Digital Trigger, Status, December 2017

e firmware status

e FEB powering, firmware fuse

e calibration

e |2, OPCUA implementation

e available hardware and production planned

e next steps

e answering on Julies questions

remaining issues of prototypes

test benches, test procedures, status
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Trigger & Power Topology
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DTB4 Firmware Rev.007/, Status

trigger efficiency vs. LO delay, 1ns trigger window

e improved LO delay adjustment

1.0 e e

— 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 LO signals

— can be easily extended, e.g. to 16ns, if required
— no need to tune the analog LO delays (LO ASIC)
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e 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
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CTDB1 Firmware Rev. 004, Status

SPI read of 1234h from reg. @20h, CTDB in slot 2
e 28 x 16bit register block implemented 5 5
— access via SPI bus (L2-backplane)
— L2CB is master, controlling 18 CTDBs
— SPI read / write cycle time is 5.4us SP1 MOSI
— e.g., reading 1234h @ addr 20h, slot 2

SPI SYNC

SPI SCILK

SPI MISO
e FEB current measurement implemented CTDB1, channel to channel
— range: 0to 2A deviation
686
— 12 bit resolution, 0.485mA / bit <
. £ 684
— accuracy : +/-1 % (prelim.) £ o8 A
Q
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CTDB1 Firmware Status, cont.

e 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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Camera, Power On Sequence

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

12/11/2017

K.-H. Sulanke, DESY

Tek Run —— | ] Trig?

24V voltage

current |

il 10ms
+—>

@ S0V 10,0ms 10.0k5/5 @ 15 Dec 2016
S00mA 1000 points 5.00v 07:36:28

Fig. 6-4 Dynamic overcurrent capability, typ.

Output Voltage (dynamic behavior, < 25ms)

28V =y eV
24 . AN L Ll
20 |- Aghmene ST W
, Range | | Lo
o1 —— 977171~
1 O A U O I NS O I T A
12 T T T T C
ST T T T TN
AT 7" output current | '\ 17T
0 T T T T T T T T T 1

0 15 30 45 60 75 90 105120135 150A

1 Taur,

NectarCam F2F, Grenoble, 2017-12



CTDB1 Firmware cont., Debug Register

o the DEBUG register allows to program the usage of the test
pin field

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

Ch1l_ 2.00Vv M1.00us A Chl v 880mV

23 Jul 2017
09:10:54

il 9.800 %
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Calibration

o digital trigger works w/o any calibration already

e for improved performance, four items to calibrate
1. 1PPS / clock delay
e method still to be agreed on, see next slides
2. LO delays
e implemented, by using ,trig_2_of_ 37"
3. L1 up delay (L2CB)
e possible, based on delay table by Xilinx compiler
4. L1A down delay (camera trigger)
e according to latest measurements not required
e programmable at DTB4
e possible by analyzing the FEB trigger timestamp

e 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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1PPS & Clock Calibration

e should be the first step of the calibration procedure, several methods possible

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

using firmware TDCs, take LO time stamps (central pixel ?)
adjust the 1PPS delay accordingly by software

pros: fully automated procedure

contra: uncertainty of the LO delay (PMT, LO-ASIC, FEB-FPGA, ...)

e 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
¢ |ocal storage / power on reload (EEPROM) by firmware also possible
pros: accurate, half automated
contra: manual interaction needed

12/11/2017
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1PPS & Clock Calibration, cont.

e 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

e only required once, at the camera assembly phase

e minor effort, if something in the hardware chain CTDB to FEB got changed (e.g. repair)

12/11/2017
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L2, OPCUA Implementation

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 [Oxff] 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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Available Hardware and Production planned

e presently available:

DTB4 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

e planned production in 2018:

DTB4 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
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Open Questions

e |2-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 e.g., by using MC power connectors
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e 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

NectarCam F2F, Grenoble, 2017-12 —
12/11/2017 K.-H. Sulanke, DESY 13



Next Steps

organizing the production of 70 DTB4s at DESY Hamburg and 20 CTDBs at DESY Zeuthen

further firmware developments

— DTB4
e improved trigger masking schema
e LO-TDC for 1PPS calibration as an option (?)
e more trigger alghorithms (?)

- L2CB1
o test firmware to check the signal integrity for the 265 L1 connections
e L1 up delay calibration by a programmable 2_of_265 AND function
e 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

NectarCam F2F, Grenoble, 2017-12 —
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Answering on Julies Questions

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
- DTB4V
- CTDB1V
— L2CB1 -, update needed

NectarCam F2F, Grenoble, 2017-12
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Thanks !

Any Questions ?
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Backup Slides
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CTDB, Power Switch

e R16 (0.1Q) for current sensing
e power switch U13 (FPF2702MX)

e R63 for max. current, see Table 1.

TTL-level on/off input (control by

FPGA)

short circuit proof

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

DTB P24V  R16
1 2

u13
FPF2702MX

DTB1_P24V

DTB1VIN 1 VIN VOUT -
w

nPON(1)y 4 | N FLAGEB L1 o 2
3| 21T

ISET1 ISET PGOOD |5

GND
NC

current limit = 1.84 to 2.6A

u30
S18540-B-FW

RG2
1

two values tried (120K and 270K)

see measurements on next slide

Table 1. Rggr Selection Guide

Reer Current Limit [A] Tol. (%)
(k) Min. Typ. Max.

111 2.00 250 3.00 20
124 1.79 224 269 20
147 1.51 1.89 227 20
182 1.22 1.52 1.83 20
220 1.01 1.26 1.51 20
274 0.81 1.01 122 20
374 0.59 0.74 0.89 20
549 0.40 0.51 0.61 20

R79
[ 4K99 |

GND

ouT 4 DTB1_CUR to ADC
1 Re SHON o
GND
2 5 G
SND

G
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DT Costs

e 1000 DTBs assumed
e driven by the DTB
e L1(DTB) ~ 200 € :
e L2 ~5000€ i
e Sum = 58000 € 0

LRI

o

e perpixel ~ 31 €

20

21

22

24

25
26

27

& E = [u] E F G H
Bawt ™ Einze™ Menge Price if
Posit Bencunung § Type § W Hersteller Hersteller-Hr. oy IVE 1000 pes. - Colul +
ChH2,C635,
CE4,CE5, .
CEE.CET Capacitor 1206 47uF 10 20% FAURST & GRMIICRE1A4TEMETS 0,26 T 152
ca
c3 Capacitor 2220 10uF S0W 10% KEMET Caza0x106K5RAC 1,10 1 1,10
F1 Mizc SERIE 453 T-14 14 LOTELFUEE 0154001.0R 1,53 1 153
MJ2,03,04 | Conneckor EHF-120-01-L-0 Gald- .
JSJE | Plued 127 mm Terminale block 00 | 7" MED-33E2042 haz & 2
Connector 6463025-1 Gald-Plated
12 Header Shiclded 2-pack Bus- TE CONMECTIVITY 64630251 5,60 2 1,20
Kaontaktblock High Speed
Conneckor CATS Gold-Plated
M3 F el Shiclded Straight FOLEX S5505-5001 2.24 1 2.24
4 Cntscter 13404174 Gald-Platsd g coppperpmy 1540417-4 5,00 1 5,00
Phosphor Bronze vertical
e Dannector BTEI2-1420 2 mm Male | oy g gTEzE-1420 0,32 1 032
Ztraight Sweircihig
) Inductar 10uH F.errltlt Inductar WUERTH ELEKTROMIK T44534 30000 1,44 1 144
Power Magnetic Shielded
Inductor T440534 5022 High @
LS Factar Inductar High Current Low " UERTH ELEKTRORIE 44053435022 160 1 160
OC Rezistance Power 2,2uH
tl'LLE;'LS' Farrite 0505, 14, OR3, 1K WUERTH ELEKTRORMIE T42732035 0,14 5 0,70
[0} IC XCAELX16-3C2G524 FPGA HALIMG HCEHILXIG-3C2G524] JTA7 1 31,17
uz 15 SIS eb e | g AT4SOE0SID-250 160 1 160
FLAZH Serial
Uz G ADCHPENSEKEZ-R2 AMNALDG DEVICES ADCMPED4EKEZ-R2 265 1 2,65
Comparater LYDE Fazt
us ?TMPDSBWZT"’“P"““” ANALDG DEMICES TMPOSERTZ 117 1 117
Ccnzor
U IG LTSEE0EMEERPER Regulster || p o p TECHNOLOGY LT 3650EMIEHPEF 5,06 1 T
Zupply Poszitive
IC MCP1S26E LDO Requlator
ur FICROCHIP 052 1 052
“oltage Regulator, Positive, 2.5% MCP18265-2502EIDB i} i
IC MCP1S26E LDO Regulator
us MICROCHIP 052 1 a5z
“altage Regulatar, Positive, 1.2 MCPIE26E-1202E/DE
W2 EID?\.:'“ e A RS 0N SEMICONDUCTOR MERASLOT 35 0,16 2 0,52
WEMNENE,
WENTNE, | Diode SOT323 EATS4ENW 30Y NP Semiconductars EATS4EW 0,33 T 23
W3
IC D24 31P+ EEPROM 1KE,1-
u3 WIEETSOCE PeAAIR DE2431P = 0,70 1 0,70
CT6 EMI Filter, 1206, 220F, 24, 50% PALIRAT & NHFM3DPC223R1IHIL 0,25 1 0,23
EW1,EW2 | push button switch, EMD Eicurnz T314.J-1-000E 0,40 2 0,50
MG,
cable f_:"""' IDC, 1.2TMM, 40 Harwin M50-3302042 154 3 164
SonnEckor ¥
Flak cable, 30 &W0G, Tx0.0mm, 50
kil ) . . S 3754-40 021 3 063
Eamle weay, 122 ohm, 0.635mm, FYC
MEoeable | pet, 224 way, crimp, HE14 series | TE COMMECTIVITY 2815554 0,27 1 027
conneckor
TED iR ||l et (R TE COMMECTIVITT 1827342 0,14 4 056
contacks | 0LE..1.5mm,
cable CatBa, 3m KabelEcheuns PPE.050.GE 4,13 1 [RE]
PCE PCE, & layers Contag S554-00 66,00 1 £6,00
assembly 20,00 1 20,00
L1 SUm 195.31 |
Lz UM 480000 |
overall sum 5655715 |
sum | pizel 30,49 |
—

12/11/2017

K.-H. Sulanke, DESY

NectarCam F2F, Grenoble, 2017-12

19



Prototype Status, Summary

e Hardware

e Firmware

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

— presently new revisions are neither planned nor needed

— DTB4
e 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, LOs
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 cont.

e Software
- L2CB1
e remote firmware update
e power switching
e register read / write tool
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