The test system consists of several hardware blocks:

1, Adapter block;

2, Test block;

3, Control block;

4, Backplane block;

5, PC;

6, High voltage source block;

7, Low voltage supply;
The block diagram is in the figure below:
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1, Adapter block
Adapter block is to support the test object: HV boards, and supply the connections to high voltage source block and test block. The adapter block is placed in the climate chamber because the HV boards should be under temperature cycle between 25 to 80 centigrade. Other blocks are all out of climate chamber.
Adapter block consists of two kinds of board: adapter board and frame board.
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Adapter Block Diagram
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Sockets connections in Adapter Block

In one test system, there are 32 adapter boards and two frame boards. Adapter board is to support the high voltage board. One HV board needs one adapter board. At the same time, there is a high voltage filter on it. The adapter board connects the signals from the male FTS socket for HV board to a male DIN64 socket on the edge of the board for connection to the frame board. In these 64 pins, only 38 pins are needed, 32 is for the signals from 32 capacitors in one HV board, 1 is for the ground pin of the HV board, 1 is for GND signal, these 34 signals will be assembled into a 34 wires flat cable. Other 2 pins are connected to the flat cable shield of GND, and the rest 2 is connected to the high voltage source ground. High voltage is directly connected to the input of the filter on adapter board.
There are 16 wiring female DIN64 sockets on one frame board. The frame board is only to support the sockets and the adapter boards. One test system can measure 32 HV boards simultaneously, so 2 frame boards are needed in one test system. 16 34-pin female sockets from 16 flat cables will be plugged on 16 wiring DIN64 sockets.
2. Test block
The Test Block consists of 16 Test Boards assembled on a 6U chassis. All Test Boards have a common layout and are distinguished by a 5-bit address, selected by 5 on-board jumpers.

Each Test Board measure 2 HV boards, receiving the signals from the 2 HV boards through 2 flat cables (see description of Adapter Board). The measurements carried out on the Test Board are based on signal translation function: the leakage current is translated into analog voltage and the capacitance into time delay between charge-up begin and end signals; these signals are forwarded via the backplane and digitized on the Control Board. The functional diagram of the Test Board is shown in Fig.XXX. The block schematics can be found in the Appendix. 
The total (sum of 32 channels) leakage current of a HV Board is obtained by measuring the voltage drop across a 1M( (1% tolerance) resistor. The voltage is buffered on a chopper-stabilized op-amp with very low DC input bias current (below 10pA), in cascade with a second op-amp to adjust the voltage gain. The op-amp input is protected by clamping diodes, at the first stage of signal inputs. An RC filter ((=2.2ms) is used against chopper noise. This is shown in Fig.XXX.
Each of the 32 HV capacitors on a HV Board can be connected (through analog switches) to a 2M( resistor and a single-shot 0(5V up-edge injected on it: from the resulting capacitor charge-up ((=330pF×3M(=1ms) the capacitance can be determined. Two digital signals, marking the times at which the up-edge and Vcap cross a 4V threshold resp., are forwarded to the Control Board to measure the charge-up time. This is shown in Fig.XXX.
Any combination of the 32 channels of one HV Board can be connected to the input of the leakage-current or capacitance measurement circuit. This is realized by routing the 32 channels of one HV Board via 32 analog switches of type MAX327, a chip of QUAD Single-Pole-Single-Throw low-leakage (below 10pA) CMOS analog switches. The other sides of the 32 switches are tied together. The analog switches are controlled by 32 independent bits generated through a serial data stream (CLK, MOSI). In normal operation, the output combination is the sum of all 32 channels for leakage measurement, or a single channel for capacitance measurement. The selection of leakage-current or capacitance measurement is also done through a MAX327. At the same time, this takes care that, during a capacitance measurement, the HV Board GND plane is connected to the leakage-current measure circuit.
Each Test Board receives the input from two Adapter Boards on two 34-pins round common-shield cables (see description of Adapter Board), connected on the front panel of the Test Board via two IDC34 connectors. The cable shields are also connected to the GND of the Test Board via two 2-pin connectors on the front panel.
The connection to the system backplane is realized through two male DIN32 connectors, through which bussed lines, as well as point-to-point lines, are routed. Four output digital signals (two per HV Board) are forwarded to the Control Board for the capacitance measurement. Two output analog signals (one per HV Board) are forwarded to the Control Board for the leakage current measurement. In addition to these, a number of bussed control and low-voltage lines, described in the backplane section, and one signal to drive the LED indicator are present.
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3. Control Block
The Control Block consists of two PCB boards: Control Board and MCU Board. The Control Board is a 6U size board plugged onto the backplane. Its basic function is to host the ADC and the analog multiplexer circuitry. The MCU Board is a mezzanine board plugged onto the Control Board via two DIN64 male connectors and hosting a Motorola MC9S12DG128 microcontroller. A functional diagram of the Control Block is shown in Fig.XXX; the block schematics is shown in the Appendix.

A four-pin connector on the front-panel of the Control Board is used for environmental monitoring (temperature and humidity sensors).

Four 8-pin connectors on the front-panel of the Control Board are used to control an HV distribution box. A set of pins from various microcontroller I/O ports are used, in combination with a series of latches and drivers (HV control circuit), to generate the 32 signals needed to drive the HV distribution box. 
Two DIN64 connectors provide the interface to the system backplane. The top connector is dedicated to the measurement of the capacitance of the 32 HV boards (16 Test Boards). Of the 64 pins of the bottom connector, 32 are used for the measurement of the leakage current of 32 HV boards (16 Test Boards), while the remaning 32 are used for the low voltage supply and control signals. The pin assignment of the two connectors is shown in Tabs.XXX and XXX.
The 32 leakage current signals are de-multiplexed and digitized by a serial 12-bit ADC (MAX1247), read out by the microcontroller. The 64 capacitance signals are also de-multiplexed and fed to an internal timer on the MCU, which digitizes the arrival time of the reference and charge-up signals (the difference of the two provides a measurement of the capacitance).
The microcontroller uses a “digital” +5V supply, while the rest of the circuitry an ”analog” +5V (e.g. ADC) and ±12V.
The microcontroller communicates with the controlling computer via an RS-232 port, physically located on the MCU mezzanine. The microcontroller software is also downloaded through this port. In its basic functionality, the microcontroller software executes pre-defined commands and provides the results of the commands (capacitance, leakage current, environment measurements etc.) to the controlling computer in a query/answer mode.
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4. Backplane block
The system backplane provide a common electrical interface for one Control/MCU Board and 16 Test Boards. On the front side, two DIN64 connectors are used for the Control/MCU board and 16 couples of DIN32 connectors for the Test Boards. Low-voltage supplies are provided through connectors located on the back side of the PCB. The backplane is installed in a 21-slot 6U crate. 
The backplane includes bussed lines, as well as point-to-point lines.

The lines used to convey the capacitance and leakage current signals from the Test Boards to the Control Board are point-to-point. Each Test Board uses two pairs of dedicated lines for the capacitance signals and one pair for the leakage current signals.

The bussed lines are:

1. a capacitor charge-up strobe;

2. a 5-bit address selecting the Test Board;

3. a serial data/strobe combination for the 32 channel selection on the Test Boards;

4. low-voltage supply lines (±5V, ±12V).
A set of LEDs, located on the backside of the PCB, indicate the state of the system, including the capacitance select state, board select state and power state.
The block schematics of the backplane is shown in the Appendix.
5, PC

PC is the intelligent master of the whole system. It sends commands to the MCU to implement measure and receive result through RS232. It also analyze the result and control the high voltage source. The last function is to supply the interface to operator and store data.
6, High voltage source block

High voltage source block is a CAEN high voltage source. It has 32 high voltage output and the RS232 interface to the PC. PC can control every high voltage output and monitor their states through RS232.

7, Low voltage supply
Low voltage supply is the power supply to the 6U chassis. It give out plus-minus 12 volt, plus-minus 5 volt and another 5 volt to the backplane through two power sockets on backplane.
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The current measure circuit acquires a voltage drop when the leakage current flows through a resistor of 1M and uses ICL7650 and OP177 to amplifies the voltage to the range from 0 to 10V (corresponding leakage current from 0 to 1uA).

See Fig. 7  Current Measure Circuit.
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Fig. 7  Current Measure Circuit
The capacitance measure circuit works with the R-C delay principle. A resistor of around 1M is connected in series between the capacitor in HV board and a comparator’s output. When an up edge of voltage appears at the comparator’s output, the voltage at the other end of the resistor will rise up slowly, and this voltage is connected to the positive input of the second comparator simultaneously. After a time slice an up edge of voltage will appear at the second comparator’s output. So there will be a time delay between the two comparators’ output and the value of time delay depends on the capacitance of the capacitor and the resistance of the circuit.

See Fig. 8 Capacitance Measure Circuit.
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Fig. 8 Capacitance Measure Circuit
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