[bookmark: h.rkr2hj87q4bo][bookmark: _GoBack]LBNL LCLS-II DAQ board requirement
[bookmark: h.3r58br0dkdj]I/O signals:


	
	Signal
	count
	Frequency
(MHz)
	Designed power level *

Nominal(dBm)
	min
	max
	variation
(dBm) **

	input
	clock
	1
	1320
	1
	
	
	+/-2

	Input
	IF
	8
	5-35
	+7
	+5
	+8
	+/- 0.5

	Output***
	IF
	2
	5-35
	3
	1
	4
	+/- 0.5

	
	
	
	140-150
	1
	-1
	2
	+/- 0.5


* Design and construction of filters involves trade-offs in reality.  At this conceptual phase, the actual nominal value is considered to have a range between minimum and maximum. 
** Sample variability and temperature dependence after the design is fixed and tested
*** Output frequency band should be configurable through BOM change or simple rework[footnoteRef:1].
 [1: 	 145 MHz output configuration of Analogizer is implemented with notch and bandpass elements directly at the differential current output of the DAC.
] 

[bookmark: h.nfpssk7g88m3]Connectors:
	
	count
	Part # [footnoteRef:2] [2: 	 Links are non-normative.] 

	location
	

	12V Power
	1
	MTA156-4
	top or bottom
	

	Clock, IF I/O
	13
	SMA female right angle
	“left hand” edge
	minimal pitch 14mm

	FPGA connector [footnoteRef:3] [3: 	 Even though double-LPC-FMC connectors are used, this will NOT be an FMC board.  It will violate many parts of the standard, especially the mechanical ones, and will not necessarily meet the analog specs above if placed in an electrically or acoustically noisy housing that typically accompanies FMC gear.] 

	2
	FMC LPC
	“right hand” edge
	see appendix A for pin semantics 

	JTAG
	1
	7x2 2mm header
	top or bottom
	Xilinx platform cable compatible, for initial CPLD programming, if needed

	Test point
	?
	U.Fl
	scattered
	




[bookmark: h.bvz47vi3ehds]Mechanical form factor:

Circuit board thickness: 1.6mm +/- 10%
Circuit board length: <150mm
Circuit board width: 139mm

Flat-back with 10mm margin on the top, bottom and left (SMA side), 12mm margin on the right (FPGA side). [footnoteRef:4] [4: 	 Flat back of PCB is intended to allow high-quality thermal sinking/filtering/stabilizing.] 


[bookmark: h.vzu3w82gs3ka]Performance spec:
[bookmark: h.5ibkv4s5ks49]Clock:
Phase noise limits as needed to support digitizer specs.
[bookmark: h.iywuvjtv2psf]Digitizer:

Sample rate: 
Functional from 40 to 125 MS/s
Noise Power Density @ 90-105MS/s sample rate, 20 MHz carrier, >1 kHz offset:
< -151 dBc/Hz
1/f component:
	TBD?
Distortion [footnoteRef:5]:  [5: 	 ADC distortion is expected to be small compared to mixer distortion.] 

Two tone third-order sidebands less than -70 dBc at full scale 20 MHz.
Input impedance: 
50 Ohm, S_11 < -12 dB
Out-of-band response:
< -12 dB for f > 60 MHz
Emitted clock noise:
TBD
Latency from SMA to digital output word:
 < 180 ns at 100 MS/s

[bookmark: h.2klpsnyxub95]Analogizer [footnoteRef:6]: [6: 	 Very weak performance demands on the Analogizer (DAC).  The module’s noise output will be dominated by the digital gain applied to ADC noise. Drift of the output channel will be reduced by feedback gain
] 

Sample rate: 
80 to 250 MS/s
Latency from digital input word to SMA:
 < 80 ns at 200 MS/s
Spurs (when running full-scale 145 MHz output at 188 MS/s):
	< -30 dBc at 43.6 MHz
	< -40 dBc at 188 MHz
	< -20 dBc at 231.6 MHz
	< -50 dBc all others
[bookmark: h.pf3tvy4msud3]Crosstalk:
at 20 MHz:
  < -95 dB adjacent channel ADCs
  < -80 dB adjacent channel DACs
  < -105 dB for other ADC pairs
  < -90 dB DAC to ADC
Crosstalk from 145 MHz DAC to 20 MHz ADC (will alias to ~43.6 MHz)
  < -70 dB, but that spurious signal is rejectable in DSP

[bookmark: h.f11qtcr0j8hb]Construction:
Power consumption: <6W.
On-board switching power supplies (if any) will be synchronizable to the DSP under FPGA control.
Configuration and Built In Self Test (BIST) features of ADC and DAC using SPI supported via the FPGA connector. 
LED indication of power and activity.
[bookmark: h.cj0jllum0xwt]Board calibration and testing requirement:
Each board will be calibrated during testing.
[bookmark: h.hh38govtwhgp]Software support requirement:
	Pin mapping file.
Portable FPGA source code (synthesizable VHDL and/or Verilog) to support setup and operation of each ADC and DAC, tested in simulation and hardware.
[bookmark: h.rgdjagiycukq]Sample design:

It is expected that the above specs can be met with AD9653 as the dense ADC,  and AD9781 as the DAC, using a TCM4-19 transformer on each ADC input.

Digital connector pin accounting
  AD9653  10 LVDS pair @ 800 Mbaud
  AD9653  10 LVDS pair @ 800 Mbaud
  AD9781   17 LVDS pair @ 400 Mbaud
  housekeeping  14 LVCMOS single-ended
Note that the LVDS pairs include clocks, one per chip from DAQ module to FPGA board.


Local power supply monitoring  with MCP3208 ADC or similar
  12V input voltage and current
  each switching regulator voltage
AD7794 and thermistor bridges for temperature 

[bookmark: h.saa2si41s82u]Notes (Informative):
1. FMC connectors have clear advantages for interoperability and prototyping. None of the analog parameters will depend on the choice of connector.
This will NOT comply with FMC standards.  It will violate many parts of the standard, especially the mechanical ones, and will not necessarily meet the analog specs above if placed in an electrically or acoustically noisy housing that typically accompanies FMC gear.
2. 145 MHz output configuration of Analogizer is implemented with notch and bandpass elements directly at the differential current output of the DAC.
3. Flat back of PCB is intended to allow high-quality thermal sinking/filtering/stabilizing.  
4. Very weak performance demands on the Analogizer (DAC).  The module’s noise output will be dominated by the digital gain applied to ADC noise. Drift of the output channel will be reduced by feedback gain
5. ADC distortion is expected to be small compared to mixer distortion.
6. Links are non-normative.
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