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CAUTION

Protective Cover

The sensitive area of the detector has a thin carbon fibre cover to protect it from
accidental damage without preventing X-rays from reaching the sensor. When
moving or operating the detector, avoid touching this cover.

Figure 1: The Lambda detector. The black region is the carbon fibre cover.

During operation, the ventilation slits located on the side of the detector should
not be covered.
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1. Technical information
1.1. Technical specifications
LAMBDA is a single-photon-counting X-ray detector with 55 pm pixel size and

high-frame-rate capability (2000 fps). The specifications below are for 60k /
250k modules with Si sensors.

Number of
modules
Sensor
Sensor thickness
Quantum
efficiency
Readout chip
Pixel size
Sensor size
Format
Dynamic range

Count rate per
pixel

Energy range
Adjustable
threshold range
Energy resolution
Max. frame rate

Readout time

Point spread
function
Data format
External trigger /
gate

Software interface

Cooling
Dimensions
Weight
Overvoltage
category
Pollution degree

250k

1 module with 1 Si sensor 1 module with 1 Si sensor
bonded to 1 readout chip bonded to 4 readout chips
Si photodiode array
300 um

95% efficiency at 8 keV, 70% at 12 keV, 10% at 25 keV

Medipix3RXv2
55 x 55 pym?
14.1 x 14.1 mm? 28.2 x 28.2 mm?

256 x 256 pixels (65536) 512 x 512 pixels (262144)
24 bits maximum (dependent on readout mode)
200,000 counts / pixel / s (without count rate correction)

800,000 counts / pixel / s (if count rate correction
measured and applied)
6 keV - 25 keV*

3 - 40 keV

1 keV
2000 Hz (12-bit mode)
No readout time in 12-bit mode, 1 ms in 24-bit mode and
dual threshold mode

1 pixel FWHM
Hdf5 (Nexus standard)
3.3V TTL (low-voltage TTL)
Open source hardware library w. Python bindings

TANGO drivers available
Air-cooled, water-cooled
150.5 mm long, 85 mm wide and 40 mm high
0.9 kg

IT
IT

60k



1.2. System overview

The silicon LAMBDA system is specifically designed for synchrotron experiments
at moderate X-ray energies (6-20 keV) requiring high spatial resolution, high
sensitivity and extremely high speed. This makes it well-suited to applications
such as XPCS (X-ray Photon Correlation Spectroscopy), time-resolved
measurements, ptychography, SAXS (Small Angle X-ray Scattering) and
imaging. LAMBDA is based on the Medipix3 readout chip, developed at CERN. By
using single-photon-counting circuitry, this provides effectively noise-free
operation, which is particularly critical for achieving a high image quality during
fast measurements and discriminating against fluorescence. Thanks to CERN'’s
expertise in microelectronics, this photon-counting feature is combined with a
small pixel size (55 pm) for high-resolution imaging, and flexible in-pixel
circuitry.

The standard LAMBDA system can be operated in two modes. In continuous
read-write mode, the detector can take images at up to 2000 images per second
with no time gap between images and 12-bit counter depth. This can allow
efficient measurement at high speeds. In 24-bit mode, images are taken with
24-bit depth, allowing a signal range from 0 to 16 million photon hits per pixel
within a single image. This mode requires a delay of 1ms between images,
making it suitable for lower-speed experiments.

The LAMBDA readout electronics, developed at DESY, make it possible to read
out large detector modules at 2000 frames per second rate using high-speed
optical links. The detector unit is provided with a compact power supply and
requires only air cooling, making it convenient to mount on movable stages. The
detector can be externally triggered during operation.

During operation, the LAMBDA system is controlled by a server PC, which
processes and stores images received by the detector. The detector can be
controlled and monitored at the beamline using the Tango control system.
Images are saved using the HDF5 format, which saves an entire image series to
a single file along with image metadata. This approach makes it possible to
perform high-speed imaging without creating excessive numbers of files. The file
can then be accessed by standard functions in C, Python, MATLAB, IDL and other
languages.

Further information on the LAMBDA technology can be found in the following
references:

Pennicard, D., et al. "The LAMBDA photon-counting pixel detector." Journal of
Physics: Conference Series. Vol. 425. No. 6. IOP Publishing, 2013.
doi:10.1088/1742-6596/425/6/062010 http://iopscience.iop.org/1742-
6596/425/6/062010



http://iopscience.iop.org/1742-6596/425/6/062010
http://iopscience.iop.org/1742-6596/425/6/062010

D. Pennicard et al., “High-speed readout of high-Z pixel detectors with the
LAMBDA detector”, JINST 9 C12014, 2014. doi:10.1088/1748-
0221/9/12/C12014 http://iopscience.iop.org/1748-0221/9/12/C12014

D Pennicard et al., “The LAMBDA photon-counting pixel detector and high-Z
sensor development”, JINST 9, (C12026, 2014. doi:10.1088/1748-
0221/9/12/C12026 http://iopscience.iop.org/1748-0221/9/12/C12026



http://iopscience.iop.org/1748-0221/9/12/C12014
http://iopscience.iop.org/1748-0221/9/12/C12026

1.3. Mechanical dimensions

The drawings below show the dimensions, mounting hole positions and sensor
position for the detector. There are four screw holes on the base plate for
mounting (M4 size).
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Figure 2: Technical drawing of LAMBDA 60K housing

Please note that the position of the sensor (sensitive surface) differs from model
to model. In a 60k system the light-sensitive sensor is mounted in position 3 as
standard (Single chips can also be mounted in position 2 upon request), whereas
in @ 250k system all four chip positions are covered. The centre of the chip for a
250k system is indicated by a pair of crosslines on the front of the detector.

The firmware is installed on a Micro SD card in the detector. To swap the card
(e.g. to update firmware) the card can be accessed by unscrewing the side
panel, as shown below.



Figure 3: Micro SD card access
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1.4. Detector Cooling

The detector has two built-in fans, which can be disconnected from power if
operation with minimal vibrations is desired. In this case, the detector can be
cooled an external water-cooling supply. The water-cooling connectors are
located on the back of the detector and covered by a rubber protective cover, as
shown in Figure 4. These connectors take 6 mm hose pipe, polyurethane or
similar. We recommend using a 50% glycol/water mixture, with minimum flow
rate of 0.035 I/min at a maximum pressure of 2 bar. Important: The connectors
are not self-sealing. Therefore, the system should be flushed with compressed air
to remove any remaining liquid before disconnecting the piping.
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1.5. Electrical connections

The module’s connectors are on the back, and are shown below:

Figure 4: LAMBDA connectors

1G optical - optical patch cable connected via 1G SFP transceivers. These should
be duplex multimode cables with 2 x LC duplex connectors (see Figure 5). They
should be compatible with 10G Ethernet, e.g. OM3 fibre (multimode, 50/125

pm).

10G optical - optical patch cable connected via 10G SFP transceivers. These
should be duplex multimode cables with 2 x LC duplex connectors (see Figure 5).
They should be compatible with 10G Ethernet, e.g. OM3 fibre (multimode,
50/125 pm).

Power (12V) - This should be connected to the power supply provided with the
detector.

Trigger in and out - Trigger in takes a TTL signal (3.3 V) via a LEMO input.
Likewise, trigger out provides a TTL output signal. The behaviour of trigger in
and out depends on the trigger mode selected, as described in the Hardware
Trigger section of the manual on page 28 and the Fehler! Verweisquelle
konnte nicht gefunden werden. appendix on page Fehler! Textmarke nicht
definiert..
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Figure 5: LC duplex optical connector
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1.6. Connection to control PC

The back of the control PC is labelled to indicate the following connections (see
Figure 6):

- Ethernet cable to network
- 1G Ethernet fibreoptic cable to detector
- 10G Ethernet fibreoptic cable to detector

Please note that the configuration files for the LAMBDA detector specify the
source and destination IP and MAC addresses for the 10G and 1G optical links.
This means that (for a given configuration) these links are not interchangeable -
each fibre from the detector must be plugged into a specific network interface on
the control PC. Likewise, for control over the 1G link, the detector has a fixed IP
address set by the firmware (typically 169.254.1.2), and the 1G link on the
computer must be configured to use the same subnet.

Please note that the correct assignment of the plugs on the control PC is
labelled on them. It might look a little different on each PC. In case of
doubt, always follow the labels on the PC.

Figure 6: Connections on back of control PC
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1.7. Power supply

The detector is powered with 12 V DC. A laptop-style power supply is provided
with the detector. This power supply is designed to work with 90-260 V AC at

frequencies of 47-63 Hz.

15



1.8. Pixel layout

A LAMBDA module of a 250k system is composed of 4 Medipix3 chips in a 2 by 2
layout, connected to 1 sensor, whereas in a 60k system only one of the four chip
positions is covered. As a result, a 250k detector does not have uniform 55 pm
pixels across its full area; instead, gaps between the Medipix3 chips are bridged
by larger pixels (165 um). This is shown in Figure 7.

2 % 255 pixels of
165 pm x 55 pm

\ 165 pm % 55 pm 165 pm X 55 um
165 pm x 55 pm 165 pm x 55 pm

165 pm % 55 pm 165 pm % 55 pm

255 x 2 pixels of
55 pm x 165 pm

165 pm x 165 pm x
165 pm 165 pm

N

165 W % 55 pm
165 prm % 55 pm
165 pm x 55 um
165 pm x 55 pum
165 pm x 55 pm
165 pm x 55 pum

165 pm x 165 pm x

165 W % 55 pm
165 prm x 55 pm
165 um x 55 um
165 pm x 55 pum
165 pm x 55 pm
165 um x 55 pum

165 pm 165 pm
165 prm x 55 pm 165 pwm x 55 pm
165 pm x 55 pm 165 wm x 55 um
165 pm x 55 pm 165 pm x 55 pm

Figure 7: 250k detector pixel layout

Images saved by the LAMBDA software deal with these issues as follows:

e Larger pixels are interpolated to 3 or 9 normal-sized pixels as appropriate,
with the pixel value being divided by the relative pixel area. For example,
a 165um x 55 pym pixel with 100 counts will be interpolated to three 55
Mm x 55 pym pixels each with 33 counts. There is one exception: if a pixel
is at the maximum value (i.e. 4095 in 12-bit readout mode) the
interpolated pixels will also be at this value, to indicate saturation.
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2. Software control

The detector is sold with a control PC. There are two systems installed on the PC
for controlling the detector. Firstly, there is detector software based on the
“Tango” control system. This provides various ways of running the detector,
including a GUI and Python scripting. We recommend the GUI as a starting point
when getting familiar with the detector. Secondly, there are Python bindings that
allow the detector to be run without using Tango. This approach may be helpful
for integrating the detector into other control systems, and is described in the
appendix.

17



2.1. Control PC

The detector control PC runs Debian 8. A user account has been set up on the
PC, the details of which can be found on the “LAMBDA Server” document
enclosed.

This account has sudo rights to allow administrative tasks.

The primary network interface uses DHCP to get an IP address. If you need to
change this to a static IP address, edit the file /etc/NetworkManager/system-
connections/Wired\ connection\ 1, or use the tools nmcli or nmtui to interactively

change the settings.

Since Tango requires a valid IP address on the primary network interface, even if
the link is down, a static IP address alias 192.168.0.1 has been added for ethO.

18



2.2. The TANGO control system

One way of using the LAMBDA detector is with the Tango control system:
http://www.tango-controls.org/

The Tango control system is open-source, and is widely used at synchrotron
beamlines. It provides a variety of ways to control the detector, for example via
a GUI or using scripting in Python.

The control libraries for the LAMBDA detector are written in C++, and are open-
source, so they can be built into alternative control systems such as EPICS.

This section describes detector control within Tango. Most of the functionality
described in this section corresponds fairly directly to detector control functions
available within the LAMBDA control libraries. However, the user interface and
file writing in Nexus format are provided by Tango. The source code for the
LAMBDA Tango device server is also open-source.

The source code is available as follows.

Libraries for LAMBDA detector: Two libraries are needed; one LAMBDA-specific,
and the other containing common detector functionality developed by DESY. The
download “detsoftware” below contains scripts for building the libraries from the
source code.

https://stash.desy.de/scm/fsdsdet/detsoftware.qit
https://stash.desy.de/scm/fsdsdet/liblambda.qit
https://stash.desy.de/scm/fsdsdet/libfsdetcore.qgit

Libraries for Tango server:
https://stash.desy.de/projects/TAN/repos/lambda/browse
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htp://www.tango-controls.org/
https://stash.desy.de/scm/fsdsdet/detsoftware.git
https://stash.desy.de/scm/fsdsdet/liblambda.git
https://stash.desy.de/scm/fsdsdet/libfsdetcore.git
https://stash.desy.de/projects/TAN/repos/lambda/browse

2.3. Starting and stopping the LAMBDA software

Once the detector is connected to the control computer, the LAMBDA control
software (Tango device server) can be started.

Firstly, log in to the LAMBDA control PC. This can either be done directly or, if it
is connected to a network, this can be done remotely using ssh.

The program itself is started by opening a terminal window and executing the
following script:
startlambda.sh

The Tango server can be killed e.g. by Ctrl-C in the relevant window, or the kill
command in Linux. The name of the program controlling the detector is
“Lambda”, so the software can be killed from another terminal as follows:

killall -9 Lambda

20



2.4. Tango commands and attributes and the “Jive” user
interface

The Tango server can be controlled using “commands” that can be executed (e.g.
to start the acquisition) and “attributes” that can be read and written (e.g. the
shutter time). These can be accessed in a variety of ways, e.g. using Python
scripting. One option is to use the “Jive” user interface within Tango, which can
provide a GUI (“ATK panel”) for each device controlled by Tango.

Starting Jive:
(a)Log in to the detector control computer
(b)Open a terminal window and type: jive
(c)In the “Server” section, click on the tabs for the device, e.g. Lambda >
xsp =2 Lambda, then double-click on /xsp/lambda/01

[ @
File Edit Tools Filter

‘ Ell Server;Lambda/xsp/Lambda/xspflambda;02

|-Device Info

N Jive 7.18 [xsplambda02:10000]

MOy

[ Server | Device | Class | Alias | Att. alias | Property |

o % DataBaseds | |pevice Info

¢ % Lambda

Define device alias
Go to device node
Restart device
Device wizard

Log Viewer

| last_exported:
|| llast_unexported:

|| IPolling Status

|| Refresh

¢ % xsp | pevice: x¥sp/lanbda,/ 02
¢ &l Lambda || Itype_id: IDL: Tango/Device 5:1.0
o & xspjlambda/02, | li10p_wversion: 1.2
o % Starter Copy | host: xsplambda@2 (192.168,10.125)
o & TangoAccessControl Paste : a'llternate agg"* 169.254.1.1
o % TangoTest | jalternate addr.: 169.254.2.1
e BELELIE || lalternate addr.: 169.254.3.1
Delete port: 41421
Monitor device | Server: Lambda/xsp
Test device ‘|| |Server PID: 6433
|| Exported: true

7th May 2018 at 17:32:19
7th May 2818 at 11:156:63

Figure 8: starting the ATK panel for Lambda (note: specific name of detector may vary)
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AtkPanel 4.8 :

File View Preferences Help

lambda750k =
P psaslambda7soksol I;E Command
ni
pod/lambdazsok/0l StartAcq
Detector is: *OMN* State =
Status
Detector state slopic |
B T UL
TriggerMode 0 Mo unit 2A EI
2
, Abhhdbd A
ShutterTime 100.0 ms 0000100.0 |- ]
YYYYYYY ¥
, Ahddd A
DelayTime 0.0ms 00000.0 ]
Detector FTYYYY ¥
H FYVYYVT WY
attributes FrameNumbers 10000 No unit 0010000 [ ]
YYYYYYY
A
ThreadsholdMo 0 Mo unit 0 EI
Abh Ah
EnergyThreshold 6000.00 eV 000.00 []

TIT IT

OperatingMndel ContinuousReadWrite |ContinuousReadWrite HII

ConfigFilePath |,n’|c:caldata,n’shz:1re,n’ccmfig,nr

SaveAlllmages [ ]

FHePreﬂxl

test_ |test_

FileStartNum

) Adddd
0 Mo unit 00000
FITTT

FilePreExt I

[Not initiglised

FilePostfix I

MXs

2]
M=
[
L]
|
=]

SaveFilePath I,.rl ocaldata/lambda_test/ |f|oca|data,!lambda_testf| EI

CIE]

=L

SaveFHeNameI test_ 00000
LatestimageMumber | -1 No unit
LiveMode |False
TotalLossFrames | 0 No unit
Layoutl 1556X516
Wkkhl 1556 No unit
Hdghtl 516 No unit
Demh| 12 No unit
LiveFrameNo | 10000 No unit
DistortionCorrection I 1 Mo unit
PrecompressEnabled True |v|

EIEIEIEIEIEIEIE]

Scalar LLiveLastImageData |
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2.5. Detector command list (pull-down menu)

StartAcq starts taking images. The box will go blue to indicate the detector is
working, then return to green once all the images have been written to disk. All
the images taken during a single acquisition are saved to a single .nxs file.

StopAcq can also be used to end an acquisition. Any images that have already
been written to the .nxs output file will still be saved OK. Please note that the
image currently being taken is cancelled (i.e. it's not possible to take a single
image by starting an image with a very long shutter time then manually stopping
the acquisition).

Please do not use init - this is automatically used when the Tango server starts
up, but using it subsequently could cause problems.

State and Status commands both report on the state of the detector, e.g.
whether it is on, taking images etc. This information is also displayed
continuously in the GUI. “State” returns a numerical value corresponding to an
enum in Tango, and “Status” a string. The LAMBDA Tango server has the
following possible states/statuses:

State name State value Explanation

Detector is ready for use, and not currently

Tango::ON 0 .
executing commands

Detector is taking a series of images or
Tango::MOVING 6 executing other commands such as loading a
configuration

Detector has finished acquiring images, but

Tango::RUNNING 10 is still processing and writing to disk. (This
can occur at high frame rates.)
Tango::FAULT 8 Fault detected
Tango::DISABLE 12 Detector disabled
Tango::UNKNOWN 13 Detector state not known

As well as these two commands, the status is shown in the dialog box in the GUI,
and both state and status are listed as attributes that can be read.
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2.6. Detector attributes (i.e. acquisition settings) list

The following lists all the detector attributes.

Note also that restarting the Tango server will reset most of these attributes, so
you will need to set the EnergyThreshold, SaveFilePath etc. again.

TriggerMode - Sets up the use of an external electronic signal to control the
acquisition. This is discussed in more detail in the next section. TriggerMode 0
does not use any external signal. TriggerMode 1 uses a trigger pulse to start the
acquisition. TriggerMode 2 uses a trigger pulse to start each individual image in
an acquisition. TriggerMode 3 uses the external signal as a “gate” or “electronic
shutter”, to control when the detector is sensitive (e.g. selecting specific X-ray
bunches during pump-probe experiments).

ShutterTime specifies the time per image in milliseconds. In continuous read-
write mode, there is no gap between images, so this number sets both the time
the shutter is open and the frame rate. The shortest possible shutter time in this
case is 0.5 ms. In twenty-four-bit mode, there is an additional delay of 1 ms
when reading out an image, in addition to the ShutterTime, though it is possible
to set ShutterTime to as little as 0.01 ms. (The DelayTime variable is currently
not used.) Please note that at higher frame rates (>100 Hz, i.e. <10 ms shutter
time) the images from the detector need to be stored in RAM then written to file
at a slower rate, so the time for the Tango server to finish this will be longer than
the time to actually take the images. The space remaining in the RAM buffer is
reported by the FreeBuffer attribute.

FrameNumbers sets the number of images to take during the acquisition. All
the images taken during a single acquisition are written to a single file, as
described later.

ThresholdNo is used to specify which threshold we want to change using
EnergyThreshold. Depending on operating mode, the detector has either one
energy threshold (numbered 0) or two (numbered 0 for the lower threshold, and
1 for the upper one).

EnergyThreshold sets the photon counting threshold in eV. Whenever energy is
deposited in a pixel exceeding this value, a hit will be counted in the pixel. Please
note that the energy from a single photon hit may be shared between
neighbouring pixels, so a typical recommendation is to set this to approximately
half the photon energy (or a bit below) to avoid missing charge-shared hits.

OperatingMode: Currently, this can be used to switch between two operating
modes.
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e Twenty-four-bit mode (type in TwentyFourBit) has 24-bit counter depth,
but also has a time gap between images of 1 ms. A single threshold is
used.

e Continuous read-write mode (type in ContinuousReadWrite) has 12-bit
counter depth but no time gap between images (up to 2 kHz). A single
threshold is used.

ConfigFilePath: This is a read-only variable that describes where the detector
configuration files are stored. This variable is set by the Tango database.

SaveAllImages: Images will only be saved if SaveAlllmages is checked.

FilePrefix, FileStartNum, FilePreExt, FilePostFix, SavefFilePath,
SaveFileName: These attributes are involved in setting the name of save files.
Firstly, SaveFilePath sets the directory where files should be saved. When this is
changed, the server checks whether the directory exists and gives a warning
method if it does not. However, it does not automatically create new directories;
instead, if you want a new directory you should create it first and then change
SavefFilePath.

The overall file name has the following format:
FilePrefix_FileStartNum_FilePreExt.nxs

FilePrefix and FilePreExt are straightforwardly set by the user. FileStartNum is a
counter which increases by 1 each time a new acquisition is made, giving a
series of files with increasing number, e.g.

ExampleFilePrefix_00000_preext.nxs, ExampleFilePrefix_00001_preext.nxs,
ExampleFilePrefix_00002_preext.nxs...

As well as being automatically incremented, FileStartNum can be set by the user.
The full filename is then listed as SaveFileName: this attribute can be read, but
not directly set. Finally, please note that if the full filename matches that of an
already existing file, the existing file will be overwritten. This could happen, for
example, if the user manually resets FileStartNum to 0 without changing the
FilePrefix.

LatestImageNumber: This is a read-only variable used when taking a series of
images (i.e. FrameNumbers > 1). This gives the number of the image most
recently written to disk. Please note that at extremely high frame rates, images
may be taken more quickly than they can be written to disk, in which case they
are buffered in RAM before they are written. In this case, the state of the Tango
server will change from MOVING to RUNNING once all the images have been
received.
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LiveMode: When this is checked, the most recently-received image can be
viewed using the LiveLastImageData tab, and the attribute LiveLastImageData
contains the content of this image. See below for more details.

PrecompressEnabled: This speeds up image saving by using a new parallelised
image compression approach. In future this will be default, but currently this is
provided as an option in case compatibility problems occur when using analysis
software.

The following are all read-only attributes:

TotalLossFrames: This is the total nhumber of lost or incomplete images from
the detector. This should normally be zero. Lost or incomplete images are most
likely the result of errors in receiving data from the detector; for example, if the
detector is run at a high frame rate on a computer whose specs are not good
enough, the software might not be able to store the received image data in RAM
as quickly as it arrives.

Layout, width, height: The dimensions of the image (after interpolation of
large pixels)

Depth: Bit depth of current images

LiveFrameNo: Number of most recently displayed live frame (at high frame
rates, not every frame is displayed live).

DistortionCorrection: Indicates how the detector deals with large and gap
pixels — see the section of the manual on detector layouts.
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2.7. Live viewing

The LiveLastImageData tab at the bottom of the ATK panel (see Figure 9) allows
you to look at live images. This is refreshed periodically, so at high frame rates it
will not attempt to show you every image. Right-clicking on the image gives you
various options - in particular, under the “settings” option it’s possible to change
the range and image scaling, and choose a colour map.

There is also a Tango attribute LiveLastImageData which can be used to access
the most recent image - this can be used for monitoring the detector in a more
flexible way (e.g. grabbing each image and calculating a ROI).

Applications Places Mon Sep 14, 11:00 AM 1')) ® dpennica

File View Preferences Help

B petra3/lambda/ol [StartAcq q

petra3/lambda/ol
[Detector is:*on*

|»

4

Image viewer settings
LiveLastimageData 'S ? 4000
[[] Best fit [¥] Enable fitting
Fit Min .0 | FitMax  |4000.0 |

[[] Negative im. Image size [100 % |w

~ [VlAlignto grid  Grid spacing |8 1
[l Display significative data for histogram

3000

[[] Display rectangle as (x1.yl) - (x2.y2)

Dismiss | -
4 2500

- 2000

1500

1000

500

< | i ID

Scalar LiveLastImageData\
E dpenn. Setti . Hve 4. [Lam., % o [ema.. AtkPa...

Figure 9: Live viewing tab of the ATK panel
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2.8. Hardware Trigger

The system is equipped with two Trigger connections, one incoming and one
outgoing. They are connected with mini-LEMO connectors, shown in Figure 4.

Hardware-wise, these are Low-voltage TTL (LVTTL) signals with a 3.3 V max.
Both the input and output signals have high input or output impedance (~1kQ).
So, when connecting other devices to the input and output, it may be useful to
take steps to match impedances (e.g. connect a 50 Q terminating resistor in
parallel with the input, or change the device impedance settings). In our
experience, although the official min HIGH voltage is 2 V, the voltage should be
3.3 V to ensure reliability.

‘ Symbol H Parameter H min H max ‘
| Uw |High-Level Input Voltage| 2.0V | 33v |
| Un  |/Low-Level Input Voltage| -0.3Vv | 0.8V |
High-Level Output
Uon Voltage 3.3V

Low-Level Output

UoL Voltage

0.4V

The trigger behaviour depends both on operating and trigger mode. Regardless
of mode, the FrameNumbers attribute should be set to the required number of
images, and the StartAcg command sent to the detector; in modes 1 and 2, the
StartAcqg command will “arm” the detector so that it can receive the trigger
signal. The appendix gives more detail on this, including diagrams of trigger
timing and oscilloscope outputs.

Trigger mode 0 - The external trigger signal is not used, and the detector
starts taking images immediately when the StartAcg command is used.

Trigger mode 1 - StartAcg gets the detector ready. One rising edge trigger
signal starts the acquisition, following which the full series of images is taken
(with the shutter time and number of images controlled by ShutterTime and
FrameNumbers as usual).

Trigger mode 2 - StartAcg gets the detector ready. A rising trigger signal must
be sent to start taking each individual image. Typically used for running scans. In
24-bit mode, when a trigger signal is sent, the detector takes an image for the
pre-programmed ShutterTime and reads it out, and only after this can the
detector be triggered again.

In continuous read-write mode, the first rising edge trigger signal will make the
detector begin taking the first image, and subsequent rising edges will end the
current image and immediately begin taking the next one. This has a few
implications: the duration of each image is controlled by the time elapsed
between rising edge trigger signals; and a total of FrameNumbers + 1 trigger
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pulses are required to complete the acquisition (with the final pulse controlling
the end time of the final image).

Mode 3 (gating mode) - This is only available in TwentyFourBit mode. In this
mode, the detector immediately starts taking images when the StartAcq
command is used, with the time per image and number of images controlled by
ShutterTime and FrameNumbers. However, when the trigger input signal is logic
HIGH, any photon hits in the detector will be ignored; only with logic LOW will
hits be registered. This makes it possible to rapidly switch the sensitivity of the
detector on and off, for example in pump-probe experiments.

In each case, the acquisition automatically stops after FrameNumbers of
frames are taken. Acquisition can be stopped earlier by sending the StopAcq
command.

When using modes 1 or 2, please note the following:

1. The system needs at least 300 ms delay time after the StartAcg signal in
order to get ready.

2. The trigger signal is a RISING edge.

3. The system indicates its “ReadyforTrigger” state through a High Output on
the output trigger. This signal is at 3.3 V when the detector is waiting to
be triggered, i.e. the command has been given to start the acquisition and
the detector is waiting for the initial trigger (or has finished taking an
image and is ready to be triggered again, in the case of trigger mode “2”
and Twenty-four-bit mode).

Thus, you can either incorporate a 300 ms delay into your setup or use the
TriggerOut signal for more precise timing information.

Considerations when using 5V TTL signals:

Please note that Low-voltage TTL (LVTTL) is designed to work with 3.3 V and
significantly differs from “normal” TTL working at 5 V. It is possible to trigger the
detector with 5 V, however the different logic levels of a 5 V TTL system are a
possible source of error.
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2.9. Saving files during the acquisition

The X-Spectrum PC has a second 1TB disk, which is mounted as /extdisk. It can
be used to store data locally during acquisition.

The files are saved in HDF5 / Nexus format (.nxs). HDF5 is a general format for
storing large amounts of data in a single file with appropriate metadata. Nexus is
then a standardised way of using HDF5 for scientific data.

When a set of images is taken, a single output file is produced to store all the
images in a compressed format with metadata (e.g. the image dimensions, bit
depth etc). Matlab, IDL, Python, C++ etc. have routines for accessing this file
type, as described below.
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2.10. Tango and Python scripting

More information on Tango is available from www.tango-controls.org,

By using the PyTango library, which needs to be imported at the start of the
script with “import PyTango”, it is possible to connect to the detector, issue
commands to it, and monitor its status via the Tango control system. (Controlling
the detector via Python bindings without the Tango control system is described in
the appendix.)

Code examples are available on the PC under /localdata/pythonscripts
Key commands are as follows:

Imbd = PyTango.DeviceProxy("//<hostname>:10000/xsp/lambda/01")
This will connect to the detector. The part in brackets identifies the
detector to connect to, first by PC name and port (<hostname>:10000)
and then by the detector name (/xsp/lambda/01). These can both be
checked in jive. This function returns an object named “Imbd” which can
then be used to control the detector.

Every parameter visible in the GUI can be checked or changed by using (e.g. for
FrameNumbers):
Imbd.FrameNumbers = 10
to set a value of 10
print(Imbd.FrameNumbers)
to read the current value and print it

Drop-down menu commands like StartAcqg can be accessed by:
Imbd.command_inout("StartAcq")

The state of the detector can be checked with:
Imbd.state()

This will return a value such as PyTango.DevState.ON,
PyTango.DevState.MOVING etc., as detailed earlier.

As an example, a simple Python script for controlling LAMBDA is shown below.
This script will take a series of images at regular steps in threshold energy.

import PyTango # Library for Tango control in Python
import time

import os

import sys

# Connect to Tango device - in Tango this is done by creating a
# PyTango.DeviceProxy object
found = False
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cnt =0
while not found and cnt < 20:
try:
Imbd =
PyTango.DeviceProxy("//mycomputer.institute.de:10000/whatever/devicename/is")
time.sleep(0.5)
if Imbd.state() == PyTango.DevState.ON:
found = True
except:
found = False
cnt +=1

if not found:
print("Unable to connect to LAMBDA server")
sys.exit(0)

# Set up some attributes for image taking

expo_time = 1.0 # in seconds

expo_time_ms = (expo_time*1000) # - detector uses miliseconds
# Commands below can set attributes
Imbd.ShutterTime=expo_time_ms
Imbd.SaveFilePath="/localdata/test/"

Imbd.FrameNumbers=1

Imbd.FilePrefix="EnergyScan"

Imbd.FileStartNum=0

# start acquisition

startE = 5000

endE = 1000

stepE = 1.0

stepsNeeded = 1 + (endE-startE)/stepE

time.sleep(1)

for i in range(0,stepsNeeded):
currentE = startkE + i * stepE
print("Energy setting "+str(currentE)+" eV")
# Tango server increments file no automatically
Imbd.EnergyThreshold=currentE
# Commands like StartAcq use .command_inout
Imbd.command_inout("StartAcq")

found = False

cnt=0

time.sleep(expo_time)

# Poll the state of the detector till it returns to "ON"
while not found and cnt < 100:
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try:
time.sleep(0.01)
cnt +=1
if Imbd.state() == PyTango.DevState.ON:
found = True

except:
found = False
if cnt >= 100:
print("\b Detector timeout - exiting loop")
break

print 'Done....'
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3. HDF5 / Nexus file format
The LAMBDA Tango server saves data using HDF5 / Nexus.

HDF5 is a general-purpose container format, which makes it possible to save
large, multi-dimensional datasets plus metadata to a single file in a structured
way:

https://www.hdfgroup.org/HDF5/

Nexus is then an international standard for storing X-ray, neutron and muon data
from experiments:
http://www.nexusformat.org/

The LAMBDA detector structure is then based on the NXDetector specification:
http://download.nexusformat.org/doc/html/classes/base classes/NXdetector.ht
ml

More information on the LAMBDA file format can be found using the sources
above and by browsing files created by the detector. However, some key points
are as follows.
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3.1. HDF5 / Nexus file browsing

These files have a directory-like structure. There are a variety of ways of looking
at the structure of the file and extracting data, e.g. in Python, IDL, C++. As an
example, below is a screenshot taken using a HDF5 viewer tool:
https://www.hdfgroup.org/products/java/hdfview/index.html

Eile Window Tools Help

Recent Files |D:\DropboxiMyFiles\LambdaSetup\LAMBDA user manual\FilesCollection\Examplelmage_00000_preext.nxs |v Clear Text
Examplelmage_00000_preext nxs (=[]
¢ @enty
¢ @ instrument
¢ @l deteclor d HF Properties - /entry/instrument/detector/data ‘ = ]
acquisition_mode g
i vit_deptn_readout : General | Attributes
calibration_date Name: dala
¢ @ collection ;| Path: lentryfinstrumentidetector/
L = Type. HDF5 Scalar Dataset
@ compression_enabled T Object Ref: 2840, 2
BB compression_rate :
B compressor_shufile Dataspace and Datatype
config_file_path Mo. of Dimension(s): 3
[ delay_time : Dimension Size(s): 2x%516 x 1556
m distortion_correction_applied 3 Max Dimension Size(s): Unlimited x Unlimited x Unlimited
Data Type: 16-bit int
8 error_code ata Type it integer
B frame_numbers
@ latest_image_number
(] operating_mode
. i 3 Chunking: 1 X516 X 1556
I save_all_images : Compression: SHUFFLE: Nbytes = 2, GZIP: level = 2, Storage allocation time: Incremental
save_file_name ] Fill value: NONE
| save_fila_path :
|
[} shutter_time g
[ thread_no
[ total_loss_frames
BB trigger_mode
I count_time :
@ countrate_correction_applied

data (8840, 2)
16-bitinteger, 2x516 x 1556
Number of attributes = 0

Log Info Metadata

The image data from the detector is stored under
entry/instrument/detector/data, and consists of a 3D array containing each
image taken during the acquisition; the dimensions of the array correspond to
image number, y-position and x-position respectively.

The metadata contains information about the detector in general, and the
particular settings (e.g. shutter time, threshold) during the acquisition.
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Pixel Mask

Of particular importance is the pixel mask which can be found under
entry/instrument/detector/pixel_mask. This is an array, the same size as the
image, which indicates which pixels are non-functional or extra-large
(determined at 5 keV threshold before delivery). For each pixel, there is a 32-bit
value defined as follows: bit 0, gap (pixel with no sensor); bit 1, dead; bit 2,
under-responding; bit 3, over-responding; bit 4, noisy; bit 31: virtual pixel
(corner pixel with interpolated value)

The Nexus file uses data compression to reduce the file size; this is particularly
useful when operating at high frame rates, since the compression ratio is high
when many of the pixels have zero hits. In this file format, individual images
within the file are compressed, rather than the file as a whole. The
decompression process is effectively invisible to the user; the user can simply
use standard HDF5 libraries to access the data. Because the images are
compressed individually, images can be read from within a large file relatively
quickly, since it is only necessary to decompress the relevant images rather than
the whole file.
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3.2. The “"nexpy” image viewer tool

Frames stored inside the Nexus files can be viewed using NeXpy, which is
described in detail under:

http://nexpy.qgithub.io/nexpy/

This tool is already installed on the detector PC, and can be started from the
command line with:
nexpy

File Edit Data View Magic Window Script Help

NeXus Data £
=- @ NewsSingleChipl_Cu20ky fan_20...
- entry [
B instrument
[+ detector

acquisition_mode
-- bit_depth_readout
- calibration_date
& collection
- count_time
- countrate correction...
& data
description
detector_readout_time
geometry
- layout
- local_name
-- saturation_value
-- sensor_material
-- sensor_thickness
- sequUence_number
threshold_energy
translation
trigger_dead_time
- trigger_delay_time
- type
- X_pixel_size
- y_pixel_size

e

(&)

100 150
index 2

signal | b4 | ¥ | z | projections options |

500 +[-[Og@+ v

Jupyter QtConsole 4.2.1
Python 2,7.9 (default, Jun 29 2016, 13:08:31)
Type "copyright”, "credits" or "license" for more information.

IPython 5.2.0 -- An enhanced Interactive Python,

? -= Introduction and overview of IPython's features.
souickref -= Quick reference.

help -=> Python's own help system.

object? -»> Details about 'object', use 'object??' for extra details.
In [1]:

4

If you want to install this tool on a Windows PC, we recommend installing the
“Anaconda” python distribution and using the “conda” installation process
described on the webpages.
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Using nexpy
Files can be opened by using File 2 Open.

When a file is first opened, the structure of the file appears in the left-hand
window as shown below. The file contains various metadata on the acquisition.
Right-clicking on a variable and choosing “view” gives information on this
metadata.

File Edit Data View Magic Window Script Help
NeXus Data £ |

B & GaAs2M1_nopinholemask_Mo40...
- entry
= instrument
Bl detector
- acquisition_mode
- bit_depth_readout
calibration_date
- collection
- count_time
countrate correction...
£

-
)

-
-- description ,
. detector readdata = int32(20x516x1556)
- flatfield

- flatfield_applied

- geometry

- layout

- local_name

- pixel_mask

- pixel_mask_applied

- saturation_value

- sensor_material

- sensor_thickness

- sequence_number

-translation

- trigger_dead_time

- trigger_delay_time

-~ type

- ¥_pixel_size

- y_pixel_size

mw
T

mw
T

X | y  options I

200+ |0 el + v |

Jupyter QtConscle 4.2.1
Python 2.7.9 (default, Jun 29 2016, 13:08:31)
Type "copyright", "credits" or "license" for more information.

IPython 5.2.0 -- An enhanced Interactive Python.

? -= Introduction and overview of IPython's features.
squickref -» Quick reference.

help -= Python's own help system.

object? -= Details about 'object'. use 'object??' for extra details.
In [1]:

data = int32(20x516x1556)
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The image data is stored under entry/instrument/detector/data. Double-clicking
on this, then clicking "OK” activates the viewer in the top-right. The image
scaling can be changed by clicking on the "“"signal” panel and choosing options
such as the minimum and maximum of the scale, the colour map etc. The "z”
panel can be used to browse through the series of images in the file. Left-clicking
and dragging can change the field of view, and right-clicking goes back to the full
image view.

MY NeXpy v0.9.3

I . 2w WL

File Edit Data View Magic Window Script Help

NeXus Data

- entry

ol
iy

w
oty

=
HE

- @ GaAs2ZM1_withpinholemask_Mo4...

= instrument
= detector

- gcquisition_mode
- bit_depth_readout

- calibration_date
- collection

- count_time

- countrate correction...

data
description

detector_readout_time

flatfield

-flatfield_applied
- geometry
- layout

- local_name

- pixel_mask

- pixel_mask_applied
- saturation_value

- sensor_material

- sensor_thickness

- sequence_number
-translation
-trigger_dead_time

- trigger_delay_time
- type
- ¥_pixel_size

- y_pixel_size

—10000
500
400 . . ‘ 48000
300 D [

F'I

ke

O T T T T S S S S S S S S S S S S B S SR

-l

£
200 SRR I R R R A A R A A R S S B R S I 4000
100 [ 2000

0 0

800
index_2

1000 1200 1400

signal | x | y | 2| projections | options |

| 00 I

|| 10000.0 = " Log [FTETMMNNE~| [nearest <

Jupyter QtConsole 4.2.1 -~
Python 2.7.9 (default, Jun 29 20156, 13:08:31)
Type “copyright", “"credits” or "license” for more information.

IPython 5.2.0 --
? -= Introduction and overview of IPython's features.
Squickref -= Quick reference.

help -= Python's own help system.

object?  -= Details about 'object', use 'object??' for extra details.
In [1]:

an enhanced Interactive Python.
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The "options” panel gives options such as saving the plot, or customizing it (e.g.
adding axis labels and a title).

W Nelpy 093
Flo Edt Data View Ma

]

Pinhole mask image

8000

6000

4000

................ 2000

X position

{1 %1y |z projctions options |

.#D—? ml=1" 4 |

The bottom panel can be used as in interactive Python environment.

A few particular points:

e Any loaded file can be referred to by its filename. For example, having
loaded the file called:
"GaAs2M1_withpinholemask_Mo40kV_v1_00002_m?2"
its pixel size can be read with:
print(GaAs2M1_withpinholemask_Mo40kV_v1_00002_m2.entry.inst
rument.detector.x_pixel_size)
e Scripts can be loaded and run using Script 2 Open Script as shown in
Figure 10.
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BY NeXpy v0.9.

Fle Edt Data View Magic Window Script Help

MeXus Data

Ty
- instrument

- detector

| - acquisition_mode

I bit_depth_readout
calibration_date
collection
count_time
countrate_correction_applied
data

9% Seript Editor

NXDetectorToolsvz.py

import hopy
£rom numpy import *
import om.path
# Cot data from nxs fila (3D sgelndex, Yhosition, XPosition)
def getliiimagedata(filenams!
£05 = hSpy.File(filename, '©', driver = 'stdic')
dstream = £h5['/entry/instrunent /detector/data’]
dstream? = array (dstreaml:.:,:
£h5.close()
el tns

return destreamz

aef getilmask (filenans) :
£h5 = nspy.Fils(filename, 'v', driver = 'stdic')
dstream = £h5['/entry/instrunent /detector/pixel_nagk"]
dstrean? = array (dstream :
£n5. closs()
el £ns

return destreanz

i . |
Run Seript

save | saveas..| Delete | close Tab

Pinhole mask image

X position

10000

2000

h)

s

| inagedatali, :,

e not correct!”)

ni{foldername, filename)

[ |

(KX

Figure 10: Example of running a script
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3.3. Typical HDF5 file reading methods

PYTHON
The h5py library contains methods for reading hdf5 files: www.h5py.org

To use this in a script, it needs to be imported:
import h5py

HDFS5 files can be opened with a command like follows, giving an object (fh5)
which can be used to access datasets.
fh5 = h5py.File(filename, "r", driver = "stdio")

Then, accessing the “data” array within the file:
dstream = fh5["/entry/instrument/detector/data"]

For example, a function for reading the 3D image data stack from a file can be
defined as follows. This function works by opening a file with h5py, copying the
appropriate dataset to a variable, and then closing the file.

import h5py
# Get data from nxs file (3D stack: Imagelndex,YPosition,XPosition)
def getNXimagedata(filename):

fh5 = h5py.File(filename, "r", driver = "stdio")

dstream = fh5["/entry/instrument/detector/data"]

dstream?2 = dstream[:,:,:]

fh5.close()

del fh5

return dstream?2
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IDL

There is an hdf5 file browser in IDL, which includes the option to copy data from

the file to the local workspace.
result = h5_browser() or result=h5_browser(filename)

A more sophisticated example follows. (Please note that this approach is
probably overkill - simpler implementations should be possible.)
function read_nx_multiimage, fname, start, wantedimages=wantedimages, hd=hd
res=H5_PARSE(fname)

;Q&D check for Nexus

check=where(tag_names(res) eq 'NEXUS_VERSION")

if check[0] eq -1 then return,(-1)

if (~KEYWORD_SET(wantedimages)) then begin
wantedimages = 1
endif

last = start + wantedimages - 1
nframe=res.entry.instrument.detector.data._dimensions[2]
dimx=res.entry.instrument.detector.data._dimensions[0]
dimy=res.entry.instrument.detector.data._dimensions[1]

if (start It 0) || (start ge nframe) then begin
print,"start index out of range -- resetting to 0"
start = 0

endif

if (last gt nframe) then begin
print,"last image index out of range -- resetting to end of file"
last = nframe-1
wantedimages = last - start + 1

endif

; open hdfs file

file_id = HSF_OPEN(fname)
dset_id = H5D_OPEN(file_id, '/entry/instrument/detector/data")
; Open up the dataspace associated with the image.
dspace_id = H5D_GET_SPACE(dset_id)
; Choose our hyperslab. We will pick out the chosen frame
startpos = [0, O, start]
count = [dimx, dimy, wantedimages]
; Be sure to use /RESET to turn off all other selected elements.
H5S_SELECT_HYPERSLAB, dspace_id, startpos, count, /RESET
; Create a simple dataspace to hold the result. If we didn't supply the
; memory dataspace, then the result would be the same size as the image
; dataspace, with zeroes everywhere except our hyperslab selection.
memspace_id = H5S_CREATE_SIMPLE(count)
; Read in the current image data.
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imdata = H5D_READ(dset_id, FILE_SPACE=dspace_.id,
MEMORY_SPACE=memspace_.id)

; Close identifiers to prevent resource leaking.

H5S_CLOSE, memspace_.id

H5S_CLOSE, dspace_id

H5D_CLOSE, dset_id

; close file

H5F_CLOSE, file_id

if n_elements(hd) ne 0 then hd=[dimx,dimy,nframe]

return,imdata
end

MATLAB

Likewise, hdf5 functionality is available in MATLAB.
See http://de.mathworks.com/help/matlab/high-level-functions.html

C++
HDF5 API: https://www.hdfgroup.org/HDF5/doc/cpplus RM/
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4. Appendices
4.1. Quick reference guide:

Starting the detector:

Option 1: Connect to the detector control PC, open a terminal, then
startlambda.sh

Controlling the detector:

“jive” can be used: connect to the control computer, open a terminal, then
execute jive &. Expand the “Lambda” tab fully, and double-click on the lowest
level.

Key attributes to set up the acquisition: ShutterTime (time per image in ms),
FrameNumbers (no of images to take), EnergyThreshold (threshold energy in eV
- half the beam energy is normally recommended), SaveFilePath (path of folder
to save images), FilePrefix (base file name to use). The SaveAlllmages box
should be checked to enable image saving.

Please note that these variables are set to default values when starting the
Tango server - if you need to Kill the software and restart, you must re-enter the
values you need.

Files can be saved on the local disk in folders under /extdisk.

Additional configuration: OperatingMode can be set to ContinuousReadWrite (12-
bit counter depth, no time gap between images) or TwentyFourBit (24-bit
counter depth, 1ms delay between images). TriggerMode can be set to 0 - no
trigger, 1 - trigger start of image series, or 2 - trigger each individual image.

Viewing images:

The LiveLastImageData tab in the GUI shows the most recently-taken image.
This variable can also be accessed by scripts, etc.

Files can be viewed from the nexpy tool by opening a terminal then nexpy
Data access:

Data is saved using the HDF5/Nexus file format — more information on using this
format is provided elsewhere in the manual.
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4.2. Troubleshooting guide

This troubleshooting guide assumes that the software and computer setup has
already been performed correctly.

When starting the Tango server, it fails with the message "TCP cannot
connect to host! Unable to connect to detector - please check that it is
powered and correctly connected": This message appears if the Lambda
software was unable to establish a connection with the detector over the control
link. This may be for the following reasons: (A) The detector is not powered, (B)
the detector has not been connected to the server PC correctly using the 1G
Ethernet link.

The Tango server starts up OK, but when I try to take images, none are
received: Firstly, if the 10G data link between the PC and detector is not
connected correctly, the software can send commands to the detector, but image
data cannot be received back from the detector. Therefore, check whether both
of the fibreoptic cables to the detector are properly connected. Secondly, if the
detector is set up to use an external trigger signal, then after StartAcq is used,
the detector will wait for the trigger signal before taking images. Check whether
external trigger is enabled (TriggerMode is nonzero). If you intend to use the
trigger, check that the external trigger input is correctly connected.

I took images with the detector, but no files were saved: Firstly, the
detector will only save images if the SaveAllImages box is checked. (This
attribute is provided so that users can avoid saving unnecessary images - for
example, during adjustment of the beamline it can be useful to take images
continuously to see if any signal is seen at the detector.) Secondly, check that
the attributes FilePrefix and SaveFilePath are correctly chosen — the files might
be saved to a different folder or filename.

The detector doesn’t use the settings I intended (e.g. wrong number of
images or shutter time): Check these attributes are set properly. In the GUI,
the left column gives the current value of each attribute, and the right column is
used to change this value. To apply the change, it is necessary to type in the
new value in the right column, and then hit enter - if enter is not pressed, the
value will not be set. Also, on restarting the software, the current value will be
set to safe defaults, so whatever settings you wish to use will need to be re-
entered.
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File View Preferences Help

petra3/lambda/0l |StartAcq ‘v
Init
petra3/lambda/ol StartAcq

Detector is:*ON* State
Status

StopAcq
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TriggerMode 0 No unit
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O
O

ShutterTime 4000.0 ms

DelayTime 0.0ms
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T
T
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FrameNumbers 2 No unit

]
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The software crashes when I attempt to save images: If a folder is write-
protected, attempting to write images to this folder may crash the software.
Check whether you have write access to the folder.

Images are saved, but are blank (or extremely noisy): Check that the
EnergyThreshold attribute is set properly. If this is too high (e.g. greater than
the beam energy) then photons will not be detected, and if it is very low (e.g.
significantly below 4 keV) the many false hits will occur due to noise fluctuations.
Please note that the EnergyThreshold value is in eV.
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4.3. The Python Interface

The detector can be used with Python using the packages pyxsp and
lambdacontrol. Both packages are open source, and the sources are installed into
$HOME/src/ directory of the xspadmin account.

PyXsp

pyxsp allows users to readout X-Spectrum detector systems consisting of one or
more physical detectors. It is built on top of a C++ library, which handles the
low-level data exchange with the detectors.

The first step is to create an instance of the System class

import pyxsp as xsp
s = xsp.System('/path/to/SystemConfig.txt")

The System class reads the system configuration from a file, which can be
specified as an argument to the constructor.

The detectors, configured for a system, can be listed with

s.list_detectors()

which will return a tuple with detector IDs, such as (‘lambda‘,). The ID is a
string, which is then used to open a specific detector

d = s.open_detector('lambda')

Detector parameters are properties of the object that is returned by
open_detector(). The following example shows how to set the threshold for the
Lambda detector. The unit is [eV]. There are 8 thresholds, but usually only one
threshold is set. The property expects a list, even if only one value is specified

d.thresholds = [6000.0]

After detector setup, the acquisition of the whole system can be started with

s.start_daq(10, 400.0)

It takes two optional arguments: the number of frames to acquire and the
shutter time. Both can also be set directly on the detector as in the following
example
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d.number_of frames = 10
d.shutter_time = 400.0
s.start_daq()

The acquisition can also be started on a specific detector

d = s.open_detector('lambda‘)
d.start_daq(10, 100.0)

The acquired data is read out using a loop like

import numpy as np
width = d.frame_width
height = d.frame_height
d.start_daq(100, 20.0)
for _in range(100):
d.wait_for_frames()
f = d.frame # frame is a named tuple (id, error_code, data)
a = np.asarray(f.data).reshape(height, width)
# process the data

d.frame returns a tuple with an id (the frame number), an error code, and the
data itself. The data can be transformed into a numpy.ndarray using asarray()
method. Data is a contiguous array of values, starting with the values from the
first row, then the values from the second row and so on. reshape() can be used
to convert this into a 2D array with appropriate shape.

If the error code f.error_code is nonzero, the frame is considered incomplete and
should be discarded.

The data is guaranteed to be valid, until the next d.frame is called.
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lambdacontrol
lambdacontrol extends pyxsp with file saving capabilities.

The following is a simple example of how to use this package to start an
acquisition and to store data into files.

import lambdacontrol as Ic

ctrl = Ic.Controller('/etc/opt/xsp/ SystemConfig.txt')
det = ctrl.open_detector('lambda")

det.thresholds = [6000.0]

w = |c.Writer()

w.save_to_file = True

ctrl.set_writer(‘'lambda’, w)

ctrl.start_daq(100, 600.0)

After importing lambdacontrol, a Controller needs to be created. The constructor
takes an argument to specify the location of the detector system configuration
file. If it is not given, then the default file " /etc/opt/xsp/system.yml’ is read.
You can check the location of the configuration file simply by

print(ctrl)

The configuration file contains a list of detectors that are part of the detector
system. The detectors can be listed by

ctrl.list_detectors()

which returns a tuple with detector IDs. The ID is a string, which is then used to
open a specific detector

det = ctrl.open_detector('lambda')

Detector parameters are properties of the object that is returned by
open_detector(). The following example shows how to set the threshold for the
Lambda detector. The unit is [eV]. There are 8 thresholds, but usually only one
threshold is set. The property expects a list, even if only one value is specified

det.thresholds = [6000.0]

In order to save acquired data into a HDF5 file in Nexus format, a Writer needs
to be created, which is then added to a specific detector
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w = |c.Writer()

w.save_to_file = True
w.save_directory = '/path/to/files/"
w.save_file_prefix = 'lambda-test'
ctrl.set_writer(‘'lambda’, w)

The Writer does not save to files by default, so this has to be enabled explicitly.
The filename is constructed from the specified directory and prefix, plus a five
digit run number and the extension '.nxs’. The resulting path can be read out
from the property save_file_name, in this case, it would be
/path/to/files/lambda-test_00000.nxs.

If a file already exists, there are three possibilities to continue:

e abort the acquisition
e increment run number
e overwrite existing file

The behaviour can be defined by setting the save_mode property of the
Writer to either SaveMode.ABORT_IF_EXISTS, SaveMode.USE_RUN_NUMBER, or
SaveMode.OVERWRITE

w.save_mode = Ic.SaveMode.USE_RUN_NUMBER

If SaveMode.USE_RUN_NUMBER is used, then the file system is checked for the
highest existing number, which is then simply incremented. If the highest
existing number is already 99999, then the acquisition is aborted with an
exception.

Now, acquisition can be started with

ctrl.start_daq(10, 400.0)

The start_daq() method takes two optional arguments: the number of frames to
acquire and the shutter time. Both can also be set directly on the detector as in
the following example

det.number_of frames = 10
det.shutter_time = 400.0
ctrl.start_daq()

The Controller will run a separate thread to readout the frames from the detector
and send them to the writer. If no writer has been added, then no thread is
started and start_daq() will return immediately.
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start_daq() is blocking. The non-blocking variant is nb_start_daq(). In that case,
the end of acquisition can be determined by calling dag_finished() in regular
intervals

import time
ctrl.nb_start_daq(10, 400.0)
while not ctrl.daqg_finished():

time.sleep(0.5)
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4.4. Detailed Operating Mode Behaviour

This section describes how combinations of operating and trigger modes interact

with each other.

OperatingMode | ContinuousReadWrite TriggerMode 0
StartAcq Starts the Acquisition
ShutterTime Min value: 0.5 ms
FrameNumbers Sets the number of exposures of
ShutterTime length each
HW Trigger IN No function
HW Trigger OUT No function
OperatingMode | ContinuousReadWrite TriggerMode 1
StartAcg Gets the dete_chr ready for
Acquisition
ShutterTime Min value: 0.5 ms
Sets the number of exposures of
FrameNumbers

ShutterTime length each

HW Trigger IN

Starts the Acquisition of
FrameNumbers exposures at rising
edge

HW Trigger OUT

Shows that the detector is ready for
Trigger in after StartAcg command
(typically 300 ms delay)

ContinuousReadWrite, trigger mode 1

Trigger ready signal

Rising

edge\ Trigger input

Image taking

<« >
ShutterTime

53

Time




OperatingMode | ContinuousReadWrite

TriggerMode 2

StartAcqg Gets the detector ready for Acquisition
ShutterTime No function
FrameNumbers Sets the number of exposures

HW Trigger IN

Ends the current exposure and immediately
starts the next exposure. This results in a
variable exposure time per frame. Note that
you must have at least 0.5 ms per frame.
Please note that for N images, N+1 trigger
pulses are required; the first pulse starts the
first image, and the N+1th pulse ends the
final image.

HW Trigger OUT

Logic high shows that the detector is ready to
receive the next trigger signal. This occurs (a)
after StartAcqg command when waiting for
first trigger, and (b) 0.5 ms after the previous
exposure was triggered.

ContinuousReadWrite, trigger mode 2

Trigger ready signal
Ready to trigger
again after 0.5 ms

Rising
edge

Triggerinput

Image taking

Shutter time
controlled by trigger,
not software

Final trigger edge
ends final image

54

Time




Shutter time does not controlmeastire
Trlgger S|gnal 50us high, 460 us low

Zoom Factor: 100 X Zoom Position: 1.05ms

Rising edge of
: trigger ends
Ready signal goes high sl iiduerdu i Wil previousimage
after 0.5ms readout of 1 and immediately
previousimage [ i starts new one.
completed

T LR PR MY PP ey RN SRS i e A

Trlgger in
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T .04800ms__ | (100K points

22 Mar 2017
121:58:27
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OperatingMode | ContinuousReadWrite

TriggerMode 3

THIS COMBINATION OF READOUT AND TRIGGER MODES DOES NOT WORK

OperatingMode TwentyFourBit TriggerMode 0
StartAcq Starts the Acquisition
ShutterTime Min value: 0.01 ms
FrameNumbers Sets the number of exposures of

ShutterTime length each

HW Trigger IN

No function

HW Trigger OUT

No function

Note: In TwentyFourBit mode, it takes 1

ms to read out the frame. Thus, the

period of an exposure is the sum of ShutterTime and 1 ms.

OperatingMode TwentyFourBit TriggerMode 1
StartAcq Starts the Acquisition
ShutterTime Min value: 0.01 ms
ErameNumbers Sets the number of exposures of

ShutterTime length each

HW Trigger IN

Starts the Acquisition of
FrameNumbers exposures at rising
edge

HW Trigger OUT

Shows that the detector is ready for
Trigger in after StartAcq command
(typically 300 ms delay)

Note: In TwentyFourBit mode, it takes 1

ms to read out the frame. Thus, the

period of an exposure is the sum of ShutterTime and 1 ms.

TwentyFourBit, trigger mode 1

Trigger ready signal

Rising

edge\ Triggerinput

Image taking

«— >S<—>
ShutterTime  1ms
readout
time
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OperatingMode TwentyFourBit TriggerMode 2
StartAcq Starts the Acquisition
ShutterTime Min value: 0.01 ms
FrameNumbers Sets the number of exposures of
ShutterTime length each
HW Trigger IN Triggers start of next exposure at rising
edge
HW Trigger OUT Shows that the det_ector is ready for
next Trigger.

Note: In TwentyFourBit mode, it takes 1ms to read out the frame. Thus, the
period of an exposure is the sum of ShutterTime and 1 ms. You need to take care
of this when triggering.

TwentyFourBit, trigger mode 2

Trigger ready signal
Ready to trigger again after
1ms readout
Rising
edge Triggerinput
=== ===
| i Image taking
| !
Shutter time set in Time
software

Time gap between images
depends on trigger timing

57




Run

M 400ps Trig'd

DETAIL OF READY?B\ND TRIGGER SIGNA
SHUTTERTIME SET IN SOFTWARETO 1

\L (4us per division scale)
D us

~1010us

Trigger signal —Fi-gh for ~10us, low for

Zoom Factor: 100 X Zoom Position: 1.03ms

Approx 3ustime to
process trigger and
start nextimage

cod rrmrr

v
a ;

Trigger and ready

signals have fast

rise time and little

jitter on repeated
measurements

2 Triggerin

(@ 1.00V ® 1.00V

[

w+v1.02564ms

)z 4.00us
100k points

Mzs.oms/s ][ @ - 1.9V

22 Mar 2017
21:50:34

Prevu M 4.00ms
.j -
_THREE IMAGES TAKEN (400us per division sdale)
SHUTTERTIME SET IN SOFTWARETO 0.2ms
Trigger signal — high for 0.050ms, Io&v for 1.%5ms
Zoom Factor: 10 X Zoom Position: 1.19ms
0 :
Next trigger sent
after ready goes
Ready signal high - high "
after “arming”
detector
i am e ey b aedn] eyttt e gl eppad gl et s gttt Bopepealrtdag-reeaenidin
; Trlgger In Ready signal drops After 1.2ms(0.2m5
low when rising shutter time,; 1 ms
edge. trigger readout) ready
received signal goes high
again
(@D 1.00V & 1.00V 1z aoops 250kS/s & - oo0V
+v1.19600ms 10k points
Type Source Coupling Level — 22 Mar 2017
wr | e | o




OperatingMode TwentyFourBit TriggerMode 3
StartAcq Starts the Acquisition
ShutterTime Min value: 0.01 ms
FrameNumbers Sets the number of exposures of
ShutterTime length each
Initially, rising edge starts acquisition
(like in mode 1). After this, logic HIGH
HW Trigger IN will make the detector sensitive to
photons, and LOW will make it
insensitive.
HW Trigger OUT Shows that.tr_w.e detgctor is ready for
initial Trigger.

This uses the trigger signal as a gate signal, to control when the detector is
sensitive to photons. This gating is independent of the time per exposure, i.e.
it is possible to make the detector sensitive and insensitive arbitrarily within
the exposure time, for example in pump-probe experiments.

TwentyFourBit, trigger mode 3 (gating mode)

ACTIVE LOW signal controls sensitivity to photons

Triggerinput

Im1 Im2

Image
taking

-
1
1
1
1
1

Time

Shutter time and start of
imaging software-controlled

1ms

readout Not Sensitive

sensitive

The plot below shows measurements performed with the LAMBDA detector with a
92 ns-wide gate (thanks to PETRA-III PO8 beamline and the University of Kiel).
The synchrotron was operating with 200 ns bunch spacing, and by varying the
gate timing the intensity on the detector varied, due to the gate being applied
either in time with the bunch or between the bunches.
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