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MVTX Detector Electronics consists of three parts
Sensor-Stave (9 ALPIDE chips) | Front End-Readout Unit | Back End-FELIX
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Stave— 9 chips, common clock and control, independent data lines
1 1 1 ] ] ]
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Serial Outputs (1.200 Gbps)

1024 pixel State Of the Art:
columns In pixel:

[ ] AMP COMP i L
ﬂ Amplification
A = — - A Discrimination
THR

- 3 hit storage registers (MEB)
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ALPIDE Architecture Highlights
* Multi-event buffering capability reduces Readout
Unit data throughput requirements
I Digital data output
D * Integrated test and masking
* Data output rate at 1.2 Gb/s, 0.6Gb/s, or 0.4Gb/s
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ALPIDE Characterization ‘=t

Architecture of each pixel
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Front End-Readout Unit

Data readout from Stave

Stave status and power control
Control and monitoring to/from the sensors
Trigger & busy management
Data building and transmission through the rad-hard Giga Bit Transceivers -

WX Overview Readout Uni

5-10 m
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State Of the Art:

« Xilinx Kintex Ultrascale FPGA = IV
* ProAsic FPGA (Manage Radiation Upsets)  _ |
« GBT ASIC (Rad. Tolerant Giga Bit Transceiver) o w—

— VTRX: Transciver up & down link
— VTTx: Double Transmitter 2 * up link:

« Samtec firefly copper twinax cable interface
— 9 independent 1.2Gb/s data streams On-Detector | OffDetector

Radiation zone Radiation-free zone
— 1 40MHz Clock

— 1 Control Line Transition Board
Samtec Firefly cable

DRx12

VTTx
VTRXx

I L

NS MR )
b TN
- -2 -
.-

- Power Boards link .
P N 2 uplink (data) to FELIX
Lo N U o i 1 uplinks (data/CTRL) to FELIX
‘< ~F N \ Wl <«—— 1 downlink (CTRL) from FELIX
1 trigger downlink directly
to ensure low latency

- CAN bus 'f
‘LDRD Diagnostic / busy 10 '
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System Power Overview ‘st

High speed logicand Readout Unit

Stave

FPC (Bus for signal, control, L p—
power, bias, decoupling caps) i

PT100
Bias daisy chain

Power Board Requirements:
LDO regulator architecture
Control Interface to Readout Unit
Efficiency > 99%
Noise rate < 10°
Radiation Tolerant
Overcurrent protection
Remote current readout
Remote voltage readout
Remote voltage setting

CAEN
bias

1DRD 9
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MV TX Overview FELIX

~7Los Alamos
NATIONAL LABORATORY

|
GBT Oi)tical Links

| Control

I
Data (b.6 Gb/s max)

Back End-FELIX:

Data readout from 8 Readout Units

Slow Control and Monitoring to/from sensors
Trigger and Timing systems interface

Data aggregation and sub-event packaging

Data transmission through the PCle to Server CPU

DCS

Counting House
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Kintex Ultrascale
FPGA
. | Wupper
[ i TTC data PCle
5. ¢ TX )‘» ! fan-out e
@
§4 GBT ~ from-Host [ _‘Wupper :
E| [FPGA DMA == xiLinx |l &
S| |Wrappey Central Router Engine i—rs. PCle [l 05
= End Point)| | @
g‘ @: H to-Host E
[=]
v 0 Vit
{  osc. Clock .‘Eu-lk::, TTC & Busy Configuration registers:
? ——4 Management process control and monitor.
. AR
State Of the Al’t TTC data Wupper
g EI«’ 1 fan-out PCle
« Xilinx Kintex Ultrascale FPGA 8| |car wopper| | B
~ from-Host &[ PPEr bt
. . . . E| [FPGA DMA <0— XILINX =
i 48 bl-dlreCtIOna| GBT |InkS E Wrapper| Central Router Engine ——.. PCle qu.
End Poing| | @
« 16 lane Gen3 PCle "% [Rx -l toHost H—t 9
Performance Summary:

. PCle Tx > 100 Gb/s
. FEE Rx < 80 Gb/s
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Data Rate Requirements “iesteme

10~* noise Hit occupancy only Hit + noise occupancy
occupancy p+p [MB/s] Au+Au[MB/s] p+p[MB/s] Au+Au[MB/s]
LOFEM | 26 29 107 53 133
DAM 219 173 630 392 848
MVTX 1305 1041 3781 2346 5089

Readout Units 3 GBTX @ 0.4 GB/s = 1.2 GB/s >133MBJ/s

« GBTx: 3.2-4.48Gb/s, 0.4 GB/s

FELIX (48 input on FELIX, twice the number needed to support 8 RUs (3 links))
« 2x 8-lane PCle Gen 3 @ 7880 MB/s = 15760 MB/s > 848 MB/s

p-p collision with 100.0 pileup collisions, cluster size 3.0 Central Au-Au collision with 2.0 pileup MB collisions, cluster size 3.0
E ; — layer 0, 542 hit pixels/stave g B | ) | lawer 0, 1981 hil pleeis/stave
& Tol— layer 1, 373 hit pixels'stave - 250 B Layer 1, 1349 hit pixelsistave
[ E — layer 2, 276 hil pinelsistave 1 = layer 2, 1003 hit pixeis/stave
S G s b
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50 _— r ! B . )
= _ 150 J .
~ J N T | I
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e Hardware

— 48 ALPIDE Staves (~200M Channels) .~

— 48 Front End Electronics (RUv1) ﬂ

— 6 Back End Electronics (FELIX v2.x) Eite
— 6 EBDC server &y

— 3 Power Boards+ Supplies

— 48 Stave to RU cables ’ o

— 144 Fiber optic cables (3 fibers x 48 FEE) .-

« Spares at ~20%




R&D Accomplishments “efame

RU Mock UP
KC705 i Accelerated Development:
Recovering (_3|0c:k !
bl i Mitigated Readout Unit
474Mh ‘t ; :
zsgcg:’redz J' ' )240.474Mhz arrlval delay
Clock ; Clock
. KC
E Configurezoﬁ‘\slpide iq i ,.S.?[V.?r. ................................... ,
be Triggered  [SFP] 1 L i N '
' Firefly ' Fiber i ~—Trcoaq| !
«40Mhz clok l N ! :
Alpide Em%ééfm oarg | Gigabi dat o : - &Somare E

...........................................

While RU (Readout Unit) was not available:
« Designed system to emulate RU on Xilinx Development Kits
— ALPIDE triggered and read out at 15kHz, 448 hits
— Developed prototype RCDAQ plugin
— FELIX packs and places ALPIDE data on disk
- — Emulated 8 RU’s using 1 fiber link per RU on FELIX, 15kHz

'LDRD
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MVTX Full Chain “lontlemes

Server
Fire Fly Cable Fiber F|r:-err/.-—-.._\
¢ 40Mhz clock 40Mhz chack : M i
) Fiber

. Contrel Readout Trigger  out v RCDAQY
Stave [5iiaan | unie | Sebtdaa | e 7| FELIX Disk  [ovarg
) N

l:an“-clllUSE'I bssssmsssses isssssssmeemenenmemeennemmmend

Y
PC

Demonstrated Full MVTX Chain Readout

* Once the Readout Unit arrived, successfully
configured, triggered and readout Stave:

— Readout Unit configures Stave using USB interface
— FELIX distributes clock to Readout Unit

— Readout Unit distributes clock to the Stave

— Stave is triggered, sends data at 1.2Gb/s

— Configured GBT link to recover clock from FELIX

— Readout Unit receives the data and sends the data
to FELIX over fiber using GBT link

— FELIX packs data, stores it on disk using RCDAQ Server + FELIX

‘'DRD 15
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. RCDAQ = sPHENIX DAQ

— Our accomplishments of integrating FELIX with RCDAQ
prove that MVTX should tie into sSPHENIX day one.

— Plots generated by RCDAQ show pulsed Pixels readout
by Readout Unit and FELIX

MAPS Chip fired pixels MAPS Chip fired pixels

16
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9 Data (1.2Gbps)
1 Clock, 1 Control/Trigger

Ean
|||||

Samtec Twinax
“FireFly” cable

5 Meter 7 Meter

 Flex Cable Manufacturer Identified

« Signal Integrity of the longer Stave-RU interconnect cable for the MVTX
mechanical configuration including overall length and necessary data
output rate is under evaluation

— Confirmed Default ALPIDE Data Transmission Settings are not
suitable for cable lengths over 5m
— 2 electronics options
* Increase ALPIDE Drive Strength
LDRD * Increase ALPIDE Preemphasis



ALPIDE Simulations ‘et
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Need to Adapt ALPIDE Bias Parameters for use in MVTX
« Obtained evaluation license for Mentor Graphics Virtuoso
* Obtained technology files from Tower Jazz
LDRD’ Understood the effects of each Bias and Threshold Parameter on the output |,
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ALPIDE Sim. Schematic et

Schematic Editor L Editing: alpide

cadence

| Prapery Ssiter 7.8 %
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5 ] 10 12 0171'“;] T 'FI " 0
ITHR: DOUbIe ey e ITHR H I elay [us
IBIAS: Double OUT_D OuT_D

IBIAS: apprx. Half

delay2I L sTROBE delay S L stroBE

* Pulse Shape Measurement with Charge Injection

— Pulse Shape is measured by moving the timing of the (small)
trigger window with respect to the injection time (“strobe delay”)

— Values extracted from 2D-measurement vs charge and trigger
timing:
» Time over threshold, maximum pulse length, time walk
‘LlDRD « Creates a baseline for laser test stand efforts 20
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Risk Mitigation Loz lames

Risks: Achievements

Previous LDRD Review « Successfully demonstrated full
readout chain:

— STAVE->Readout Unit->FELIX

» Successfully integrated readout
chain with RCDAQ (sPHENIX DAQ)

« Validated FELIX and Readout Unit
performance for MVTX
System triggered at 15Khz
emulating 8 RU’s on FELIX

« Power System at LANL

« Custom Electronics concerns
* CRU FELIX finalization
BNL Directors Review

« MVTX readout scheme integration
into SPHENIX DAQ

/

— Reduced cost of LDRD Contingencies
'LDRD 21
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Future Deliverables  “fame
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 ALPIDE Characterization & Cluster Size Finalization
« ALPIDE Triggered & Continuous Modes

 Remote Readout Unit programming (over fiber)

« Readout Unit Radiation Upset (Scrubbing) Firmware
* FELIX programming (over PCle)

* FELIX firmware revisions to adapt MVTX detector specs.
« RCDAQ (sPHENIX DAQ) finalization

« Signal Integrity evaluation of the longer Stave-RU
Interconnect for MVTX

« System Optimization & Documentation

Most tasks are well underway

T
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