
NectarCam F2F, Grenoble, 2017-12

• firmware status

• FEB powering, firmware fuse

• calibration

• L2, OPCUA implementation

• available hardware and production planned

• next steps

• answering on Julies questions

– remaining issues of prototypes

– test benches, test procedures, status

– administrative procedures

– SCHEDULE

– money ... money

– documentation, status
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Digital Trigger, Status, December 2017
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Trigger & Power Topology 
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trigger efficiency vs. L0 delay, 1ns trigger window

delay / ns

1.0
• improved L0 delay adjustment

– improved behavoir, see diagram by Patrick S.

– no 5ns max. delay limit anymore

– presently implemented is a max. range of 8ns for 
each of the 37 L0 signals

– can be easily extended, e.g. to 16ns, if required

– no need to tune the analog L0 delays (L0 ASIC)
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DTB4 Firmware Rev.007, Status

• PPS_ERR_CT register implemented

– 50 MHz system clock cycles between consecutive 1PPS pulse are being counted

– if not equal to exactly 50 Mio., the PPS_ERR_CT increments

1.0
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• 28 x 16bit register block implemented

– access via SPI bus (L2-backplane)

– L2CB is master, controlling 18 CTDBs

– SPI read / write cycle time is 5.4us

– e.g., reading 1234h @ addr 20h, slot 2
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CTDB1 Firmware Rev. 004, Status
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SPI read of 1234h from reg. @20h, CTDB in slot 2

• FEB current measurement implemented

– range : 0 to 2A

– 12 bit resolution, 0.485mA / bit

– accuracy : +/-1 % (prelim.)
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• Firmware fuse

– FEB emergency power off in case of over or under (!) current

– max. fuse delay is 44.8us (by ADC refresh cycle)

– error status („fuse of chan_x blown“) kept, until software toggles the power on bit

– FEB power cycling, measured, see below 

– programmable max. (1.6A is default) and min. current (100mA is default)

– programmable disable period (50ms is default) at power on while inrush current flows

– programmable wait period after power off (60ms is default)
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CTDB1 Firmware Status, cont.

voltage

current
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• powering on, all FEBs at the same (almost) time

– would require 18 SPI write cycles a´5.4us => ~ 100us

– 24V, overall inrush current load ~265 * 2 A = 530A for 
about 10 ms

– Pulse power supplies have dynamic overcurrent 
capabilty, max. 720A for < 25ms, 

=> would work, but is fairly brutal

• powering on, one by one, with 30 ms delays

– would require 265 * 30ms => ~ 8s

=> fairly long duration

• powering on, 15 FEBs at the same time, with 30 ms delays

– would require 18 * 30ms => ~ 0.54s

⇒ might be the best compromise

• other possible ways to reduce the overall inrush current

– change max. inrush current peak from 2A to 1.2A, by 
resistor, power on all at the same time => max. 320A

– force 30ms - sequencing by firmware
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Camera, Power On Sequence
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• the DEBUG register allows to program the usage of the test 
pin field 

12/11/2017 K.-H. Sulanke, DESY 7

CTDB1 Firmware cont., Debug Register

DEBUG reg. test pin field functionality

00h (default) power on groups of FEBs by setting jumpers

01h serial ADC1 (U45), monitoring SPI bus signals 

02h serial ADC2 (U46), monitoring SPI bus signals 

03h L2-crate backplane, monitoring SPI bus signals
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• digital trigger works w/o any calibration already

• for improved performance, four items to calibrate

1. 1PPS / clock delay

• method still to be agreed on, see next slides

2. L0 delays

• implemented, by using „trig_2_of_37“

3. L1 up delay (L2CB)

• possible, based on delay table by Xilinx compiler 

4. L1A down delay (camera trigger)

• according to latest measurements not required

• programmable at DTB4

• possible by analyzing the FEB trigger timestamp

• upper shown calibration sequence should be used

– digital trigger is a synchronous system

– best performance, when all clocks are in phase
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Calibration
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• should be the first step of the calibration procedure, several methods possible

• Method 1, using the LED / laser source, could even be triggered by 1PPS

– using firmware TDCs, take L0 time stamps (central pixel ?)

– adjust the 1PPS delay accordingly by software

– pros: fully automated procedure

– contra: uncertainty of the L0 delay (PMT, L0-ASIC, FEB-FPGA, …)

• Method 2, step by step, 1PPS phase comparison and delay adjustment by DTB4 firmware

– one time calibration after Digital Trigger installation

– central FEB as reference

– needs 264 x plugging of a test cable and pressing a button on the DTB4

– implemented in firmware, successfully simulated and tested

– read back and storage of the gained delay value by software

• local storage / power on reload (EEPROM) by firmware also possible

– pros: accurate, half automated

– contra: manual interaction needed
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1PPS & Clock Calibration
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• Method 3, step by step 1PPS scope based phase comparison and verification, delay 
adjustment by software

– delay is not significantly dependent on temperature and time

– one time calibration after Digital Trigger installation is sufficient

– central FEB as reference, using onboard test points + good scope with diff probes

– read back and storage of the gained delay value by software 

– pros: very accurate

– contra: manual interaction needed

� Method 3 would be my preferred one

• only required once, at the camera assembly phase

• minor effort, if something in the hardware chain CTDB to FEB got changed (e.g. repair)
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1PPS & Clock Calibration, cont.
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L2CB1• David Melkumyan:

„I'm done with preparation of the C++ OPC UA SDK binaries for the 
embedded system...”

• Marek Penno, Marko Kossatz will provide the „hardware access layer“

• presently linux commands do exist, to access the CTDBs, e.g.:

cta_rw

root@CTA_L2CB1:~# cta_rw -s2 -w0 -v1234

write to register [0x0] on slot 2: 0x1234

root@CTA_L2CB1:~# cta_rw -s2 –rff

read from [0xff] from slot 2: 0x4

cta_power

root@CTA_L2CB1:~# cta_power -s2 --on –all

root@CTA_L2CB1:~# cta_power -s2 -c7 --on

root@CTA_L2CB1:~# cta_power -s2 -c7 --off

• more commands will follow soon
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L2, OPCUA Implementation



NectarCam F2F, Grenoble, 2017-12

• planned production in 2018:
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Available Hardware and Production planned

item amount
@ CEA

amount 
@ DESY

amount @ 
LPNHE

remark

DTB4 21 10 3 Digital Trigger Backplane, 34 pcs.

CTDB1 2 3 Clock & Trigger Distribution Board, 15 chan. each

L2CB1 2 3 L2 Controller Board

L2-Crate 1 2 L2 Crate incl. L2 backplane

item amount date of 
delivery

remark

DTB4 70 01.04.18 produced at DESY Hamburg

CTDB1 20 01.03.18 produced at DESY Zeuthen, 
first test of a fully populated L2-crate possible

DTB4 210 01.09.18 produced at DESY Hamburg

• presently available:
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• L2-crate

– how big is the overlap with lower clusters ?

– is it possible to establish the 24V main power connection by sliding in the L2-crate ?

• e.g., by using MC power connectors
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Open Questions

• auxiliary power supply, e.g. pulse CS5.241 (32x124x117mm)

– installation in the PDB or outside the L2-crate possible ?

=> instead 240V AC only 24V connection to the L2-crate required
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• organizing the production of 70 DTB4s at DESY Hamburg and 20 CTDBs at DESY Zeuthen

• further firmware developments

– DTB4

• improved trigger masking schema

• L0-TDC for 1PPS calibration as an option (?)

• more trigger alghorithms (?)

– L2CB1

• test firmware to check the signal integrity for the 265 L1 connections

• L1 up delay calibration by a programmable 2_of_265 AND function

• storage (FIFO) / readout of the L1 pattern

• L2CB1 user manual update

• OPCUA development

– test setup, second L2-crate+CTDB1+DTB4, to play with

• L2 crate, depending on the outcome of this meeting

– auxiliary power supply, integration needed ?

– connection sheets + plugs / sockets for the 24V main power (50mm2 wire) will be 
prepared
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Next Steps
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• remaining issues of prototypes

– L2-crate mechanics and auxiliary power supply position need to be agreed on

• test benches, test procedures, status

– full test setup do exist

– test procedures exist, but not yet documented

• administrative procedures

– not needed

• SCHEDULE

– see slide „Available Hardware and Production planned“

• money

– DESY will pay for the first full trigger setup (~60 k€),

– if it performs like expected and if accepted by the NectarCam team, DESY will pay 
the trigger for the remaining 14 NectarCams 

• documentation, status

– DTB4 √

– CTDB1 √

– L2CB1 -, update needed
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Answering on Julies Questions
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Thanks !

Any Questions ?
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Backup Slides
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CTDB, Power Switch

• R16 (0.1Ω) for current sensing

• power switch U13 (FPF2702MX) 

– TTL-level on/off input (control by 
FPGA)

– short circuit proof

– power ramping (7.5 ms min), 
switching to current mode if 
overcurrent

• R63 for max. current, see Table 1.

– two values tried (120K and 270K)

– see measurements on next slide

to ADC



NectarCam F2F, Grenoble, 2017-12
12/11/2017 K.-H. Sulanke, DESY 19

DT Costs

• 1000 DTBs assumed

• driven by the DTB

• L1 (DTB) ~ 200 €

• L2 ~5000 €

• Sum = 58000 €

• per pixel ~ 31 €
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• Hardware

– the 4 custom made board types are fully functional w/o any known PCB bugs

– presently new revisions are neither planned nor needed

• Firmware

– DTB4

• progr. trigger type: 3NN_of_37, OR_1_of_7, OR_1_of_37, AND_2_of_37

• progr. trigger window (1,3,5,7 ns or no limit)

• progr. delays: 1PPS, L1A, L0s

• SPI bus interface, pixel masking, etc …

– CTDB1

• SPI bus interface

• power switching

• FEB current measurement incl. firmware fuse

– L2CB1

• high speed memory interface to the ARM MCU

• SPI bus interface (for CTDB control)

• L1 masking

• L1 delay programming
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Prototype Status, Summary
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• Software

– L2CB1

• remote firmware update

• power switching

• register read / write tool
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Prototype Status, Summary cont.


