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INTRODUCTION
This document details the tests which will be needed for the first round of MAPS sensor production (ASIC1). The tests will be split into groups and these will be performed at physically different locations. The first “basic” tests will be done in RAL/EID and will check the functionality of the sensor. The more “detailed” tests will then be done (assuming the sensor is functioning). Tests for comparison with the sensor simulations will be performed at RAL/PPD, while tests of the sensors in terms of physical detectors with radioactive sources and cosmics will be done at Imperial and Birmingham, respectively.
1. ITEMS WHICH NEED TO BE TESTED
It is important to identify the key items that will need to be verified when testing the sensor. These are listed below and a reference is given to the section where the relevant test is detailed.
	Test
	Section

	Test Structures
	Basic

	Pixel digital circuit functionality
	Basic

	DRAM decay times
	Basic

	Sensor data I/O
	Basic

	Power consumption
	Basic?

	Charge diffusion
	Sensor simulation

	Charge collection time
	Sensor simulation, source?

	Noise rate vs. threshold
	Basic, source

	Efficiency vs threshold
	Sensor simulation, source

	Efficiency vs time
	Source

	Time-correlation of noise hits
	Basic, source, cosmics

	Uniformity of threshold, temperature dependence
	Basic, source

	Uniformity of gain, temperature dependence
	Source

	Uniformity of noise rate, temperature dependence
	Basic, source, cosmics

	Magnetic field effects
	Source? Basic?

	Absolute MIP calibration
	Cosmics

	ILC timing operation
	Basic, source

	Effect of substrate connection
	Basic

	Non-wire bonded mounting
	Basic


2. BASIC TESTS

These tests will be done at RAL/EID. The main aim is to measure the basic functionality of the sensor.
2.1 Test setup
3. SENSOR SIMULATION TESTS

These tests will be done at RAL/PPD. The main aim is to measure the sensor parameters which can be compared with the sensor simulation.
3.1 Test setup
4. RADIOACTIVE SOURCE TESTS

These tests will be done at Imperial College London. The main aim is to characterise the response to a physics energy deposit similar to a MIP as well as measure the efficiency as a function of the threshold setting. Some tests of noise rate and ILC timing can also be done.
4.1 Test setup

The test setup will be a single sensor with associated DAQ system, a source and some triggering.
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A  source with a reasonable maximum energy, such as 90Sr, will be used. A scintillator on the far side of the sensor, possibly behind a thin absorber, will provide a trigger or timing reference. A further scintillator on the source side of the sensor with a small hole could act as a veto collimator. There would be two basic modes of operation: triggered and free-running. Both would be operated with the sensor between the source and the trigger and also with the sensor placed well away, to give a measurement of background rate.

4.2 Triggered mode
This mode would operate with the lower trigger scintillator providing a bunch crossing signal to the sensor. The time between the trigger and the bunch crossing signal would need to be adjusted so the comparator samples at the peak of the collected charge. (In principle, this delay could be scanned to give a measurement of the charge collection.) Following each trigger, the sensor readout is performed, giving at most one timestamp per pixel. The sensor is then reset and the trigger cycle repeated. It would also be possible to send two or three more bunch crossing signals following the trigger, spaced by around 150ns, to allow the reset or decay of the physical signal with time to be observed. This mode would be used for most of the source measurements, as it gives a higher rate of source hits than the free-running mode.

4.3 Free-running mode
This mode would run the sensor with timing similar to that expected for ILC operations. This will allow a check that the signal size is not sensitive to the sensor timing.  In this mode, following a sensor reset, around 104 bunch crossing signals will be generated at around 6MHz. The “trigger” scintillator will not be used as a trigger but the time of the hits in it (and the veto scintillator if used) will be recorded by a multi-hit TDC. This time measurement allows the source hit to be associated with a particular timestamp; in fact, the TDC measurement should be accurate enough to give information on the phase of the trigger relative to the 6MHz clock and so on the efficiency as a function of the time offset. Only a few threshold values, rather than a full scan, will be required to cross-check the triggered mode results.
4.4 Rates

A threshold scan of around ten values would be sufficient. If each value requires of order 100 source hits per pixel, then for 128×128 pixels, i.e. around 104 pixels, this is around 107 source hits. To gather this in one day (around 105 secs) needs a rate of around 100Hz. 
The DAQ system needs to be able to sustain this rate. Each source hit should give one or two pixels per trigger. Each pixel hit will need to be read out as five bytes, to contain the timestamp and the row and column locations.

In triggered mode, then with a noise rate of 10-5 , each trigger will only give around 0.1 noise hit at the nominal threshold. However, for the lower threshold values in the scan, a much higher rate will be seen, potentially up to a significant fraction of all 104 pixels. These runs set the required DAQ capability and so, at these thresholds, this would give a data volume per readout of 50kByte and hence a rate of around 5MByte/s at 100Hz. 
In free-running mode, a full ILC-type bunch train of around 104 samples within 2ms would give around 103 noise hits and this would be repeated at a rate of 10Hz. This then requires around 10 source hits per bunch train for a source hit rate of 100Hz. This would correspond to a rate of 5kHz of source hits. The readout data rate is dominated by the noise and corresponds to around 5kByte per bunch train. Overall, this is 50kBytes/s but requires the data to be transferred off the sensor within around 2ms after the bunch train before the DRAM lose the data. The rate off sensor is then 2.5MByte/s.

To give a usable source hit rate of 5kHz in free-running mode, the source will need to be at least 105 Becquerel (3 Curie). This will clearly satisfy the triggered mode requirement also.
5. COSMICS TESTS

These will be done at Birmingham. The main aim is to give an absolute measurement of the response to a MIP and hence the MIP efficiency vs threshold. Because of the low rate of cosmics, only part of the threshold range near the likely operating point will be scanned, with the source results being used to extrapolate to other thresholds.

5.1 Test setup

The test setup will consist of a cosmic ray telescope of four (or more) layers with a pair of trigger scintillators above and below.


[image: image2]The trigger scintillators would provide the bunch crossing signal and the sensor readout would follow immediately after this, in a similar way to the source trigger mode. The threshold would be adjusted in the a single layer (or possibly even or odd layers) separately, allowing an fixed-efficiency track reconstruction in the layers not being scanned. This would allow the absolute efficiency of the scanned layer(s) to be determined by interpolation (or extrapolation).
5.2 Rates
The rates will be low so the setup for this test would need to be dedicated to this one measurement and left to run stably for a significant period. The physical rate of cosmics in such a telescope, with dimensions around 1×1 cm2, would be of order 0.01Hz. To do a scan over four threshold values with at least 103 cosmics per value would take around 106 secs, i.e. two weeks. This would have to be done four times, once per layer (or possible twice, once for even and once for odd layers).
The DAQ rate at 0.01Hz would be much smaller than for other tests and so will not be an issue, even with four sensors being read. However, frequent noise runs at each threshold value using a non-cosmic (higher rate) trigger to check background noise rates will be needed, to ensure any time and temperature variations over the long periods of the test are correctly compensated.
6. REQUIRED TEST INFRASTRUCTURE

All test setups require a readout system for the sensor and a single design will be used which is common for all.
6.1 DAQ readout system

A simple PCB will be built to take the sensor. This will have a simple ribbon cable connecting it to an FPGA board (probably a commercial development board to minimise design work) which will provide all differential clock, control and readout. The sensor PCB should allow both wire-bonding and flip-chip connections for the sensor.
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The FPGA board will need a connection to a PCB, such as a USB port. USB 2.0 is around 30MBytes/s at realistic rates (i.e. half nominal rate of 60MBytes/s), which should be sufficient for the required readout speeds needed. If the FPGA board has no DAC, then a DAC will be 
6.2 Laser stage

This is required for the sensor simulation tests.
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