Report on HV Board Test

Abstract:

HV boards for LHCb Outer Tracker Front-End electronics (batch received at NIKHEF in July, 2003) has been tested. 15 boards have been tested under 2000V high voltage pressure and with temperature cycling from 20oC to 73oC every 2 hours for 24 days. Leakage current of each board is monitored and the capacitances of HV capacitors are measured before and after the test. The leakage current of each board at 20oC is reduced to <2nA after 24 days, and 1 of 480 channels of capacitors has merely been broken. 
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1. Introduction

In the front-end electronics of LHCb Outer Tracker high voltage of straw tube (1500V) is supplied via HV boards. HV boards also integrate coupling capacitors and provide AC signal path to ASDBLR boards. The schematic of the HV board is shown in figure1.1. The 560kohm resistor works as fuse. Johanson capacitors are used as coupling capacitors. Capacitors are buried inside the PCB due to limited space, and can hopefully alleviate influences from humidity. One board consists of 32 channels of such resistors and capacitors. In total 1,680 HV boards are needed to serve 56,000 straw tubes.
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Fig1.1 Schematic of HV boards

All these boards should be tested before mounted into front-end electronics boxes. The most serious issue is the damage inside ceramic capacitors from thermal shock during soldering. This damage might be very small (micro-cracks) which is not initially detectable by standard electrical testing, but once initiated, they can grow with time and cause latent failure [
]. The configuration of putting capacitors inside PCB is also uncommon and needs special attention to their performances, e.g., it has been found that capacitors may be burnout at a high voltage (2.7kV) lower than the rating voltage (4kV) provided by the manufacturer. 

2. HV Board Tests

The HV boards were received in July,2003. 62 boards were made in this run, among which 30 boards are with at least one capacitor that is out of acceptable capacitance range. 15 of the remaining 32 boards are tested, including HV test and thermal cycling test. Thermal cycling is to speed up the growth of cracks inside capacitors if any. Temperature cycle is set to from 20oC to 73oC every 2 hours. The relative humidity of the chamber is not controlled but kept low during cooling down phase of the cycling, which is shown in figure2.1. 

Leakage current of each board is monitored, together with temperature and humidity in the chamber. Capacitance of each capacitor is measured before and after cycling for 24 days.
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Fig2.1 RH-T curve in the chamber

2.1 Experimental setup

The schematic of measuring leakage current of an HV board is shown in figure2.2. The total leakage current of 32 capacitors in one board can be calculated as: 
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. This is not strictly true because the leakage current from HV to ground net on HV board is also counted
 in this configuration, which is depicted in section2.2.1.
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Fig2.2 Schematic of Ileak measurement for HV boards

The whole test system is shown in figure2.3. Digital multi-meter DMM5017 measures voltage drop on RLx, x=1,2…15, corresponding to leakage current for each HV board. Temperature and humidity are monitored by temperature sensor Pt100 and humidity sensor S6000.  DMM5017 communicates with PC through RS-232 serial port. A PC program based on Labwindows/CVI sends commands to DMM5017 to scan all channels every 2 minutes. Measurement data are then readout and stored in PC.
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Fig2.3 Measuring system with temperature and humidity sensors

Twist pair wires are used to connect VRLx and ground in pair to DMM5017 to minimize EM interference. Because of ~4m long total length of the wires and distance needed to keep HV wires and ground wires apart for safety, the EMI in the HV-supply and ground loop is considered to be significant. AC Noise from HV supply may also couple through capacitors. A 100ms measuring time is chosen, which is the tradeoff between noise and measurement period. Such measurement is repeated for 10 times for one channel and the mean value and standard deviation are calculated and stored for analysis. The resolution of leakage current is checked by measuring voltage drop of RLx without putting HV on. The resolution is 0.002nA with a small offset of +0.05nA. This is neglectable compared with ~nA leakage currents.

2.2 Results

2.2.1 Leakage currents

Leakage currents, chamber temperature and humidity for 24 days are plotted in figure2.4. The blank gap for almost 7 hours, clearly seen in the left plot, is caused by network connection error when writing data onto a network-mapped hard disk driver. Leakage current of each board is shown in the right plot in figure2.4. 
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Fig2.4 Temperature/Humidity/Leakage current of Board01 vs. Time (left) 

and Leakage current of each board vs. Time (right)

A close look of leakage current of board07 during one thermal cycle (2 hours) is shown in figure2.5 (a). The change of leakage current is slower than the change of chamber temperature, especially when the chamber temperature goes up. This is because of the time needed to warm up (cool down) the capacitors inside PCB to the same temperature as inside the chamber and somehow the board itself! To verify the contribution of leakage current from HV to ground net on HV boards, the leakage current of board07 is re-measured after 24-day cycling, in which only 32 capacitor output pins are connected. The result is shown in figure2.5 (b). The contribution from HV to ground net on HV board is ~1nA at T=20oC and ~10nA at T=73oC. This is in the same order of magnitude with the leakage current of 32 capacitors. The change of leakage current in figure2.5 (a) is slower than that in figure2.5 (b) can also be explained because in the former situation, current stabilizes till the whole board, instead of 32 capacitors, is warmed up or cooled down.
Figure2.6 shows the correlations of Ileak-chamber temperature (top) and Ileak-relative humidity (bottom) for one board from 24-day cycling data. The big leakage current spread at T=73oC is caused by a very long time needed to warm-up the capacitors and the board. Whilst when the chamber temperature goes down, the leakage current changes fairly fast (i.e., the temperature of the capacitors and the board goes down fairly fast) and the correlation of the leakage current and chamber temperature approximately turns to be a linear curve. A small spread at T=20oC is still seeable and this part should be removed when extracting the information of the leakage current at room temperature (T=20oC). The leakage current is not sensitive to the relative humidity and the spread at low RH is actually caused by temperature. Furthermore the leakage current keeps going down as time goes by.
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(a)
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(b)


Fig2.5 A close look of one thermal cycle: (a) with ground net on HV board connected

(b) with only output pins of 32 capacitors connected
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Fig2.6 Leakage currents vs. Temperature and Leakage currents vs. RH
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Fig2.7 Huge leakage current spike

Huge spikes of leakage currents are found when the chamber temperature behaves strangely, one of which is shown in figure2.7. The temperature went to –20oC during the warm-phase of the thermal cycle due to unknown error of the temperature control system. It is highly suspected that there is ice forming on the board surfaces. When temperature went up to 0oC again, it turned to water, which made the board surface conductive and thus a big current occurred.

The leakage current at T=20oC for each board is extracted and shown in figure2.8. The beginning part of leakage currents when the chamber temperature stays in T=20oC is cut-off to remove the spread due to the cooling-down time of the board. Leakage currents of all boards finally went down to <2nA, including the leakage current from HV to ground net on HV boards.

2.2.2 Capacitance measurement

All 480 capacitors become ~30pF smaller after 24-day HV pressure except 1 channel of capacitor turns to be 187pF, which is almost 2/3 capacitance of other capacitors. A crack was found under optical microscope after sawing open the board (@QPI Company, Netherlands), which cuts off the connection from one capacitor plate to the nickel termination. 

2.3 Summary

Several conclusions we can draw based on the experimental results:

1) The capacitors and the boards have shown very good leakage current performance. After 24-day HV pressure the total leakage current of each board (32 channels) has been reduce to <2nA! 

2) 1 of 480 channels of capacitors has merely been broken after 24-day HV-on and thermal cycling. It lost one third of its capacitance. Thus it is more likely damaged by the thermal cycling, not by the HV pressure, which is further proved by a crack found between one side of nickel termination and one capacitor plate under microscope.

Micro-cracks inside capacitors could be detected by thermal cycling method, although thermal cycle condition such as cycling temperatures and time duration should be optimized.
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Fig2.8 Leakage current of each board at T=20oC
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� For convenience, the ground net on HV board is also connected to output pins of 32 capacitors





� Application Notes for ceramic chip capacitors. http://� HYPERLINK "http://www.johansondielectrics.com" ��www.johansondielectrics.com� 
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