Sensor module assembly for the prototype
of the PANDA Luminosity Detector

by Niels Boelger
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Prototype Sensor Modules

*1 module formed by 4 MuPix
Sensors on a diamond wafer

*Connection to readout via
aluminum flex cables

*Getting the production
process running: MuPix8

*Prototype Sensors: MuPix10
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Sensor Module Assembly

Setting up a production process for sensor
modules in our clean-room lab involves:

*Testing 26 MuPix8 (50 um thickness) sensors
from Heidelberg

*Evaluating and selecting best MuPix sensors

*Gathering experience with bonding, especially
to TAB-bond MuPixes to flex cables

*Glueing bonded MuPixes on diamond wafers
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PC I

HW (-600V)
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Sensorboard
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Needlecard
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Insert PCB
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Probestation: Holder

* Isolated by 60 pm thick Kapton foil

* Vaccum applied through holes within the
holder
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Applying needles to MuPix-Pads
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Software

 Phoebus: set voltages
and currents

. LV_0: Chip-electronics power supply
. LV_1: Sensorboard power supply

. HV: high reverse bias voltage (causing depletion layer)

 DAQ: configuration of
MuPix DACs

6  AG Physik der Hadronen und Kerne

File  Applications

| Display % |

CS-Studio (Phoebus)

Window  Help

HVILV for Probe Station

LV Channel 0: 0.00V
LV Channel 1: 0.00V

HV Channel:

panda

0.00 vV

Vmom Imom On/Cff
0.0000 A @ Off
0.0000 A @ Off
5.48E-10 A @ Off

[FERRNTNE X

100 % v i@ | v | = -

Vset
50V 0
50V 0
60.0V 1

Iset

.500 A

500 A

.00E-5 uA

Analogue & Digital DACs
BLResPix |5

VNPix 14

VNFBPix a

VNFollPix  |a

VNBiasPix |0

VPLoadPix |5

VNOutPix |5

VNPix2 ]

BLResDig |5

VPComp c
VPDAC ]
VDel a

Configuration Mode
® Fast Slow

Debug Mode

Reference Voltage [V]

Board 19
VDD 19
Board DACs

Thiow 1286
ThHigh 1435
Theix  |2f27

Iniection | 10d7

Statemachine & General DACs

VPVCO 5
VNVCO a
VPPUMp 14

VPDelDcIMux |6
VNDelDclMux  ©
VPDelDcl 6
VNDelDcl c
VPDelPreEmp |6
VNDelPreEmp  ©
VPDC| 18
VNDcl c

resetckdivend |

Clock Settings

v| EnablePLL Invert

Thresholds & Baselines [mv]

550 600

ThLow ThHigh

e ToT

SelEx Selslow

Set Chip DACs

Set Board DACs

Voltage DACs

Thiow 128
ThHigh 143
Theix |2f1
b Rl Din 10d e
1400 500 1200
ThPix BLDig BLPix
2 Thres Ramp

GUGUI
Statemachine Resets
V! readout_reset n
V| serializer_reset n
V| aurora_reset n

sendcounter

Biasblock & Bandgap
V| Biasblockl [ | Bandgapl

v Biasblockz | Bandgap2

Link Enable
e LinkaA () LinkB

LinkC () Multiplexed

General Settings
Always enable
LVDS Receiver Termination
Enable Testout

V| Disable Hitbus

Injections

Amplitude [Vl 0.5

Duration [ns] 800

Frequency [Hz] 100

® Continuous

Fixed Number

Start Injections

TRB Connection
Server localhost:1

TRB address 0x200

MuPix address 0x38000

Pixel Selection

Column

0

can  Col/Row Scan

File Path:

Matrix Select

MatA MatB

Runtime [sec]

10

CRRRE e

Set MuPix Address

Read Back MuPix Address

Row

100

Create Mask File |«

MatC e all

Acceptance [sigmal
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Create & Load Mask

Hit Conversion
V| FPGA Hit Decoding

Hit Sorting (dummy)
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MuPix8 DAQ: Hitmap
and injections

* [njection grid
e 70 pixels all over the sensor

e Used for s-curve measurements

* Raising threshold until pixel stops to
react to injections
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Hitmap and
injections

* Pixelscan to find dead pixels
* Inject over whole sensor

 Impossible to inject every

pixel at once

MuPix& DAQ:

| |Save

HitMap | | Clear HitMap

Statistics
tSize rage ize | |
Upd p and Histogram ! | | Lay |
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MuPix8 specs

* HV-60V

Breakdown is definitly reached if the current exceeds 10 pA

e Sensors vary in their maximum reachable HV, depending on their production batch

Sensors from older batches should be run at a maximum of 50 V

Chip: LV, (unset DACs): 70mA or slightly higher LV, (set DACs): 380-400 mA
Board: LV,:350 mA

MuPix8 Production DB

1D MuPix ID LV hefore [mA] L1 [mA] HY before V] LV after [mA] HY after [V]
1 1 g7 324 =0 367 50
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Telescope MuPix8 bonded to Carrier

eCarrier: Insert PCB

*Reference Sensor 0 from Telecope with thickness of 625 um
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Results from MuPix8 tests:
LV, DACs unset

CurrentinmaA

Foo

a0o

S00

A00

300

200

100

9 10 1z 14 15 1s 17 18 20 21 22 23 27 23 29 30 31 32 33 34 35

Chip number

11

AG Physik der Hadronen und Kerne

RUHR
UNIVERSITAT
BOCHUM

RUB



Results from MuPix8 tests:
LV, DACs set

CurrentinmhaA
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Results from MuPix8 tests:
HV DACs set

Voltageiny
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Results from MuPix8 tests

*Most sensors get a connection to the DAQ-system
*About one half reacts to laserpointer

*Only two react to injections

*Crosschecked results by:
* Testing Referencesensor 0 with needlecard
=>injections became impossible, noisy (unmaskable) pixels and freezing hitmap
* Testing Sensor 17 via carrier
=> works well

=>Bad sensor behaviour is somehow related to needlecard, so just connect MuPix to
cable and test one after another
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Hit Map

Charge | Time Stamps

0

Hit Map

Path

Digital Part

Iz?l

Save HitMap | | Clear HitMap

Event Statistics

EventSize: |1 Average Event Size |1

v| Update Hit Map and Histograms Scaler:

1| Layer:

Connection via Carrier
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Sensor O
Pixelscan

et A e o d ]

Hit Map Charge | Time Stamps

I 14746

0
0
0 Digital Part

Hit Map

Path Save HitMap | Clear HitMap
Event Statistics

EventSize: 2048 Average Event Size (2047

V| Update Hit Map and Histograms Scaler: 1| Layer: 1

Connection via needlecard
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MuPix HitMap oo

Hit Map | Charge Time Stamps

0
Digital Part
HIt Map
Path Save HitMap | | Clear HitMap
Event Statistics
EventSize: |1 Average Event Size |0
V| Update Hit Map and Histograms Scaler: 1| Layer:

Connection via needlecard
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Sensor 17/
Injections

MuPix HitMap o (=]

Hit Map | Charge  Time Stamps

I3513

0
Digital Part
Hit Map
Path Save HitMap | | Clear HitMap
Event Statistics
EventSize: 69 Average Event Size |69
v| Update Hit Map and Histograms Scaler: 1| Layer: 1

Connection via carrier
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TAB-setup: MuPix to flex calbes

*Vacuum arm allows precise
positioning of flex cables
above MuPix pads

*MuPix held in position by
vacuum
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Wirebonding ZEESESeE
Carrier

25 ym aluminum wire
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Summary

*26 Mupix8 were tested and not a single one is 100% working as intended (BUT
reliable test?)

*Testing with needlecard shows hugh problems

*Bondingprocess works well, MuPix tested via Insert-PCBs show much more stable
behaviour

*First Combination of MuPix8-Cables-Plug was produced
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Outlook

*MuPix8s tab-bond to wire - improvment of measurements?
* But Kintex-based DAQ is needed

*Atleast form 1 module out of 4 working sensors

*Glueing to diamond wafer

*Focus on MuPix10s: new flexcables, software etc.
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Thank you for your attention!
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