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Note that the architecture of the VeloPix ASIC is not part of this review
However, since the VeloPix produces all data that has to be handled
by the DAQ it is presented here in some detalil

Introduction

Data rates from physics simulation
VeloPix architecture / features
Data format

Slow / fast control
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NIBIEEe VeloPix module overview sy

~43mm

Sensor tile ;

ASIC

mechanical
support

ASIC ASIC I ~15mm

4 sensors per module

One sensor = 3 ASICs

VeloPix ASIC based on Timepix3
Each ASIC has 256x256 pixels

¢ 55x55pum?

Velopix module proposed hybrid circuit construction

cooling
connector

* 6 6 o

200 sensor

iy - - - - - - . hybrid circuit
200 VELOPIX

= Silicon 100 | A EEEEEEmEmm-.
B 20um coverlay microchannelsubstrate
B 50um kapton :

15 v copper VELOPIX
25-501m adheske

® bumps
[ micrachannels
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NIBSEF Track rates & radiation sy ™
for L =2x10% and R, =5.1 mm, 2400 bunches, v =7.6

40

¢ Non-uniform occupancy, large variation in
average rate from chip to chip

¢ Average # particles / chip / event

m event = colliding bunch
m average (peak) rate: multiply by 26.8 (40) MHz

¢ Hottest chip 8.5*26.8 (40) = 230 (320) Mtrack/s
¢ => ~600 (890) Mhits/s per chip

3“ ....................

y [mm]

2“ ....................

1“ ....................

Radiation levels: I _______
¢ Order of 400 MRad in 10 year life time 40 u o p
¢ and about 8.10*> 1 MeV n,, X [mm]
¢ rad. tolerance demonstrated for this 130 nm

technology
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VeloPix

But has to cope with ~10x higher pixel hit rate

Both TPX3 and VeloPix have a data driven readout

¢ VeloPix is based on Timepix3
.

¢ 65k pixels, 55x55 um? each

¢ 130 nm technology

¢ Chip dimension 14.1 X ~17 mm
.

¢ VeloPix is a binary pixel chip

m When a hitis registered

m Itis combined with other simultaneous hits in the same super-pixel

m A 9-bit timestamp (BCID) is added
m And the packet is sent off-chip immediately

¢ Advantages of binary readout: fixed pixel format, smaller data volume

Martin van Beuzekom
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i Super pixel sy >
¢ Typical cluster size of 2 .. 4 pixels
¢ ->Dbeneficial to combine 2x4 pixels in a so-called super-pixel

¢ Removes duplicate address and timestamp information compared to
single pixel data packets

¢ Bandwidth gain of 30-40%

¢ Super-pixel (SP) has fixed boundaries
¢ Sharelogic in centre of SP ) C
m requires less area for routing
J - C
O 2 |C
Hit
O@ Processor j C

Martin van Beuzekom \VeloPix, VELO electronics review 7 November 2013



VB Analog F

‘ Massimiliano de Gaspari
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ont-end

TS Inverted Krummenacher scheme

m decouples discharge current from leakage current compensation current
¢ Large discharge current reduces dead time and hence pile-up
Considering to add a fast clear for large signals
¢ About 1% loss of hits for an average dead time of 200 ns

¢

Inverted Krummenacher

=
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Out

pixel row number

3
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Pixel digital

2

¢
¢
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Normal operation mode: binary
Front-end can do Time-over-Threshold (ToT) measurement

Readout of ToT in special mode, and readout via (slow) ECS interface
Only for monitoring and calibration |

-
=
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e Dut\Write
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%l Valid _event
SRR

{ 10T _Threshold(1:0]

6-bit DICE TMR Latch
6-bit (SR and LFSR counter)
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‘ Tuomas Poikela

8x Analog
Front-end
(Massimiliano)
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pixel config
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Data to next SP

¢ 2common buffers per super pixel
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NIBEF Double column readout iy =

‘ Tuomas Poikela

double
column Packet rate per
' - \ DC: 13.33Mpackets/s

Periphery
(see next slide)

. Packets ‘trickling’ down
. More latency, but also more buffering
* 23 bits bus, 3 cycles per transfer -> 13.3 Mpacket/s
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End of Column i =

64 EoCs/Columns 64 EoCs/Columns

) }

Internal fabric
nodes

*Dynamic router needed for
switching some of the links off o
and keeping link utilization high. Seria “ZE rs,

25.10.2013

Martin van Beuzekom

Dynamic router*

S L S ) S - -

. .Perlphery
Data Fabrlc

Periphery Data Fabric

equalizes the traffic

Frame buffers ) ) i
in column direction.

-SYNC TFC logic
-Framing of packets

Frame Buffer0
Frame Bufferl
Frame Buffer2
Frame Buffer3

5.12Gbps

Effective bandwidth:
—»120/128 * 5.12Gbps
8b per frame

_ = 4.80Gbps per link
Output links for header.
2013 Velopix T. Poikela 14

VeloPix, VELO electronics review 7 November 2013



NI[NEEF Lch
>N data-packet latency
600000 ¥
No big events, 1M clocks Efficiency: 99.99%
500000 Hit rate: 840 Mhits/s
Peak at 64 (highest Packet rate: 505 M/s
2400000 - hitrateinSP63) Data rate: 16.2 Gbps
2 T Hits per packet: 1.66
% 300000
=
200000 +
100000 Fits easily into a
o 9-bit BX ID (512
° 0 ZIO 4-IU E:D 80 100 120 140 160 180 ClOCkS)
Latency (clock cycles @40MHz)
. Packet latency peaks at 64 due to pipelined Double Column readout
. Drawback is that data packets are not ordered in time
& Reordering required before other processing steps like clustering can be done
. Must done by off-detector electronics (TELL40)
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NIBSIgeF Data format sy

¢ ~900 Mhits/s for hottest ASIC
¢ Packed into super-pixel packets: 2x4 pixels
¢ ~520 Mpackets/s, 30 bits each
¢ ->required effective bandwidth ~16 Gbit/s
¢ 4 SP packets in 128 bit frame
¢ 8 bit header: 4 bit fixed (0x5) and 4 parity bits
¢ SP packets are scrambled to reduce probability of long 0/1 sequences
30 blts
i 1

Super Plxel (SP SPaddr13b  BXID9b Hitmap 8b
packet:

hdr8b  SP packet 30b  SP packet 30b | SP packet30b  SP packet 30b

|
128 bits
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‘ Vladimir Gromov

¢ 2options
¢ GBT-serialiser (back-up)
m 120 bits frame of which 112 are available for pixel data
= Input format 120 bits @ 40 MHz
m effective 4.48 Gbps per GBT-serialers
m total bandwidth 17.92 Gbps
m not plug and play from GBT, because of different metal stack (LM vs DM)

¢ GWT: lower power, better matches the VELO data format, line driver
with pre-emphasis
m 128 bits frame of which 120 are available for pixel data
m Input format 8 bit @ 320 MHz DDR
m effective 4.8 Gbps per GWT-serialiser
m total bandwidth 19.6 Gbps

¢ Technical review of GWT testchip last Monday
= will submit testchip in February 2014
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‘ Vladimir Gromov

a2 Reg | | MUX - Driver
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L Pre-emphasis GWT line driver

‘ Vliadimir Gromov

AC-coupled segment

approach
(high-frequency boosting) S
I 4

amp| N\ _decay
L 4

Martin van Beuzekom

Pre-emphasis via AC coupling
Simulation of extracted circuit

Includes (tuned) model of proto-type flex cable

schematic view av_extracted RC view

I~

500.0

Vimy)

M
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Fast otrol

*
*

¢
*

¢

*

*

*

L 4
L 4

5 TFC signals will be provided via the GBTx on the hybrid

Decision on point-to-point or multi-drop bus to be taken
= either single PtP line at 320 Mbps
= or 5parallel lines (multi-drop) at 40 Mbps

The VeloPix will respond to the following TFC signals

Front-end reset

= Clears all data from all buffers, but will not reset the configuration settings.
= Requires up to 64 clock cycles

Bunch count reset

= Checks and preload its internal 12-bit BCID counter with a configurable offset value.
m  Reset should arrive at expected count, if not latch current value and increment error count

Sync
= Sends a predefined (configurable) pattern on its serialisers.

Snapshot

= The ASIC instantaneously captures the values of all internal counters. Readout via ECS

Calibration (testpulse)
= Timing signal for testpulse

The VeloPix can not provide non zero-suppressed data
Nor can it respond to the BxVeto
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Slow control g o=

¢ Slow control datais set/read via GBT e-ports

¢ Point to point connection between VeloPix and GBTx
¢ Datarate 80 Mbps

¢ Allreqgisters can be read back (non-destructive read)

)
JOX

\ Vladimir Zivkovic

¢ To be decided whether we use an SPI like protocol using SSEL
¢ Or whether we use a single e-port and a sync-header

SSEL = !_

o i gy (L)
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"BE*  Cluster rate/size versus posmon @

‘10 11\

¢ peak value of 8.83 clusters/event for hottest chip

¢ Average clustersizeis ~2.2

¢ Regions with a high track density have an
(almost) average clustersize 1

¢ Large clustersin low occupancy region

number of clusters per event, nu = 7.6, thr = 500 e- average cluster size per event, nu = 7.6, thr = 500 e-
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station number
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¢

left side

average value of 12.6 clusters/event for hottest chip
m  ->~520 Mpackets/s without large events

Average # pixel hits in SPP = 1.6

Regions with a high track density have an
(almost) average clustersize

Large clusters in low occupancy region

000 = 1001 = niniana o e v iaane

Joquny wojess

30062109 =0 e o sy amoneep
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) B2 300 ol ch §
Buffer depth @
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/ 3 different buffer

sizes

Buffer Depth 1

B Buffer Depth 2

Buffer Depth 3

ET Depth 1)

Linear (Buffer Depth 2)

Linear (Buffer Depth 3)
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ﬁ{::"!———ﬂ—# & i Super pixel must be able to store

Super pixel buffer dead time (ns)

100

150

200 B0 30 3040 gt |east 2 SP packets!

Martin van Beuzekom

\VeloPix, VELO electronics review 7 November 2013



VeloPix sp

ecifications sy -~

Pixel size

Pixel matrix array
Super pixel size
Dynamic range
Timewalk

Time stamp (Bunch ID)
Operation modes of pixel
Timestamp

Readout mode
Sustainable hit rate
Power consumption
Output bandwidth

Radiation tolerance

Martin van Beuzekom

VeloPix Features (L=2x1033 cm2s1)

55 um x 55 pm
256 x 256

2 x 4 pixels

50 ke

<25ns (@ lke)

40 MHz (25 ns resolution)

Binary, ToT via ECS only
9 bit
data driven (data push), superpixel packets

average 600 MHits/s, peak 900 MHits/s

< 3 Watts per chip @ 1.5V (1.5 W/cm?)

~ 16 Gbit/s peak
> 400 MRad
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