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ITB sensor programming and synchronization issues – update
· JTAG configuration loading problem

· Multi-chip synchronization issues

· De-synchronization of four 160 MHz outputs

NOTE: This write up presents selected test results and is not meant as a complete description of the investigation of these problems. The test results presented here reflect the current best understanding of the issues discussed.
JTAG configuration loading problem

· Initial observations:

JTAG loading problems appeared to be related to the number of sensors being configured in one sequence and, therefore, to the increase in power consumption. Lowering JTAG frequency from 1.25 MHz to ~40 KHz seemed to make the programming sequence more reliable (Figure 1), but did not solve the problem completely.
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Figure 1 Full JTAG configuration loaded at a 1.25 MHz TCK frequency (a,b) and at ~40 kHz (c).  Green and yellow curves represent power supply voltage measured across a 0.1 Ω current sensing resistor on the latch up protected power supply board.  Successful programming of BIAS _DAC data results in increased power consumption reflected by the increased difference between the two measured voltages.  Plot (a) represent programming sequence with BIAS_DAC data sent first; plot (b) shows the programming sequence with BIAS_DAC data sent last.
· Second set of observations (after M.S. visit at IPHC in July)
After looking closer at JTAG signals, we found a RESET signal glitch associated with the end of the BIAS_DAC settings sequence (Figure 2). The glitch doesn’t appear to be random. When BIAS_DAC and RO_MODE0 settings are sent in one programming sequence, the glitch happens at a different time in the JTAG signal pattern. 
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Figure 2 RESET signal glitch. The green signal corresponds to the output of the U8 buffer (measured at jumper header J129)
,
 and the yellow signal shows the input to the buffer (measured at J52) – (a,b). Digital inputs 12-15 show JTAG signals. Figure (a) shows the glitch when only BIAS_DAC settings are sent; figure (b) shows the glitch when BIAS_DAC and RO_MODE0 settings are sent in a single programming sequence. In the second case the glitch happens at a different time in the JTAG signal pattern. The distortion is very repeatable and does not appear to be random. Red plot in (b) demonstrates a similar distortion on the TDI signal.
After disconnecting the RESET signal at the input to ITB and hardwiring the buffer input (at J48 /52) to VDD, the programming sequence became very stable and reliable. This indicates that the distortion on the RESET line likely originates in the wires connecting the ITB and MTB boards
,
. JTAG programming in this configuration is reliable up to 5 MHz. 

The RESET signal glitch issue can also be solved by adding a pull-up resistor (100 – 1k Ω) at the input of the signal buffer at the ITB. In this case, the distortion on the input of the RESET buffer is reduced to the point where it doesn't switch the output of the buffer. This is illustrated in Figure 3.
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Figure 3 The amplitude of the distortion on the RESET signal is reduced below the threshold level by using a pull-up resistor at the input of the signal buffer.
· Test plans:

1. Investigate the source of the signal distortion.

2. Try to explain why this distortion doesn’t seem to cause any problems when sending BIAS_DAC with default settings to half of sensors and padded with zeros for others.

3. Verify the quality of power supply voltage close to sensors.
Multi-chip synchronization issues

· Initial observations:

Our implementation of the ladder readout system requires using an external START signal to synchronize operation of 10 sensors
. During extended testing period, we have noticed that sending the START signal might occasionally result in some sensors synchronizing to a different clock cycle. We managed to narrow the problem down to the falling edge of the START signal causing the mis-synchronization.
· Second set of observations (after M.S. visit at IPHC in July)
As suggested by IPHC, we have looked into synchronization of sensors using a short START pulse. The original pulse length of >20 ms has been shortened by making it a programmable parameter with the shortest length of 2 us. Multiple tests have shown that the synchronization issues are not related to the length of the START pulse.  

The problem with the falling edge of the START signal appears to be related to a distortion of the system clock. We are currently looking into fine tuning of the phase shift between the clock and the edges of the START signal. Three different implementation of this phase shift and signal distortions are presented in Figure 4. 

· Figure 4 a, b – multi chip synchronization is unstable

· Figure 4 c, d – multi chip synchronization is unstable, but can be stabilized by increasing the ILVDS JTAG setting from the default 32 to e.g. 90 or 100.

· Figure 4 d, e – this clock/START configuration appears to provide stable operation
· Test plans:

1. Try fine-tuning of the phase adjustment between the clock and START signals.
Note: We have tested a soft START over JTAG and it appears that it can synchronize all sensors with limited reliability. In multiple tries, sensor 3 occasionally syncs to a different CLK edge - other sensors synchronize well. 
Question to Phase-1 designers: 

What is the expected impact of the increased settings on ILVDS, besides increased power consumption?
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Figure 4 Phase shift between 160 MHz clock (yellow) and the START signal (digital trace in the background of the clock signal) observed at the outputs of ITB buffers in three different configurations. Clock was monitored with a differential probe and the START signal with one of digital channels of the scope. The two probes most likely feature different signal propagation times so the exact alignment of the edges might not be accurately represented. Figures a, c, e show the rising edge and figures b, d, f show the falling edge of the START signal. Strong distortion of the clock signal is clearly associated with the falling edge of the START signal (b, d, f).  Green and blue traces show clock and START signals monitored on the positive side of differential pairs at the output of the readout system FPGA.
In-chip sync issues
· Initial observations:

When we configure the Phase-2 sensor on the ITB to run in a discriminator test mode and initialize the sensor operation with an external START signal, we occasionally see that the test pattern sent on four 160 MHz outputs is not synchronized to the same clock edge (Figure 5). The de-synchronization is typically by 1 clock cycle and changes only when a START signal is sent to the sensor. The shift is stable once it has been "latched" by the START signal.
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Figure 5 De-synchronization of 4 Phase-2 LVDS outputs. Occasional shifts of the test pattern on green and red channels are visible.

The problem was observed on the Phase-2 prototype mounted on the ITB when all 10 sensors were being read out. No such shifts were observed when only a single sensor was running. In addition, no shifts were observed on Phase-1 prototypes. 
· Second set of observations (after M.S. visit at IPHC in July)
It has been suggested in a discussion at IPHC that the problem could be temperature related. The sensor temperature is directly related to the number of sensors operating in a ladder configuration and this temperature was not closely monitored in earlier tests.
Recently, we have performed a set of tests using a heat gun and measuring silicon temperature with a hand-held touch-less infrared thermometer. We have made the following observations:

1. Shifts in Phase-2 (Sensor 2) begin at about 50 °C.
2. Similar effects were observed on Phase-1 (Sensor 1) at about 60 °C.
3. The problem is not reproducible when sensors are biased at 3.3 V VDD***.
4. The synchronization issue is not related to the falling edge of the START signal – outputs are out of sync before and after the falling edge of the START signal.
5. It has been verified that cooling the silicon down suppresses the problem.

***Initial tests that revealed the synchronization problem were conducted with sensors biased at ~3.1 V, which was the result of the voltage drop along the 2 m cables between the 3.3 V power supply on the MTB and the ITB.
Figure 6 and Figure 7 illustrate the synchronization problem on the Phase-2 prototype tested on the ITB before and after temperature rise to ~50 °C. These scope pictures were obtained in a persistent mode and a START signal sent every ~1 second to trigger the problem. Light-blue digital channels (1-10) represent the sensor markers observed at TEST2PAD outputs. Red, green, yellow and blue traces represent halves of the LVDS outputs of the Phase-2 sensor and are associated with the sync marker in digital channel 2.
low voltage power supply -    running in sync configuration and after temperature rise:
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Figure 6 Synchronization issues in Phase-2 prototype before (a) and after (b) increasing the silicon temperature to ~50 °C. Sub-figure (b) reveals also some sync issues with the sensor-generated synchronization maker (digital channel 2), which skips across 4 different clock cycles. Displayed data was synchronized to the sensor marker in digital channel 1.
It can be observed in Figure 6
 (a) that one of the sensors (digital channel 4) is synchronized to a later clock cycle than the other sensors.  When the ILVDS parameter is set to 90, all sensors appear to synchronize to the same clock pulse, as it is shown in Figure 7 (a).
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Figure 7 Synchronization issues in Phase-2 prototype before (a) and after (b,c) increasing the silicon temperature to ~50 °C. Sub-figure (b) clearly shows that output 4 (green, with the frame counter in the data stream) is desynchronized from other 3 outputs. Sub-figure (c) reveals also synchronization marker issues in digital channel 2. Displayed data was synchronized to the marker in digital channel 1.
Additional observations:

1. Synchronization issues can be reproduced at 3.1 V power supply delivered from either latch-up-protected power supply on the MTB or laboratory power supply directly connected to ITB.

2. The threshold for the de-synchronization effect in Phase-2 mounted on the ITB appears to be near 3.1 V VDD and silicon temperature of ~48-50 °C. 
3. Observations indicate that there is a window of temperature sensitivity above which the problem is more difficult to reproduce and the chip performance is more stable

4. The problem has been reproduced on individual Phase1/2 test cards:

a. Phase2_C2 – de-synchronization at 3.1V and 3.2 V; stable at 3.3 V
b. Phase2_A2 – similar performance to P2_C2.
c. Phase1_C2 was stable at voltages as low as 3.0 V

d. Phase1_B6 desynchronized at 2.91 V (VDD) and 70+ °C  (Figure 8 (a))

e. Phase1_D3 desynchronized at 2.98 V (VDD) and ~80 °C  (Figure 8 (b))

5. Output 4 (with the frame counter) appears to be the most sensitive to the synchronization issues.
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Figure 8 Synchronization problems observed in Pahase-1 prototypes mounted on individual test boards – sensor B6 (a) and sensor D3 (b) at < 3.0 V and >70 °C.
In one measurement preformed on sensor 1 on ITB (Phase-1), data shifts by 2 clock cycles were observed when running at approximately 3.1 V VDD and silicon temperature of 60 °C (Figure 9). This could be explained by the trigger signal/output (green) shifting by 1 clock and other outputs shifting in the opposite direction by 1 clock as well. This would still be compatible with the total de-synchronization of chip outputs by one clock pulse.
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Figure 9 Unexpected 2-clock cycle shifts in Phase-1 performance, Sensor 1, at ~60 °C and 3.1 V VDD.
It was impossible to reproduce the synchronization problem in Phase-1 chip, Sensor 1, using external power supply (as low as 2.9V) and keeping this sensor as the only chip running on ITB. However, using LU-protected power supply (3.1 V at the ITB) and running all 10 sensors, we can reproduce the discussed instability, which is illustrated in Figure 10.
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Figure 10 Synchronization issues in a Phase-1 prototype installed on the ITB (Sensor 1) at 3.1 V VDD supplied by latch-up protected power supplies and all 10 sensors configured and running.
· Test plans:
1. Verify that the phase shift between the rising edge of the START signal and the 160 MHz does not affect this de-synchronization.

2. Verify if the problem persists when internal (via JTAG) START is used.
� � HYPERLINK "http://rnc.lbl.gov/hft/hardware/docs/Phase1/SCHEMATIC1%20_%20PH1_infrastructure_test_board.pdf" ��http://rnc.lbl.gov/hft/hardware/docs/Phase1/SCHEMATIC1%20_%20PH1_infrastructure_test_board.pdf�


� � HYPERLINK "http://rnc.lbl.gov/hft/hardware/docs/Phase1/SCHEMATIC1_PH1_infrastructure_test_board_patched.pdf" ��http://rnc.lbl.gov/hft/hardware/docs/Phase1/SCHEMATIC1_PH1_infrastructure_test_board_patched.pdf�


� JTAG signals are sent as differential pairs between RDO and MTB, and as single-ended signals between ITB and MTB.


� � HYPERLINK "http://rnc.lbl.gov/hft/hardware/docs/Phase1/Phase-1_RDO_top.pdf" �http://rnc.lbl.gov/hft/hardware/docs/Phase1/Phase-1_RDO_top.pdf�


� The current version of the ITB card hosts 10 full thickness sensors: 9 x Phase-1 (sensors 1, 3-10) + 1 x Phase-2 (sensor 2)
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