C Card Specification

1. Introduction

The C Card is used to interface two MM_TPC Test Boards built by Brookhaven National Laboratory to a Front End Card (FEC) built by the University of Valencia. The FEC card is part of the Scalable Readout System (SRS) being developed at CERN.  It is envisioned that the C card can be used as part of the SRS as well as in standalone mode for testing.  This document describes the C card specification.

 There are 2 TPCV3 ASICs on each of the MM_TPC TEST BOARDS and a Xilinx FPGA on the FEC. Each TPCV3 ASIC has 32 analog inputs that are compared to a threshold value and stored in a peak and hold circuit when the threshold is exceeded, which also causes the hybrid to send a signal requesting its circuits be read out.

2. Interface to MM_TPC Test Boards 

2.0  MM_TPC Test Boards

 There are 2 TPCV3 ASICs on the MM_TPC Test Boards.  Each TPCV3 ASIC has 32 analog inputs that are compared to a single threshold value.  When the threshold for a channel is exceeded, peak and timing detectors are enabled.  Additionally, peak and timing detectors for the two neighbor channels are also enabled.  After peak and timing processing is complete, a readout flag for the channels is asserted.  While the TPCV3 ASICs can be ganged, this is not implemented on the MM_TPC Test Boards.   

2.1  Digital I/O to/from MM_TPC Test Boards 

There are 2 classes of digital I/O signals associated with the C-Card, those related to driving the ASICs on the MM_TPC Test Boards and those related to driving the Analog Conversion circuits on the MM_TPC Test Boards. All but 2 of the signals are LVDS and connected through the 80 pin connector, the other 2 signals (Ext_Trg and Init) are NIM levels and input through Lemo cables
2.1.1. Digital Signals related to the ASICs

All the digital signals to the ASICs are shared except for TKI and TKO which are differentiated as TKI-A, TKI-B, TKO-A , TKO-B and Flag to indicate which ASIC is being addressed.

Clk – Clk (input) is the clock which latches Data and Token on negative edge and shifts Data and Token on positive edge.

Data – Data (input) is the digital data for ASIC (write only).

R/W – Read/Write (input) indicates R/W mode. Reads from ASIC when high and writes to ASIC when low. Read refers to the analog outputs only.  Read mode is 33 bits long, one for each input of the ASIC plus the Token.  Write mode is 193 bits long, 6 for each channel plus the Global “R” bit.  The “R” bit is low when using the internal ramp and high when using the external ramp.

Enable – Enable (input) enables measurement mode.

TRG – TRG (input) starts the internal ramp for timing measurement on negative edge

TKI – TKI (input) is the token input that starts a Read or Write sequence.

TKO – TKO (output) is the token that is passed to the next device once the ASIC no longer needs the token.

Flag – Flag (output) indicates that the ASIC has valid data to convert

Ext_Trg – External Trigger signal to start data taking cycle

Init – Initializes C-Card
2.1.2. Digital Signals related to Analog Conversion
ADC_SCK – Clock for Analog to Digital Converters

ADC_CONV – Signal to initiate data conversion

ADC_SD0 – Serial converted data for Channel 0

ADC_SD1 – Serial converted data for Channel 1

DAC_SCK – Clock for Digital to Analog Converters

DAC_SYNC – signal to synchronize data for Digital to Analog Converters

DAC_SDIN – Data for Digital to Analog Converters

2.2  Analog I/O to/from MM_TPC Test Boards

There are a total of eight analog signals, four for each ASIC. Two of the signals are inputs to the ASIC and the other two are outputs from the ASIC. 

CAL – CAL (outout) is a calibration signal that injects electrons into the preamp on negative edge.

RAMP – RAMP (output) is an external ramp signal that is used as a timing reference instead of the internal ramp generator in the ASIC

PDO – PDO (input) is the Peak Detector Out signal which will be subsequently digitized on the C card.

TDO – TDO (input) is the Time Detector Out signal which will be subsequently digitized on the C card. 

All of the analog signals are connected to the C-Card through Lemo connectors, which are also used on the MMC-TPC Test Boards.

3. Interface to FEC card

There are several connections between the C card and FEC card.  The connections in our case are between the Altera Cyclone IV GX on the C card and the Xilinx ? on the FEC card.  The connections include 48 GPIO, 20 LVDS, 2 GBT (Gigabit Transceiver), I2C and JTAG lines.  Power is also provided by the FEC card, including an adjustable VIO that can be 1.8V, 2.5V or 3.3V, as well as 3.3V, 5V, 12V, and -5V. Of these lines the GBT, I2C AND 3 GPIO and power lines are currently utilized.  

3.0 GBT

One of the GBT lines is used to transmit digitized data from the C card to the FEC card.  Upon receiving digitized data from the ADCs, the FPGA formats this data into a DDP (Digital Data Packet) which is transmitted to the Xilinx FPGA on the FEC card.  The format of the DDP is given in Appendix I.

3.1 I2C  

I2C messages can either originate/terminate on the C card or they can be passed from/to the FEC card via the C card.  Two lines between the C card and FEC card provide this latter connection.

3.2 GPIO

Several of the GPIO signals will be used to let the FEC control the C Card, these include the global reset as well as the 2 enable signals for the ASICs, which could also be generated by the on-board FPGA.

3. External I/O Interface

In addition to the connections to the FEC card, the front panel has connections for external interface for use in testing or stand alone mode.

3.2 Ethernet interface, presently limited to 10/100 Mb
3.3 USB - Full Speed USB interface for terminal input (not on front panel)
3.4 I2C TRG - 1 or 2 Lemo connectors to trigger the ASICs after they have been enabled.

4. FPGA Register Organization

Memory locations on the FPGA are allocated as in Appendix II.

5. Operation Modes

There are two operation modes for the C card, SRS and standalone mode.  In general, SRS mode is meant for SRS data acquisition in the test beam and standalone mode is meant for testing and debugging.  If the data rate is low and of short duration, such as when using cosmic ray muons in the lab, standalone mode might also be useful as a data acquisition mode.

5.0 SRS Mode

In SRS mode, data acquisition is started and stopped via the FEC card (need to spec how these transitions are carried out).  Upon receipt of a Start, the C card initiates acquisition of MM_TPC Test Board data.  Enables (EN) are generated by something.  Subsequent triggers are received by the C card via lemo input and are converted into MM_TPC Test Board TRG signals.  The peak and time data that has been digitized is processed and formatted into the DDP which is subsequently sent to the FEC card.  A global reset and ASIC configuration are controlled by the SRS software.  These commands are translated by the Xilinx chip on the FEC card and sent via the global reset and I2C lines connecting the FEC and C cards. 

5.1 Standalone Mode

Standalone mode is controlled at a high level via a Python GUI.  This GUI can initiate a global reset or ASIC configuration.  It can be used for data acquisition by generating enables according to something.  Subsequent triggers can be generated manually or in response to an external trigger received on the C card.  The external triggers can be prescaled to reduce the data rate.  In this case the peak and time data that has been digitized is placed in memory somewhere where it can be accessed by the Python GUI.  Limited data acquisition is also possible where the digitized data is written to a file in the NIOS processor running LINUX where it can subsequently be viewed or transferred via Ethernet.

6. FPGA Configuration

The FPGA used on the board is the EP4CGX110 which is part of the Altera Cyclone IV GX family.  Because the device uses volatile SRAM cells to store configuration data, the Cyclone IV GX FPGA must be configured each time the device powers up, which is typically done automatically from a serial PROM on the board. 

6.0  AS 

The Cyclone IV GX uses an active serial configuration device (EPCS64 or equivalent) to restore the device configuration when power is applied.  Firmware is downloaded into this device using a USB Blaster connected to J13. 

6.1 JTAG

The Cyclone IV GX can also be configured directly using a USB Blaster connected to the JTAG port of the FPGA, these pins are brought in through the J1 connector and are typically only used for programming the device during debugging through a conector provided on the C-Card Test Stand.
7. Power and Monitoring 

7.0 Power

The card could use 1.8, 2.5, 3.3, 5, and -5 volts. The 1.8 and 2.5 volts are generated using voltage regulators on the C-card. All other voltages are supplied from FEC connectors.
7.1 Monitoring

Voltage and temperature monitoring is provided using the Maxim MAX 11601 and MAX 1619 ICs.  Data is read out on demand via I2C.  The device address is for the MAX 11601 is 0x64 and the device address for the MAX 1619 is nominally 0x18 but can be changed to one of 8 other addresses if required.  The returned data is an 8-bit word which gives the voltage and temperature to 1%.

	80-pin Molex connector to MM-TPC Board (2 per C-Card)

	Molex Connector Pin +
	Molex Connector Pin -
	Signal Name
	DIR
	Description

	1
	41
	 
	 
	 

	5
	45
	 
	 
	 

	6
	46
	GND
	 
	 

	7
	47
	 
	 
	 

	8
	48
	GND
	 
	 

	9
	49
	 
	 
	 

	16
	56
	 
	 
	 

	17
	57
	LVDS_trg2_O 
	T>C
	Alternate Trigger (not implemented)

	18
	58
	LVDS_trg_O 
	T>C
	trigger for external ramp 

	19
	59
	LVDS_flag_B 
	T>C
	valid flag for ASIC B

	20
	60
	LVDS_adc_sdo1 
	T>C
	serial data

	21
	61
	LVDS_adc_sdo0 
	T>C
	serial data

	22
	62
	LVDS_tko_A 
	T>C
	token output (to TKI of next chip)

	23
	63
	LVDS_flag_A 
	T>C
	valid flag for ASIC A

	24
	64
	LVDS_tko_B 
	T>C
	token output (to TKI of next chip)

	25
	65
	LVDS_trg2_I 
	C>T
	trigger for internal ramp (not implemented)

	26
	66
	LVDS_DAC_SDIN 
	C>T
	serial data to DAC

	27
	67
	LVDS_sck0 
	C>T
	serial clock

	28
	68
	LVDS_conv0 
	C>T
	hold analog input and start conversion

	29
	69
	LVDS_busy
	C>T
	Analog measurement in progress

	30
	70
	LVDS_TRG_EN
	C>T
	 

	31
	71
	LVDS_tki_A 
	C>T
	token input (from TKO of previous chip)

	32
	72
	LVDS_tki_B 
	C>T
	token input (from TKO of previous chip)

	33
	73
	LVDS_trig_I 
	C>T
	Selects trigger source (not implemented)

	34
	74
	LVDS_rst 
	C>T
	global ASIC reset

	35
	75
	LVDS_rw 
	C>T
	high = read, low = write

	36
	76
	LVDS_data 
	C>T
	data input

	37
	77
	LVDS_ck 
	C>T
	CLOCK for r/w 

	38
	78
	LVDS_EN 
	C>T
	enables analog for measurement 

	39
	79
	LVDS_DAC_sclk
	C>T
	DAC serial clock

	40
	80
	LVDS_DAC_SYNC
	C>T
	DAC sync signal


	Analog Connector Signals

	Pin
	Function

	1
	Ramp-1

	2
	Cal-1

	3
	PDO-BUF

	4
	TDO-BUF

	5
	----------------------------

	6
	----------------------------

	7
	----------------------------

	8
	----------------------------


