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@ SuperKEKB and the BELLE Il experiment
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Talk by B. Schwenker on operation during phase 2

A Asymmetric energy (4 GeV, 7 GeV) e+e- collider at the E,, = 10.58 GeV = m(Y(4S))
A Peak luminosity: 8 x 103% cm2 s1 [40 times higher than KEKB]
A Nano-beam schema: beam spot size reduction, higher beam currents (~2x)
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@ SuperKEKB and the BELLE Il experiment

muon

Detector requirements: detector

Ve

A Light material EM calorimeter

é Tracking and vertexing capability ~ “/ectr, > = '

A Particle identification W particle
A E.M. calorimetry - jrentestian
A KO and muon ID 1 / >Sltron g Gelj
A Data handling capabilities vertex detector & :

2 layers DEPFET
4 layers DSSD

central
drift chamber

Challenges for the vertex reconstruction:
A Higher backgrounds A higher occupancy
A Boost reduced from Aa = 0.42 to 0.28 A B-meson flight length of 125 Tm
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The BELLE Il vertex detector

\ Belle II<<<PXD,

Beampipe (Beryllium, r = 1.0 cm)

L ril:r=14cm
~ Layer 2:r=2.2cm
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@ Requirements for the Belle Il vertex detector

| Bellell PXD

Occupancy
Radiation

Readout time
Momentum range

Angular acceptance

Material budget

Resolution

0.4 hits/pm2/s (< 3%)

2 Mrad/year
2:10%2 MeV ng, per year

20 us

~ 70 MeV - few GeV
17° - 155°

0.21% X, per layer

15 pum (50775 pm?)

A Low material budget (0.21% X, per layer)
A Ultra-transparent detector
A Lightweight mechanics and minimal services

Ve

A Low power consumption

z,-Resolution o [um]

OBeIIe/OBeIIe Il

MPG,

HLL

140

120

100

By YT

80+

60+

—pe 3 = 26.3 + 0.4 um

: mamimee 9= 11.5i0.1um

2
Fit function: o=Y}/a+ b =
ppsin()

Belle SVD2 cosmic (Data) BN715

b= 329 + 0.8 um GeVic
Belle Il single track events (MC)

b= 179 + 0.2 um GeV/c

pBsin(8)°*? [GeV/c]

A Modest resolution (15 Tm), dominated by multiple scattering APixel size 507 55 Tm?2 to 50 x 85 Tm?
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@ DEPFET pixel sensor

fully depleted sensitive volume

A fast signal rise time (~ns), small cluster size

In-house fabrication at MPS Semiconductor Lab

A Wafer scale devices possible
A Thinning to (almost) any desired thickness
A no stitching, 100% fill factor

no charge transfer needed

A faster read out
A Dbetter radiation tolerance

Charge collection in "off" state, read out on

demand
source clear gate

I A potentially low power device

external internal A internal amplification
gate gate : clear > .
° IT " I - A charge-to-current conversion
| l x X -
‘@ A r/o cap. independent of sensor thickness
O A Good S/N for thin devices
drain
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@ PXD Detector Module

active area

b
b

gate,

clear,

b
et

b
e

gate_,,

clear_

b

( x pixel center)

SwitcherB
(32 channels
gate/clear)

DCD-B
(analog readout)

(digital
processing)

flexible interconnect F
(polyimide/copper) 75 um
active area
thickness

|_2 mm/420um |

rigid frame

differential data
transmission (= 1.6 Gb/s)

conductive layers
(AI/Al/Cu)

SwitcherB, DCDB: KIT
DHP: Barcelona U., Bonn U.

Switcher (SW) - Row Control
A AMS/IBM HVCMOS 180 nm

A Size 3.6 3 1.5 mm?

A Gate and Clear signal

A Fast HV ramp for Clear

A Rad. hard proved (36 Mrad)

DCDB - Drain Current Digitizer
Amplification and digitization of DEPFET
signals.

A UMC 180 nm

A 256 input channels

A 8-bit ADC per channel

A 92 ns sampling time

A Rad. hard proved (10 Mrad)

DHP - Data Handling Processor

A TSMC 65 nm

A Size 4.03 3.2 mm?

A Stores raw data and pedestals

A Common mode and pedestal
correction

A Data reduction (zero suppression)

A Timing and trigger control

A Rad. Hard proved (100 Mrad)

VERTEX 2018
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@ DEPFET read-out sequence

Ve

Row wise readout (Rolling Shutter)

The SwitcherB chip generates the control
signals for the rows GATE and CLEAR
Readout chip processes all columns in
parallel

> >

1. select row with external gate
2. readout transistor current

3. clear charge from internal gate
4. select next row

~100ns

DEPFET readout sequence (single sampling):

MPG,

Switcher DEPFET sensor Switcher
(gate) (clear)
o b
= ¥ o
. on ﬂ ‘ETL on -

—c/* s

off

off

b

.2

N

N

VGATE, OFF

»  GATE,

PR lﬁ‘-hih

Gate i-1

off | I T {t off H
o] il
\ 4 4 \ 4
N lorAIN VCI\./EAR, ON© |
CLEAR, OFF
\WARVA
DCD-B

Clear i-1

Gate i

DHP

Cleari

Read

r‘g—Gate i+1

Clear i+1
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@ PXD system with off-module data flow M

HLL

Module

ONSEN: Online Selector Node
A Data Buffer (~20GB/s)

small pixels

DHH: Data Handling Hub
A Slow control master
A Clustering

1000 Drains
192 Gates
192 Clears

large pixels

DCDDCDDCD DCD
P
DHP DHP DHP DHP

- - e
B I LIk = i
= ”l"E"' ~_ Capacitors
. Resistors

ONSEN

[DAQ, data reduction\
Data [[Gptical fiber] ROI selection

~05m Optical transmitter Dock Box Handling )
S — ‘ Hub Optical fiber | FTSW, clock, trigger
|\ il Camera link cable 1 (DHH) | T
Ethernet cable | | __ [ : , w
Patch | T e m |1 Optical fiber (High speed data) || 1 Ethernet |
, || Panel ca = ||:| Fowaicabie 1 ) Slow control
i | Power cable 1] i |':‘l Pw - Y LMU
Capacitors a0 D PS

Capacitors
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® PXD sensor production

Small matrices
80x32 pixels

A SOl wafer: 75um top, 450pum support

A Production in three phases, 19 lithography
steps

9 9 implantations, 2 poly-silicon layers
9 2 aluminum layers

9 last metal copper and thinning of

sensitive area
6 x full size matrices

A 3 pilot run wafers A modules tested 2016 768 x 250 pixels

A 4 pre-production wafers A modules tested

Wire bond pad \
\ \

\
\ 4
\ ‘Solder
\ \ \ . Bump
\ \ \ \ . : |
\ ort B |
\ BCBII
.\ :
n \ A BCBI
Sio;

Silicon Substrate

2017, used for Phase 2 | \ R

A 21 final production wafers A modules tested ~%
in 2017 and 2018 .
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. MPG,
@ Sensor test on wafer level & ASICs on chip level

3
B
D
25

A Probe card testing of the DEPFET pixels after 2"d metal
(pixel yield)

A Flying needle prober checking the routing of the end-of-
stave and balcony (connections to and between the

ASICs)

A Yield of the sensor production >60% (modules with
>99% working pixels)

A very good yield for all ASCls

U e.g. DHP: 600 chips tested: ~98.3% yield (590/600),
4 failed chips + 6 excluded due to possible physical

damage

Christian Koffmane
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@ Module assembly and testing

Flip Chip of ASICs (—240°C) at IZM, Berlin

A Bumped ASICs have the same solder balls (SAC305 and AgSN)
A DHP bumping at TSMC, DCDB bumping via Europractice
A SWB bumping on chip level at IZM Berlin

SMD placement (~=200°C) at HLL, Munich
A Passive components (termination resistors, decoupling caps)

A Dispense solder paste, pick, place and reflow
A Module test on probe station

Kapton attachment (~170°C), wire bonding at MPP, Munich
A 4-layer rigid-flex PCB with SMD, ~40cm long

A Solder paste printing on kapton, soldering

A Wire-bond, wedge-wedge, 32 Tm Al bond wires

A Module characterization

VERTEX 2018 Christian Koffmane



@ Module testing

. f\odule-Jig
5 ; ‘

L4 ~ =

~Adapter

Prober
Chuckg

VERTEX 2018

MPG,

HLL

Probe card testing before kapton attachment

for fast feedback

A 73 modules tested

A 8 modules re-worked:
ASIC replacement: 1 x DHP, 5 x SW
1 x SwitcherB rotated
1x SwitcherB re-soldered

A 1 module re-work pending

A 1 module broke during handling

Yield after re-work: 97%

see L
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@ Module testing

A 71 modules attached to dedicated kaptons

A collaborative effort (Bonn, Gottingen, HLL,
MPP)

A

Ve

script based, automated procedure

A optimize/confirm ASIC and DEPFET parameters

A linear response of the ADC, high-speed
link of DHP

A charge collection (DEPFET voltages:
Drift, HV, Clear-Off)

A problems during testing

A

Ve

A

Ve

A

2 x kaptons revealed shorts (modules ok after
kapton exchange)

1 x module: mechanically damaged (can not be
depleted)

2 x modules: SwitcherB damaged during
power-down sequence (current limits not well
defined)

Signal (ADU)

60 -

50 1

&
(=]
L

w
(=]
L

[N
(=]
1

10 A

MPG,

/7/11

Energy calibration for ASIC 3, Switcher 4

gain =1.38 £ 0.01 ADU/K:
offset=0.16 =0.10 A

109Cd

S55Fe

10
3

2I0 3I0 4I0
nergy (KeV)

W46_OF2 hitmap (*%*C
HV -69912.6 mV | Drift -4001.8 mV | Clear Off 5003.6 mV | Gate On -2502.8 / -2500.8 / -2506.2 mV

(#)

Channel (#)

optimized
DEPFET voltages

!

W46 _OF2 hitmap (***Cd)
HV-57971.6 mV | Drift -5001.8 mV | Clear Off 2011.4 mV | Gate On -2501.2/-2502.4 /-2504.6 mV

o

FOTL

640
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@ Ladder assembly M

A Join two modules to a ladder A “gluing”

A V-grooves for small ceramic inserts on the back side
A Reinforcement of the joint
A Stability and durability qualified on dummies
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@ Module and ladder production M

(e /¥4
ladders
Module Type FC+SMD | probe card test | kapton characterization assembled final test
14 passed 13 passed 9 g
L1 BWD 14 14 |1 rework ok i
15 passed 11 passed £ st
L1 FWD 15 15 1 rework ok Ylosk
2 b- grade | 1 lost
19 passed 17 passed S
L2 BWD 20 1 rework ok 20 1 rework ok
2 still to be tested 4
18 passed 13 passed
L2 FWD 22 2 rework ok 20 2 rework ok, | 1 lost
2 lost 4 still to be tested 2 lost

A 17 ladders glued (plus 10 dummy ladders during the qualification of the gluing
procedure)

A 5 ladders lost during assembly, testing, installation on the cooling block and due to
particles damaging the sensitive surface

A\ in order to keep Belle Il schedule a de-scoped PXD (complete inner layer + 2 outer

ladders) is installed for the start of phase 3, installation of the full PXD scheduled for 2020
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@ PXD for phase 3 M

De-scoped PXD for the start of phase 3
installed in September 2018 o +Y

w32_OF1
A complete inner layer (8 layers)
A one half-ladder with pixel yield of ~95% only
A Replacement ladder is available

A only 2 outer layers

Replacement with full PXD scheduled for
summer shutdown 2020

A outer modules for the full PXD2020 are
available

A Nevertheless the production of new sensors
was started to provide modules for a
complete replacement

A batch PXD9-20 will be finished Summer 2019

A batch PXD9-21 late Autumn 2019

VERTEX 2018 Christian Koffmane



@ PXD Commissioning at DESY

){ Clean Room in HERA West

A‘:i‘/

DAQ & slow
control

MPG,

HLL

| Goals:

study system aspects

verify transport and mounting
procedures

pre-commissioning before pnal
campaign at KEK
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@ PXD Commissioning at DESY M

HLL

CO; cooling
{ 3

y |

L
lean

iy thank 0 ETHZ!

¥ A verify transport and mounting
procedures

A pre-commissioning before pnal
campaign at KEK

DAQsslow §

#@= supplies &
Bl control
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MPG;
® Installation of the 219 half shell @ KEK

HLL

Sept. 2018
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@ De-scoped PXD on beam pipe
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@ VXD assembly MO

HLL
) .\ j %}\‘

;':'"/
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@ Summary and outlook

>\

De-scoped PXD was installed on beam pipe in
Sept.

>\

VXD test (cosmic run) till Nov. 12th

>\

Critical next step: VXD insertion into Belle Il

>\

PXD2020 production of two batches ongoing

>\

Improved ladder assembly procedure under
development
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@ VXD cooling schema M

Cooling PXD Cooling SVD

cooling pipe

End rings
(with intergated

SVD ladders cooling lines)

Support Cooling Block (SCB), manufactured using 3D
printing technology, with CO2 and N2 channels inside

Requirements

PXD: Sensor < 25 AC to minimize shot noise due to leakage current; ASICs < 50 A to
avoid risk of electro-migration

SVD: APV25 readout chips surface@~0 AC for SNR improvement

Power consumption: PXD 360W; SVD 700W, together with the heat load through 9m
of vacuum isolated flex lines; required cooling capacity of 2-3kW

VXD needs to be thermally isolated against CDC and beam pipe. Room temperature
at the inner surface of CDC is required for stable calibration and dE/dx performance

VERTEX 2018 25 Christian Koffmane



@ Ladder assembly — w/ placement on top side

Module face up on jig

Transfer too put on top

Module fixed on transfer tool by
vacuum

Flip and put on alignment stage
Groves on top

Glue and ceramic stiffeners are
inserted by hand

Modules were glued face down, to get ceramic stiffeners into the grooves on the backside.
Can these stiffeners be inserted from below?
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MP
@ New ladder assembly — under development

1) Module on transport & test jig

2) Take off and put on glue jig

Glue jig almost identical with test jig, just shorter
Held by vacuum (balcony and EQOS)

Similar procedure as after kapton soldering

4) Dispense glue (modules & stiffeners)

VERTEX 2018 Christian Koffmane



MPG,
@ New ladder assembly — under development
(e /¥4

5) Place on alignment stage 7) Place 2" module on stag
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@ New ladder assembly — under development

Ceramic stiffeners placed in slots in a table exactly under the grooves.
Pushed inside grooves by lifting guided lifters.

Stops to prevent over-travel.

Self alignment due to triangular geometry (to be checked).
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@ New ladder assembly — under development

9) Place stiffeners, cure for 48h

11) Lift off and place on ladder jig
Same procedure as for ladder mounting

10) Add lift off ji
) g 12) Remove lift off jig
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