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1.0 Introduction:

This document will provide a basic architectural overview of the CKM2 ADC front end boards. The ADC front end board’s primary responsibilities are digitization and data sparsification. This document will attmpt to outline all of the design requirements and specifications without being overly concerned with implementation details. At the end of this document a cost estimate of a possible implementation will be presented and discussed.
2.0 I/O Interface Specifications:

Power:


· Need multiple supply voltages of 1.5,3.3,5 volts DC 

· Power will be provided on connectors and not on backplane

Inputs:
 

· PMT current signals are fast anode current pulses (10ns FWHM, 2ns rise time)

· Sixteen (16) channels of analog PMT signals in signal-reference pairs on RG-58 cabling w/BNC connection

· Eight RG-58 coax cables (10-15m) connector with BNCs

· External clock and slow control implemented on two twisted pair cables.

Outputs:

· Two (2) high speed serial links operating at data rates of 600Mbps each.

Clock:


-
ADCs require clocks at 100 MHz and 200 MHz

· System clock provided with slow control system link

· Moderately low jitter for serial links

3.0 Detailed  Specifications:

The ADC front end design may be logically separated into five (5) separate modules: signal conditioning and range compression, ADC digitization, FPGA buffering and control, power supply, and clock distribution. The specifications of each of these modules will be discussed in detail in the following sections. 
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3.1 Signal conditioning and range compression:


Requirements:

· Conversion from PMT current type pulse to voltage type signal for ADC digitization with noise level and offsets consistent with 12-bit ADC resolution

· Range compression is required for VVS inputs such that dynamic range is equivalent to 12 bits.
· Amplifier bandwidth must be upwards of 200 MHz to capture 10ns FWHM PMT signals.
· Response and settling times must be consistent with digitization frequency of 200 MHz.

The inputs to the ADC front end design will be PMT pulses. The expected PMT signal is a 10ns FWHM current mode signal with a 2ns risetime. The design goal is to ensure that the fastest of the expected signals will be resolvable by the system. The easiest solution previously was to use a very precise integrator operating at a relatively high frequency. However, recent advances in analog to digital converter (ADC) technology have lead to the ability to sample this signal without integration using a voltage-mode ADC.

The signals from both the FVS and VVS systems must be digitized. However, the dynamic range requirements differ slightly for both systems. While the FVS requires and equivalent of 10 linear bits of ADC range, the VVS requires 12 bits of dynamic range. However, the necessary resolution of the VVS system is somewhat less than 12 bits. By taking advantage of the smaller resolution requirements, the design may achieve the required performance at a substantially smaller cost per channel. The way to take advantage of this range-resolution mismatch is to implement a range compression scheme. There are various techniques that will be discussed further elsewhere, but the simpler techniques involve using amplifiers to implement an analog filter with a non-linear transfer function.

3.2 ADC Digitization:


Requirements:

· Sampliing for both FVS and VVS to occur at 100MHz
· The resolution requirements for FVS state 10 bit resolution and range. The VVS requirements are 8 bits for revolution and 12 bits for range.

· Low RMS noise figure (< 1 LSB) for both systems
The digitization section of the design is a major contributor to the overall cost per channel of the design. The digitization requirements are challenging without being state of the art. As a result, there are many options for devices to choose. A large portion of the design will be optimizing the price / performance ratio while meeting the required minimum specs.
3.3 FPGA Buffering and Control Module:


Requirements:

· Input data rates are based upon the digitization clock and the resolution of the ADCs. For both systems, the maximum raw data rate should not exceed 1.6Gbps per channel (16-bit width at 100MHz). 
· Data will be buffered and shipped out only upon the occurrence of a time-over-threshold hit.
· Data will be shipped out via two high speed serial links of roughly 600 Mbps each for a total output data rate of 1.2Gbps.
· The expected hit rate for the channels is 100KHz 
· Multiple operational modes will eventually be necessary. The mode information as well as clock information will be relayed from the slow control system to the  Front End via two (2) high speed serial links

The FPGA buffering and control system provides nearly all of the functionality for the digital portion of the design. Today’s FPGAs are very cost optimized devices that often incorporate the functionality of entire subsystems. Even lower-end FPGAs may provide nearly all of the necessary digital functionality for the ADC front end system. The FPGA buffering and control system will provide the four (4) key digital features necessary for the ADC front end design: clock decoding, mode control, buffering, and data link.
 3.4 Power Supply


Specifications:

· Need at least  three levels:

·  5V (Analog multiplier)

· 3.3V (ADCs, and FPGA I/O logic), 
· 1.5V (FPGA Core voltage) 

3.5 Clock Distribution


Specifications:

· Sampling clock rate 100 MHz

· System clock input from slow control system high speed link
4. Sample ADC FE Board Design
4.1 Signal conditioning and range compression:
The range compression portion of the design will be based upon the Analog Devices AD835 analog multiplier. The remaining amplifiers will be AD8011. The multiplier will implement a transfer function that has the closed circuit gain decreasing with increasing voltage. The overall gain will be similar to 1-A/x, where A is some constant determining the steepness of the curve. 
 

4.2 ADC Digitization:


The ADC digitization portion of the design is incorporated entirely in one IC. There are several viable options and just for the sake of quickly developing a sample design, an arbitrary low power high speed ADC was selected. The device presented here is by no means the optimum solution, but it does represent selecting the best solution from a single manufacturer at the present day. The device that this sample design will be based upon is the AD9214 device. This device is a 10-bit device with a maximum sampling rate of 105 MHz.
4.3 FPGA Buffering and Control.

The FPGA buffering and control section may be implemented in the low-cost Cyclone series of FPGAs offered by Altera. The Cyclone device offers RAM blocks, high speed LVDS signaling as well as internal PLLs for clock recovery. The number of necessary LVDS inputs and outputs depends upon whether or not the ADC’s output registers transmit data in parallel TTL/CMOS or serial LVDS standards. The maximum number of necessary LVDS I/Os would arise if all ADCs output LVDS signals; in this case, the total number of LVDS I/Os would be 21 (16 for ADCs, 2 from slow control, 2 for data link, and 1 for clock output to board clock distribution).  However, if the ADCs output parallel TTL/CMOS data, the number of necessary TTL inputs becomes large and consumes a large number of pins. Assuming all 16 ADCs output 10-bits of parallel ADC data, the number of I/Os necessary for just the ADCs becomes 160 pins. The FPGA that will be selected for this exercise will be the FPGA that can handle both the serial and parallel ADC I/O possibilities. It appears that the parallel ADC output would be the more expensive solution. The I/O requirements of a 16-channel board suggest that a device in a 240 package is the smallest possible solution. The smallest device supporting at least this number of pins is the EP1C4. However for ease of assembly, the QFP EP1C6 would be more desirable. 
4.4 Power Supply

The power supply requirements based on the sample design is as follows:

Part Description
# per board
Voltage Level

Current Draw

AD9214

16

3.3V


100mA * 4 = 1.6 A

AD835


16

5V


26 mA * 16 = 416 mA

EP1C6 cyclone
1

3.3V


500 mA  

CY2DL818.

2

3.3V


2*60 mA = 120 mA
Supply Requirements:


+5V supply:

416  ( 1 A


+3.3V supply:

2.22A  ( 3A


+1.5V supply:

0.500 A  ( 1A
4.5 Clock Distribution:

The clock distribution design consisted of 2 parts: recovering the received clock and fanning out the clock to all 16 channels of ADCs. 

4.5.1 Clock Recovery:

The Cyclone FPGA has LVDS receiver circuitry as well as internal PLLs that will allow for a small amount of edge control. The FPGA will primarily be responsible for recovering the LVDS clock received from the slow control system and translating it to several single-ended LVTTL/LVCMOS level signals. The internal PLL will be utilized to ensure that copies have edges synchronized to within a ns or less. 

4.5.2 Clock Fanout

The clock fanout portion of the design will utilize two (2) one-to-eight clock fanout ICs to achieve two nearly identical clock trees that will vary by no more than 2ns between any 2 outputs. This easy solution using the 1:8 clock fanout would utilize the Cypress Semiconductor CY2DL818 IC. The ideal solution would utilize a single one-to-sixteen clock fanout, however these devices are hard to find as monolithic ICs  Another possibility would be to utilize the FPGA and be sure to use the outputs where precise edge control is available for driving the ADC clocks. 
5.0 Bill Of Materials ICs only:

Part Number

Description
   
Quantity    Cost/brd   Availability

	AD835
	Analog Multiplier
	16
	$240
	Available

	AD9215
	10-bit 100MSPS ADC
	16
	$100
	Available

	EP1C6Q240-8
	Cyclone FPGA
	1
	$60
	Available

	CY2DL818
	Clock fanout
	2
	$6.90
	Available

	---
	Passives
	--
	$20
	---

	---
	Hardware/Connectors
	
	$150
	---

	---
	PC Boards w/assembly
	1
	$100
	---


Total Cost for single board  = 
$506.90
Cost per channel for each board = 
$42.30
_1137579941.ppt
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