Irradiation Test of the Muon Port Card Spartan-6 Mezzanine
May 9, 2012
A. Preparation
1. Use MPC board #003 or #5 with the Spartan-6  Mezzanine #2

2. The following fuses on the main MPC board should be installed: F9 (2.5V), F7 (1.8V), F11 (3.3V from internal voltage regulator), F10 (5V).  F8 should not be installed. 

3. The following DIP switch settings are needed:  

· S8-1 “on” (JTAG access from the front panel); 
· S8-2 “off” (enable on-board oscillator);

· S1-1 “off” and S1-2 “on” (clock to FPGA comes from on-board oscillator);

· S2-1 “off” and S2-2 “on” (use delayed clock with fine adjustments);
· S13-1 “on”, S13-2 “off”, S13-3 “off”, S13-4 “on” (proper clock connections);

· S11-1 “off”, S11-2 “off”, S11-3 “on”, S11-4 “on”, S11-5 “off”, S11-6 “off” (sets the geographical address = 600000h in the non-VME64x crate if VME access is needed);

· S10 – all “on” (not used);
· S5 – all “off” (not used)

4. Firmly attach with a screw the small LVDS adapter board to the JTAG connector on the front panel of the MPC.   

5. Provide the +3.3V power to the second adapter board from the HP6234A power supply.  Make sure the output of the power supply is set to 3.3V before connecting the adapter board. The brown wire should be connected to “+” V1 output and the black wire should be connected to the “-“ V1 output. Turn LINE button “on” on the power supply. Make sure the yellow or green LED on an adapter board is “on”.

6. Plug in the MPC board into the  mini-VME crate.  Connect both adapter boards with the twisted pair cable. Turn mini-crate power on (switch on the back). Make sure the four green LEDs (+5V, +3.3V, +2.5V, +1.8V) on the MPC front panel are “on”. Two green LEDs +1.5VA and +1.5VB will stay “off” (there is no +1.5V  voltage source from the custom backplane). The top green “DONE” LED should be “on” and the bottom red LED “CLK” should be blinking ~4Hz (clock is provided to the FPGA from an on-board oscillator  and the FPGA firmware is loaded from the PROM). The  LEDs on both custom adapter boards and on the Xilinx USB cable box should be “on”.
7. Push the button on the custom USB adapter to reload the FPGA on MPC mezzanine. You should see the “DONE” to go “off” and “CLK” stop blinking and then again back to operation. 
8. Attach the LEMO output of the custom USB adapter to the HP 51132A counter input (channel 1).  Set the following:

· Trigger Sensitivity: Auto Trig: OFF, Level: 2.4V, Slope: POS, Sensitivity: MED, 

· DC/AC: DC
· Gate: AUTO

· Other meas: Totalize 1, 
· Push Run
9. Open the C:\MPC_Spartan6_RAD\mez.xise project (Xilinx ISE 13.4).  Run IMPACT application. Change the TCK clock frequency in “CABLE Settings” from 6MHz to 1.5MHz or even 750kHz. Initialize the chain and make sure it recognizes two  XCF32P PROMs in a chain.  Load  the project described below. It   allows  to simulate Single Event Upsets (SEU) with the external BC0 pulse coming through the XP2:D23 connector.  Push the small black button on the main MPC board (above the FPGA mezzanine), and the counter should count several pulses (this is for the connectivity test only). 
B. Irradiation Test
1. The  project is  based on two identical sets of  sequential  pipeline chains with the 16-bit pseudo-random bit stream (PRBS) generator (based on Linear Feedback Shift Register, LFSR), all running at 40MHz.  In the end both pipeline chains are compared and in case of mismatch the 25 ns pulse is generated and transmitted to the receiver end. This pulse is also used to reset both the PRBS generator, so the firmware is self-resettable.  The  project (mez_rad_050812_0.mcs and mez_rad_050812_1.mcs  uncompressed files or identical compressed version for one PROM mez_rad_comp_050812.mcs) comprises the  long (20,000 steps) pipeline chains.
2. If a SEU occurs in the user’s logic (the scheme described above), then an external HP counter will increment by 1 and the SEU will be automatically reset. If the SEU occurs in the FPGA configuration data , the external counter  starts counting continuously and is unable to  reset itself. This could be, for example, a sign of broken pipeline chain. The only way to mitigate such an error is to remotely reload the FPGA from its PROM (push button on the USB adapter board).  Such cases should be documented, along with the dose (Rad) needed to produce an error.  The FPGA can be irradiated up to 10-15 kRad.
3. It is recommended to read back PROMs content  several times during irradiation and then compare the readback files  against the original configuration file.  The total dose may be in order of 20-30 kRad.  At some level the device may stop responding via the JTAG due to internal damage (as it was the case of Altera PROM in earlier tests). 
4. For the PROM programming use the following settings in “Device Programming Properties”:

· Verify: yes

· Erase the entire device: yes

· Load FPGA: yes

· Parallel Mode: yes

· During Configuration PROM is Slave (clocked externally): yes

