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Introduction
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• We received 12 3D modules and 10 planar modules


• We assembled 2 triplets with 3D sensors and 1 with planar sensors
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Preparing the flex before assembly 
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• Iref trim


• On hybrid, default value is 8


• Want to add/remove the 0Ω resistors to set Iref trim based on wafer probing 
data


• VDDA pull-up resistor


• Compare VREF_A_Trim at DAC count 16 with VDDA on hybrid after power-up


• For the chip to start up, VDDA > 1.14 V


• If this is lower, you need to add a pull-up resistor

39Assembly Procedure — Regulator & Start-up Checks

•In order to ensure that we will obtain proper chip start-up and 
communication, we follow the prescription outlined in the testing 
document [link] for loading pull-up resistors across the VDDA test 
point and the reference voltage:

Measured Start-up 
VDDA [Volts]

Pull-up Resistor 
Required?

Pull-up Resistor Value 
[kΩ]

Expected increase in 
Start-up VDDA [Volts]

<= 1.09 Yes 150 0.1

>1.09 and <= 1.14 Yes 300 0.05

> 1.14 No n/a N/a

D. Antrim slides

https://indico.cern.ch/event/974148/contributions/4101939/attachments/2144983/3615478/2020_11_17_itk_pix_module_testing_DigitalQuadQualPDF.pdf
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LV powering of SP chain
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Vin

Gnd

Triplet 

Power 
Supply

Triplet Triplet 

• To connect SP chain: ground of one triplet connected to power of other 
triplet


• LV connector: Phoenix contact 0.200” pitch, 12-24 wire gauge 


• SP chain operated at 3.3A with 5.5V voltage protection

https://www.digikey.com/en/products/detail/phoenix-contact/1017503/9346604
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Testing setup: DAQ 
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0x2164

• Firmware: YARR-FW


• Trenz TEF1001_R2 


• RX speed: 640 Mbps


• Channel configuration: 4 DP adapter card (4x4)


• Readout: triplet adapter card


• For easier routing, polarity of lines reversed


• Need to make change in software


• Software: YARR (master branch)


• configs/controller/specCfg.json

           "txPolarity" : 15, 
               "rxPolarity" : 65535

https://gitlab.cern.ch/YARR/YARR-FW
https://gitlab.cern.ch/itk-pixel-hybrid/rd53a_triplet_testboard_japan/blob/master/Triplet_V1.pdf
https://gitlab.cern.ch/YARR/YARR
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Environmental monitoring 
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• LV and HV PS voltage and current


• FE temperature: 


• measure NTC on triplet adapter card


• Module voltage: measure Vin and GND on adapter card

 2 

Parts that need to be soldered 
 
Below image shows which parts need to be soldered, and the corresponding values. Please note that the 
pads shown in red are not necessary to be soldered, since they are used for probing. 
 

 
 
Note on the reading out of data through the adapter card 
 
  Since I’ve followed the same assignment of polarity as my previous board; the RDϱϯA quad adapter cards, 
the polarity for data lines on this board should be flipped. The reason ʹ It was easier to route the 
differential pairs this way, and the same firmware can be used when testing using both boards (triplet and 
quad adapter cards). 
  However, we discovered that for the Quad, the intended polarity switch on the card actually didn’t need a 
polarity switch on the firmware (the polarity was switched on the quad module). But that is not the case 
for the triplet, and it is required to use the new polarity switching feature of the YARR Firmware when 
reading data through this adapter card.  

 

Gnd

0x2142 0x2144 0x2152

Vin
GND

Vin
GND

Vin
GND

Vin
GND

https://gitlab.cern.ch/itk-pixel-hybrid/rd53a_triplet_testboard_japan/blob/master/Triplet_V1.pdf
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SP chain monitoring
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• Software interlock on FE temperature, module voltage, HV PS current
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FE electrical tests
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• FE chips were tested in SLDO 


• We have successfully run scans: digital, analog, threshold


• Tuning: 1000e for digital and linear FEs, 3000e for synchronous FE


• Sync FE has higher threshold to minimize noise on diff/lin FE


• Tests summarized in our testing document

0x2124 0x2162 0x2164

https://docs.google.com/document/d/1sTquKpLKSpkFsWAbOpjwPAA3poyO3JGXtMu8QZZpVZQ/edit#heading=h.cy9bgmn9b6kj


E. Resseguie (Berkeley lab) Triplet SP chain @ Berkeley lab

Impact on FE module voltage
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startup digital scan analog scan threshold scan noise scan

both HV off HV B 10, HV C off HV B 10, HV C 20 HV B 10, HV C 100

IV curves

HV C off HV C 20

2 
m

v
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Triplet VI curves
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• Voltage measured on triplet adapter card, current is measured on PS


• Ramp down from 4.5 A to 0.1 A in 0.1 steps with power cycle


• Theoretical curve also shown: offset is 0.9V, slope calculated as 0.21 
Ω from operational point 1.6V at 3.3A


• Triplet and theoretical VI curves compatible
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HV powering schemes
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• Different HV powering scheme in triplets with respect to quads


• Quad: one HV + one HV return per SP chain


• Triplet: one HV + one HV return per triplet


• Triplet powering scheme currently in progress


• Additional sensor tests:


• disconnected bump scan


• source scan with AM 241

• Serial Powering Chains in L1 to L4 consist of modules with planar sensors
• low-ohmic HV PSU when off Æ effective reverse bias on all sensors when LV is on, HV is off
• for planar sensors, can accept this bias as long as it is small (detector safety for unstable beams)
• sensors connected in parallel Æ high leakage current that needs to be supplied from HV 

modules at the end of life-time
• limited space in services gaps and in services caverns
• using 2 HV lines per serial powering chain in L1-L4
• common return line for HV and LV

Detector Overview – Serial Powering Architecture in L1 to L4

ATLAS ITk Pixel Electronics Meeting9 March 25th, 2020

Detector Overview – Serial Powering Architecture in L0

• Serial Powering Chains in L0 consist of modules with 3D sensors
• same architecture as in L1-L4 would lead to reverse bias on 3D sensors when HV is off
• potentially fully depleted sensors in L0 with unstable beams
• potential issues with bias voltage exceeding breakdown voltage at beginning of life-time
• small number of serial powering chains and small number of power units per serial powering 

chain Æ can afford to have a single HV line per triplet in L0

ATLAS ITk Pixel Electronics Meeting11 March 25th, 2020

M. Hamer ITk Pixel Services PDR

https://indico.cern.ch/event/881276/contributions/3791219/attachments/2005785/3349746/ITkPixelServicesPDR_25032020_SystemOverview_mhamer.pdf
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Module HV IV curve
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• 3D sensors shown in red and blue, planar sensors in green


• One of the 3D sensors reaches breakdown such earlier than others


• Nominal HV is 20 V but for the one that breaks down early, will operate 
at 10 V
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SP chain tests with HV
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# triplets LV status HV of other triplets

1 off  N/A

1 on N/A

2 off off

2 off on at constant V

2 off vary V

2 on off

2 on at constant V

2 on vary V

• Add additional triplets


• Vary position in  the chain


• Additional figure of merit: threshold noise
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SP test results with HV
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• Compare pixel-by-pixel noise when triplet is by itself or in chain


• Vary other triplet HV


• Order of triplet does not impact pixel noise difference


• No trend as function of HV of other triplet
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IV curves

15

• Take IV curve when changing HV of other triplet


• Shown when Triplet A is first in chain, and second


• No trend currently seen
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Conclusion
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• We have assembled 3 triplets: 2 with 3D sensors, 1 with planar 
sensors


• Able to successfully run scans


• We have done additional tests on sensors


• source scan, disconnected bump scan


• HV testing currently in progress


• Next steps:


• Finalize 2 and 3 module HV tests


• Assemble 2 additional triplets: 1 with planar, 1 with 3D sensors



Backup
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Sensor tests
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• Some  of the tests we conducted are:


• Disconnected bump scan 


• Check cross-talk between neighboring pixels


• Inject charge in neighboring pixels and measure threshold in 
central pixel


• Source scan 


• HV IV curves

E. Pianori �410/22/2018

How to measure it

Method: 
Inject charge in neighbouring pixels 
Measure threshold for central pixel  

Charge injected in each neighbor  
for which 50% of the injections results  

in a hit in the central pixel 

In YARR: 
maskType =1 (CrossTalkMask)

E.Pianori

https://cernbox.cern.ch/index.php/s/1awEj4E3hc0VoDi
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0x2162 0x2164

Disconnected bump scan results
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• Scan performed in SLDO at 3.3A CC for LV


• Injection is 4000 DAC in each pixel


• See some disconnected pixels


• Diff FE in 0x2124


• syn FE in 0x2162

0x2124
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Source scan results
• Scan performed in SLDO at 3.3A CC for LV, and at 20V for HV


• Chips did not have active cooling during this scan


• Disabled synchronous FE because of read errors 


• Ran for 5 hours at 30k trigger frequency, HV at 20V


• Source: Am-241

0x21240x21640x2162
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Tests from FEI4
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M. Hamer ITk Week 2018

HV DISTRIBUTION TESTS

24.09.2018 ITk Week September 2018 ʹ Matthias Hamer 20

о so far we could only test with two separate HV lines
о our HV power supply is high-ohmic when off - O(MOhms)
о this generates a forward bias on the sensors with the lowest local module ground (several 100mV)
о voltage drop should depend on radiation levels ʹ might become an issue for irradiated sensors

VDCS [V] LV [V] RHV [Ohms] VHV57 [V] VHV14 [V]
20,0 0,0 6,8M 0,0064 0,032
20,0 12,9 6,8M 7,0000 0,336
20,0 0,0 10k 0,0005 0,0058
20,0 12,9 10k 0,0460 0,0705
20,0 0,0 open 0,1930 0,032
20,0 12,9 open 9,0000 0,337

0,0 0,0 any 0,0000 0

HV DISTRIBUTION TESTS

24.09.2018 ITk Week September 2018 ʹ Matthias Hamer 22

https://indico.cern.ch/event/726191/contributions/3145882/attachments/1721449/2779361/itweek_7cellresults.pdf
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Tests from FEI4
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M. Hamer ITk Week 2018

HV DISTRIBUTION TESTS

24.09.2018 ITk Week September 2018 ʹ Matthias Hamer 24

Module Voltage Drop [V] R_HV [Ohms] Vglobal [V] Vsensor [V] Drop over R_HV [V] ISensor [uA]
BM1 2.12 11000 0.701 0.368 0.333 30.27272727

BM2 1.78 10000 0.701 0.724 -0.023 -2.3

BM3 1.95 11000 0.701 0.92 -0.219 -19.90909091

BM4 1.99 11000 0.701

BM5 2 11000 0.701

BM6 2 11000 0.701 0.742 -0.041 -3.727272727

BM7 2.01 11000 0.701 0.754 -0.053 -4.818181818

о significant forward current through module with lowest ground potential

о on our prototype: > 95% of the leakage current generated through LV is returned through last sensor

о up to 30uA with our sensors but only 5 modules connected

о extrapolation to final detector: < 2.2mA per sensor, up to 7 modules per HV lines

о forward current through last sensor: < 15mA

https://indico.cern.ch/event/726191/contributions/3145882/attachments/1721449/2779361/itweek_7cellresults.pdf
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Regulator and start-up checks
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• Before testing the triplet, you want to check 
wafer probing data:


• Iref trim


• Regulator voltages (digital and analog)


• Regulator voltages are also measured on the 
hybrid after powering-up the triplet across 
capacitors


• To use the MUX, need to add solder jumper 
to select either Vmux or Imux


• Link


• Hybrid design


• Wafer probing data

https://twiki.cern.ch/twiki/bin/view/Atlas/ITKPixelHybridDesign
https://cernbox.cern.ch/index.php/s/y4E65B5IwyRcUwf?path=/
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Wafer probing data: Iref trim
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• Each wafer probing directory contains *yaml files for each chip


• For Iref trim, we want to select the value that gives a current closest to 4 µA


• Because we operate in shunt mode, it was found that chip performs better if we 
add 1 to the Iref trim

number correspond

to Iref trim values

Iref trim value with current value closest to 4 µA  is 7. 

On the hybrid, we’ll want to use 8 for Iref trim
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Setting Iref trim on hybrid
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• On hybrid, default value is 8


• Want to add/remove the 0Ω resistors to set Iref trim based on wafer probing data


• Trim bit values are in binary

Zoom in 1 2 4 8
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Wafer probing data: regulator voltages
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• At power-on, the RD53a chip has its SLDO in it’s default configuration with the digital and 
analog SLDO having default trim bits of 16


• In YARR, the SLDO trim bits correspond to the configuration parameters SldoAnalogTrim and 
SldoDigitalTrim


• In the wafer probing *.yaml files, the measurements of the analog and digital SLDO output for 
each trim setting are reported under VREF_A_Trim and VREF_D_Trim, respectively:

number correspond

to DAC values

startup value for VDDA startup value for VDDD
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Regulator voltage: pull-up resistor
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• Compare VREF_A_Trim at DAC count 16 with VDDA on hybrid after power-up


• VDDA is measured across a capacitor, circled in blue


• For the chip to start up, VDDA > 1.14 V


• If this is lower, you need to add a pull-up resistor

39Assembly Procedure — Regulator & Start-up Checks

•In order to ensure that we will obtain proper chip start-up and 
communication, we follow the prescription outlined in the testing 
document [link] for loading pull-up resistors across the VDDA test 
point and the reference voltage:

Measured Start-up 
VDDA [Volts]

Pull-up Resistor 
Required?

Pull-up Resistor Value 
[kΩ]

Expected increase in 
Start-up VDDA [Volts]

<= 1.09 Yes 150 0.1

>1.09 and <= 1.14 Yes 300 0.05

> 1.14 No n/a N/a

D. Antrim slides

https://indico.cern.ch/event/974148/contributions/4101939/attachments/2144983/3615478/2020_11_17_itk_pix_module_testing_DigitalQuadQualPDF.pdf
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Triplet C with planar sensor 
startup digital scan analog scan threshold scan noise scan

both HV off HV C @20

HV B off

HV C 20

HV B 10

HV C 20

HV B 5

IV curves

HV B off HV B 10
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Triplet B with 3D sensor 
startup digital scan analog scan threshold scan noise scan

both HV off HV B @10

HV c off

HV B 10

HV C 20

HV B 10

HV C 100

IV curves

HV C 

off

HV C

20


