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Abstract
This report presents a design for replacing the current Multi Chip Modules (MCM) on the existing Analog Front End boards with a small daughter board that uses one custom IC and a commercially available ADC and FPGA to provide 64 channels of discriminator information every crossing for use by the trigger and, for selected events, more detailed analog information. The performance of this design is sufficient to meet the requirements of the CFT and CPS/FPS in 132ns crossing operation. 

Introduction
The current MCM does not support 132 ns operation of the accelerator. Thus we need to do a cost effective upgrade to meet the new timing requirements. The new design will have to have excellent noise performance and threshold uniformity for the Central Fiber Tracker and sufficient dynamic range and adequate energy resolution for the Central Pre-Shower/ Forward Pre-Shower. While it is possible to replace only the chips in the MCM, we feel that this is a high-risk solution both from the design point of view where we need very high speed, low noise operation of the current MCM and from the manufacturing one where we need very high yields or the costs will become prohibitive. Therefore, we propose to replace the current MCM with a standard printed circuit daughter board. This board will have a replacement for the SIFT chip: the Trigger and Pipeline chip (the TriP chip), a high speed ADC for analog readout and a Field Programmable Gate Array (FPGA) to buffer the data and emulate the current SVXII during readout. The daughter board would carry the new custom IC and a few standard chips and the motherboard could be left substantially unchanged. It would also be possible to mount the components directly on the AFE board without the need of a daughter board. Under this option the TriP chip would be packaged in a standard quad flat pack. 

SIFT  Replacement- the TriP ASIC
This chip will be a custom IC manufactured in the TSMC 0.25 micron process and operate from a 2.5V to 3V supply.  The new chip is simple in concept and design and uses several existing sub-designs from other chips. It would replace the four SIFT chips on the current MCMs with a single 64 channel chip that performs the two functions required: first, it provides the trigger output for every channel above a preset threshold, and second the chip provides a pipeline delay so that analog information is available for channels above threshold if the trigger system determines that the event should be read out (a Level 1 accept). The rest of the devices on the daughter board are readily available commercial parts. 

Amplifier/ Discriminator
Because of the possibility of large signals from the detectors, the preamplifier needs to be reset after every crossing. The input charge range is 4 to 500 fC. Since this device will be used in both the fiber tracker and pre shower, and the pre shower detector will, for high energy electrons, produce signals that are as much as 16 times larger than the fiber tracker, the preamp will have programmable gain. Four binary weighted capacitors that can be switched into the feedback loop of the amplifier will give the desired gain range. The discriminator will be set as a fraction of the selected full range of the preamp. It will be digitally controlled and have approximately 8 bits of resolution. The discriminators will be uniform across the chip to 1%.The chip will include a provision for test inputs to allow a known amount of charge to be injected into selected channels. The input will be AC coupled and will present a capacitive load of 30 to 40 pF. Signal rise time of the VLPC is less than 600 ps so rise time at the input is entirely determined by the input capacitance. The chips will collect 95% of the signal charge in 50 to 75nS. There are 64 bits of discriminator information that must be sent from the MCM to the trigger system every crossing. Because the preamp is required to reset every crossing and the charge collection time is less than 75ns, it is possible to send the discriminator bits only during the time the preamp is inactive. Furthermore, if the discriminator outputs are multiplexed by two to reduce the number of lines required, the switching frequency of the discriminator bits is still manageable- lines may switch at a maximum frequency of once every 25ns, but only during the time the preamp is being reset. The discriminators would be sent to the FPGA on the same daughter board only a few centimeters away and would require only about 1/15 of the energy of the present design. 

Pipeline and Mux
The chip will use the pipeline designed for the SVX4 including the on chip bypass capacitors. This is a 47 deep pipeline and is adequate for this application. Only minimal modifications will be required to match the full scale output of the preamp. The 64 channels will be multiplexed out onto an external buss, which will be connected to a commercial Analog to Digital Converter (ADC). It is possible to fit two dual input 10bit ADCs on to the daughter board and this will allow the analog outputs to work at 7.6Mhz with four 16-to-1 multiplexors on the TriP chip. 

High Speed ADC
This is a commercially available, 10 bit, dual input device with impedance inputs and less than 10 pF input capacitance. The device is capable of 20 million samples per second (MSPS) but will run at a frequency of only 7.6 MSPS. With two ADCs per daughter board, the time to digitize 64 channels is 2.2 micro seconds, approximately the same as the digitization time of the SVX II chip. The digital outputs of the ADCs will be connected to a small FPGA on the daughter board for further processing before readout. At least two parts from different manufacturers are available that meet all the design requirements in terms of power, space, speed, performance and cost. 


FPGA
Field Programmable Gate Arrays have developed rapidly in the last few years. A small FPGA placed on the daughter board is able to provide the processing power and speed to emulate an SVXII, the storage to keep the discriminator information for the trigger latency time, and flexible IO to provide level translation and control functions. The FPGA is connected to both the TriP chip and the ADCs on the daughter board and also interfaces with the SVX bus and the trigger data path. The FPGA senses the MODE lines of the SVX bus to control the rest of the devices on the daughter board. During ACQUIRE mode, the TriP chip will output the discriminator information on 32 lines during a part of the crossing using LVCMOS2 or similar signal levels. (2 bits per line, time multiplexed.) The FPGA will latch the 64 bits, add 7 bits of status information, and repackage the bits into 10 bit wide packets that will be sent to the motherboard at 53Mhz to be passed on to the LVDS drivers. At the same time, the discriminator bits will be stored in the FPGA embedded RAM blocks so the information is available for readout to the offline system. Even a small FPGA such as the Xilinx XC2S30 has 24KB of block RAM, much more than is required to implement a 32 stage digital pipeline for the 64 trigger bits. However, the RAM will be used for other purposes as well. Once a L1 accept signal is received, the SVX bus will change from the ACQUIRE mode to the DIGITIZE mode. The FPGA would sense this mode change, stop the analog pipeline inside the TriP chip, and start the analog multiplexors and the ADCs. The FPGA would collect the digital data from the ADCs; reformat the 10 bits into a floating-point format, and temporarily save it in RAM, pending readout. Once the READOUT phase starts, the FPGA would emulate the SVX, generating the chip ID, status and channel ID, retrieving the discriminator and analog information from the on-chip RAM and putting it on the SVX bus.


Cost Estimate
(very preliminary)

There are a few options for replacement of the SIFT: 0) One can replace only the SIFT within existing MCMs. This option is not considered here. 1) One can replace the MCM with new daughter boards. If this option is taken, one can have the TriP chip as bare die on the daughter boards or it can be packaged into a TQFP. Under this option the current AFE motherboards would be kept unchanged but the current MCMs would have to be removed. 2) One can replace the entire AFE, getting rid of the daughter boards entirely. In this option the TriP must be packaged. This is very similar from a technical point of view because the board real-estate used for the new parts would be exactly the area occupied by the daughter board in option 2 and the rest of the board could use the same layout and the same components as are presently on there. There would be some engineering effort involved in the redesign and re-layout of the board, but it would not be “from scratch”. The cost can be estimated for each of the options.
,

 

Table 1: SIFT replacement preliminary cost estimate

	
	
	M&S
	Contingency
	

	Item
	
	
	number
	Unit cost
	M&S Total
	
	Cost
	Total

	#
	Description
	unit
	(incl. spares)
	($)
	($K)
	%
	($K)
	Cost

	1
	New parts (FPGA, ADCs, etc.)
	MCM
	2000
	40
	80
	10
	8
	88

	2
	Replacement daughter boards
	Ea
	2000
	150
	300
	30
	90
	390

	3
	TriP ASIC packaging
	Ea
	2200
	15
	33
	50
	16.5
	49.5

	4
	New AFE motherboards
	Ea
	240
	1,500
	360
	25
	90
	450

	5
	TriP ASCI
 (see notes)
	Lot
	1
	185,000
	185
	
	
	Not incl

	6
	Engineering
	Lot
	1
	30,000
	30
	100
	30
	60

	
	
	
	
	
	
	
	
	

	1,2,5,6
	Option 1
	Total cost (TriP not incl.)
	$538k
	
	
	

	1,3,4,5,6
	Option 2
	Total cost (TriP not incl.)
	$648k
	
	
	


Milestones

In order to understand and manage a project of this size, it is necessary to define a number of milestones that can be used to judge the feasibility and progress of the project. In this section we present a small list of preliminary milestones. The philosophy is to set definite dates by which the Fermilab group must accomplish certain task in order to keep the entire project on track. The schedule assumes two rounds of daughter board prototypes and two rounds of ASIC submissions.


Table 2: Preliminary SIFT replacement milestones

	1
	1-Sep-01
	Prototype daughter board available

	2
	15-Oct-01
	AFE-daughter board integration demonstrated

	3
	20-Dec-01
	TriP ASIC submitted to fab

	4
	10-Jan-02
	Pre-production daughter board submitted for manufacture

	5
	15-Apr-02
	AFE operation at 132ns demonstrated

	6
	15-Jun-02
	Second ASIC submission

	7
	15-Jul-02
	Daughter boards submitted for production

	8
	1-Oct-02
	Final ASIC available (diced and tested)

	9
	20-Dec-02
	Daughter boards ready for mounting on AFE








� There are 8 MCMs per AFE, two AFEs per VLPC cassette (one left, one right) and 104 VLPC cassettes in Dzero.





� The cost of the ASIC itself is not included here. We are planning to submit the first run at the same time as BTeV. This are should yield more than enough parts if the parts function as expected. The total cost of the run is approximately 185K and would be shared between Dzero and BTeV but since BTeV requires a run in any case, there is no additional cost to the lab. If the first submission is not adequate, another run would be required with approximately the same cost. �





