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1 Introduction
This technical note defines the various instrument modes of the European Calorimeter Array, from now on called EURECA. It discusses the required instruments modes for switch-on, diagnostics, and science data taking together with the required functionality of the instrument to operate in those modes, and the data product it does produces.

The requirements on quick look and offline data analysis for these modes will be presented as well.

2 INSTRUMENT MODES

2.1 Evacuation and cool down to 4K

This mode begins with the evacuation of the cryostat by a pump set, consisting of a roughing and turbo-molecular pump, to a pressure of 10-4 (TBV) mbar. When that pressure is reached the pulse-tube cooler can be switched on and cooling begins. When the temperature of the cryostat falls below TBD K the pump set can be switched off. The mode ends when a temperature of 4K has been reached.
It would obviously be nice if this mode could operate under computer control. This is however not a hard requirement, so let us see what will be delivered by MSSL.

Pressure and temperature logging during evacuation and cool down are required, it serves as diagnostics in case of non-standard behavior. 

Table 2.1.1 Summary of evacuation and cool down mode
	Mode
	Functionality
	Housekeeping

	Evacuation
	Valve open/close

Pumps on/off
	Pressure

	Cool down to 4K
	Pulse tube on/off

Cooling water on/off
	Pressure

Temperature


2.2 Magnetization of salt pill
The next step in the cooling process is the magnetization of the salt pill, while it is connected to the 4K bath. In this process the magnetic field over the salt pill is slowly ramped to its maximum current. At the same time the buckling magnets are ramped up as well in order to minimize the stray fields inside and outside the ADR. The heat generated in the salt pill by the increasing field is conducted to the 4K bath of the pulse tube cooler by closing the heat switch between salt pill and 4K bath. The magnetization mode is finished when the magnetic field is ramped to its required value and the salt pill is cooled to the bath temperature.
It is assumed that this mode is performed under control of the ADR control unit, and that the pressure and temperatures in the ADR, and the currents through the magnets are logged.

Table 2.2.1 Summary of magnetization of salt pill
	Mode
	Functionality
	Housekeeping

	Magnetization of salt pill
	Heat switch open(closed

Ramp-up of magnet currents
	Pressure

Temperatures

Currents


2.3 Cool down to base temperature

After magnetization of the salt pill the heat switch is opened and the magnet currents are slowly ramped down till the preset temperature has been reached. This action runs under control of the ADR control unit.
Table 2.3.1 Summary cool down to base temperature

	Mode
	Functionality
	Housekeeping

	Cool to base
	Heat switch close(open

Ramp down magnet currents
	Pressure (PADR )

Temperatures (TADR )
Currents (IM)


2.4 Temperature control mode
In this mode the ADR control unit keeps the ADR cold finger temperature at the set temperature value. This is down so by use of a PID control of the magnet current, while monitoring the temperatures. Most of the measurements with the TES-camera will be at a fixed and regulated temperature as described above. Some of the measurements, e.a. R(T), however do require a temperature scan with a preset speed. It is assumed that this is already available or that it can easily be implemented in the MSSL ADR control unit.
Table 2.4.1 Summary of temperature control mode

	Mode
	Functionality
	Housekeeping

	Temperature stabilization
	Stabilize T at preset value
	PADR , TADR and IM

	Temperature scan
	Scan over preset range at preset speed
	PADR , TADR and IM


2.5 SQUID/FLL diagnostics
This mode consists of several type of measurements required to set up the SQUIDs correctly and to measure their characteristics. First of all we discuss the measurements required to get information on the large signal response of the SQUIDs, i.e.:
· Measurement of the I – V curves for both SQUIDs as a function of flux bias. The flux is set by applying a DC current to the feedback coil of the SQUID to be measured. The I – V curve of the array SQUID is measured by ramping the bias current I and measuring V at the output of the LNA with the FLL open. In order to measure the I – V curves for the input SQUID the array SQUID operates in FLL. Applying a ramped V-bias to the input SQUID the output current (I) is measured at the FLL output, generally called FBmon at SRON. Quick Look output for both measurements can be created by the use of an X-Y oscilloscope or 2-channel ADC card with suitable display software. Recording of the data should be possible, but post analysis software is so  far not used.
· Measurement of the V – Ф or I - Ф curves for both SQUIDs. A flux-ramp is applied by a current ramp on the feedback coil of the SQUID to be measurement. Subsequently the SQUID output (I for the input SQUID, and V for the array SQUID) is measured. The array SQUID measurement is performed in open loop with output V taken from the LNA output. For the measurement of the input SQUID the array-SQUID is operated in FLL and the signal output is taken from the FLL output (FBMON). Quick Look output can be created by use of an X-Y oscilloscope or 2-channel ADC with suitable display software. Data storage by screen saving is sufficient. Post storage data analysis software is so far not used.
· The final measurement on the SQUID system is to make a transfer measurement of the SQUID-pair operated in FLL. For this measurement the SQUID-input current is supplied by AC-bias of the TES (VTES) in its superconducting state and the output is obtained at FBMON. This operation is best performed by biasing only one TES.  A voltage ramp at the TES-bias generates a voltage output at FBMON. To analyze this data it has to be digitized in a 2-channel ADC with sufficient speed to over sample the AC-frequency applied. Quicklook analysis by display of the input amplitude vs the output amplitude and the input phase vs the output phase seems very useful. Post storage data analysis software is not foreseen
Table 2.5.1  Summary of large signal SQUID diagnostics mode

	Mode
	Inputs/Outputs
	Functionality
	Quick Look
	Data Storage
	Housekeeping

	I – V array SQUID
	SQUID I-bias in

LNA V-out

I on array-SQUID FB
	Ramp on I-bias

FLL open

Flux setting of SQ
	I – V on X-Y oscilloscope or 2-channel ADC
	Screen storage or data storage
	LNA gain

	I – V of input SQUID
	SQUID V-bias in

FBMON I-OUT

I on input-SQUID FB

I on array-SQUID 


	Ramp on V-bias

Array-SQUID in FLL

Flux setting of input-SQ

Flux setting of array-SQUID
	I – V on X-Y oscilloscope or 2-cannel ADC
	Screen storage

or data storage
	All FLL setting parameters and Array Squid settings

	V – Ф of array SQUID
	SQUID I-bias

LNA V-out

I-ramp on FB
	Set I-bias

FLL open

Ф-ramp on FB array
	V – Ф on X-Y oscilloscope or 2-cannel ADC
	Screen storage

or data storage
	LNA gain

	I – Ф input SQUID
	SQUID V-bias

FBMON I-out

I-ramp on FB

I on FB-array
	Set V-bias

Array SQUID in FLL

Ф-ramp on FB input

Flux setting of array-SQUID
	I – Ф on X-Y oscilloscope or 2-channel ADC
	Screen storage

or data storage
	All FLL setting parameters and array SQUID settings

	I – V SQUID-pair in closed FLL
	AC-bias ramp on TES in S-state

FBMON out
	Input I-ramp on SQUID-pair input coil

AC V-out
	2-channel ADC and software to extract amplitude and phase
	Data storage
	All FLL and SQUID setting parameters


In addition to the large signal response measurements as indicated above it will also be very useful to measure the small signal frequency response of the various components of the SQUIDs and the FLL both in open and closed loop configuration. For these measurements use can be made of a network analyzer that creates the required output voltage or current frequency sweep and measures the resulting output frequency sweep. The resulting output is the amplitude and phase of of output/input as a function of frequency.
· Transfer of FLL electronics in open loop. This requires a test input at LNA in. The output is taken from FBmon.

· Transfer of FLL electronics and array SQUID in open loop. This requires a test input at the array SQUID FB, while the output is taken from FBmon. A flux-bias is also required to set the array SQUID in its correct operating point. So we need a circuit to add the network signal output to the DC flux bias.
· Transfer of FLL electronics, input SQUID, and array SQUID in open loop. This requires a test input at input SQUID FB, while the output is taken from FBmon.  A flux-bias is also required to set the array SQUID and the input SQUID in their correct operating points. So we need a circuit to add the network signal output to the DC flux bias of the input SQUID.

· Transfer of Array-SQUID and FLL-electronics in closed FLL. This requires an input on the Array-SQUID FB to be added to the flux-bias and the feedback signal. The output is taken from FBmon.
· Transfer of SQUID-pair and FLL-electronics in closed loop. In this case the input signal has either to be added to the input-SQUID flux bias and feedback signal or to the summing point of TES and L-C filters by use of the bias cancellation input to that point. Obviously also flux bias is required for the array SQUID.+

For all these measurements the Quick Look data is generated by the network analyzer itself. We do not foresee offline data analysis on these issues. Data storage of the network analyzer data is required. The measurements are summarized in table 2.5.2.

Table 2.5.2 Small signal frequency response measurements of SQUID-FLL electronics

	Mode
	Input/Output
	Functionality
	Quick Look
	Data Storage
	Housekeeping

	Transfer open FLL-electronics
	LNA in

FBmon out
	FLL open

Use of network analyzer (N.A.)
	Amplitude and phase vs. frequency
	Store N.A. data
	FLL settings

	Transfer Array-SQ + FLL (open)
	In at FB of Array-SQ of NA and flux-bias

FBmon out


	FLL open

Use of network analyzer (N.A.)
	Amplitude and phase vs. frequency
	Store N.A. data
	FLL + Array SQUID settings

	Transfer of Input-SQ and Array-SQ + FLL (open)
	In flux-bias at array-SQ. In flux-bias + NA at input-SQ.

Fbmon out
	FLL open

Use of network analyzer (N.A
	Amplitude and phase vs. frequency
	Store N.A. data
	FLL + SQUID settings

	Transfer of array-SQ and FLL in closed loop
	In flux-bias and NA at FB of array-SQ

Out FBmon
	FLL closed

Use of NA
	Amplitude and phase vs. frequency
	Store N.A. data
	FLL + Array SQUID settings

	Transfer of SQUID-pair and FLL in closed loop
	In flux-bias of both SQUIDs at their FB. In NA at FB of input-SQ or at bias-cancellation line. Out at FBmon
	FLL closed

Use of NA
	Amplitude and phase vs. frequency
	Store N.A. data
	FLL + SQUID settings


These measurements are of importance to set the gain of the FLL electronics and to set the frequency of the various poles in the FLL-filters.
With the knowledge of the above measurements it is also possible to perform a well calibrated noise measurement of the SQUID-FLL electronics chain.  This is a very important measurement that qualifies if the electronics and SQUIDs have been set-up correctly, but also if the equipment doesn’t suffer from EMC/EMI problems from its environment. Noise spectra can be taken with the TES in both superconducting and normal state without any bias connected to them. Within the TES frequency band an addition of SQUID+FLL-electronics noise and TES-noise will be measured while outside these frequency bands the pure SQUID-FLL electronics noise is expected. 
These measurements can either be performed by means of a spectrum analyzer connected to the FBmon output or by digitization of the FBmon output in a 1-channel ADC card and a subsequent Fourier transform of the resulting data stream. 
Table 2.5.3 Noise measurement on SQUID-pair + FLL electronics in closed FLL-mode

	Mode
	Input/Output
	Functionality
	Quick Look
	Data Storage
	Housekeeping

	Noise measurement of SQUID-pair + FLL-electronics in closed FLL
	Input : TES in superconducting and Normal state (no bias)

Output: FBmon
	Use of Spectrum Analyzer or
digitization of the data stream from FBmon
	Noise Spectrum from SA or from Fourier Transform of Dig. data
	SA-data stored and dig. data stream stored.
	SQUID + FLL settings


For good operation of the SQUIDs a de-flux facility is required. 

2.6 De-multiplexing and digitization electronics
The data coming out of the SQUID-FLL electronics consist of data from several micro-calorimeter sensors on a different  AC carrier for each sensor pixel coupled to the same SQUID amplifier chain. In order to extract the data from these carriers de-multiplexing of the data stream by multiplication with the AC-carriers and sub-sequent filtering is required. Baseline is to make use of analogue circuits for de-multiplexing. In that case the de-multiplexed data will subsequently become digitized by ADC-chains incorporated inside the instrument electronics.
This paragraph does address the performance testing of this part of the electronics chain.
· The first test is to qualify the ADC’s. To that purpose a ramp input could be generated for each ADC and the output could be effectively stored. Careful analysis of those data gives information on responsivity, integral and differential a-linearity. Direct resolution knowledge over the full ADC range could be obtained by input of several DC-levels. For Quick Look one requires signal vs. time outputs and signal-size histograms

- 
The other test is to test de-multiplexer and ADC together. In order to do so we require a small input circuit that can mix a test signal with an AC-carrier from the AC-bias sources in such a way that the carrier is suppressed, like we expect for operation with bias-current cancellation. Typical test signals are a voltage ramp to determine linearity and offsets of the system and tail pulses like the ones expected from the detector to determine linearity, offset, and resolution. When mixed with the suitable AC-carriers all the DEMUX and digitization channels can be tested. Output is the digital data stream that should be stored. For fast assessment the following output graphs are required:
· output vs. time (oscilloscope time base display)

This is useful to display ramps and pulse shapes

· Pulse height histograms with simple calculation of resolution in no. of channels. 
Offline data analysis is not used so far.

Table 2.6.1 Performance and functionality tests of de-multiplex + digitization electronics

	Mode
	Input/Output
	Functionality
	Quick Look
	Data Storage
	Housekeeping

	ADC-testing
	Input: Ramp and staircase at input ADC

Output: ADC data
	Test input on ADC
	Oscilloscope time display and histogram display

Calc. of resolution
	Storage of ADC data stream
	ADC settings

	De-mux + ADC test
	Input: ramp, staircase, or tail-pulse mixed with AC-bias signals

Output: ADC Data
	Test input on e-mux

Circuit to generate mixed test signal
	Oscilloscope time display and histogram display

Calc. of resolution
	Storage of ADC data stream
	DEMUX and ADC settings


Basically the Quick look facility should have all the typical functions of a good oscilloscope as well as the functions of a good pulse height analyzer.
The above test are to some extend large signal tests. Another type of test is the small signal frequency sweep to determine the system transfer as a function of frequency. This test can be performed with a suitable network analyzer for the analogue system circuits. So we will only perform this test for the de-multiplexer. In order to do so it requires an analogue output, while for the input we should be able to mix the input from the network analyzer with the AC-bias source signals in bias cancellation mode.
Table 2.6.2 Transfer function of de-multiplexing electronics

	Mode
	Input/Output
	Functionality
	Quick Look
	Data storage
	Housekeeping

	Transfer of de-mux
	Input: Frequency sweep mixed with AC-carrier

Output: Anal. De-mux out
	Anal. De-mux out

Mixed input

Use of NA
	Amplitude and phase on NA
	Storage of NA data
	De-mux settings

NA-settings


2.7 SQUID-FLL electronics, and de-mux + digitization electronics performance
Once the SQUID-FLL electronics and the De-multiplexing and digitization chain have been tested, they should be tested together as well. This requires the generation of a test signal on an AC-bias source carrier in the carrier suppression mode. That signal can be fed to the input SQUID FB or may be even better to the bias-cancellation input of the summing point. Output data is from the ADC. Test signals could be ramps, staircases, and tail pulses. Quick look analysis requires the oscilloscope mode and the pulse height analyzer mode type of display and software. Also Fourier analysis of the output of no-signal input should give a figure for the overall electronics system noise.
Table 2.7.1 Performance of SQ-FLL, and de-mux + dig. electronics
	Mode
	Input/Output
	Functionality
	Quick Look
	Data Storage
	Housekeeping

	SQ-FLL + demux + dig.
	Input: testsignals mixed with AC-carrier in bias-cancellation mode
Output: ADC
	Generation of mixed test-signals
	Oscilloscope time type of displays
Pulse height analyzer displays
	Store ADC data
	All signal chain parameters
All test signal parameters


2.8 TES characteristics
In this mode the input SQUID and the array SQUID are operated as a pair in FLL. The output signal of the closed FLL is fed to the de-multiplexer, and subsequently digitized in the ADC.

The input test signal for the TES consist of either the AC TES-bias voltage only, or of the TES-bias voltage with a test signal mixed onto it. For each of the 25 pixels in the array it should be possible to perform the following type of measurements:
- IV curve
- critical current
- RT curve
- complex impedance

- noise spectrum
- test signals and crosstalk between pixels.
For several of these measurements a TES-awake circuit will be required, and all these measurements should be possible as a function of bath temperature and magnetic field.

We shortly discuss each of these measurements:

· I – V curve 
In this measurement we slowly ramp the AC-bias voltage. In most cases we will ramp one pixel at a time, but the possibility should exist to ramp all the pixels read-out by one electronics chain simultaneously. These measurements can be performed with bias-cancellation switched on or off. When the bias cancellation is off the output for this measurement is the ADC-out or the analogue de-mux out. For this setting we cannot measure very many devices simultaneously, given the limited dynamic range of the system. In the bias-cancellation on mode we should use the bias-cancellation signal and the de-mux analogue out or ADC-out together as output information. In this mode all TES could be measured simultaneously.

Data acquisition can be quite slow. We have to digitize the amplitude of the AC-carrier, and if used the analogue output of the de-mux and the one of the bias-cancellation. These have to be stored such that they can be related to the ADC-out from the instrument itself. Measurement of AC-carrier amplitudes requires analogue outputs at the instrument and digital voltmeters that can be read-out. For quick look good I – V plots and the data to generate it are sufficient.
· Critical current

To measure the critical current we will need more dynamic range in our system then what is required for standard operation. One way to do this is to make use of a smaller feedback resistor in the feedback chain of the FLL. Since this resistor is allocated in the cold this might require two feedback lines for each SQUID-pair and the possibility to switch from one to the other. With this implementation the critical current measurement is quite the same as an I – V measurement and all the tools implemented for that can be used here as well.

· RT measurement

For this measurement we apply small bias voltages to all the TES in a SQUID channel and measure the current as a function of temperature. The voltages should be chosen such that we stay in the nominal dynamic range of our electronics. In order to calibrate this  measurement we will need to know the normal resistance of the TES or be able to measure it (4 wire bridge type)
Data acquisition is the ADC-output of the experiment or the analogue de-mux out together with the read-out of the temperature sensor. They should be stored (time-stamp) such that a clear relation between both is possible.

· Complex impedance
The TES-complex impedance is measured by use of a network analyzer. The input signal is generated by a frequency sweep of the spectrum analyzer and will be fed to the TES by mixing it with its AC-bias voltage. The output signal is taken from the analogue de-mux out and fed back to the spectrum analyzer. The ratio of both signals is subsequently generated by the network analyzer, i.e amplitude and phase for each frequency point. Quite important for a good complex impedance measurement is knowledge on the bias point itself. In order to obtain this we have to perform an I – V measurement for each individual bias point as well as a series of I – V measurements in the normal and superconducting part of the device bias range.

Quick Look analysis should allow to display the complex impedance derived from the relevant data sets, and to derive the physical parameters L0, C, and αI.

This type of measurement requires automation, so that the data sets can be gathered for several (typ. 20) bias points, which depending on the required accuracy takes beween one and several hours. 
· Noise spectrum
The noise spectrum of each TES is an important parameter and should be measured as a function of bias voltage. Since this measurement is most sensitive to disturbances it might not be such a good idea to make use of a spectrum analyzer. So best is to use the ADC directly after the de-mux. Noise can be measured for each sensor at a time, but in principle also measurements of all TES together should be possible. Output of this measurement is a long string of data. Quick look requires the generation of noise spectra by making an FFT of the data string. Data analysis software is required to further analyze these noise spectra and fit the model expectation into them.
· test signals and crosstalk between pixels?
The interesting of test signals is that we can vary amplitude, rate, signal shape, distribution over pixels, etc. This makes it an interesting tool to verify system resolution, cross talk, etc
· X-ray data

In this mode X-rays falling on the micro-calorimeter pixels do generate the signals. Characteristic of this mode is that the signals arrive random in time, and most likely spread over several pixels, so that some vents between pixels might be coincident.

In both these last two cases a continuous stream of ADC-data is the outcome of the experiment. For most of these runs a reduction of the data stream will substantially reduce the amount of data storage required. This could be done by a special routine that scans the data for X-ray or test events by setting certain threshold criteria. When a signal is detected one should store that event for a long enough period before and after its onset and have the ability to store information of neighboring pixels over the same time period. Also an option should exist to collect baseline events, well away from real events, in order to verify on the so-called baseline resolution. Also information on the timing of each event with respect to the others is important information to be stored.
The following quick look and data analysis software will be required:

Quick look

· histograms of X-ray events and baseline events contents using easy to implement filter algoritms

· histograms of X-ray events in central pixel vs. amplitude in neighboring pixels in order to verify for crosstalk
· averaged pulse shapes

Data analysis
· histograms of X-ray events and baseline obtained by the implementation of optimized filter algorithms
· Averaged pulse shapes and large signal model fits to them

Measurements of all these TES characteristics require also the logging and storage of housekeeping data. First of all the electronics housekeeping data already discussed in the earlier paragraph and the ADR housekeeping parameters.
Secondly the parameters listed below:
- TES magnetic field

- TES bias per pixel (frequency, amplitude)

- TES electrical thermal stimulus (power, timestamp)

- column bias on/off (i.e. combined bias or bias-per-wire)

- detector ID/window filters/beam type/run ID/squid IDs/LC filter ID

The housekeeping elements need specifications like:

Range, frequency-range, polarity, noise, stability, initial value, setting intervals, etc.



	Mode
	Input/Output
	Functionality
	Quick Look
	Data storage

	I - V
	Input: Tes-bias ramp

Output: Amplitude of De-mux analogue out + bias-cancellation analogue out and ADC-out
	Bias-cancellation on/off

Analogue out bias voltage

Analogue out demux

Analogue out bias cancellation. One at a time or several together.

Automated measurements
	Display of an I – V 
	Raw and I – V data

	Critical current
	idem
	Idem + smaller FLL feedback reistor
	idem
	idem

	RT
	In :Small stable bias voltage

Out: Demux analogue or ADC

Out: Temperature readings
	Temperature sweep at selected speed

Measurement of several sensors together

Automated measurement
	Display of RT
	Raw and RTdata

	Complex impedance
	In: Network analyzer mixed with V-bias

Out: Analogue demux into network Analyzer.
	I – V type measurement at each data point.

Network sweep at each data point

Automated measurement


	Display of complex impedance per data point and physical parameters fitting
	Raw data and results from Quick look

	Noise spectrum
	In; bias voltage
Out: analogue de-mux

Out: ADC
	Use of spectrum analyzer at analogue out
Storage of long ADC string of data.
	Quick look
Generation of noise spectra + fitting of models
	Raw data

	X-ray data + test signals
	X-rays or testdata on Vbias
	
	X-ray and base line histograms with simple peak fitting
	Raw data


3 Summary

In this chapter we make a summary of the system requirements set by the different operational modes. These are requirements with respect to functionality, test outputs and inputs, quick look, and data analysis.

3.1 ADR operation
3.1.1 Functionality

The following functions are required for the ADR:

· evacuation

· automatic cool down to 4 K

· automatic magnetic field ramp with heat switch closed

· automatic cool down to operating temperature with  heat switch open

· temperature stabilized mode

· temperature scan mode

· automatic heat-up till 300 K

· air inlet

3.1.2 Quick look

Quick look display of the relevant housekeeping data should be possible. These include temperatures at the different temperature stages, pressure, and magnet currents. In addition the command file should be available as well.

3.2 Instrument Chamber

3.2.1 Functionality

The following functions are required for the instrument chamber:

· magnetic field setting
· X-ray source on/off (TBC) by means of shutter

�Jan wat bedoelde je hiermee?
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