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Introduction

   The PMT Sender and Receiver boards are designed work together to read out the Burle Photomultiplier tube assembly 85001-501.  This is a 64-channel device that uses microchannel plates for electron multiplication, and provides excellent time response, good gain, and high pulse linearity.  The channels are arranged in an 8x8 square pattern, and 64 output pins project out the back along with 64 ground pins.  Four Sender boards plug into these pins; each sender has 16 channels.  Each channel is amplified and compared to a separate threshold, programmed by the Receiver, and LVDS output pulses are sent to the Receiver board over .025” pitch twisted pair.  The Receiver board converts these to differential ECL and then are available on the front panel, typically connected to a LeCroy 3377 card.  A NIM output is available which is the logical OR of the 64 channels.  Other configurations are possible since this logic is done in an FPGA.
Sender Board

   Each channel of the Sender board consists of a high speed Op Amp feeding into a comparator. See the schematic at: http://d0server1.fnal.gov/users/utes/default.htm.   The Op Amp (AD8099) typically has a gain of 20.  Older boards have a gain of 10, as shown in the schematic.  This higher gain was chosen to take advantage of the bandwidth roll-off in order to allow some integration when two closely-spaced pulses arrive.  A single PE is typically not enough to trigger the comparator.  The comparator is the ADCMP605 which has built-in LVDS outputs.  As seen in the schematic, a small capacitor feeds from the non-inverting output pin back to the threshold pin, which stretches the very narrow PMT pulse (<1ns) into a pulse width that will traverse a reasonably long twist-n-flat cable.  The output pulse width actually depends on the threshold chosen.   See Table 1.
   The thresholds are supplied by a sixteen-channel DAC (AD5391).  The DAC receives a Serial SPI bitstream from the Receiver which programs the sixteen threshold values.  The user carries out simple CAMAC writes and the FPGA on the Receiver produces the correct SPI bitstream to accomplish setting of the threshold.
	Threshold
	Output Pulse Width

	287mV
	3ns

	353
	7

	417
	16

	482
	30

	500
	44

	520
	48

	540
	57


Table 1.  Output pulse width as a function of threshold measured with respect to Sender ground.
Receiver Board

   One Receiver Board works in conjunction with four Senders and one Burle PMT.  The board plugs into a standard CAMAC crate and communication is done only via CAMAC.  The twisted pair LVDS cables connect to headers on the component surface of the board and typically should exit out the rear of the crate to be routed to the Senders.  These are 25-pair cables, sixteen pair are for the channel readouts, four are used for the SPI interface from the Receiver to the DAC chips, and the rest are ground.   The four 3M connectors on the front panel are for twisted-pair ribbon cables to connect to (typically) a LeCroy 3377 TDC.   As stated earlier, a NIM signal, 0V false, -0.8 V true, appears on a Lemo connector on the front panel and is the logical OR of all the channels.  The blue LED blinks at the OR of all the inputs.  It also doubles as a CAMAC data-acknowledge signal.  The two green LEDs indicate +3.3V and +1.5V power.  

	Cable
	Input
	Output

	Cable 1
	J4
	J6 Left

	Cable 2
	J3
	J6 Right

	Cable 3
	J2
	J11 Left

	Cable 4
	J1
	J11 Right


Table 2.  Typical connection configuration showing relation of inputs to outputs.
Communication

    Setting of the Thresholds

   There are four Sender boards per CAMAC board, each with its own Subaddress:  (3, 2, 1, or 0).   Each Subaddress communicates with an AD5391 16-channel, 12-bit DAC chip using a serial data link.

   There are sixteen Thresholds per Sender.  Each threshold is set by making three consecutive write cycles, using only the 8 LSBs of CAMAC per write cycle for a total of 24 bits.  The MSB is sent first.  The 24 bits, starting with MSB are:

	0
	R/W
	0
	0
	A3
	A2
	A1
	A0
	REG1
	REG0
	DB11
	DB10
	DB9
	DB8
	DB7
	DB6
	DB5
	DB4
	DB3
	DB2
	DB1
	DB0
	X
	X


The R/W bit is set low to write, bits A3 through A0 select the channel on the DAC, DB11 through DB0 set the value of offset, gain, or data format.  Whether you’re setting offset, gain, or data format is decided by REG1 and REG0.  See Table below.
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Thus we need to perform 12x3 = 36 Camac write operations to set all sixteen offset channels of one DAC and 144 write operations to do all 64 channels.  

Reading of the Thresholds

  Reading of the DAC settings is done by a write sequence followed by a read sequence.  It is necessary to do an initial write sequence (three CAMAC writes) to select the appropriate address A3-A0, and REG1/REG0, while also setting the R/W bit to 1.  The data bits are ignored and may be set to 0.  Then, do four CAMAC read operations instead of three in order to account for the round-trip cable delay between the Sender and Receiver.  The first read is ignored.    In this prototype, a jumper on the Receiver selects which of the four Senders is routed to the input bit of the CAMAC readback register.  

AD5391 Datasheet

Please see me or refer to the AD5391 Datasheet for details on more features.

Control Status Register

The Control Status Register is a 16-bit register at Subaddress 4.  The only four bits currently defined are bits 0 through 3.  These bits currently serve as enables to allow the four sender cards to be included in the logic determining the OR logic output (NIM).  A possible future feature would be to assign an individual bit to each channel, so that the NIM output could be further fine-tuned for bad channels.
