Slow control for PXD power supplies
Instructions: 

1. Put the video files (*.ogv) in the same folder as the main presentation file (.svg). 

2. Open the presentation file with an svg-enabled browser (e.g. Firefox, Safari, Chrome, not Internet Explorer). Make sure that javascript is enabled.

3. Navigate with the arrow keys: left and right jump from animation to animation, up and down jump to start and end of the current slide.

4. Start the video by right-click and selecting “Play” (or similar).
Slide 1 (Title slide)

This talk is based on Thorsten Röder's work on the powerup sequence and EPICS drivers. Since I just recently started looking into this, the talk will focus at how the PS slow control behaves from a user's perspective.
Slide 2: Belle II run states


The Belle II run states can only approximately reflect the states of the powerup sequence. Most prominently, there is the state “Booting”, during which the ASICs are powered and configured. Starting from run state “Ready”, the DEPFET voltages are ramped up, which takes around two minutes. Therefore, the transition from “Ready” to “Running” cannot be done “immediately”, in spite of the specification in the run states.
Slide 3: Powerup sequence video
The video shows the user interface of the powerup sequence, as it is used in the lab at the moment. There is no device-under-test (DUT) connected, but just a test board with connected sense lines. No DHE (Data Handling Engine, previously known as DHH) either, so no configuration of ASICs is shown.

· The sequence checks whether the current consumption matches a certain expected range. Without DUT, it throws a lot of errors, which are ignored by checking the box “continue on error”. 

· Booting is stopped when the ASICs are powered, to give the DHE time to configure the ASICs. No ASICs connected here, so I skip this step. Afterwards, the ASIC current consumption is defined, and the current limits can be safely increased.

· The next stop waits for a definitive signal to enable the DCD analog parts. Again skipped due to lack of ASICs. Afterwards we are in the run state “Ready“.

· When “starting”, the DEPFET voltages are ramped up. Here, one has to take care that the sensor is protected, i.e. the matrix is off (gate on = gate off) until it is switched on in the last step. The switcher substrate has to be at the lowest potential of all potentials which go through the switcher at all times.

· Ramping down inverts the powerup sequence, and shuts down the matrix in a safe way. Then, the sequence stops in the state “Ready”, from which also the ASICs can be shut down, or the matrix can be powered again.

· The powerup sequence can be interrupted at any time by clicking the “Shutdown” button. In that case, the current step will be completed first.
Slide 4: Powering scheme and software interlocks

You see the powering scheme as implemented in the preproduction power supply. Most prominently, the DEPFET voltages (also called steering voltages) are referenced to “Source”, as was already the case with the bench power supplies.

Some voltages are related to each other, in a sense that the difference between them must be below a certain safe value. As an example, the Clear on and Clear off voltages may only be 20V apart. This is taken care of in the EPICS driver directly, not in the powerup sequence. That means, even when you try to set unsafe values via the expert GUI or the command line, they will not be accepted.
Slide 5: Software Interlocks video

This is the current expert GUI, which gives you direct control over all voltages. Sticking to our example of the clear voltages, I set some values to show the software interlock. The difference between Clear on and Clear off must be below or equal to 20V at all times.

1. Setting Clear on to 20V with Clear off at 0V: allowed, voltage is set.

2. Setting Clear on to 22V with Clear off at 0V: not allowed, the voltage stays at the previous setting, the input field turns red.

3. Setting Clear off to 3V with Clear on at 22V: allowed. Now, the difference is below 20V, and even the previously requested 22V for Clear on are set.

4. Setting Clear off back to 0V with Clear on at 22V: not allowed, Clear off stays at 3V.

5. Setting Clear on to 19V with 0V requested for Clear off: allowed, both values are set.

6. Setting all voltages to 0V is allowed, of course.
Slide 6: Status and ongoing activities

· We have three preproduction power supplies in regular use. Two at HLL (EMCM setup, EMCM setup with probecard), and one at MPP in the EMCM setup there.

· At HLL, we started operating the matrix on one of the last EMCMs (W18-3) using the preproduction power supply. With the limitations of the bench power supplies gone, we are actually able to operate four DCDs in parallel. See the talk by Felix Müller for a first glimpse at how the matrix behaves.
· We continually feedback observations and problems to Stefan. E.g. we found quite a large voltage drop on sense lines, making a new calibration of the PS neccessary. 
Slide 7: Near future

· I am setting up a dedicated working environment for software development only, consisting of a preproduction power supply with 15m cables and a testboard with connected sense lines, and a computer with a current trunk installation of the slow control software. From now on, software changes will be implemented and tested using this setup, and distributed as RPM packages via repository. That way, there is no need to implement and test changes in running systems.

· The DHE and ASIC configuration will be integrated in the powerup sequence, so that starting an EMCM (and later a PXD9 sensor) will basically be a one-click-operation. This already is a preparation for the situation for a shifter in the Belle II control room.

· We will integrate the configuration database to store nominal values for voltages and current limits, input limits (i.e. the allowed range when manually requesting values) and the limits of the expected current consumption. That way, we can easily switch between e.g. EMCMs with old and new ASICs.

· As already mentioned by Michael Ritzert, we will form a “UI task force” to develop user interface guidelines. Consequently, the GUI will change accordingly.
