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Status and Outlook
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SRS corner stones

Complete RO system from detector to Online software |
Conceived independent of detector type Hansir@ cern ch
scalable, very small to very large system with same HW and SW

no buses, low cost, highly immune to single point failures

cheap power from ATX standard

data and trigger path within same HW architecture

open system for both HW and SW

Crate implementation 19" Eurochassis standard IEC 60297-3-101

2012 SRS production and distribution via CERN store

Different detector types

SRS User Status

CERN experiments

« ATLAS C5C upgrade MMegas

« ATLAS C5C upgrade Mmegas, I

* ALICE EMCal , SRU-based readout backend | .
* NAB2 ref. tracker with Micro-Megas |1

+ CM5 high Eta :“..#.,ﬁ

HEP experiments . R 5-‘-:“%%.

SRS

* NEXT Coll,, dual Beta decay, SiPM, PM
* BUDKER,INP,Deuteron, triple-GEM | pn\[p ned, radhard embargo) e
* BML GEM detector readout | ZRCH, AP ey

* Jeff Lab Virginia Univ. GEM prntmyplng 1kCh APY M

Applications with Cosmic Tomography [E +HV,,,

= FIT Florida, Muon Tompography for homeland security, GEMs Nias LR S L A S
* Geoscienes CRMNS- Waterquality, MMegas

' E L A W ey
R&D with MPGD’s [ small m - ima. z V- >~
* Tsinghwa Univ, GEM Imaging | postponed *a-:]:l'uzrr: embargo) = . Thewet I‘l /
«C.E. Saclay, Micromegas | 2k Ch SRS M te delivered, MMDAQ

* Bonn/Mainz Univ, Timepix readout \ 3 -:.. - :- :.I‘ !
0 - ] im.r
1+ 13
. 'I'. e tod  Gas detector Pad readout (GEM)
New orders [ commercial SHS}* o“‘ﬁ:& 1k ch. =R

* Helsinki HIP, GEM-MMega eval. (.
= = tathode falanche | -
+ RD51 lab, WIS, USTC, SAHA, INFN Bari, INFN Napoli, Radcore, Stony Brook, UPY Valencia, ATLAs upgrade + more :‘r \\

SMEXICO UNAM, THGEM SRS Minicr | 1 ATE )
pad, smp

* SRS Production 2012 (commercial): PRISMA, Alexandoupulis Gr, sales via CERM stere, CERN contract KTT in prep. J:

Catherde
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APV -25 hybrid carrier for Gas detectors

APV 25
2 row bonding pads

Hans Mulle kb cernch

APV25, 128 channel ASIC,
wire bonded

MMCX Ground clips

mmm;m:m
O

e . | 51.0mm

PLL25 ASIC

iodes: 25 A, 1 ns
important:

very low impedance to GND

1 mOHM via MMCX Ground cips

— low noise LDO RD51 standard connector
Type D-to-Type A Cable

Assemblies and Cable

Adapter

& & 66.0mm

1st SRS implementation of detector frontend (128 ch)

6 layer, micro-via technology 50 um min. gap

combined yield of PCB & wire-bonding ~ 90%

fully commercial production <100 Eu including tobglobbing
powered via HDMI cable (180 mA per hybrid)

master-slave design for 256 ch over single HDMI cable

HDMI micro connector
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Hybrid technology by ELTOS

Hans Mulle kb cernch

Cross section through layers Multi layer microvia- ENIG coating
W/S Required Build-up
80 um gap A |60/45u Cu12u + 12
plating
150 um trace 50 17106
2 |60/45pu Cu12u + 12
a*Micro Via plating
50 1*106
3 |60/45u Cu 12y 12
800y 800
4 Cu 12y 12
50 1*106
5 Cu12u + 12
plating
50 1*106
P 190/100u | |Cu 12u + 12
plating
F 1,0 mm

Final design of V4 hybrid on EDMS:

https://edms.cern.ch/nav/P:EDA-02075:VO/I:EDA-02075-V4-0:VO/TAB4 5
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Hybrid S.A production

W

Proto Versions 1&2 produced at CERN, PCB & wire bonding, several iterations
very few replies to international call for high-tech PCB

Hybrid V3: 100% produced by industry : ELTOS (IT) and HYBRID S.A. (CH)
Material & chips for 320 hybrids, 280 working ones received

~ 90 % production yield

Hybrid V4: production (500 )started in Nov 2011 by CERN store
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Detector Geometry

Hans Mulle kb cernch

Detector bottom side

-D-04.00-01-N

Master-Slave cable Micro HDMI -D connector

7
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Hans Mulle kb cernch

Minimal table-top SRS electronics

Entry system for 128 channels upgradable to 2048 ch

1 FEC / ADC combo directly read out via Ethernet to Laptop
up to 8 HDMI links / card

one HDMI link for one or two detector hybrids

Hybrid powered via HDMI cable




FEC and ADC

standard for APV or Beetle frontend

FA
F o

PCI-e connectors

-

g

e @f/ﬂ

jminis

%

AD rd:

8 HDMI -A connectors

can power/readout 16 APV hybrids
16 ADC channels 40 MHz
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Combo

Hans Mulle kb cernch

FE — 32 Combos produced

V5 FPGA

PCIe I/0O to adapter cards 201 0/1 1

DDR2 buffer all in use in different fields
SFP output

NIM and LVDS pulse I/0
DTC link (SRU)

Photo of FEC/ADC combo with
8 connected HDMI links to 16 hybrids
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SRS Minicrate, a Portable (5kg) table top:

powered 3U-Crate for up 4096 channels Hans iule @ cerch

SRS
. Minicrate

7 produced and distributed in 2011

1 or 2 powered FEC / ADC combos
readout via Ethernet to Laptop

up to 32 hybrids ( 4096 channels)

10



FEC / ADC card combo

3U x 220 Minicrate

ROET -Collabaration

Hans Mulle kb cernch

X-Ray view of Minicrate

Chiplink (HDMI -A connectors)

ATX power supply
500w

2x R1J45, DTC and STF link

NIM trigger interface

SFP plug ( Ethernet )

9-way power connector

Adapter electronics card for SRS

11
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ATX supply

Service door

Service door Minicrate
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ROET -Collabaration
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Hans Mulle kb cernch

FEC card

ADC card
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SRS tabletop readout system*

Hans Mulle kb cernch

Online HW can be PC or Laptop

1 GBit network card with 9kB Jumno packet support needed
Online Software options

- DATE ( Linux SCL5) +Root/Amore
- MMDAQ ( Linux SCL5) + Root

- Labview ( Windows 7)

- more coming

Slow controls ( via ethernet):

- SDC scalable detector controls

* Entry cost without PC - O(4 kEu) for 512 ch system 13
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Eurocrate 6U x 220

7 A

Hans Mulle kb cernch

e C 5 3 & B G 3 DL BB R e BB o m o E g o= oa R E e e o e e e e

it 4 x Combo | 4 x Combo

Slot No.9

Slot No. 1

14



SRS power requirement

SRS Secalable Readout System Ref: RDE1 201 1-xxx
RD51 Note Issue: 1.0 Revision: 0
SRS Power Date: 23 July 2011

1.1.SRS Voltages for the 9-way FEC connectory
SRS Combos, and optionally also the detector-resident hybrids get powered via SRS ATX adapter

though a horizontal, 9-way power bus cable. The power cable bus consists of nine 2.5mm?’ flexible

wires which are chained -connected by 9-way 12A connectors® that plug to the frontside of the FEC
cards. [f :

ey Figuras
] Color-coded power

i ibus cable for 4

H éCUrers .daisy chain
: connected to Sway

i Phoenix TMSTB
épowg connectors All
Eﬁhle. have 2 5mmf

‘croasection. §.

The SRS voltage 1V 81is derived from the ATX 3V3 usng 2 cooled power diodes on the ATX
adapter‘. The negative -3V ( SRS User Voltage) is provided by a separate PSU supply¥

L.
""" Thé SRS

1
D] IVE generated by 2 cooled power diodes on ATX adapter from the 3VIATY, fimed 154 €

I 9 &V directl fom the SV0 ATX, fused 1547
; § 3V3 directl Somthe V3 ATX, fued 154
i 9w : ‘ c
9 +12V directly fom <12V ATX, fised 2 A€
HE 9 GND-af
. 9 GND-BY

: bl -12V directly from ATX, firsed 2 AT

bl -§V0 (USER) directly from PSU, fused by PSUS

RD51 Note
SRS Power

ROET -Collabaration

Hans Mulle kb cernch

Issue: 1.0 Revision: 0
Date: 23 July 2011

TA

e Powertigures SRS Crates based on'case study withq :
: FEC V3+ADC_1.1 +APV_hybrid V3§ :
I B f

current [A] of 4
ATX PS output§ Combes/hybrids § Power [W]§
3V3 (includes 1V8)§ 18A§ 60§
V0§ 6AS 30§
+12§ 0.08 A§ 24§
-12§ 0.12 A§ 3§

T
*} A single APV hybrid consumes 0.18 A from the supply line ( 3V3) ¢

*}  Theresistance of a typical HDMI 3m cable is of Order (0.6 OHM) [ see chapt 1.7
] combined for GND and VCC, hence a cable which powers two hybrids ( master |
and slave) dissipates 0.1 Watt.

*}  One 2048 channel FEC/ADC Combo with all 16 APC hybrid consumes ~24.4 W
of which 9 W are consumed by 16 APV hybrids and ~1 Wattby 8 HDMI cables . :
*}  The equivalent power consumption per APV channel is 4.9 mW or 0.63W per
hybrid (128 channels). :
D The retum Ground per fully loaded Combo is 6.5 A | addingup to 26 A on 4 Units
in a Eurocrate ( 13 A per GND wire). § ]
*}  Four fully loaded Combos units consume a total of 95 W from the combined 5V0
and 3V3 ATX power lines. The maximum combined power for “450Watt supplies” !
is 100-120 Watt ¥ ;

We conclude a general rule: 7

One 450 W ATX supply is sufficient to power 4 fully loaded SRS Combo units and their frontend chips'
Eight fully loaded Combos require two ATX supplies of 430 W min. eachy

These two rules have led to the decision to dlassify and design SRS Eurocrates in two different
flavors, half power with 1 ATX supply and and full power with 2 ATX supplies.J

a.) half-power E urocrates for up to 4 fully loaded Combos with 64 hybrids ( 128 ch each) powered via
32 HDMI cables. Hence half-power Eurocrate system covers up to 8192 channels :

b.) full power Eurocrates for up to § fully loaded Combos with 128 hvbrids powered via 64 HDMI
cables Y

15
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Single-Power Eurocrate

Hans Mulle kb cernch

perforated top grid 431x156 x1

FEC /ADC card Combo
SCEM 44.01.28.006.8

wﬁwh
ﬁ,,aﬂ}-f-;;“:; 7l /1] HHHE -=%$‘§ S z Default ATX supply
W Hhane =75 550W Thermaltake
O G o TR2 RX
i %==,?S§zé'z =
i f
! blind plate 146x85x1
t SCEM 44.01.30.010.9
hﬁ%ﬂ“%
N nm%
| (2nd PS not mounted)
o 1R
6U x
o
= Power bus for
B up to 4 FEC's
9 wires 2.5 mm2
SCEM 04.08.61.168.3

On half power Crates, FEC can be in slots Nr. 5, 6, 7, 8

Slot Nr. 1 CTF in slot Nr. 9
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Full power SRS Eurocrate, 6U x 220 @V
i

Hans Mulle kb cernch

~ 0.23 m

A

A

Oree [Oree | D rec | D FEe mees Urec [Trec [Drec fO cr [ © ef
E @ @ @ ﬁg @ @ ® @

VOO0 006

~ 0.13 m

ot

o

m
TH

Slot 1 Slot 4 Slot5 ... Slot 8 gt 9 Slots 10 ... 14
put additioal 4 FEC combos put 1st four FEC combos  cTF card used by Power Supplies
17
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Power department Eurocrate
one or two ATX supplies & adapters

Hans Mulle kb cernch

| i ——— '— — ._ T =
re | e | L \
e —

Frontpanel 6U x 30 TE

ARS-ATX adapter
electronics



SRS - ATX adapter electronics

Indicator LED's

Mini fuses
15 A, 2A

PCB layout V2
by Volkan.Gezer

PSU for -5V

Cooler for 1.8 and 4.2 V generation

(not provided by ATX )

ROET -Collabaration

Hans Mulle kb cernch

L1

£TA

IR c2 OCB (2)

(1) BOr

ATk

(3) PSGCr

O CG 4)

(1-{4): Terminal Number
PSG: Power Supply Ground
CG: Cireuit Ground

CB: Circuit+B

EMI filters on all SRS voltages

19
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Eurocrate |
half power version = max 4 FEC/ADC combos, 64 hybrids Hans iuleracern.ch

SRS power cable bus

— "

, W/zuu TN

= ) =

o

Power cable bus for 4 Combos
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Clock-Trigger-Fanout ( CTF )*: @)

synchronize clock and triggers for up to 8 FECs A
Hans Mulle kb cernch
’ Ig'm
Features:

CTF links:
subset of DTC links
(no SRU)

8x CAT5 cables to FEC | /

same pinout as DTC link to SRU

8 x RJ45
CFT-links to 8 FECs

Clock Selector switch:
internal 40 MHz / external

External clock input LVDS

Trigger input
NIM and TTL

Trigger selection switch
Manual, 10 Hz, External

8 x NIM Trigger
output

* CTF Design: Givi.Sekhniaidze(@na.infn.it Power ( cable from ATX)
21
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for synchronous clock and trigger

CTF -links

Hans Mulle kb cernch

©

©

22
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Hans Mulle kb cernch

PSNo1l

Full power
8 FEC + 1 CTF
128 hybrids

PS No 2

Power bus No 1

Power bus No. 2

Half power
4 FEC and 1 CTF
64 hybrids

23
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Scalable Readout Architecture

B A

Hans Mulle kb cernch

1 ethernet cable

scalable architecture > 16 k channels | N
mallest Unit.
=> requires SRU_ (96 k per SRU) 128 - 2048 ch

1-2 ethernet cables

Online/ DATE
Offline Root-based offline Analysis

Mini-Crate:

10 GBE to DAQ 128-4096 ch

1000 BASE-SX up 500 m Multimode fiber {1 Ghi)
0 GBASE-SF. up 300 m Multimode fiber | 1"??”5-”5

Test systems: LHC machine:

Trigger, clock
55 - TTC
and control

1 network switch
"®s)  Eurocrate:

Single mode fiber

Common

Clock & timing Data + Control
fibers | CATG -
. ethernet *GB—ethernet MM fiber or copper 2048-16384 ch
Readout N L
Units LS SR e
1 SRU
DTC point-to-point  links *§ ©  simultaneous data up 200Mbit/'s e >1 Eurocrate
Chiplink interface
sopcto ez carers n x SRU
Specific ————————————————— i bl ‘ ‘ n Racks a 5 Eurocrates
¥ DETECTOR 82k - n x 82 kch

24
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Scalable readout Unit (SRU) Y

Hans Mulle kb cernch

DTC links to FEC cards

LVDS trigger interface

NIM pulse interface

25
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SRU - based readout

Hans Mulle kb cernch

SRU readout of ALICE EMCal

( non -SRS frontend) up to 81920 channels

SRU firmware for ALTRO chip readout via DTC links 40 FECs
and output to DATE via 2 Gbit/s DDL link
by Fan Zhang

SRU V2

FPGA

DDR2
= 2 Gbyte
TTC link
10 Gbit 2 Gbit 2 Gbit pson
Online Data Online data Online data Slow controls
Ethernet DDL HLT data
SLINK DDL

SLINK

DTC links ( CAT6 )
2 x DDL link
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Rack-based SRU readout cluster

Hans Mulle kb cernch

1 RACK = 5 Eurocrates + 1 SRU
40 DTC links = 40 FECs =
81 920 APV channels

27
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A-B card dimensions

Hans Mulle kb cernch

PCIe X186 PCle X8

1.6mm thick

DIA 3 mm

89.2mm

3N G

lﬂﬁ.ﬁmm

28
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Hans Mulle kb cernch

— g

SRS A-card

photo subrack
for A-B cards

SRS FEC card

First SRS A-card:

timepix adapter by Michael.Lupberger SRS B-card

29
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SRS Documentation

Hans Mulle kb cernch

DATE for SRS
Getting Started Manual Connecting, Programming and Testing
FEC and ADC p
In preparation ...
DATEDAQ_TEST_DAQ:DAQ_TEST_CONTROL =
Status updatad
B, TEST
@. KT rurming on awodempe with PID 10223
- wit

E RC running % g:dﬁgﬁ wj‘.th PID 10042 SRS Scalable Readout System Ref: RDS1 201 1-xxx
RODS51 Note Issue: 1.0 Revision: 1
Authors: Hans Muller, CERN PH Department, CH-1211 Geneva 23, Switzerland Date: 23 July 2011

Ready to start | Data Takine|
__J_J-LJJ__M..*.._, [ ]
== == ];,1'.: wods ||

LDC: Local Recording CEF v |

|G)G: eventBuilding OFF ﬂ
CERN RD51 Note 2011-xx

[RIN MIMBER = [997  Rum Control Status = [READY

Trace  Thw 14 17:4436 (RC) Stoxing rvn porwmetecs for DAQ_TEST i &4 N
Oenr [T 14 17:44:11 (RC) Conmected to remote hosts i
(Thom 14 174411 (HLI) Curvent: condigue ation loaded from : DATE CONFIG
ebug | The 1178011 (R Comnection thne 3 secands
! Thwe 14 17:44:10 (RC) Disobling loghook wpdate (STOPPED)
Pause | [Th 14 17:44:09 (RC) Stewting Logle Enghuca of 14 Jud 2011 17:04409 (Webs...)
o The 14 174409 (RC) DB fle (dsw/DAQ_TEST config mot fossd. vi.1 i
"9UST | The 14 17:44:08 (RC) Conmecting to slosside: £ i
o saam _..[..-.'E',‘...q...._.............. e e MNotice: PRE-RELEASE for comments i
Smaller | 7] 1= hd ;
Volkan Gezer i y i

vi.l X
volkangezer@amail.com

Notice: PRE-RELEASE for comments

Volkan Gezer

wvolkangerer@amail.com
25 October 2011

NN e

Issue: 1.0
Revision: 0
Reference: RDS51 2011 -xxx

23 July 2011

http://dl.dropbox.com/u/31352454/Volkan-DATE-V1.1.pdf Lol gfed arn 01t

Authors: Hans Muller, CERN PH Department, CH-1211 Geneva 23, Switzerland

http://dI.dropbox.com/u/31352454/Volkan-HW-V1.i.pdf

to be announced 30
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conclusions and outlook @N

Hans Mulle kb cernch

in 2010/11 a dozend small and medium sized SRS systems have been deployed
Minicrates (table top) and Eurocrates ( rack -based)

Power, Filter and connectivity issues for SRS crates have been consolidated
SRS is continuing its way into large systems

3 flavours of online software for SRS, more expected

First SRUs for large systems ( > 16k ch) in use by developers, more imminent
feedback from SRS users is helping to eliminate SRS infancy problems

1st user manuals and publications

Openness was very much liked und encouarged many SRS developers to contribute
more C-cards have been designed

upgrade of FEC to V6 version with more FPGA resources under way

first proto A-card for timepix readout

CFT will eliminate synchronization issues and provide basic test environment
zero suppression firmware to increase of trigger rates under test

new SRS hybrid frontends under design ( Beetle, VFAT )

500 new APV hybrids with HDMI-D (micro) connector on order

radhard export issue so far the only scale breaking limit

CERN agreement for SRS -as-is production by PRISMA Electronics

2012 SRS distribution via CERN store

thanks to all SRS supporters and developers !
thanks to all patient users and their very valuable feedback !



