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The Centralized Trigger Schema

L2-Crate
r===-=-"=-=-"=-=-==""="-"="-"==-=®==== 1
| |
/@\(L,O_neighbor : CTDB L9CB -:— 24V (FEB power, optional)
N 5 FEB. K A IC !
< i L1 1y L1_1 ethernet |¢+—4—»
/ FPGA/ | . |
LO_neighbor ! . N ___
/_\(v | FPGA FPGA (I 1
\ FEB7 . Ll s Li2es 11 TIB I
’ / 4) : < Camera_trig |« : : :
FPGA/ I GPS_clock |« i
T e | ———L2Bp A !
= Photomultiplier Tube

FEB = Frontend Board e !
DTB = Digital Trigger Backplane

L2BP = L2 Backplane

CTDB = Clock & Trigger Distribution Board

L2CB = L2 Controller Board

e LO by AT-LO-Asic discriminator outputs now, (digital LO mezzanine replaced)
e L1 by 265DTBs

e L2 by L2-Crate including
— Backplane (L2BP)
— 18 Clock & Trigger Distribution Boards (CTDB)
— 1 L2 Controller Board (L2CB)
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DTB2 -> DTB2a

e obsolete gigabit ethernet conn.

replaced by ERNI 203342 "6 | }998 6
e DC/DC, additional filter added ?';%;%;w

— avoiding ripple on the 24V 7/ W mm{i
e pin compatible, cheaper conns. 4 e

used, Samtec => Harwin

— 53 € cost reduction for mass
production

o 20 boards assembles by the DESY
workshop

Teki Run Sample HHIHEIS‘M 24V rlpple@O-SA
: ~ measurement

7 - showed probe

_ . . . ...... . no'se Only
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DTB2a, Combined Power and Clock Input

* requires a per cluster only (+ gigabit ethernet cable)

e 24V, clock and PPS over a single wire pair

e overall voltage drop is 0.7V ... 1V, depending on the cable being used

Cat6 - signal

Wire
Pair
1 1PPS_CLK_24V
2 BUSY_out
1 FE-board ' Alternative 3 Trig_L1_out
Gigabit port - Power conn. 4 Trig_L2_in
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The Clock & Trigger Distribution Board (CTDB)

15x
Caté
Cable

Backplane
connector

15 x switch + ADC 24V
X SWICC 30A

Clock_PPS 24V <€¢—
Busy —_

L1 feb T B>

L2 camera. T <«—

Xilinx
FPGA
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CTDB1

e main features

DTB signals V
o P24V _clock_pps distribution
e L1_trigger reception, passing to L2CB
e |2 trigger fanout, passing to DTBs
o FEB_BUSY reception, passing to L2CB

DTB + FEB power switches vV
e allows individual FEBs power on / off

monitoring of FPGA config. and trigger vV
current measurement --
control via SPI bus interface --

10/13/2016
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DTB_24V
(max. 30A)

power trigger
switch lLEDs
v s ;

24V
clock

PPsS
trigger

psupply

§ signal
protection
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CTDB1, Power Switch (FPF2702)

e on / off by FPGA CMOS signal

Typical Performance Characteristics FPF270X
Viy =12V and T, = 25°C.

e

Belift2 £ 190 24
owsend -~ PGood

anpiliuce

e power on ramping

e programmable (R63) max. cur.

Vout
FeliC3) 1.468ms

4000 scale
ch2

e short circuit and overheat protection

i oo ¢ &,
Th3  5O¥ o w D2 tra

WG B

Figure 30. 12V Turn-On Delay (R =5009, Cqyr=2F) Figure 31. 12V Turn-Off Delay (R =500, Cour=2uF)

+24V_in cur. meas. switch to DTB
- FPF7202 datasheet
DTELP24\{‘ R16 2 DTBLVN 1 r 8 DTB1_P24V
= . VIN VOouT 7 i Protections
nPON(1 5
NPy 3] o ot PP I |Current Limit Ta=25°C b | o
2 ISET ISET  PGOOD 48— P |
- x 5 s o Wour < 2V, Switch in Over- 075 x
s g G:([; p lge Short Circuit Current Limit Current Condition hisi A
Shutdown Threshold 140
current limit = 1.8A to 2.6A — TED Thermal Shutdown Return from Shutdown 110 "c
GND GND Hysteresis 30
u3o
SI8540-B-FW to ADC UWLO  |Under-Voltage Shutdown Wy Increasing 23 |25 [ 27 [ v
RG2 UWLD ppsr | Under-Violtage Shuidown Hysteresis 100 my
OuT 4
CUR_P1 DIB1GUR Dynamic e
- Gt [SHON taon Tum On Delay 2.7
N0 T Off Ded i]-
oo wm elay -1
1 — R,=5000. C,=2uF ms
[ — iz Wour Rise Time 5
o —— te Vgur Fall Time 1.5
(i) GND tesge | Over-Current Blanking Time FPF2700V1, T,=25°C @ 050 | 075 ms
tagsramr | Auto-Restart Time FPF2700, T4=25°C 638 |127.5 [ 1912 ms
iom Curreni-Limit Response Time W= 12V, W=DV 50 s
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CTDB1, Signal Protection

e all in coming and outgoing signals are protected

e hot swapping of the Cat.6 patch cables is possible

V69 protection

GND

additional protection, optional C130

CLK_P() |2 @ P2V CIKIP
— Vg | [T00NF 19 S
o ot o2 |3 o
w
z [’gj PRTR5VOU2AX DTB1_P24V 53[%
GND =—{ GND VGG ——a POV5 =
4 C131
{2 1%
CKN() o @ & v @—= P24V _CLKIN
V70 termination optional
protection Fo. \ additional protection, option
PV5 -—Mﬁ GND
) 2I d
/" Bavey )
protection
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RJ45 conn.

J8
P24V _CLK1 P 11

P24V_CLKIN 12

GND_PPSIN 13

TRIG_OUT_P(1) 14

TRIG_OUT_N(1) 15

GND_PPS1_P 16

TRIG_IN_N(1) 17

TRIG_IN_P{1) 18
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L2CB1, L2 Controller Board

e 270 L1 trigger inputs connected to a
single FPGA (676 pins)

e Connection to the TIB

e Clock and PPS distribution on the L2
backplane

e SPI bus control (talking to the CTDBSs)

e Linux based onboard microcontroller
unit as a fast ethernet to FPGA bridge

100 Mbit

ethernet
- )
J15 TIB Slgnals 114
RU45 RJ45
H1 wTECKP 311w TIB_CAMERA_TI_P >
2 TIB_CLKN 312 o TIB_GAMERATIN X : i
)—j—. TIB_PPS_N j—j—- TIB_EVENT_T_N : i ARM+LII’\UX a
TIB_BUSY P . el |
T T [BCAVERATOP Pl : wome-d fast FPGA to
1% o TIB_CAMERA TON 312 a TIB_BUSY.N ] LG
o EL I ) 318 TBEVENT.TP
3L u TIB_SPAREO_N 1w TIB_SPARE1N
3-8 TIB_SPAREDP 318 a TIB_SPARELP
_EL' GND _EL' GND

Digital Trigger, NectarCam F2F, 2016-04 —
10/13/2016 K.-H. Sulanke, DESY 10



L2BP1 (L2 Backplane), Main Features

PCB design by Carola Rueger, DESY Zeuthen

10 layer PCB, 426 x 262 x 3 mm

fits (mounting hole positions) into a standard 6u crate by Schroff / Pentair
18 CTDB (Clock & Trigger Distribution Board) slots

1 central slot for the L2CB (L2 controller Board)

all connectors are of the pressfit type

Polysilicon fuses (local power supply) , the only to be soldered
length matched 50 ohm (single ended) and 100 (diff.) signal lines
all signals lines routed without (!) using vias

hard wired slot encoding, 1 to 21 (SPI address)

high speed diff. SPI Bus

Two isolated power entries, global (FEB) and local (L2 logic) 24V

10/13/2016
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L2BP1, Impedances

Kunde
Leiterplattentype
Teilenummer
Revisionsnummer

Datum der Testdatei

Druckdatum
Stations-1D
Testdates-Pfad

DESY
12023304
L2B8P1
G3170a

all within the
10 % limit

Wednesday, December 09, 2015 16.09:17
Wednesday, December 09, 2015 16:09:48

_TEST STATION 1_
W:G\G3170a\Impedanz\L2023304. cif

Datenaufzeichnungspfad W:\G\G3170a\lmpedanz\L2023304.cif

Beschreibung

¢ Diff. 100R P1A
¥ Diff. 100R P2A
¢ Single P7A
¢ Single PSA
¢’ Diff. 100R P1B
¢ Diff. 100R P4B
¢ Single P5B
¢ Single P6B
o’ Diff. 100R P1A
o’ Diff. 100R P2A
o’ Single P7A
o Single PBA
o Diff. 100R P1B
o Diff. 100R P4B
¢ Single P5B
¢ Single P6B
o Diff. 100R P1A
¢ Diff. 100R P2A
o Single P7A
o' Single P8A
¢’ Diff. 100R P1B
¢ Diff. 100R P4B
¢/ Single P5B
¢ Single P6B
¢’ Diff. 100R P1A
¢’ Diff. 100R P2A
¢ Single P7A
¢ Single P8A
¢ Diff. 100R P1B
v Diff. 100R P4B
¢ Single P5B
¢ Single P6B
¢ Diff. 100R P1A
¢ Diff. 100R P2A
o Single P7A
o’ Single PBA
o* Diff. 100R P1B
o Diff. 100R P4B
¢’ Single P5B
" Single P6B

Lage

L3
L4
L7
L8
L1
L10
L1
L10
L3
L4
L7
L8
L1
L10
L1
L10
L3
L4
L7
L8
L1
L10
L1
L10
L3
L4
L7
L8
L1
L10
L1
L10
L3
L4
L7
L8
L1
L10
L1
L10

Mittelwert

93.30
93.19
46.39
46.02
104.95
102,73
47.81
46.78
94.91
94,54
47.34
46.40
101.91
102.78
47.55
48.61
94.64
94.20
46.67
46.62
101.69
101.68
46.61
46.58
93.77
94.16
46.91
4599
106.34
104.46
46.91
46,63
93.60
94.51
46.99
46.03
103.06
100.91
4765
47.60
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LZ'Cra te CTDB1 L2CB1

e (CDTB1 boards slide in easily
— qguide pins not needed

e L2CB1 needs some force (pin count = 560)

e backplane power & signal connectivity
checked

— except SPI bus

e seperate power supply for the L2 would be
better (here, both are connected)

— Should come up before the main psupply

e power rails for direct connection of 8 parallel
psupplies PULS-QT40.24x

— Or via connector

HHH

Digital Trigger, NectarCam F2F, 2016-04 —
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DT Hardware, delivered to IRFU
item  |amount |remark

DTB2a 20
CTDB1 3
L2CB1

L2-Crate

L2BP1 1
flat cable, 120 mm, 50 way 45
Cat.7 patch cable, 3m 22
L2-crate power cabling 2

10/13/2016 K.-H. Sulanke, DESY

DTB2a interconnect
L2-crate to DTB2a
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Skew and Jitter Measurements

1PPS FEB to FEB skew without tuning is in the range of +/- 400 ps ( worst case)

the same for the L2 (camera trigger) fanout

presently delay adjusted within the DTBs firmware, in 36 ps steps, resulting in
— 1PPS =>-80 ps ...+160 ps, L2 => -120 ps ...+200 ps

later delay will get tuned even better by software, using the SPI bus between FEB and DTB

very little 1PPS jitter (measured at the Zeuthen test setup)

leading edges of the
two pps signals on
the ,FEB" (testboard)

File  Edt Wertical  Horiz/Acs isplay  Cursors Msasurs Math  Utiities  Help

Tek 8 [ 21Feb 16 09:40:11
1 R SR 1] TN )

T

vl b by
W 200ps 25656 1T 4.0psiot
ch3  S0OmY @ Chd  S00MY @ A Ch3 o -z

infinite persistance for Ch4,
triggered on Ch3,
after 30 minutes

File  Edt  Wertical  Horiz Display  Cursors Msasurs Math  Utiities  Help

Tek R Sampl 21Fab 16 09:36:10
IE_::::{::H{::::{H:: B o O N
I I I A W
I 200ps S.0GSS 1T 4.0psipt
Chd  S00mY Q A Ch3 o« -Z.0mY
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3nn, Trigger Pattern (e.q.), tested

triggered triggered not triggered

e used 1, 2 and 3 cluster

e various 3nn pattern have
been tried

e no failing trigger observed

Digital Trigger, NectarCam F2F, 2016-04 —
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Overall trigger delay

e trigger delay is 210 ns

.PMT" signals

»T1B" delay is zero here (back looped cable at L2CB1 to TIB connection)

File Edit Wertical Haorizfhcq Trig Display Cursars Measure MMath Lltilities

Tek  Run Sample 19Feb 16 08:14:14
_IIII|IIII|IIII|IIII|IIIlillII|IIII|IIII|IIII|IIII_
1¢ ......... _
L | LT 1 [P 1
i il {I_\jltlllph,ﬂ'll- TP _'.!y,lmu,x..
o
_IIII|IIII|IIII|IIII|IIII__IIII|IIII|IIII|IIII|IIII_

Ch1 1.0mY Chi 1.0mY
Chi3 1.0mY Chd S00myY @

M 40.0ns 1.25GSE T 80.0psit 113nz
A Chl o -40.0pY

10/13/2016
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JTAG Issue

e DTB2a FPGA configuration / Flash programming via JTAG
e JTAG is shared with FEB FPGA-I/O pins via open drain driver 74LVC1G07

e quiet level of these I/O pins (firmware 5.2 (?)) seems to be low
=> blocks the JTAG usage, signals are pulled down

o for DTB2a reflashing the FEB needs to get unpowered and unplugged ®
e very little FEB firmware change needed only, like ,JTAG_TCK <="1%"

open drain 1K pullup

= 7 DTB2a

Digital Trigger, NectarCam F2F, 2016-04 —
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JTAG Issue, possible solution

e when staying with JTAG, better used tristate drivers or a multiplexer or a direct
connection to the FPGA (using internal tristate drivers)

e easier to use, is the ,slave serial configuration™ scheme for the DTB (or ATB)

FEB is the master

software just has to load the Trigger-FPGA image (binary file) to be
serialized and shifted by the FEBs FPGA

recommended way, fast and simple
essential for remote trigger firmware update

Digital Trigger, NectarCam F2F, 2016-04 —

10/13/2016
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JTAG Issue, possible solution, cont.

e slave serial configuration, 4 signals needed

e switching M1 would allow the DTB to load from a Flash first (power on)

DTBs DTBs
FPGA g Flash

voCo. 2
VCoo_2 37 w2
Voo VCoo_2 AT4SDEOS!E-B2HN
| 30 ' 1 3
Spartan-6 VCCo_2 = | 2l vee | T ||I
veco_2 FPGA — 2 acx
FEBS i 3 8 20 1.—| DIN
M G806 = - n w———( FEE 80 .
FPGA T MOSI —= Eg = &_C: q= .
- R ?( F GND
Configuration PROGRAM_B
Memaory
Source CLOCK CCLK DOME |—= —
SERIAL_OUT DIN = ane
GND
PROGRAM_B = INIT_B .
- é - VCCALX
DONE/=— = VCCAUX =
WITE [+ o VFS
GND ™S VFS —T
1 TCK vBATT
- VBATT VCCo_2
SUSPEND DO
J: GND s=<g
- L 275
PROGRAM_BE
[ WCCALX
= :‘FhT
5 = o S
T3 TCK
TEN® o
=z ) s
=E| ~
o3 oL
Eg ol
=3 NG
»»
o Ir
[iE]
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Summary

e DT hardware, needed for a 19 cluster test setup, delivered to IRFU (including
spares )

e worked ,out of the box"
e presently 1PPS and L2 delay fine tuning per firmware only

e L2 Crate will allow individual FEB powering and health monitoring (current
measurement)

e JTAG issue needs to get solved

e Trigger-FPGA remote configuration should be discussed

Digital Trigger, NectarCam F2F, 2016-04 —
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Next Steps, with downgoing priority

DTB2a, implementing the SPI bus interface to the FEB + software API
— for delay fine tuning
— switching the trigger mode
e e.g. to single pixel (for calibration purposes)
— other control and status exchange

L2CB1, implementing the SPI bus control
— software controlled FEB power on / off
— FEB current read back

DTB2a, trying other trigger algorithms

DTB2a => DTB3 migration
— new FEB connector angle

— new remote configuration schema (?)

Digital Trigger, NectarCam F2F, 2016-04 —
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Backup Slides

10/13/2016
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Nectar LO V3, Mezzanine Board

e 6 layer PCB with length-tuned signal lines
o tested at DESY, using the LO-Testboard (LO_TB_V10)

MRS

Preamplifier &= Comparator

DT_L@_V3_Nectar
design: K.H.Sulanke

layout: C.Rueger E .
e Trigger-
ZEU-EL Treshold-DAC

Jumper for
testing with
LO_TB_V10

Digital Trigger, NectarCam F2F, 2016-04

10/13/2016 K.-H. Sulanke, DESY
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DT-LO vs. AT-LO_Asic

e Performance of the Digital Trigger depends strongly on the quality if its first
stage

e ... and on the quality of the FE design

e to be compared
— noise floor (most important)
— crosstalk
— channel to channel deviation (comp. offset, delay)
— temperature dependency

il Edit. WVerkical Horizjacg Trig Display Cl
ek Stopped 1 Acys

e e.g., discrimination of a -1.2
mV pk, PMT like signal

— LO-TB gain = 4.4
— LO-mezz. gain = 6.1

Digital Trigger, NectarCam F2F, 2016-04 —
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The L2-Crate

e Schroff 24563-442

e 6U, 84 HP (21 slots)
e (Cardsize : 233 x 160 mm

4d+5+86

e Slot usage, see below

- D2 = 160 mm

D1 D1 =175 mm
D 7 D =235mm

Digital Trigger, NectarCam F2F, 2016-04 —
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L2BP (L2 Backplane), PCB with used parts

» . -.’,.p‘ e ———

7 7 7 o et o T T e T |
= H s A" ol i i L I e LT T

= = . . : ' 7 :' _~ I

e — e [ ——t

—————

e

-
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L.2CB (L2 Controller Board), PCB

PCB design by Brigitte Kielgas, Anakonda Electronic Design, Berlin

l_ el e e

gzl lag] °
E{Iﬁf
E]
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L2CB (L2 Controller Board), Features

10 layer PCB, 6u, 233 x 160 x 1.6 mm
central part is the 676 pin Xilinx FPGA

handles up to 270 single ended L1 trigger
signals (50 ohm terminated)

Backplane SPI bus control

CTDB firmware update
ARM based MCU, ethernet to FPGA bridge

individual FEB power on/off + current .
extension slot

monitoring 8 x LVDS_I/0
24 V power

4 XC6SLX100-

—  Stamp9G45 by taskit T - Srecersc "
—  Linux, 512 MB Flash, 256 MB RAM i BT
. 16 bit data  [ERaH
— 16 bit memory bus, max. 50 MB/s 20 bit addr.
e slow control I 100 Mbit
e L2CB firmware update P, cthemnet
) eth. to FPGA ¢ 2 SPI bus
optional usage of : = e e e I

extension slot, +24V, 8 x LVDS_I/O
precise local oscillator

antenna
GPS system e
USB / RS232 interface =

10/13/2016
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CTDB, Features

e 8layer PCB, 233 x 160 x 1.6 mm

e central part is the 484 pin Xilinx Spartan 6 FPGA

e reception / fanout of clock, pps, busy, L1, L2 (camera trigger)
e a lot of protection circuitry

e slow control via (backplane) SPI Bus

e FPGA power-on load from write protected Flash, reprogramming via SPI Bus possible
— only all CTDBs at once (broadcast mode)
e optional :
— individual FEB power on / off + current monitoring via L2CB
e max. FEB current limit by resistor and / or firmware, up to 2.5 A
e accuracy of the current measurement ~ 1 %
e hardware based overload protection
o Interrupt bus line, connected to the L2CB
— for small test setups (CTDB-only mode)
o |ocal oscillator
e TIB connection on the backplane side

Digital Trigger, NectarCam F2F, 2016-04
10/13/2016 K.-H. Sulanke, DESY
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DT-LO, TOT with 12 mV Threshold

e Measurements done, using the LO Testboard (TB_gain = 8.3, LO_gain = 6.1)

File Display  Cursors  Measure  Math  Utiities  Help Fil: Display ~ Cursars  Measure  Math  Liiides  Help

TR ETED ek |_0_in=9 mV 5 05 Feb 14 16:14:25

g LO_TB_in

e Preamp_out

File isplay Cursars Measure Math  Utiities  Help

j LO_TB_in

| Preamp_out

IT 30 Opst
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The Digital Trigger Backplane Rev. 2

FE-board interface,
compliant to
FE_BP_interface_v6.doc
by Gustavo M.

ethernet «—
power «——
CLK «——

PPS «——
LO_trigger =——>
trigger <
IP_addr «——
HV_ena «——
SPI / JTAG +—>
calib_cyc ——»
reserved +—>

RJ-45

24V

Xilinx RJ-45
flash FPGA

Frontend board connector

LO in /out and ...
connectors to neighbor clusters

10/13/2016
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<«— ethernet

<+—— power

<«—— CLK_1PPS_ +24V
—— BUSY

— L1_trigger_out
“——— L2_trigger_in

Digital Trigger, NectarCam F2F, 2016-04 —
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DTB2a -> DTB3

Ttype_CLK

e Rev. 2a performing well Ttype_DATA
s @ BUSY

e Rev. 3 design, depending on the acceptance of the digital
trigger approach

e if Rev. 3 design takes place, some minor changes only:

Mechanical (FEB-conn. angle, mounting holes)
additional RJ45 connector

Removal of ID switches
e use 1-wire EEPROM instead, to encode the cluster
position
new FPGA configuration schema (?)
e power on load from a write protected flash always

e FEB - FPGA can reload the FPGA using the passive
serial schema

— compared to the JTAG based schema much
easier to implement in software / firmware

10/13/2016
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Digital Trigger LO Test Board

Dig.Trigger-Bpl.

LO-Testboard 6x5 LO
| by surr.
tsc',ngilf(?_ended Digital LO Mezzanine /clusters

PMT FPGA
e o ome |
Pulse-Gen. [ LVDS

DAC

FPGA

s

A
A

RS-232 FE' board
interface

Digital Trigger, NectarCam F2F, 2016-04 —
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DT-LO Test Board

120 mm x 260 mm, 6 Layer PCB, various analog and digital test points

RS232 /

485
5 interface él? -
design: Karl-Heinz Sulanke ¢ - | b= - !

layout: ANAKONDA ‘- L i F e e , - -

04/2013 L gL A

= ™ FE-board

e EELEE : Interface

S .. Connector

w‘-?‘!:’
. o R

LO-Mezzanine

LR

DT_L@._V10.0ragor
design: K.H. k

KL VT

'

K.-H. Sulanke, DESY
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S——

Digital Trigger Test Setup at DESY

Tobavens TR S04 (R 1

T e— . —
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Digital Trigger Test Setup, Back Side

Digital Trigger, NectarCam F2F, 2016-04 —
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3NN Trigger Test Results

100% trigger and 0% trigger situation

Cursors  Measure  Math

03 Dec 13 14:30:00
T

Utiides  Help

L

— 3ns shift

trigger
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L1, DTB-FPGA's Functionality

Xilinx Spartan 6 FPGA
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Cabling, Power Consumption and Cooling

e (Cat6 Cabling
— DTBs <-> CTDB (L2-crate), standard round (d=6mm) 265 x shielded CAT6
e Same Length up to 5 m, but as short as possible preferred. 3 mis o.k. ?

— L2CB (L2-crate) <-> TIB, standard round (d=6mm) 2 x shielded CATS6, .. 5m
— L2CB (L2-crate) <-> central cluster, standard round (d=6mm) 1 x shielded CATS6, .. 5m
— L2CB (L2-crate) <-> ethernet hub, standard round (d=6mm) 1 x shielded CATS6, .. 5m

e 24V Power cabling
— DTBs, same like for the ATBs, or the CAT6 cable, used for clock, pps, trigger,...
— L2-crate, 2 x copper, 0.5 ... 1 mmz2, like used for other peripherals

e Max. L2-crate Power consumption
— 50 W estimated
— Cooling, L2-Crate
— Additional cooling not required
— Convection must be possible
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