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Belle 1| DEPFET pixel detector

Vertex detector layout for ~Tokyo (40.mins by Tsukuba Exps) .~ #
SuperKEKB - .. S

e Challenges and
requirements

Overview of Belle-Il PXD
« DEPFET module concept

e Mechanics and cooling
* Front- end and PXD DAQ
Results from test systems

Upgrade of B factory KEKB

SuperKEKB goal luminosity: PSR {0kl s k-3



SuperKEKB and Belle Il

Luminosity upgrade realized with
Nano Beam option

e Larger crossing angle:
22mrad - 83mrad

 Smaller asymmetry LER/HER:
3.5/8GeV - 4/7GeV

* Squeeze beta functions (/20)
* Increase beam currents (x2)
Have to deal with

 Harsh radiation environment:
1MRad/year

* Higher density of background
hits (x30 Touchek effect)

e L1 trigger rate ~30kHz

ECL.: u, K

wave form sampling scintillator strips
pure Csl endcaps

endcaps

“PID:

vertexing: _ Central Drift Chamber:
2 lyrs DEPFET pixel  smaller cell size TOP barrel
4 lyrs DSSD improved read-out ARICH forward



Vertex Detector Goals

D*+I- -> DO.'.[+I-
Improved Vel’teX rESOIUtion fOI’ Be”e ” 0,030 Transverse momentum of slow pions
- DEPFET layers closest to IP AN .

e Single point resolution ~10um

Low material budget of 0.2% X_ per ladder

0.015k--- -....-..:.-........... ;..-...-....-.:..-...........é.....-....-.._

o All silicon ladders, thinned sensors

Max. acceptable pixel occupancy < 3%
« Small pixels and parallelized readout

0.000 i i :
150 200 250

High hit efficiency down to p_ ~50MeV o 1'5;5 Mev]

Data reduction to ~100kB/event at ~6kHz
Very little space between beam pipe and SVD

Module with 3% occupancy

e Integrated cooling
Sufficient radiation hardness Sensor/ASICs
« See talk by A. Ritter
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2 layers of 75um thick pixel sensors of DEPFET type @14, 22mm

8 ladders @ 1° layer, 10 ladders @ 2™ layer

Full ladder composed of 2 modules with 250x786 pixels
Pitch 50x55pum? @ 1% layer, 50x75um? @2 layer
Covers full acceptance of 17°< © < 155°

Total of ~8 Mio. pixels very close to IP for vertexing



Module Concept

Il
=

e All silicon module -z

« Directly bonded support frame
« AllASICS's bump bonded _
« 3 Metal layers for circuitry - AT 1
e Front- end ASICS |

« Switcher-B: controls DEPFET gate
and clear lines.

« DCD-B: multichannel ADC chips;
Digitizes drain currents.
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« DHP: digital processor chips; O-
supression & triggered readout

drains

« Rolling shutter readout
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« Read signals row-by-row

e 4 rows in parallel DD Chips

. DHP Chips




Readout Timing

single pixel DEPFET (COCG LE) current output as seen by DCD

row-rate 10,83MHz (92.3ns) -- clear at end of cycle
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Full speed readout demonstrated

DEPFET PXD readout time is 20us
« Read-Clear cycle in ~100ns

« PXD integrates ~5000 bunch crossings
« 50KHz (Frame rate) vs. 30kHz (L1 Trigger)




Readout Chalin

Passive patch panel (PP)
e High radiation area
e Over-voltage protection

to other half ‘
modules | regulator

L

: Kapton Flex
e Sense wires (~50cm)
Total of 40 DHH modules
trigmer rom machine
 Easy access [ Talf module | [P FPGA : 5
« Commercial FPGA's | ]| cre
| TX,/RX e
Twisted pair a
(15m) o Gt

|

‘ from/to other
halfl modules

|

|

Inside Detector Outside Detector



PXD DAQ Layout

e PXD sends ~1MB/event at rate ~30kHz to

PXD DAQ
» Required size reduction /10 using SVD el W
(+CDC) tracks ety

 Required rate reduction /5 using HLT tag
o | DHH #1 h—|—b

| OIHH &2 -
XD : PXD RO "
. ROI-finding information IP

—le|—‘.._--_-- - ]

PXD Ladder

KO finding el § Noise reduction by track
i E association: Only pixels
SVD COFPPER R/O PC = E - inside the ROI will be stored
£ = (+ high energy deposition
CDC e COPPER |-+ ROPC = -Fz — :f — clusters)
El|&
e » CcOPPER } - ROPC - - -



PXD DAQ: ATCA System

1
- Get free block
- Write data to memory
- Store ptrin lookup
Free Blocks

2 - Get free block &
- Write ROls to memory
-G ixel fi look
e e Lookup:
PXD Data Blocks
Achieved 380MB/s read and T

360M B/S erte 3 - Read both ptrs from IP core

Shelf with ~10 Compute Nodes  pxp/onH -
Gbit Ethernet/FPGA -

HLT Trigger —
2 X 6.25 Gbps optical/[FPGA ROldata
4 x 4GB DDR2 RAM memory List of

- Write processed data
to ethemet Memory
- Free blocks
IPMC 4 Computing FPGAs  Switch FPGA Processed Data
— Event Builder HW Registers
Write FIFO

ROl selection
IF Care

Highly Parallized ROI algorithm:
.- 4 IP core /| FPGA
.- 31 ROI's / core




Mechanical Design

kapton cables

CO2 inlets

14,5




Thinning & Material Budget

TDR: 0.164 %X0 (50 pm top, 450 pm frame)

0,013
0,001

0,021
0,053

O sensitive

| frame
OSWITCHER
O bumps

O Copper

0076




Thermal Environment

Total heat load of 360W =40 x 9W
* 0.5W switchers
 0.5W DEPFET pixels
« 6W DCD's && 2W DHP's
DEPFET's < 30°C
« Limit leakage currents
« uniform response
ASIC's <60°C
End of stave cooled by conducti
e evaporative CO2 cooling

Inner module cooled by convection
» cold dry air blown at Switcher-B

Thermal Simulations

DCDB

Switcher-B Active area

DHP

Support & cooling

— —_ m——
ﬂc . ang " 21704 ) ) 4.58] ) &, 504 ik} 7

Now, cooling tests ->



CO2 Cooling Test Setups
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closed syste m [CERN}

e CO2 cooling works with closed CO2 system @ CERN
« Common CO2 cooling system PXD + SVD in progress



« Tests of DEPFET prototype devices
« Validation of fast DEPFET simulation

DEPFET Test Systems

e Response to minimum ionizing
particles @ CERN SPS:

Use most probable signal to
extract g = Al /Q

q D
6um gate length -> ~300pA/e-
5um gate length -> ~650pA/e-

Resolution ~1ym @20x20um?
pitch and 450um thick.

« New prototypes thinned down to
50um thickness tested
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In Summary: Recent Achievments

Prototype system with DEPFET (50um) DCDB and SWB operated in
lab measurments:

« Sample-Clear cycle in 100ns - full speed!!
e S/N~20 - goal is S/N ~20-40

CO2 cooling of endflange with open CO2 system demonstrated and
working.

ATCA based PXD DAQ system is operational

First combined simulation of backgrounds (QED, radiative bhabba,
Touchek)

« Occupancy in 1% layer < 1% - PXD DAQ can handle 3%

First collision data expected 2014; PXD in detector in 2015



Thank you for your attention
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Event Builder

HLT Event Processing chain

DAQ side | Comp. side
PXD R/O
All software components

Regio\u Reduced are basf2 modules.
0

HLT Info(R Hits | Offline Production
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5 sec. latency/evt Online
/ Storage ‘-—

7
“Frozen” Refined(run-by-run)
Calibration con7tants - = u_pdae | Calibration constants
y (exp-by-exp)
y The same software
between HLT and offline

Special track finder for r— - .
3 : - already parailiel processing
track-PXD hit association with 2000 cores @ 3GHz

* Only for the HLT-triggered events
* Can make use of SVD+CDC raw data + full tracking results also :




DEPFET test beam campaigns

Depfet2: ME, CCG, Depfeté: ME, CCG, Depfet5: ME, CCG,
PXDS5, S90K02, PXD5,590103, PXDS5, 14B, S90100,
0.036x0.022mm 0.024x0.024mm 0.036x0.022mm

SCO: 25x25x4m

SC1: 4xdxdmm
....... S O ISR IS L == 3
Position 1,4 79 408 5511631 722
[mm]: -
Position: O 1 P 3 4 5

Sl gt R Depfet11: ME, SIMC, epfet7: ME, CCG,
el N PXD5, S90K0O, PXD5, 90100,

0.036x0.022mm 0.036x0.022mm

Data from DEPFET test beams with 120GeV pions at CERN SPS collected in 2008/2009.
DEPFET only telescope: ILC type DEPFET's with 128x64 or 256x64 pixels.

Non zero suppressed analog readout at slow rate of ~2us per frame with S3A/S3B boards.
Systematic studies for DEPFET characterization:

« High statistics and low occcupancy scans — point resolution

« Scan of DUT incidence angle

« Scan of beam energy (down to 40GeV)

« Scan of DEPFET backplane voltage ...



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

