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1.0 Introduction:

The QIE is ideally suited to certain portion of the CKM design. The QIE provides a very high dynamic range digitizer and a decent conversion rate. The QIE compromises resolution for range by utilizing a non-linear transfer function. 
This document will provide an overview and eventually a cost estimate for the design of a minimal front end design to fit into the CKM DAQ system design architecture.

2.0 System Level 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

· External clock input and slow control provided on two (2) differential twisted pair LVDS signals. 

Outputs:

· Two (2) high speed LVDS data links each link running at 600Mbps  total bandwidth = 1.2Gbps
Clock:


-
External clock provided on LVDS pair
· 100 MHz necessary for digitization
3.0 Detailed  Specifications:

The QIE Front End board design may be logically separated into four (4) separate modules: QIE biasing and interface, main board control, clock fanout, and power supply. The specifications of each of these modules will be discussed in detail in the following sections. 
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3.1 QIE biasing and interface:


Requirements:

· Sixteen (16) QIEs providing four analog input channels for charge integration

· Each QIE takes reference and signal inputs from PMT bases; this yields 32 analog input signals for QIE operation

· Each QIE will use the non-inverting input for charge integration

· QIEs should be free-running, however provisions for testing modes with the QIEs operating in different modes should be made 

Fortunately, most of the QIE interface portion of this board has been designed and proven in previous boards used to characterize the QIE8 chips. The only changes between this board and previous test boards used to characterize the QIEs is that that this board will use sizteen channels where all other boards had a maximum of siz (6) channels  This board will use the non-inverting input of the QIE , and may take advantage of previous board layouts for the non-inverting input. As long as adequate spacing is provided between channels, there should be no major difficulties in changing from 4 or 6 channels to 16 channels.
3.2 FPGA buffering and control:


Requirements:

· Incident data rate from 16 QIEs operating at 100 MHz will be 900 Mbps per channel although 200 Mbps of this is the CAPID information which is duplicated for every QIE.
·  All data is to be received as LVDS level signals; this requires 9 LVDS signals per channel. To implement this level translation only in FPGA would require 144 LVDS I/O links.
· Received data is buffered until time-over-threshold hit occurs then data is shipped out via data link.

· Output data rate to be at a maximum of 1.2Gbps instantaneous data rate utilizing two (2) 600 Mbps LVDS links from FPGA to implement this high-speed link.
· Provide control signals for QIE reset, calibration, and DAC compensation, as well as board level mode control.
The FPGA buffering and control module is very I/O limited. The mode control and data reduction schemes are relatively simple designs and may be implemented in a relatively small FPGA. However, an inexpensive FPGA with 140+ LVDS I/O pairs might be a challenge. The limited I/O channels problem is diminished somewhat by translating the LVDS signals to TTL or CMOS before entering the FPGA as LVDS requires twice as many I/O pins as TTL/CMOS, however the level translating ICs are not free either. It is unwise to mix signals translated via an external IC and signals translated inside the FPGA as the skew induced could be a large portion of the clock period at 100 MHz. All signals should go through translator ICs or a large FPGA must be purchased which may handle the high number of required LVDS I/O channels.
3.3 Clock Distribution:


Requirements:

· Input to board arrives from slow control system as a differential twisted pair signal.
· Clock recovered initially by FPGA may either be sent to dedicated clock fanout buffer or FPGA may directly drive QIE clocks but must keep skew low by using PLL.
The clock distribution scheme may be implemented entirely within the FPGA so long as the FPGA outputs may be guaranteed to have very low output skew. However, dedicated clock fanout chips might be the preferred option depending upon how difficult it is to set up the clock outputs to transition with low skew between them. There are numerous inexpensive very low skew clock fanout chips on the market capable of driving the clock signals to within a few hundred ps of skew or less. It might not be worth wasting resources within the FPGA when a simple dedicated IC could perform the task just as well and much simpler. 

 3.4 Power Supply


Specifications:

· Need at least three voltages:

·  5V (QIE)
·  3.3V (Interface and Control logic)

· 1.5V (FPGA core) 

3.5 Clock Distribution


Specifications:

· Clock input from slow control on differential LVDS pair.

· Digitization clock at 100 MHz
· QIE clocks accept LVDS (or PECL through resistor divider)
4. Baseline Board Design
4.1 QIE Biasing and Interface

The QIE biasing and interface module consists of two components: the QIE and its biasing network, and the LVDS to TTL buffers.

4.1.1 QIE Biasing:


The QIE will be utilizing the non-inverting input so the following changes must be made to the 2-channel CMS test board:

· AVDDI grounded since non-inverting input is not used

· Don’t know exactly the REFBIAS value so use a voltage divider network for flexibility.

4.1.2 LVDS to TTL Buffers:

The LVDS to TTL buffers simply level convert the QIE outputs to TTL for input into the Main Control PLD. The part that was selected for this purpose was the DS90LV032A LVDS receiver. This part is the same part used in the CMS test board and it enables the layout around the QIE to remain as similar as possible. 

 

4.2 FPGA Buffering and Control:


The FPGA buffering and control section is responsible for reducing the data that is sent to the combiner cards to only pertinent data. The data rate of the QIE data incident to the FPGA is 14.4Gbps. This 14.4 Gbps data rate will be dropped down to well below 1.2 Gbps (max data link bandwidth). The FPGA performs this data reduction by transmitting data only for time-over-threshold hits. The other purposes of the FPGA buffering and control system are to provide board-level mode control as well as receive and transmit the high speed LVDS data into and out of the board. The baseline design will utilize the Cyclone series of low cost FPGAs to implement the required FPGA functions. The only remaining digital logic that will be necessary in additinoa to the FPGA will be the LVDS to TTL level translators and the low-skew clock drivers.
4.3 Clock Distribution:

On-board clock distribution is to be accomplished in two stages: clock recovery and clock fanout. The clock recovery will be accomplished by utilizing the FPGA’s LVDS receivers  and PLLs to receive the LVDS clock as well as shift the edges around as necessary. 

The clock fanout portion of the clock distribution system will be accomplished with two (2) 1:8 or 1:10 low –skew fanout buffers. These buffers provide exact copies of the clock inputs where the output skew between channels on the same chip is less than a few hundred ps. 

4.4 Power Supply

The power supply requirements based on the current bill of materials is as follows:

Part Description
# per board
Voltage Level

Current Draw

QIE8


16

5V


120mA * 16 = 1.92A

DS90LV032A

36

3.3V


21mA * 36 = 756mA

XC95144XL

1

3.3V


700mA   = 600mA

MC100EP111

2

3.3V


485ma * 2 = 970mA

Supply Requirements:


+5V supply:

1.92A => 2A


+3.3V supply:

2.326A => 3 A


+1.5V supply

500mA => 0.5 A

5.0 Bill Of Materials ICs only:

Part Number

Description
   
Quantity    Cost/brd   Availability

	---
	QIE8
	16
	---
	Available

	MC100EP111
	Clock driver
	2
	$20
	Available

	EP1C6Q240-8
	Cyclone FPGA
	1
	$60
	Available

	DS90LV032A
	LVDS to TTL receiver
	36
	$118.8
	Available

	---
	Passives
	--
	$20
	---

	---
	Hardware/Connectors
	
	$150
	---

	---
	PC Boards
	1
	$100
	---


Total Cost for single board minus passives, hardware= 
$468.8
Cost per channel for each board =  

$29.30
_1137582284.ppt
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