
< 80% humidity, non-condensing
vibration < 0.2 g all axes (1 to 100 Hz)

Shipping and storage
environment

0to 50C
< 80% humidity, non-condensing
vibration < 2 g all axes, 1 to 100 Hz

M40 User Manual
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44-PIN D-SUB FEMALE 1/O

77.5 --0.60

ADDRESS
SELECTOR

STATUS LEDs
FIBER-OPTIC RX

FIBER-OPTIC TX

+24VDC
POWER IN

\ \ \ \ \
(@) = = EEED

Power Transmit Receive
@ +24V

Address
®

Figure 1. M40 chassis end panels. Dimensions mm.
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4X
@?3.66 MOUNTING HOLE
3.8 =— 114.0
q T
@
= L 4
62.0
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ul D
103.7
%
28.1
+ g U
— 121.6 —

Figure 2. M40 case plan and side views. Dimersiam.

M40 User Manual
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9 Installation

9.1 Mounting

The M40 may be mounted in any orientation, or magimply 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 clear holes
are provided in the base flange on a 62 mm by Iivrectangular pattern (see figure 2). An
adaptor for 35 mm EN 50022 DIN rail is available.

(

Figure 3. DIN rail mounting shown for the identigashaped M10 device.

The mounting position should allow sufficient accés connectors and cable bend radii. Leave
60mm clearance at either end for mating conneetiodscable radii.

Best performance will be achieved if the M40 isitemperature-controlled environment. No
forced-air cooling is required, but free convectstrould be allowed around the case.

9.2 Grounding and power supply

A secure connection should be made via the moufiange to local ground potential. If the
unit is mounted on an insulating surface, thenafrtee four mounting screws must be re-
assigned as a grounding connection.

.+24 VDC power should be provided from a suitalaied power supply with the following
minimum performance:

Output voltage +24 +/- 0.5 VDC

Output current 300 mA minimum, 2000 mA maximum
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Ripple and noise <100 mV pk-pk, 1 Hz to 1 MHz

Line regulation <240 mV

The M40 is tolerant of line voltage in the rangeMIBC to 28 VDC, although we recommend
using a 24 V supply with reasonable output regoilgtas indicated.

You may deliver or extract 24 V power through timi through one of two alternative
connections, as illustrated in figure 4.

Signal
connector 500 mA
33( - Oo~0O
32| -
500 mA
Power jack ORYe; +24V

0V (PS Gnd)

To M40 power circuits

Figure 4. M40 power input options.

The primary input is the 2.1 mm power jack, anddhernative is pins 33 (+24V), 32 (0V) of the
44-way D connector. The second arrangement iggedvfor situations where the device being
controlled is able to supply 24 VDC power. If powgeprovided through the jack input, then it is
available as an output on pins 33, 32 of the D eotur for user applications. In this case, you
must ensure the following:

a) Maximum current draw does not exceed the eatgower supply limit, or 500 mA.
b) You do not inject noise into the M40 that vd#grade its performance.

The M40 fuses are internal automatically re-setRig fuses rated at 500 mA. However the
external power supply for power delivered via thief@m power jack should in no circumstances
be rated higher than the connector limit of 5 AJ amtmaximum rating of 2.0 A is recommended.

9.3 Connection to equipment

9.3.1 Typical setup

Figure 5 shows a typical installation to contr@graup of power supplies, in schematic form. An
M40 provides a current program and voltage compédmit, and reads back actual current and
voltage from each of four power supplies. Digdatputs are used to enable the supplies, and
reset fault conditions. Digital inputs are usedntonitor enabled and fault states. The M40 is on
a fiber-optic communication loop, under controbok of the Pyramid Technical Consultants,
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Inc. loop controllers (A360, A500, A560). Softwame the host computer exposes the I/O points
provided by the M40, and thus allows remote cordfdhe power supplies. Power for the M40
is obtained in this example from a separate powaiuie.

Other

—<— | pro .
_prog devices

—<= V_prog ———
Programmable —>— | mon
power supplies "= V_mon

devices

——<= Dig_ctrl

—=>— Dig_mon Fiber-optic comms

(x4)

Figure 5. Schematic M40 installation for remotetrol of a power supply group

Typical M40 applications involve its use as paradérge control system integrated under one or
more A500 or A560 controllers. The M40 may bedhé device on the loop, or one of up to
fifteen devices. As the number of devices is iasegl, the loop bandwidth has to be shared, so
for fast control you would generally keep the numtfedevices on each loop to the minimum.

The M40 has very low glitch energy when its analatputs change from one DAC setting to
another, so it is well-suited to the control oftfaswer supplies such as those for electrostatic or
magnetic beam scanners.

An arbitrary output waveform table can be loaded the M40 and used to drive the outputs
whilst the inputs are recorded. The M40 can tlustion as a highly-flexible multi-channel
signal generator and data recorder.

9.3.2 Compatibility with loop controllers

The M40 is compatible with any A500 controllersmimg DSP firmware version 5.40 or later
and FPGA firmware 2.7.178 or later. The M40 is patible with any A560 controllers running
firmware package 0.6.138.15 or later.

9.3.3 Signal cables

Try to locate the M40 as close to the equipmentdeontrolled as possible, with the case
sharing the equipment ground. The longest trarsamdistance is thus handled by the fiber-
optic lines, which are completely immune to eleatkinoise. If long signal cables from the M40
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to the device being controlled are unavoidablen twi should observe the following
precautions.

Long signal cables increase the chances of piakmngnwanted signals and noise on the analog
voltage lines. A maximum length of 10 m is advisaad you should use good quality shielded
cable, with twisted pair cores for the analog ispiainalog in + and -) and outputs (analog out
and AGND).

The strategy for connecting screens will vary agicay to the nature of the noise. At RF
frequencies, it is generally best to connect theestto the grounded chassis at both ends. At
lower frequencies it is often best to connect & end only to break up ground loops. Connect
the cable screens to the M40 case, using theahiblé D connector, and leave them
unconnected at the other end. In some cases, gguwet better noise performance by reversing
this screen connection arrangement.

If you are working with fast digital output pulsieem the M40, you should also be careful with
long cable runs. To avoid pulse distortion, usécimed impedance (around 100 ohm) screened
twisted pair cores (digital output and DGND) fockdast digital signal, and terminate the line
with 100 ohms at the receiving end.

9.3.4 Embedded installation

The M40 is suitable for installation inside the gauoent being controlled, and this is generally
the arrangement that minimizes noise and minimias&sof damage from electrical transients. In
some cases space considerations may dictate éhit4@ is installed without its steel case.
Since this may expose the device to mechanical gamaelectrical interference, such
installations should only be performed in collab@m@with Pyramid Technical Consultants, Inc..
This option is available as M40-NOCASE. The CE kivay of the M40 is not applicable if it is
operated without its case, and the user should meparate arrangements to ensure conformity
of the overall assembly with applicable standards.
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10Getting Started using the Pyramid Diagnostic Host
Programs

Usually you will use a custom application to commeate with the M40, either one you write
yourself using the software interfaces availabbenfPyramid Technical Consultants, Inc., or one
that is supplied by Pyramid. However you can tgted immediately using one of the PSI
Diagnostic host programs. These are availablééerdownload fromvww.ptcusa.comand are
provided with the M40 for end-user customers. Tlagestwo generations of the Diagnostic
software, and the M40 is compatible with both.

PSI Diagnostic This software supports all Pyramid productsstjpam G2 devices. It allows
you to connect the M40 via an A500 controller. dtttet communications use UDP with an
added reliability layer.

PTC Diagnostic G2 This software supports all G2 devices such af®#60, 1128, F460 and
C400, plus a growing selection of other Pyramidicks, including the M40. It allows you to
connect the M40 via an A500 or A560 controllerhéthet communications use TCP/IP and
UDP.

Both Diagnostics are standalone Windows programishéidlow you to set outputs and read,
graph and log data from the M40. Their user iategt are similar. For some applications one of
the Diagnostic programs may be adequate for albaof data acquisition needs. In any event it is
useful to understand what you can do with the Daagjn programs, because they expose all of
the functions of the devices they connect to. Agaplon programmers will find this useful to

help decide which functions to implement in theimohost software.

10.1 Preparing the M40 for operation

Inspect the unit carefully to ensure there is ndevwe of shipping damage. If there appears to
be damage, or you are in doubt, contact your seippéfore proceeding.

Connect 24 V DC power but no other connectionse OEDs will go through a startup sequence
when the power is applied. All four LEDs lightetinthe power LED stays lit while the other
three indicators light in sequence. When the Md$ started correctly and prior to connecting to
a controller, only the power LED will remain lit.

It is simplest to start with to connect the M4Qedity to a loop controller as the only device on
the loop. The address switch can be set to arg/tietween 1 and 15. Figure 5 shows a
connection to an A500.
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Ethernet

Fiber-optic
comms

+24V in

Figure 6. Example of a connection to the M40 \na®®00 and Ethernet.

10.2 Installing and Using the PSI Diagnostic Progra m

Download the PSI Diagnostic installer (.msi file)fimd the copy on the USB memory stick if
you purchased the M40 as an end-user. We recoththahyou copy the installer file into a
directory on your host PC. Check the Pyramid Te@irConsultants, Inc. web site at
www.ptcusa.confor the latest version.

The program runs under the Microsoft Windows opegasystem with the 4.0 .NET framework.
This has to be installed before the PSI Diagnostlost new PCs have .NET already installed,
or it can be downloaded from the Microsoft web sit@o charge. The Pyramid installer will
prompt you if you need to update the version orr yaumputer.

Launch the installer, and follow the screen promg@sice the program has installed, you can run
it at once. It will allow you to connect to the Bl&ia an A500 controller, and, depending upon
your setup, to multiple additional devices at tame time. The Diagnostic uses the concepts of
ports and loops to organize the connected devidgort is a communications channel from
your PC, such as a COM port, a USB port or Ethguodgt The A500 communicates via an
Ethernet port. Each port can be a channel to ongooe loops, and each loop may contain up to
15 devices.

10.2.1 Establishing communication with the M40

Start the PSI Diagnostic. It will search the aafalié ports on your computer and present a search
list in an autodetect utility window. If the firsearch does not reveal any ports, a second attempt
will usually reveal them. The example in figurst®ws two autodetected COM ports plus two
previously entered IP addresses. We'll work thioag example where the connection to the

M40 is via an A500 at IP address 192.168.100.238.

We can add any specific IP address to the netwaakch by typing the address followed by a
colon and the standard port number 100, as showreifigure below, and clicking “Add IP”.
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R RAMID

Technical Consultants, Inc

Y

PSSl Diagnostic v4.114

Select Ports for Autodetect Below

~ COM10

~ IP 192.168.100.238:100
~ IP 192.168.100.213:100
~ IP 192.168.0.213:100

~ 1P 192.168.100.205:100

Add IP |192_168_100_210:100

Remaove
Cancel

Figure 7. PSI Diagnostic Search Utility — addingaaget IP address and port

Check that the target port is checked for inclusiothe search and click the “Start” button. The
autodetection process will start.

R RAMID
4 ;:;‘ Technical Consultants, Inc
PSI Diagnostic v4.114
Detecting Hardware

r COM10

7 IP 192.168.100.238:100
r IP 192.168.100.213:100
r IP 192.168.0.213:100

r IP 192.168.100.205:100

Add IP |192_168_100_210:100
Remove

Figure 8. PSI Diagnostic Search Utility — deteatio progress

After a few seconds the program should find the Nfgl0s any other devices you have
connected), and display the list of available devim the System window. In the example
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shown below, we have found one A500 controllerhvaibh M40 on loop 6 plus other devices on
loops 1 and 3.

&System El [=] @

=8-G] AS00R5TS 192.168.100.:

< 1l b

Figure 9. Result of device search

10.2.2 Data tab

Clicking on the M40 entry in the explorer list wipen the M40 window with the data tab
showing (figure 9). You can read the eight anaod eight digital inputs, and set the eight
analog and eight digital outputs. At the top @& Window a communications status bar
progresses if the M40 is communicating successWwalily the loop controller, and there are
LEDs which indicate the connected state, the paenstiate (the M40 is occupied processing a
command) and the error state.

You can resize, maximize and minimize this windovihie usual manner. At startup the M40
will be acquiring data using default settings and ghould see background noise values for all
channels. If there is no connection to the M4@aligonnector, then analog inputs will float
towards a 10V limit, and the digital inputs will pelled high by the internal pullups, so all the
inputs will show “set” (green LEDs on the display)n the M40 itself, the network LED will
blink indicating that the device is being polledthg loop controller over the fiber optic
connection, and the Device LED will flash indicafithat the M40 is initiated and acquiring data.
If you abort the acquisition, the Device LED wilirt off.
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Figure 10. Data tab: M40 running with default segfs, showing autoscaled background noise

on the inputs.

Select one of the fixed Y scales if you want talnhautoscaling of the graph. You can display
the analog signals either as a scrolling valuersgaime graph (like a chart recorder) or as an
analog bargraph. The scope display mode looksahee as the strip chart, but the data is

displayed without scrolling for each 256 readings.
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140(8) : Address 8 on [Loop 6] on A500R5T5 192.168.100.213:100

0.0002

0.0001 -

-0.0001

-0.0002 -

-0.0003 - :
1
Buffer. 22249 EH|

Initiate » Measuring
» Triggering
» FastMode

Abort

o
ADC DAC

0 NI v | o000
o EEENEEv | oo
©7 BBV | oo

All
None

< € € € € € < <

Digital
10 @20 @3 @40

: i : o[ @6 @7 @ 8[
3] 5 7
Temperature

v:[Auto jj x:|Fast

_ | T :
=] [Noavg -] @ [[bc |m Zero|a | | ]2l | 24l Triggers 22638 "

Figure 11. Data tab: bargraph display.

Try out the various screen controls and readouseéctheir effect.

Initiate / Abort

These buttons start and stop @atguisition. LEDs indicate whether the
M40 is measuring, triggered or streaming data éoctintroller in fast
mode.

ADC

The eight analog inputs are continuously updiatbile the M40 is
acquiring data. The displayed values are Inputagel * Gain - Offset.
The offset and gain values are set on the Setufsésbnext section). The
colour codes show which are the corresponding sranethe graphic
display, and you can suppress plotting of any celloy unchecking it.
This does not affect the data logging — all chamaet always logged.

DAC

You can set the eight analog outputs. The waiwe will be sent out as
soon as you press the enter key, or click in amgtaemeter field. The
values that are sent out in volts are (Raw_val@éfset)*Gain, up to the
+/- 10V limit. The offset and gain values are@ethe Setup tab (see nekt
section).

If you have selected the check box to use the egipin calibration on the
Setup tab, and supplied physical units, then théiébe displayed on the
Data tab alongside the relevant channel.

Digitals

Eight check boxes allow you to set theresponding digital outputs high,
Eight LEDs show the states of the digital inpuBy. default the LED is
illuminated if the input is TTL high, but this lagctan be inverted using
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controls on the Setup tab.

Triggers

This counter shows the number of readmgde by the M40 since the last
initiate. The number of readings you can log antibst computer may be
less, depending on the number of readings you stgilne averaging
period and the available data rate up to the lamproller and the host
computer.

Temperature

This is a readback of the internal ezatpre of the M40 in degrees
centigrade.

Buffer

Buffer: 22249

The PSI Diagnostic collects data coming from theODNM#o a buffer, with g
rate that is the lesser of the actual acquisitaie or the X axis rate setting.

The buffer contents can be cleared with the Cltduu(ﬂ), or can be

written to a .csv file with the save buttf_ﬂb. The buffer number shows
how much data is currently in the buffer. The maxm allowed is 65535
bytes, after which the buffer wraps around to oveenthe earliest values.

You can toggle data plotting and accumulation thiobuffer with the Run
Plot control [mmm / mmmm). \When the accumulation is halted, then the
slider is enabled, which allows you to scroll b#ziough the data when ir
strip chart mode.

This drop-down controls the vertical scaling of traga plot. You can
select automatic scaling or various fixed propagiof the nominal 10 V
full scale.

Display only
positive values

This control is enabled for fixed vertical scalingtoggles the graphic
from a display that is symmetric around O to orsg #inows only 10% of
the vertical scale in the negative direction.

X: This drop down controls how fast new points arecaldo the data plot and
I the data log. For example, if your acquisitioniings generate a value
every 100 msec but you have 1 second selectedoodhtrol, then every
o 120ms tenth reading will be stored.
10s
Filtering The PSI Diagnostic can apply a filter to the plottiata to allow you to
Nowvs =] pick small signals out of noise. This filter islependent of, and additiongal

No avg
10x avg
100x avg
1000x avg

to, the block averaging filtering implemented bg #140 itself. The PSI
Diagnostic filter is a simple IIR type,pé: n = Ynew/A + (1-1/A)Y piot_n-1,
where Yewis the latest reading,p¥: n is the current value to be plotted,
Yoot n-11S the prior plotted value and A is the averagiafyie from the
pull-down menu. You clear and restart the filteaay time by pressing
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the reset butto ©..

The filtering affects the graphed data and digitaplays. If you choose tc
save the buffered data, you will have the oppotyuoi save the raw value
or the filtered values.

)

DC/AC

[oe] s [2e]

The DC/AC toggle removes the DC component fromsthie chart or
scope mode graphic data, but does not affect thatdisplay nor the
logged data.

Zero correction

|— Zero | €@ /
= Zemlil

When you press zero, the current values are capaune subtracted from
all subsequent readings as displayed on all thehgrand digital displays,

until you press the clear zeroes bu1i|1 If you choose to save the
buffered data, you will have the opportunity toesdlve raw values or the
zero offset corrected values.

Differential display

%l’

When this control is pressed, the graphic changessplay the difference
between successive readings. The buffered data &sffected.

Graphic mode

2% = | 4l

You can plot the data as a rolling strip chart baachart (histogram). Th
scope mode is a variant of the strip chart. Irtstdaa rolling chart, the
graphic is refreshed as a whole for each 256 sanptehistogram mode
you can place a cursor on a particular channeddd put its value.

e

Clear buffered data. Values are cleared from ®lel®agnostic data
buffer, but any acquisition in progress continued timestamps are not
reset.

Save data buffer contents to csv file. When yatkdhis button you will
| Raw Data |
Plotted Data

see a drop down selecti which allows you to save eithe
the raw data, or the values with the PSI Diagnasdio offset and
averaging

10.2.3 Setup tab

Click on the “Setup” tab. On this screen you cler aligital input logic polarities, analog input
filtering and analog calibration values.
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45 M40(8) : Address 8 on [Loop 6] on ASOORSTS 192.168.100.213:100 [ Eoh |
CONFiguration CALIBrate
Digital Input Polarity (active high) ‘ VA0 I Application |
1 2 3 4 5 6 7 8 Gain Offset Gain Offset Units
B om m m m E B Output-1 [ 10050 | 0.0136 1.0000 | 0ooo0 |
Output-2 1.0059 0.0130 1.0000 oooo0 |
Trigger Points Avg. Period Output-3 1.0059 -0.0095 1.0000 00000 |
| INFINITE INF 1.667E-002 LI 5 Output-4 1.0059 0.0114 1.0000 0.0000 :
Output-5 10059 00132 1.0000 0.0000
Output-6 10059 ~0.0050 1.0000 ooooo |
Output.7 | 10059 [ 000868 | 1.0000 ooo00 |
Output-8 | 10059 | 00000 | 1.0000 ooo0 |
Input-1 10388 -0.0007 1.0000 ooooo |
Input-2 10355 -0.0004 1.0000 ooooo |
input-3 [ 10375 | 00003 | 10000 | oooo0 |
Input-4 [ 10360 | 00001 | 10000 | ooooo |
Input-5 | 10354 | 00000 | 1.0000 00000 [
Input-6 | 10338 | 00004 | 1.0000 00000 |
Input-7 1.0365 -0.0005 1.0000 00000 |
Input-8 10350 ~0.0004 1.0000 oooo0 |
[~ Use temporary scaling [~ Scientific display

Figure 12. Setup tab.

Digital input
polarity

By default, the digital inputs show true (green Ls&=ih the Data tab) whe
the electrical level is TTL high. You can changes individually for the
eight inputs using the check boxes, so that trdd lslow.

-

Trigger points

The trigger points field determiresv many readings will be taken
following Initiate. The INF button sets a stateash acquisition will
continue indefinitely.

Averaging period

The analog inputs are convertetieénM40 at 50 kSa/s. A digital filter
then averages the samples over the selected pgergae the final values
make up each reading on each channel, and thabasmitted back to the
host system for display and logging. A usefulisgtts the period of the
local mains electricity (16.67 msec or 20 msec}haswill zero any mains
pickup in the readings.

Calibrate

The M40 uses two linear calibrations.e Mv0 calibration is established
during manufacture or factory recalibration, anthtended to correct for
small differences in the electronics, so that thigpots and inputs are
accurate in volts. It is stored in the M40 itsaINVR.

The application calibration is applied by the P& dnostic in addition to
the permanent calibration when the “Use temporeajirsy” box is
checked. Any physical units you have entered valdisplayed alongside

the relevant input/output values on the Data fBlhe parameters are storé

2d
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on your computer, referenced to the serial numb#dreoM40. This
calibration is primarily intended to allow you tocogram and readback a

power supply or similar device in its native uniSee section ## for more
information on using the calibrations.

10.2.4 Device tab

Click on the “Device” tab. You can check the conmeation link status, read the M40
manufacturing serial number and verify the versiohthe hardware and firmware. On the right
is the firmware update utility. You can use tlusibwnload firmware updates (.hex and .fhex
files) downloaded from the Pyramid Technical Cotesuts, Inc. web site.

00

Device

Communication SYSTem Properties Utilities
-Messages Sent 1 e Device Version
2 SAFEstate 2 Reset Device
757627 ] ) 4.0B
AUTORECover ¥ ‘ o
Checksum Errors - "FPGA Version - I 'Qpload Application
o : - 2.0.16 | Select .hex file
s : S k ; | Hardware Version - 1] L
EEmiEE | || - FrReQuency 0 Upload FPGA -
B 50z = 16 Inpiit Lenath Select .fhex file
“Timeouts —-SERIALnumber AL -
0 | 0000000001 10 Output Length
- 16
T COMM TIMEout

Figure 13. Device tab, showing firmware updatditytcontrols.

Communication The counters show details of the camoations between the M40 and its
host. You can click the Reset Counters buttoresetthe fields to zero.

System controls Pressing :SAFEstate sets a modhigh the M40 goes to a defined safe
state (all outputs zeroed) if it does not commuei@eith its host controller
in the timeout period in seconds set by the :COMIMEout parameter. |
communications are restored, then the M40 willsgeat its prior output
state. If you want to disable this feature, settttmeout to O.

Pressing :AUTOrecover sets a state in which the MdlGattempt to
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restart automatically if it detects data corruption

The COMM:Term and COMM:Checksum controls are neidusn the
M40. You can ignore them when using the PSI Diatjno

The system controls are software password protestegou will see a red
warning message at the bottom of the window whenuge them. The
PSI Diagnostic automatically sends the password.

Frequency

This parameter sets the averaging p#raadvill be used by default on
power up. You should set it to the dominant etautr noise frequency in
your environment (normally the line frequency).

SerialNumber

This is the manufacturing serial nundfeour device, and should be lef
unchanged.

[

Comm:Timeout

The time period in seconds without samications before the M40 goes
to the safe state. Set to zero if you don’t whid teature.

Select .hex file

This button starts the M40 Pl@nfivare update process. It opens a file
selection dialog. When you select a hex file it stiart uploading to the
M40 immediately. Upon completion the M40 will ragtautomatically,
and you will see the new Device Version numberldigal. See section 1
for more details.

Select .fhex file

This button starts the M40 FP@#Anfvare update process. It opens a fi
selection dialog. When you select a fhex fileiit start uploading to the
M40 immediately. Upon completion you will needgower cycle the
M40, which will cause the new code to be loadedu Will see the new
FPGA Version number displayed. See section 1énfane details.

Reset

This button causes a full warm reset of tA8.MAIl outputs will go to
zero during the reset, then will be set back tar gréor settings by the PS
Diagnostic.

10.3 Installing and Using the PTC Diagnostic G2 Pro  gram

The PTC Diagnostic G2 host software provides timeesaser functions as the PSI Diagnostic,
and has a similar look and feel, but it is builtaodifferent software foundation. Unlike the PSI
Diagnostic, the PTC Diagnostic G2 uses the same fiDhttion libraries that Pyramid uses to
build user applications. These libraries can loidied to customers who want to build their
own applications. The G2 Diagnostic can often mlevaster average data rates to the host by
its use of block data transfers. If you need agbBastic to operate the M40 in conjunction with
G2 devices such as the A560, 1128, and C400, tbermust use the PTC Diagnostic G2.

PTC Diagnostic G2 can coexist with the PSI Diagicast the same computer. Both programs
can in fact communicate with an A500 or A560 theO\4 the same time (the PSI Diagnostic
must be launched first), although this is not galyerecommended, as the results could be very

confusing.
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Since the two programs are similar, we shall cotraémon the differences.

Download the PTC Diagnostic G2 installer (.msi)fite find the copy on the USB memory stick
if you purchased the M40 as an end-user. We rewmd that you copy the installer file into a
directory on your host PC. Check the Pyramid TexirConsultants, Inc. web site at

www.ptcusa.confor the latest version.

The program runs under the Microsoft Windows opegasystem with the 4.0 .NET framework.
This has to be installed before the PSI Diagnosdost new PCs have .NET already installed,
or it can be downloaded from the Microsoft web sit@o charge. The Pyramid installer will
prompt you if you need to update the version orr ymmputer.

10.3.1 Establishing communication with the M40

Start the PTC Diagnostic G2. The program expdttoanections to devices like the M40 be
via Ethernet ports, whether through dedicated lwmpgrollers like the A500, A560 and A360, or
via other Ethernet-enabled devices that supporedlavices, such as the 1128. Unlike the PSI
Diagnostic, you do not need to specify the IP asklréVhen you launch the program, it will
open the Discover Devices dialog. Pressing thedsr Controllers button will give you a list
of available controllers. The search will inclualedevices visible on your accessible subnet,
including any on the far end of a VPN link. In fiedowing example the search has found five
A500 controllers. The A60 Recovery entry is a diggic utility used for some G2 devices,
which you can ignore.

| | PTC Diagnostic - Discover Devicei —@ o £

RRAMID

Technical Consultants, Inc.

PTC Diagnostic v5.4.0

Address Name QOwner
= 192.168.100.213 AS00@192.168.100.213 Not Connected
= 192.168.100.188 AS00@192.168.100.188 Not Connected
= 192.168.100.236 AS00@192.168.100.236 Not Connected
=
-

192.168.100.189 A500@192.168.100.189 Not Connected
192.168.100.187 A500@192.168.100.187 Not Connected
= AG0 Recovery

il e

&% Discover Controllers

0.0.0.0 Add IP Address

[ L Load System File...

, Connect & Discover Subdevices Cancel

Figure 14. PTC Diagnostic G2 discovery dialog.

Highlight the target device to enable the Conne@i&cover Subdevices button. Clicking this
should result in the controller appearing in thet&m area on the left, with its connected
subdevices shown. In this case we only have an d@op 6.
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System

4 = 192168.100.213 A500@192.168.100.213 Not Connected
cop_1
ocop_2
ocop_3
oop_4

oop_5
4 |oop_6
s M40_8
oop_7
ocop_8
oop_ 9
oop_10

l |=I ‘il |§I |=|

Figure 15. System pane showing M40 connected 3® A

Clicking on the M40 entry opens a window for ittvthe same basic strip chart and histogram
graphing options, and digital displays.

M40 8 (_L_o_op' 6, Address: 8) . ’E@@
' O ()
initiate B Abort |

Data

Channel Data (V) DAC (V)

Voltage (V)

10,185 10,186 187 10,188 10,189
< I [
= = 5 =3 l Data ]
'| |— Zero‘ﬁ._i i Strip /\_Scope /\_Histogram / 3231 Samp\es|;;u”H‘ ‘ |
tart I Setup
‘ Calibration |
State: Measuring Last Error: LX| A]‘ ‘ onestics |

Figure 16. M40 data display in PTC Diagnostic G2
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Checking the Auto Initiate button causes the pnogia automatically start data taking after you
make any change to the M40 parameters.

The Setup and Calibration buttons access areaprntie the same functions as the PSI
Diagnostic Setup tab. PTC Diagnostic G2 does mppart application calibration in its current
version. Buffered data acquisition uses M40 ornrtboaemory to permit bursts of contiguous
data to be captured at high rate. This will bepsuted in a future M40 firmware release.

The firmware update utility is accessed on the Erigs area.
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11Interfacing to EPICS via 1G2

1.1 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 other 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.”

Pyramid supplies an executable called IG2 whichestalan open source Channel Access Server
from the EPICS community. This allows connectiganthe Ethernet interface. 1G2 is

configured for the devices you wish to connect ggditable xml files. Once IG2 is running on

a computer in your network, then any other compca@rrun a client program which can display
and control the process variables for the deviteshe simple network in figure 17, the process
variables of an M40 attached to an A360 via fineias, are exposed to the network by the IG2
service running on a server computer. One or roleeat GUI computers can then access the
values.

BT e
L eeeeY SRy
Switch

Router
1G2 server

GUIPC

Figure 17. Example network for EPICS communication
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There is a wide range of client interfaces fromBERICS community, including interfaces for
C++, C#, Java, Python, Labview ™, and Matlab ™ e Tontrol System Studio, or CS Studio,
(http://controlsystemstudio.qgithub.)as a set of ready-made tools built on Java argh&e
(http://www.eclipse.orgj that allows users to get started with littlenorprogramming required.
There are various logging, plotting, post-procegsind alarm point tools. A fully-featured “drag
and drop” user interface editor (BOY) allows quitenplex customized user interfaces to be
created with minimum development time. As an exantpe following screenshot shows a
simple user interface created in the CS Studio BEI¥ editor. The M40 was assumed to be
controlling a high voltage power supply.

L2 C5-Studio EI@

i M10 demo.opi &2 = (=

ES Deflector 1 56

10
40 60
0 Voot 80 Bl i, A
\\\\ ..';f; \'\ 4 s ,';
0 71.93 ‘, 00 B 5.51 B
kv mA 4

Vool Local control on

',J‘ d Loaal

Enable & Fault

Enabled | Reset

Figure 18. Example user screen created using Q&i&BOY.

1.2 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 mmveéte computer that will act as the server.
The server and the user interface computer cahébsame machine. The loop controller, the
server and the user interface computer should leet@alzommunicate with each other over your
network.

M40 User Manual M40 _UM_150226 Page 36 of 62




PSI System Controls and Diagnostics

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

The system file comprises a header section onrtiesghema, 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 descriptiofithe devices attached to loops. You don't
have to describe every device and every input/dyipint that is present in your system, but only
the ones that you expose in the system file wiNiséle to EPICS.

The simplified example in figure 19 illustrates ttral schema. The analog inputs and outputs
are scaled to suit the application, and only theseessary are exposed. The A360 is supporting
the M40 as the only looped device.

The convention of “wires” for Pyramid device prosesriables, and the fixed names of those
wires for each supported product, are describéderdocument “ig2_scripting_v#.#.pdf’, where
#.# is the document revision number, included wabh release. The document also describes
how you can scale the values, for example to camadtages from general purpose I/O devices
to physical units relevant to the item they aretemling, and how you can set up monitoring
against tolerance bands.

The choice of a corresponding working name for emicl is up to the user; it is sensible to
choose something descriptive that is relevant tatwbu are measuring or controlling. We
nevertheless recommend a naming convention thagsnaklear whether a value is a readback
or control (the prefixes ¢_ 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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<2xml version="1.0" encoding="jgg-8859-1"2>

<aystem
xmlns="http://www.pteusa.com"
xmlns:xsi="http://www.w3.o0rg/2001/#MLSchema-instance"

H xsi:schemalocation="http://www.ptcusa.com A510.xzd" type="pyramid" >

H <hosts>
<host ip="192.168.1.65" name="PTCE Laptopl" localhost="true" />
</hosts>

B <locpcontrollerss

5= <loopcontroller type="A360" name="A360_1" ip="192.168.1.68" timeout="50" timeslice="1000" >

= <loops>

B <loop number="1" name="A360 1 loop 1">

=) <boards>

= <board type="M40" name="md0 1" address="1">

= <channels>
<channel name="r m40_1 ainl" wire="analog in 1" scaleB="10"/>
<channel name="r m40 1 ain2" wire="analog in 2" scaleB="2" scaleC="5.5"/>
<channel name="c m40_1 acutl" wire="analog out 1" scaleB="10" limitLow="0" limitHigh="100"/>
<channel name="c m40_1 acut2" wire="analog out 2" />
<channel name="r m40_1 dinl" wire="digital in 1" />
<channel name="r m40 1 din2" wireZ"digital_in_Q" />
<channel name="r m40_1 din3" wireZ"digital_in_S" />
<channel name="c¢ md40_ 1 doutl"” wire:‘digital_out_l" />
<channel name="c md40_1 dout2" wireZ"digita_l_out_Q" f=
<channel name="c md40_ 1 dout3" wireZ"digital_out_.B" Lo

- </channels>

E </board>

- </boards>

F </loop>

- </loops>

F </loopcontroller>

F </loopcontrollers>

H <interpreter>

g <devices>

<epicscas type="gpicsgas" name="epics server" />

E </devices>

- </interpreter>

L </system>

Figure 19. Example xml system configuration filelG2 / EPICS.

Once you have created and saved your system dilecgn run the 1G2 service executable. If the
server has a display, you will see a console winttat/shows the connection process and then
records subsequent control value changes sen¢ td4l0. The names you declared will now be
recognized as process variables by any EPICS-cdnlgatient program.

CAUTION

Don't try to control the M40 simultaneously from BRICS client and from a Diagnostic. The
results will be confusing. In particular, if yottempt to run the 1G2 service and PTC
DiagnosticG2 on the same computer, the communitatioll conflict.
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12 Circuit overview

A 4

| +/-15V DC-DC +24V Ext
‘ —H +15V Reg
1
Digital —+{ Schmidt +3.3V — Reg DC-DC
inputs —— .
p — e +24V DC in
T +5 VA
e i PCB —© Status
) temp > LEDs
igi e B —
D =1 Line sensor G
outputs ST driver :
———— 1
1
EE— N \
ﬁDGnd

LA
™ _<] Fiber-optic

Analog
inputs G
FPGA
ADC

[{TT11]]
TYYTYYYY

Buffer Filter

Analog
outputs

DAC

i

Buffer/gain

Figure 20. M40 block schematic.

All input and output functions are handled throaghFPGA. A PIC microcontroller handles
calibration , communications message handling antesancillary I/O. Incoming 24 VDC
power is fused, clamped against overvoltage aadlilydiltered. Isolation DC-DC converters
generate independent voltage rails for the intemnalog and digital circuitry.

The eight identical analog inputs, with allowaldage -10 to +10V, are inrush limited by 4.7k
resistors and buffered through a unity gain buffer.
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Input (1 of 8) V+

Figure 21. M40 analog input configuration (refecex to AGnd).

The signals then pass through a two-pole low-paakog filter with a -3dB point at 10 kHz and
a gain of 0.50, before being delivered to the ADC.

1
I

400m .
200m \
100m

40m

20m

10m \

4m

2m

10 20 40 100 200 400 1k 2k 4k 10k 20k 40k 100k

Frequency / Hertz

Figure 22. M40 analog input filter response.

The multichannel ADC is fully bipolar, +/- 5V rangath 16 bit resolution. All eight inputs are
sampled simultaneously at 250 kHz and accumulatéloel averaging buffer of the FPGA. The
use of averaging (downsampling) increases thetefeecesolution of the M40 greatly. The
amount of averaging is under software control. P& microcontroller applies the calibration
to convert to floating point values in volts.

The eight identical analog outputs are generates 1b§-bit DAC, offset to give an analog value
centred on 0.0 V, and passed through an outpug stdah gain 2.01 to give a certain -10 to +10
V range. A 100 ohm series resistor in the feedb@af protects against external short circuits.
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15V 100

Output (1 of 8)
3
+ 100R

10K

+15v 10K

Figure 23. M40 analog output configuration.

The analog voltage outputs slew at around 0.6 \fiperosecond when changing from one
setting to another. This rate of change may béigle for some devices controlled by the M40,
in which case the change should be delivered ag@esice of smaller steps.

Tek i Ready it Pos: 00005 SAVE/REC

: : : : : Action
R Savﬂlmage
T Do e File

. : : : Farrmat

CH1 !:'..I:I.I:I'-.-' -

Figure 24. M40 analog output slew rate for fulakestep (20 V in 32 psec).

The eight digital inputs are pulled up to +5 V diakohm, and protected by 470 ohm series.
Schmitt triggers buffer and clean the inputs befbey pass to the M40 digital processing.

M40 User Manual M40 _UM_150226 Page 41 of 62




PSI System Controls and Diagnostics

RN47k 15vD

RN 470R

Inputs

74LVC14A 4+ +3.3V
Vee 14
Gnd £
-2 v1 Al 1
4 v2 A2 B
-8 v3 A3 P2
-8 vq4 A2
10 vs A5 1
12 vg Ag A3
74LVC14A
Vee H4
Gnd £
2 v1 AL
-4 y2 A2 (3
-5 v3 A3 P
-8 vq4 A4 2
10 vs A5
12 ve A6 13

Figure 25. M40 digital input configuration.

The eight digital outputs are buffered and levdfteti to TTL levels by a line driver, and the

signal passes out via a 100 ohm current limitirsister.

AL T
A2 Y2
A3 B Y3
A E Y4
A5 S Y5
A6 B Y6
A7 Y7
A8 Y8
/G1 vdd

/G2 GND

RN 100R

—t +5VD

Figure 26. M40 digital output configuration.
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13 Calibration

13.1 M40 Calibration Factors

Ideally the M40 would output and input perfectlyaate analog voltages. In practice small
circuit offsets and gain errors result in smallooiracies. The M40 stores calibration factors
(“Permanent calibration”) that allow these to benpensated, increasing the absolute accuracy of
the device by an order of magnitude.

There is a gain and offset factor for each analggut, and a gain and offset factor for each
analog input. The values can be viewed on thepdatuin either version of Diagnostic host.
The factors are determined using high-precisiong@sipment and stored in the M40 internal
memory as part of the manufacturing process, threifunit is returned for recalibration. The
parameters are reloaded whenever the M40 is powsgred

The permanent calibration factors are applied bevs:
Output: Vout = Gain*(Viaw — Offset)

where 4 is the voltage sent out by the M40, and\s the voltage that would be sent out if
there was no calibration.

Input: Vread= Gain*Vi, — Offset
where \{, is the actual input voltage andsMis the displayed value.

Note that the input gains should all be around 3gtéater than 1.000. This is by design, to
ensure that the full scale voltage of 10.00 V camdad without risk of ADC overrange.

13.2 Application Calibration Factors

Application calibration factors are provided tooall you to map the +/-10 V native range of the
M40 onto the output and readback of a power suppsimilar device that it is controlling. The
temporary calibration is applied on top of the panent calibration, when the “Use temporary
scaling” option is checked.

The simplest way to appreciate this function isdasider an example. Say we have a high
voltage power supply, designed by a rather confesgiheer, that outputs -50 kV to +50 kV
linearly in response to a control input of O toW51t has a linear readback of -10 V to +10 V
corresponding to - - 50 kV to +100 kV. We wanetder and read back values in kV on the M40
diagnostic, and we know that the permanent caldoras good so that the M40 outputs and
inputs are accurate in voltage. When we have teelébhe analog input and output pair we shall
use, we can enter “kV” in the units field so tha Data tab readings are labeled appropriately.

For the output,
Vout = Gain*(Vser + Offset),
so for the example, we put Gain = 0.05 and Offsed =
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For the input,
Vread= Galn*\/m - Offset,
so for the example, Gain = 6.25 and Offset = -12.5.

In practice you may be able measure the respont$e giower supply by independent means as a
function of the M40 output and input values witle temporary calibration disabled, to obtain
the necessary parameters.

Notice that this procedure is most intuitive whem gan associate one M40 analog input and
output pair to setting and reading back one paramst that the physical units are common. For
example, analog output 3 could be calibrated asrithesl to provide a command in kV, and
analog input 3 would be used to read back the spording monitor value also scaled in kV.
Then we might use analog input 4 to readback aalé scmonitored current in mA, for example,
and analog input 5 to readback and scale a temypernat centigrade. The following figure

shows how this might look.

Initiate 2 Measuring
» Triggering
» FastMode

Abort
70
o

ADC DAC

CONMENE [ ooo
R o000
o+ BEEEEE ~ [ o000
cs BEEEEEE c | o000
CENEEER [ oo
R [ 00000
(ENEEETE [ oo

All
None

60

50

40 -

30

20

Digital
1F @2C @30 @10 @

5[ @6 @7 @38 @

47554

479 480 4807

478

L8 = Temperature

Buffer. 23750 g _» | [ - [ za0m
Y:TA?rtlu ﬂj x:\Fast ﬂ \No avg jﬂ ,?‘— Zero ‘G ‘ %, H G E= | I [_‘ =] | {nagees 2400 c

Last Error (2:27:03 PM) : OutputVoltage -222 DataOutOfRange

Figure 27. Using application scaling.
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14Wavetable Output and Logging

The M40 is able to output tables of values on upigbt analog outputs simultaneously. While
these values are being put out, the device cathgight inputs. Thus it can act as a
multichannel arbitrary waveform generator and dagger. If the output and sampling rate is
high, the output values and logged data residiedriM40 on-board memory to ensure contiguous
data, but this limits the size of the tables. &wér rates the tables can be managed by the host
system thus much larger files can be handled.

The wavetable facility will be added in a futurenfivare release.
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15Connectors

15.1 Front panel connectors

15.1.1 Analog and digital 1/0
Forty-four pin high-density Dsub female.

Pin 15 Pin 1
Pin 30 Pin 16
[clelelelelelclelelolelclelcs
@@@@@@@@@@@@@

©OOOOOOOOQ"
Pin 44 Pin 31

(External view on connector / solder side of maphgp)

1 Analog In 7 16 | Analogin8 31| Shield
2 Analog In 5 17 | AnalogIn6 32| Power Supply Gnd
3 Analog In 3 18 | Analogin4 33| +24 VDC in/out fdse
4 Analog In 1 19 | AnalogIn?2 34| DigitalIn1
5 Gnd 20 | DigitalIn 2 35| DigitalIn3
6 Gnd 21 | DigitalIn 4 36| DigitalIn5
7 Gnd 22 | DigitalIn 6 37| Digital In7
8 Gnd 23 | DigitalIn 8 38| Digital Out 1
9 Gnd 24 | Digital Out 2 39| Digital Out 3
10 | Gnd 25 | Digital Out 4 40| Digital Out 5
11 | Gnd 26 | Digital Out 6 41| Digital Out 7
12 | Analog Out7 27 | Analog Out 8 47 Digital Out 8
13 | Analog Out 5 28| Analog Out 6 43 Gnd
14 | Analog Out 3 29| Analog Out 4 44  +5VDC out
15 | Analog Out 1 30| Analog Out 2
CAUTION

Do not connect +24 V to any of the inputs or ousput
CAUTION
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Digital inputs should not lie outside the rang®@G-5.5 V or damage may result.

Analog inputs should not lie outside the rangel®V or damage may result.

15.2 Rear panel connectors

15.2.1 Power input
2.1 mm threaded jack. To mate with Switchcraft BZ6r equivalent

@Z Center pin: +24VDC
Outer: OV

15.2.2 Fiber-optic communications
ST bayonet. To mate with ST male terminated fdgic cable. Recommended cable types 1

mm plastic (such as Avago HFBR-EUS-500) or 200 uiwes(such as OCS BC03597-10 BL).
Signal: 650 nm light (red).

Transmit  Receive
(light grey) (darkgrey)

Note: Most fiber optic ST connectors include a t@ywhich must align with the keyway in the
M40 connectors. Rotate the cable and centre ahiiténg connector until the key engages
before pushing the connector home and engagingayenet.
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16 Controls and Indicators

16.1 Front panel controls
None.

16.2 Rear panel controls

16.2.1 Address switch

16 position rotary switch setting device addreShoice of address is arbitrary, but each device
in a fiber-optic loop system must have a unique eskl

Setting

Function

0

(Reserved to loop controller)

1-F (decimal 1 to 15)

Available address settings.

16.3 Front panel indicators
None.

16.4 Rear panel indicators
Quad green LED.

000

L Device
Network

Activity
Power

16.4.1 Power

Green LED. On = input power is present; intern@-DC converters are running.

16.4.2 Activity

Green LED. Green LED. Flashes when M40 hasvedaiew analog or digital output setting.

16.4.3 Network

Green LED. Flashes when M40 is processing messagte fiber-optic channel.

16.4.4 Device

Green LED. Green LED. Flashing 5 Hz = M40 isiat#d and acquiring data.

M40 User Manual

M40_UM_150226

Page 48 of 62




PSI System Controls and Diagnostics

16.5 Internal settings

We do not recommend that you open the M40 casesisigecifically instructed to do so by your
supplier or Pyramid Technical Consultants, Incerhare no user-serviceable parts inside. The
following information is provided for reference gnl

4
o =3
3. Y0071 -00064 Old

: e
feed[ =g [wed N SINVAVSNGD TVoReOdL

-
-

S

-

-
-

M/ l
x‘lil‘li

Figure 28. Location of jumpers

16.5.1 JPR1 settings

Links Function
None Normal operation mode.
1 (Reserved)
2 (Reserved)
1&2 (Reserved)
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17 Software updates

The M40 has three embedded firmware releases.

Firmware Function

FPGA (.pof file / .thex file)| General logic, loopassage passthrough, ADC reading and
averaging

PIC Boot (.hex file) Boot up, code upload

PIC Application (.hex file) | Main application; catdtion, conversion to floating point values
communication messaging.

The PIC microcontroller boot code should not reguipdating. It would require access to the
circuit board and dedicated programming tools &mlloew code. If the boot code ever does need
to be updated, your supplier will contact you arakenarrangements either to return the unit for
upgrade, or to have an engineer perform the updoadeu.

The FPGA and PIC microcontroller application codeyrbe updated periodically to add new
operating features. New code releases will beigealvby your supplier, or can be downloaded
from the Pyramid Technical Consultants, Inc. wehsithe fhex (for FPGA) and hex (for PIC
microcontroller) files can be loaded using the BBignostic host without any need to access the
unit. The uploads can be performed directly fromm PC host.

17.1 FPGA firmware updates

To update the FPGA, click the “Select .fhex fileitton under Upload FPGA on the Device tab,
and navigate to the relevant file. The code vt load. The process takes about 20 seconds.
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.;S[LogDI_agnosﬁcM.llZ - . . - . - <~} E <

Actions Options Window Help

@] ©0 ©
Asytem  [o | & [82] || A M40 : Address 8 on [Loop 6] on ASOORSTS 192.168.100.213:100 = [&]=]
onnected Pending o

-2 ABOORSTS 192,168 100 mme———
-8 [Loop 1] 2

# H10(1)
=8 [Loop 3] Device

% 13200(8)
-8 [Loop 6]

# M40(8)

Communication SYSTem Properties Utilities

Messages Sent SAFEstale @ (Dewce Vfr:fn | Reset Device
K (T e e — PRP— ™ -
f —— L o
|, » PICSoftware » Firmware » Md0 ~[ 43 ][ search ma0 P pploadiipplication
: — — — Select .hex file

Organize ~ New folder =~ 0 e

i Name Date modified - Upload FPGA

M Desktop \ | M40_FPGAD2-0-16_120418.fhex 4/19/2012 6:49 PM Select .fhex file

Ja Downloads

%5 Recent Places

i Libraries
14 Documents No preview

available.
. Music

5 Pictures
B videos

& Homegroup

~ e 3

File name: M40_FPGAD2-0-16_120418 fhex ~  |FPGA Firmware (*.fhex) a2

& Comnuter

Figure 29. Selecting the fhex file to load.

When the upload is complete, you will get a protogbower cycle the M40 in order to load the
new code.

F - -
_—
mo X
FPGA Upload Successful - Please repower board to start new FPGA I

Figure 30. Restart prompt after FPGA update.

If the FPGA upload fails for any reason such as lfgpower during the upload, or data
corruption, then the M40 may not be able to commratei. In the unlikely circumstance that this
happens, it can be recovered using an FPGA progiagniool and the .pof version of the FPGA
code. Contact your supplier or Pyramid Techniaahgliltants who will arrange for the unit to
be repaired.

17.2 PIC firmware updates

To update the PIC microcontroller, click the “Seldex file” button on the Device tab and
navigate to the relevant file. The code will thead. The process takes about 30 seconds.
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\'Dﬂncsﬁcvﬂll BELERS & saiupm & & - — dolE
ActionsOptions Window Help
@H] ©8 ©

Asytem o | ® & [[| A M40@) : Address 8 on [Loop 6] on ASOORSTS 192.168.100213:100

E'? %5([)8&5‘:;"?!192.155.100- Comms  [feefffelsfifels ] # , Comnected  * , ‘Pending
- # H10(1)
=@ [Loop 3]
: 4 13200(8)
- [Loop 6]
 M40(8)

Communication SYSTem Properties Utilities
Messages Sent 7 Device Version
[ gﬁ -SAFEstate @ . Reset Device
< L1 s Upload PIC device applcaton core e 1 [——— !
EaNE N ) Fcsortware » Firmware b M40 <[4 || search M40 Upload Application ——
— — — — Select .hex file
Organize * New folder - [ @
& Favorites “ Name Date modified Upload FPGA
M Desktop [ ] M40-PICA-1C_ 120612 hex 6/12/2012 6:55 PM Select fhex file
I s Downloads
% Recent Places
(23] Libraries
B Documents No preview
i available.
5 Pictures
B videos

a& Homegroup

& comnuter

File name: M40-PIC4-1C_120612 hex -

Figure 31. Selecting the hex file to load.

Options Window _Help
(@8] ©©0 ©

dasysem  [(o| @ [5]|1' £ M4O(®): Address 8 on [Loop 6] on ASOORSTS 192.168.100.213:1

Eiabgt[)li];sp'r?]musama, Comms  Connected @), Pending
@ HI0()
&8 [Loop 3]

- H132008)
& @ [Loop 6]
1 MA0(8)

Communication

SYSTem Properties Utilities

MessssesSent 7 | [ e @ || [P0 Vorie
960125 el

‘AUTORECover @

Checksum Errors FPGA Version [ Upload Application
e | e S =
36% complete

COMM:CHECksum | @ "Hardware Version —‘

Echo Errors FREQuency 0 rUpload FPGA
Timeouts SERIALnumber 2
1631 g '7| { 10 Output Length —‘

16
IMTIMI
Reset Counters s Eol
3

Last Error (3:07:18 PM) : SENDIO -200 NotConnected

Figure 32. Firmware upload in progress
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When the upload is complete, the M40 will resetdlitand start running the new firmware. You
should see the new device version number displagetie screen.
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18 Fault-finding

Symptom

Possible Cause

Confirmation

Solution

Incorrect analog input reading€abling error

Check signals are connecte
the correct pins.

dtse appropriate connection.

Calibration incorrect or
corrupted

Check calibration values.

Re-enter correct valaes,
contact supplier or Pyramid
Technical Consultants, Inc. if
no problem found.

Unintentional or incorrect use
of the application calibration.

Check application calibration
values and whether “Use
temporary scaling” is checke

Incorrect analog output values

low.

Disconnect load and re-
measure.

Terminating impedaadoo

Ensure load is within the
current compliance of the
analog outputs.

Outputs drop to zero

communication has been lost.

SAFEstate is enabled and | Check setting and state of

communications.

Check connections to
controller, status of controller,.
Use appropriate SAFEstate
setting for the application.

High noise levels

signal being measured

r Noise level reduces with
integration period.

Integration time too short fo

Use an appropriate integration
time for the signal level.

Line voltage pickup

Noise level drops sharply if

(60 Hz) or 20 msec (50 Hz)

integration period is 16.7 mseclear of unscreened high

Keep M40 and signal cables

current mains voltage. Use
integration periods (N/line

frequency) if possible.
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Averaging period does not
match the line frequency.

Check averaging period
setting.

Use integration periods (N/line
frequency) if possible.

Analog in signals respond ve
slowly

NM40 averaging period has
been set very long.

Check setting.

Set averaging appropriate t
the required time resolution
and noise levels.

O

PSI Diagnostic filter has beer
set.

1 Check setting.

Set filtering appropriate to the
required time resolution and
noise levels.

Digital input not registering
signal as expected

Incorrect electrical connectior
to target device, typically lack
of appropriate ground path.

1 Check that unloaded output
changes as expected with a
loop back connector (all
outputs connected directly to
corresponding inputs).

Make correct electrical
arrangement.

Digital inputs operate with
incorrect polarity.

Input polarity setting is
incorrect for the application.

Check requirement and set
input polarities accordingly.

Use the correct digital input
settings.

Unable to set digital outputs 3
expected

agncorrect electrical connectior
to target device, typically lack
of appropriate ground path.

1 Check that unloaded output
changes as expected with a
loop back connector or by
direct measurement.

Make correct electrical
configuration.

Data taking stops.

Selected number of triggers
has been reached.

5 Check trigger points setting.

Use the correct sgttor
click INF for continuous
acquisition.

Unable to communicate with
M40

Duplicate address setting

Check address against
expected address in host
software.

Use correct switch setting.
Switches can be changed
while the unit is operating.

Communication link timeout

Investigate and fix
communications issue. Use
longer timeout setting if
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S|

necessary.

RX and TX cables cross
connected somewhere in loo

D.

Network LED not lit.

Correct cabling as necessar

Fiber optics are damaged

Inspect fibers, espgdiad!
connectors. Check light can
be seen through fiber.
Exchange fibers and retry.

Fit new fibers or re-terminate
as necessary.

Unexpected changes in
parameters

Another host software
program is accessing the
device.

Check host programs running
on connected computers.

) Run a single host program
only.

o

Communications interruptions

Other processes ohd®&T
interfering with comms ports.

Use a dedicated PC with
simple configuration and
minimum number of process:¢
running.
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19 Maintenance

The M40 does not require routine maintenance dbredion. There is risk of contamination
which may degrade performance if the case is opefbdre are no user-serviceable parts inside.

The M40 is fitted with a 0.5 A automatically resagt 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.
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20Returns 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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21 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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22 Disposal

We hope that the M40 gives you long and reliabtgise. The M40 is manufactured to be
compliance with the European Union RoHS Directi@@2295/EC, and as such should not
present any health hazard. Nevertheless, whendeuice has reached the end of its working
life, you must dispose of it in accordance withdlo@gulations in force. If you are disposing of
the product in the European Union, this includesgiance 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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23 Declaration of Conformity
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24 Revision History

The release date of a Pyramid Technical Consultamdsuser manual can be determined from
the document file name, where it is encoded yymnfelt. example, M10_UM_080105 would
be a M10 manual released on 5 January 2008.

Version

Changes

M40_UM_120621

First general release

M40 _UM_120703

Added information about data bufferesoptions introduced in PSI
Diagnostic version 4.114.

M40_UM_120907

Correction to analog output circuitry

M40_UM_141212

Update specification table.
Add section on EPICS interfacing via 1G2.

M40 _UM_150226

Update specification table.
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