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Introduction: The CMS Phase 1 Pixel Upgrade

increase of instantaneous luminosity &
pile-up during LHC Runs 2 & 3:

 much higher track density / higher
occupancy in the pixel detector

- higher data rates

-> CMS planning replacement of pixel
detector during extended YETS 2016/2017:

 additional layers of pixel modules:
e 3->4in the barrel (L1 @ 3cm),
e 2->3 in the forward region
 66M -> 123M channels

- analog -> digital readout

- C4F44 > CO, cooling system

- reduced material budget -> better
tracking efficiency & vertex resolution




Introduction: Backeno

=lectronics - Requirements

Upgrade of FED (Front-End Driver) required:

e adapt to new, digital 400 Mbps readout scheme

e increased number of readout links (960 -> 2368)

 higher data rates from detector front-end

 increased output bandwidth to CMS central DAQ required

Upgrade of FEC (Front-End Controller) / control system planned:

« VME parts out of production & very few spares available

e increased number of control links

* profit from new technology

-> decided to implement both cards on uyTCA AMC using different mezzanine

cards

-> target replacement of complete backend-electronics for Phase 1 Pixel

Upgrade

CMS




Introduction: Backend Electronics - Requirements

Location
: T 248496
2 224 78 137 | 14/2.28 Gbps
1 352 81 133 1.01/2.02 Gbps
1 512 57 85 0.54/1.08 Gbps
1 264 129 231 1.99/4.04 Gbps
1 408 68 107 0.78/1.55 Gpbs

* data rates estimated from simulations (pythia & GEANT) @ = 2.5 x 10>* cm™s™ with 25 /
50 ns & 100 kHz L1A rate

* higher rates from inner layers / rings requires load balancing by mixing high- & low BW links
on same FED

e S-Link Express DAQ output on FED, grouping: 2 x 12 input channels to 1 x 10 Gbps output
* 48 input channels / FED (4 x12 Channel receivers)
 number of readout fibres yields: 56 FEDs for Ph1 pixel detector: 112 DAQ links



UTCA System Architectue
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CMS Tracker AMC (CTA)

e variant of FC7 board used in TCDS*
e full-size, double-width AMC

« Kintex 7 FPGA (400k logic cells, 30Mb RAM,
400 10s)

« 2| PC-compatible FMC slots

« FMCs support 20 high-speed serial links to
FPGA (10 Gbps)

12 high-speed links to backplane (5 Gbps)
« 4 Gb DDR3 RAM for data buffering

-> base-board for FED/FECs

*see talk “The CMS TCDS Installation” by
J. Troska, Thursday

CMS

M. Pesaresi, M. Barros Marin, G. Hall, M. Hansen, G. lles,
A. Rose, F. Vasey, and P. Vichoudis. The FC7 AMC
for generic DAQ control applications in CMS.
Journal of Instrumentation, 10(03):C03036, 2015.



Phase 1Pixel FED: Hardware

Ph1 digital FED implemented on top of CTA
board:

» 48 optical input channels, 2 DAQ
outputs

e optical components on FMCs:

2 FITEL 12 Channel optical receivers
qualified @ 400 Mbps & adapted to the
POH & fibres operating @ 1310 nm

1 SFP+ 10 Gbps transceiver for S-Link
Express DAQ output

ADC for monitoring of light levels

v2 prototype validation ongoing

1 physical FED = 2 logical FEDs




Phase 1Pixel FED: FMC Test Results

FMC validation using lab setup based on
custom BERT on Xilinx Development board:

o Std. PRBS test patterns

* Programmable attenuator and optical ne——S———_—_—_——
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Phase 1Pixel FED: Firmware

FED FW development factorized in 2 components:
 FE DESER400 block (HEPHY Vienna):

DESER400 block TBMcoreA &
|\‘|, v ayese e
JHEPHY o {- Header f | Header/ | ,‘
Inslilute of High Energy Physics o - ROC y Data / Data MUX { ) :'a "
- ! £ Trailer % »""_ Trailer 3
3 B ? | detection | i FSM a
i= { F T T — L
8 el Phase § Fir:dair:g/,. deilc))‘clj!i)ng a
s P N eedng | Jreemec §
8 re— {- Header , Header/ § j g
¥ _mi-ROC § _ of Data/ . 0% W T
71 Trailer § § Trailer § y
bernred  fdetection ] FSM 4]
e phase finding: with Kintex7 IDELAY TBM core B é |
feature | Data
Y
 deserialisation & decoding & de- é
mux of FE signals
> e ’
e FSM for consistency check of 11111111111111111111111111111111 Phase finding with
_ _ LU o e dota 95 of 34
incoming data 1111111111111 :

11111111111111111111111111111111 Phases good

e |P block implemented 48 timesper

CTA
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Phase 1Pixel FED: Firmware

 BE IP block (IPHC Strasbourg):

handling of TCDS signals

assembly of event fragments from 48 Channels, raw event buffer, DAQ link
error condition management for all channels: buffer overflow, SEU, channel

data missing, timeout, OOS -> trigger-throttle system states
“operation” mode with event data output to C-DAQ
“local” mode for testing & detector commissioning, readout via IPBUS

DESER
400 IP

(i)

x 48

FIFO
TBM-A

(i)

FIFO
TBM-B

(i)

RAM
CTRL

IPBUS

Ve
hS

FEROL IP

Interface

# RAM 1 l
Readout
Interface

# RAM 2 T
TTC TTS

Interface
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Status:

iPHC

Institut Plundlsaplmalre
Hubert CURIEN

STRASBOURG

integration of FE- &
BE [P ongoing



Control System: FEC Hardware

Front-end Controllers (FEC) also based on
the CTA board

« add two FMCs with low-speed (1 GbE)
optical transceivers to make FECs

 FMC with 8 SFPs (FEC FMC) adapted
from TCDS, can serve 4 DOH; (8 DOH
per CTA = 8 pixel control links or 4
redundant CCU rings)

o fully qualified by TCDS project, 56 pcs.
available

« 2 flavours of FECs in the pixel backend:

- hardware for pixel- & tracker FEC
completely identical

- FW determines FEC flavour
pixel detector requires 14 (8+6) pixel- & 2
(1+1) tracker FECs

12

FEC FMC

-----
.....

CTAFEC w 2 x 8 SFP
FMCs mounted

Hnmpmny



CMS

Control System: Tracker FEC

Crarndd A vt Rrdaswnddl

IPHC

Institut Pluridisciplinaire
Hubert CURIEN
STRASBOURG

o Tracker FEC* drives redundant CCU
token-ring** used to program ASICS /

opto-hybrids on pixel service electronics
via I°C

 no functional difference w.r.t current
VME part

4 redundant CCU rings / CTA

« TCDS signals foreseen in the future for
full Tracker FEC / CCS functionality (not
required for pixel use)

 validation of FW on CTA ongoing

e control SW library successtully adapted

* Kloukinas et al.. Kostas FEC-CCS: A common front-end
controller card for the CMS detector electronics.

** C. Paillard, C. Ljuslin, and A. Marchioro. The CCU25: A network
oriented communication and control unit integrated circuit in a

0.25-mu-m CMOS technology. CTA FEC with 1 redundant
13 control-ring connected




Control System: Pixel FEC

Development Bench w. TBM fixture & GLIB

Pixel FEC.:

 programming of FE (TBM / ROC)
DAC registers via “fast 12C”
porotocol (12C-like; CLK & DATA
lines; 80 Mbps)

e distribution of clock, trigger to
modules & fast command
interpretation (received via
backplane)

* 8 pixel control links per CTA
FEC (non-redundant)

e functionality is the same w.r.t.
present VME pixel FEC

“fast 12C” frame

e can profit from FW IP written for
Tracker FEC

ALVLS SVSNVY]

ALISAd3IAINNDN
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Chas,
System Tests: Pilot Blade %

towards IP
e

Phase 1 Pilot Blade: 8 digital
modules (currently w. VME DAQ) VM S = tF.PI)-(HC
installed inside CMS FPIX during LS1: L LN VA N

o fully integrated with CMS (TCDS,
DAQ)

!

~

e NOW running in separate DAQ
partition

e test of components/FE /BE (HW +

FW) under realistic operating

" o DC-DC converter portcard w
conditions inside CMS CCU mountboard POH

&

o deploy & run pTCA parts as soon
as validated in the lab

« WPTCA infrastructure recently
installed in CMS



System Tests: Validation & Integration

validation of hardware, firmware & SW development
on small-scale test stands with complete FE chain

evolution to larger-scale systems in 2016:
 FPIX Half-Disk test-stand: validation of FED HW
1 full FED (48 channels)

are all channels working correctly (optical
receivers,...)?

 FPIX Half-Cylinder reception tests / BPIX
commissioning test:

* test & verify functionality of FE after
shipping from US / assembly of BPIX sectors

e HC reception test: 4 FEDs, 2 pxFEC & 1
tkFEC

 DAQ Tests: participate in global CMS runs and
send data to C-DAQ

FED (&FEC) in-crate burn-in / long-term tests:
 verify long-term stability of parts

e continuously operate FED with fake / internal data
over long periods of time

16

Ph1 portcard

CMS

Crarndd A vt Rrdaswnddl
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CMS
summary

« new NTCA DAQ system under development for CMS Phase 1 Pixel Detector
e new digital read-out scheme operating @ 400 Mbps to cope with higher data-rate

» Pilot Blade system installed in CMS during LS1, presently running with VME
backend, deployment of uyTCA components after lab-testing

« FED /FECs based on CTA board + various FMCs with optical components
 HW validation & testing with pre-production parts ongoing
 FW development well advanced
o SW adaptation starting
e series production in 2016
e extensive component- and system-level testing program ahead in 2016

e installation of full Ph1 detector during extended YETS 2016 /2017

G. Auzinger, TWEPP 2015 17
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PS|46dig & digital TBM

analog CMS Pixel ROC (PSI46) loses efficiency at high rates

ired: i - - PSl46dig:
-> upgrade required: PSI46dig (evolution of analog version) . 52x80 pixels of 150 x 100 ym
* 8-bit ADC « 25 double columns with data buffer
* increase buffer size for timestamp and data, added PSl46dig floorplan

readout buffer
» digital data transmission
* digital readout at 160 MHz

digital ROC requires adapted Token Bit Manager (TBM) chip &
read-out chain:

* adapted TBM from 40 MHz analog to 160 MHz digital token
scheme

* 2:1 multiplexed, 4-to-5 bit encoded datastream
e 2 x 160 Mbps from TBM cores A & B -> 400 Mbps output

e 2 \ersions:

« TBMOS for layers 3 & 4 ROCs |
* TBMOQO9 for layers 1 & 2 (2 links / TBMs & 2 TBMs for L1)

new service electronics, opto-hybrids & ultimately backend
ROCs |

electronics required to transmit & decode the digital signal

G. Auzinger, TWEPP 2015 20



Pixel-Opto-Hybrid

 new part adapted to 400 Mbps
digital readout

o versions with 4 or 7 TOSAS
(transmitter-optical-sub-
assembly)

« much improved radiation
tolerance

e pbased on Fabry-Perot laser
diode @ 1310 nm (very similar
to present AOH)

e tested with 4b5b NRZI encoding

e system-test with FE components
& Rx module in progress

e 96 POHY required for Ph1 FPIX

G. Auzinger, TWEPP 2015
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UTCA Standard in CMS

CMS has chosen to replace existing VME electronics with p\TCA systems for the upcoming
upgrades:

* flexible, high density backplane
* can use standard serial communication protocols like GbE or PCle
* uses AMC (Advanced Mezzanine Card) standard
CMS adopted:
* redundant dual-star backplane configuration
* GbE communication protocol via commercial MCH

* LHC clock, trigger & fast control signal distribution via custom MCH-like module: AMC13

PM: power module
MCH: microTCA carrier hub
AMC: advanced mezzanine card

G. Auzinger, TWEPP 2015 22



UTCA System: Auxiliary Components

AMC13 XG: interface to the CMS TCDS (trigger-
& clock distribution system)

TCDS replaces legacy TTC & TTS
full duplex 160 Mbps optical fibre

distributes clock, triggers and fast
commands (B-Channel: reset, resynch, ...)
to AMCs (downstream)

forwards error conditions from FEDs to C-
DAQ (upstream)

supports up to 3 x 5 Gbps optical DAQ links
(S-Link Express): not sufficient for the pixel
data rates

C-DAQ Link: increased bandwidth requirements
from AMC13 / FEDs to C-DAQ due to higher
luminosity -> upgrade to optical S-Link Express

new Front-End-Readout optical Link
(FEROL) card developed

up to 10 Gbps per link

e compatible with legacy FRL system

G. Auzinger, TWEPP 2015
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Phase 1Pixel FED: Firmware

B . e A sad Badnankd 1
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Integration

e “final” CMS uTCA crate currently under

evaluation: dual-star backplane

* bulk AC-DC power supplies

» 8 crates foreseen for Ph1 pixel detector:
BPIX: 4, FPIX: 2 + TKFECs + spares

 additional 96 MPO patch-panels (PP2)
* to be installed during extended YETS

2016 - 2017

Cooling unit
T ; =
o' ’ “T'e
P =
Q. Q.
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=mslZ|2|l2|2|22|22|2|2|=2F=
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Air flow
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flast update 07 August 2015 by JT
ID Units Contents S1Gxx - FPIX RackWiz ID Units Contents S1Gxx - BPIX RackWiz
1/ 2 3/ 4 5 6 7 8 910 11/12 13 14 1/ 2 3/ 4 5 6 7 8 9/10 11,1213 14
56 56
55 55
4 Turbine 4 Turbine
54 54
53 53
52 1 Heat Exchanaer 52 1 Heat Exchanaer
51 1 2 3 4 5 6 7 8 9 10 11 12 51 1 2 3 4 5 6 7 8 9 10 11 12
50 50
49 49
Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi
48 48 XF | XF [xF |xF | xF |xF | xF [xF | xF | xF |xF |xF
47 8 - spare crate 47 8 elelelelelelelelelelE|E " BPIX-1
46 M & 46 MIDID|D|D(D|D|D|D[D|D[C|C|c;
CH a CH A
45 45
44 Cable Organizer 44 Cable Organizer
43 1 Heat Exchanaer 43 1 Heat Exchanaer
42 12 3 45 6 7 8 9 10 11 12 42 12 3 45 6 7 8 9 10 11 12
41 41
40 o 40 Ao lololololololololo | o
Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi
39 3 | |XF|XF[xF|xF|xFxF|xF|xF(xF|xF|xF| | | pepxa | 3° 3 | |XF|XF |xF [xF|xF [xF [xF |xF|xF|xF |xF|xF|_| gpix-2
38 E|E|(E|E|(E|E|E|E|E|E|E 38 E(E|E|E|E|E|E|E|E|E|E|E
37 m|ip|D|D|D|D|[D|D|D|C|C|C| [&F 37 w|ip|D|D|D|D|D|D|D|D|D|C|C|&]
CH CH
36 3 36 2
35 Cable Organizer 35 Cable Organizer
34 1 Heat Exchanger 34 1 Heat Exchanger
33 1 2 3 45 6 7 8 9 10 11 12 33 1 2 3 4 5 6 7 8 9 1011 12
32 32
31 Jolo oo oo ol o | o | o 31 Jololelolelolololo ol o
Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi
30 8 | [xF|xF[xF|xF|xF|xF|xF|xF|xF|xF|xF | FPIX-2 30 8 | |xF|xF|xF|xF[xF [xF |xF [xF|xF|xF[xF|xF[ | BPIX-3
29 E|E|(E|E|(E|E|E|E|E|E|E 29 E(E|E|E|E|E|E|E|E|E|E|E
28 wm|ip|p|D|D|D|{D|D|D|C|C|C| [&F 28 w|ip|D|D|D|D|D|D|D|D|D|C|C[&Y
CH CH
27 g 27 g
26 Cable Organizer 26 Cable Organizer
25 1 Heat Exchanger 25 1 | Heat Exchanger
24 1 2 3 4 5 6 7 8 9 10 11 12 24 1 2 3 4 5 6 7 8 9 1011 12
23 23
22 22
Tk|Tk Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi|Pi
21 8 | |F|F | |ccu Ring Fecs 21 8 | |XF [xF|xF|xF[xF|xF xF|xF (xF|xF (xF|xF| | gpix-a
20 E|E AN 20 EEEEEEEEEEEEAM
19 M[C|[C c1 19 MID|D|D(D|D|D|D[D|D|D|C|C|g,
CH a CH 2
18 18
17 Cable Organizer 17 Cable Organizer
16 1 Heat Exchanger 16 1 ‘ Heat Exchanger
15 2 Air Deflector 15 2 Air Deflector
14 14
13 2 96x MPO patch panel 13 2 96x MPO patch panel
12 12
11 1 Cable Organizer 11 1 Cable Organizer
10 10
2 96x MPO patch panel 2 96x MPO patch panel
9 9
8 1 Cable Organizer 8 1 Cable Organizer
7 7
2 96x MPO patch panel 2 96x MPO patch panel
6 6
5 1 Cable Organizer 5 1 | Cable Organizer
4 4
3 3
4 Cable Feedthrough 4 Cable Feedthrough
2 2
1 1
56 56




Phase 1Pixel FED: FED lester

in parallel with FED development, work on a FED
tester / TBM emulator ongoing (RICE, IPHC
Strasbourg):

based on SFP FMC, eventually FITEL Tx in
future

reproduce TBM behaviour without requiring FE
chain (module, etc)

allows to stress-test FED (FW) with variable
rates, event sizes (fixed patterns, digitized
events from simulations), phases, light levels

test FED FW w.r.t. error conditions (buffer
overflow, missing data, stuck channel, SEU
etc.)

debugging during FW development /
production tests

GLIB w. 2 x FITEL Tx module mounted
on FMC (requires adapted Rx)



. EVS
UTCA System: Architecture

* pixel modules connect electrically to service boards mounted In
supply tube / service cylinder

e service boards hold data- & control opto-hybrids for signal
conversion & auxiliary devices (Delay25, PLLs, level translators,
CCUs, DC-DC converters...)

* 3 devices necessary to control / readout pixel detector:

1. pixel FED (Front-end Driver): receives, deserialises &
decodes module data

2. pixel FEC (Front-end Controller): responsible for -
iy ANSAS STATE
programming of pixel modules via “fast 12C” protocol, vniversity
distributes CLK, TRG & fast signals to front-end via mDOH

3. tracker FEC: used to program the service electronics via ")HC

llllllllllllllllllllllllll
LLLLLLLLLLL

DOH & I12C & PIA interfaces of CCU boards

G. Auzinger, TWEPP 2015 27



Pixel Omme Software uTCA

e Local DAQ :

4VVO0..

Function
Manager

Pixel TCDS
Supervisor

Pixel FEC
Supervisor

PixeltkkEC Y f  Pixel FED
Supervisor  § & Supervisor

‘ Interface ‘
\ X
C

XDAQ

Pixel FED
Interface

HAL libraries

Online 3
. Database p

&

Bridge P

* use MHAL /IPBUS for
communication with AMCs

| uTCA Crate: Lo | e all HW calls contained in HW

PxFEC, TKFEC, FED Interface classes -> minimal
change when migrating to
4——p XDAQ: SOAP, b2in uTCA
4——p abstraction layer L
<4—p uHAL * ° . . .
* Global DAQ * malntaln current API for
. S higher level software

G. Auzinger, TWEPP 2015 28



ey 400 Mbps read-out

44— “fast 12C” pixel link
4—3% CCU control link

<4—% TCDS: clock, trigger

' Portcard / DOH
& motherboard

OO 12 Ch fibre ribbons

8 x SFP FMC
(4 pixel links)

8 x SFP FMC
(4 pixel links)

8 x SFP FMC
(2 CCU rings)

8 x SFP FMC
(2 CCU rings)

Q

S-Link Express

Q

MTCA Backplane

@

>
TCDS



