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Autonomous Monitor And Control

ÅHazards in detector modules

ÅAbnormal Temperature: 

ÅE.g., local high temperature

Åᵼbent/damage sensor 

Åᵼ loss of positioning accuracy

ÅAbnormal Current:

ÅE.g., individual components short 

Åᵼ takes too much power

Åᵼhigh temperature/insufficient supply

ÅAbnormal Voltages:

ÅAll ASICs and Sensor needs proper 
voltage to work!

ÅLow VoltageͯρȢυ6

ÅHigh Voltage ͯ υππ6
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Why we need the AMAC & How does it help

ÅHow does AMAC help? 

ÅMonitor! 

ÅñSpottingòtheissues in the first place,

ÅWith continuous analog monitoring 
every 0.5 millisecond.

ÅControl! 

ÅñHandleò the defective components 
without dismantling the detector,

ÅWith 5 switches to different components.

ÅAutonomous! 

ÅQuickly isolate the issue & Stop it from 
spreading,

ÅBy autonomous interlock logic channels.
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Radiation Hard Design
Single Event Effects & Triple Module Redundancy
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ñA single event upset in the flight computers of thisAirbus A330duringQantas Flight 72on 7 October 2008 is 

suspected to have resulted in anaircraft upsetthat nearly ended in a crash after the computers experienced several 

malfunctions.ò  Rare event in aviation and daily life, but extremely common in particle collider!

https://en.wikipedia.org/wiki/Qantas_Flight_72
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Design Verification: Digital vs Analog

ÅDigital Logic Block: 

Åi) Many revision and updated design version; 

Åii) Relatively independent of the manufacturing;

Åiii) Functions mostly internal;

Åiv) Many scenarios/combinations to be considered!

ÅAnalog Block: 

Åi) Design relatively fixed;

Åii) Parameters heavily dependent on manufacturing;

Åiii) Needs a real set-up with external devices;

Åiv) Data needed for each chip!
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ñcocotb is aCOroutinebasedCOsimulationTestBenchenvironment for verifying VHDL and SystemVerilogRTL usingPython.ò
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AMAC Verification based on cocotb
ñcocotb is aCOroutinebasedCOsimulationTestBenchenvironment for verifying VHDL and SystemVerilogRTL usingPython.ò
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Example Test Routine
(Interlock Toggling under single SEU blast)

ÅCoroutine #1:

ÅSimulate the interlock move conditions by commands

ÅVerify that the resulting interlock states are correct

ÅCoroutine #2: 

ÅContinuously inflict random Single Event Upset on any 
register in related interlock channel

ÅNote that the triplicated register correct themselves!

LDO Enable Pad of Hybrid X

Command I/O (Move interlock state randomly)
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Performance Evaluation
from Wafer Probing
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Numerical AMAC Performance Evaluation 
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Voltage 
Measurement

Current 
Measurement

Temperature

Measurement

Digital -to-
Analog 
Output

Only NTC measurement will be discussed here as an example of analysis procedure.



Numerical AMAC Performance Evaluation 
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Voltage 
Measurement

Current 
Measurement

Temperature

Measurement

Digital -to-
Analog 
Output

Only NTC measurement will be discussed here as an example of analysis procedure.

V Use external digital device to scan the measurement
V Use AMAC to read the value multiple times
V Compare input and readout to check that it follows the 

design
V Fit to evaluate accuracy & precision



Analysis of Individual Tests
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Collect Data Array

Fit to Designed Function

Numerical Fit Parameter 
& Residual Parameters

Save Result to Local and 
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ATLAS Work-in-Progress
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The prototype has been  exceptionally successful! 

Luis will tell you more about it in the next presentation!

ATLAS Work-in-Progress
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Thank you 
for your 

attention!!!
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OUTLINE

Autonomous 

Monitoring

And 

Control

What is AMAC & 
Why we need it

Design of AMAC

Monitor

Control

Autonomous

Radiation Hard

Verification of AMAC

Digital Verification

Analog Verification



Back-Up
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Numerically Fitted Chip Parameter
NTC Power-board Resistance -╡
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Wafer : V0CVRFH

Dice: 95/96 passed

Designed Value: 

133kɱ

High Precision!

Distribution ~ 1%

Measured Accuracy 

~±10%

Manufacture Limit: 

(±25%)

Unit: OhmsLike this one above, we have:

>1000 collected parameters

>200 analog diagnostic parameters

>50 analog pass/fail parameters

Parameter Value HistogramDistribution by Chip on Wafer

ATLAS Work-in-Progress

Unit: Ohms



Data Flow from Wafer Probing to Dicing & Database
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All results except Raw Data are available online!
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All results except Raw Data are available online!
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Data Flow from Wafer Probing to Dicing & Database
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Raw Data (.csv) Parameterized Record (.csv)Numerical Fit & Grading (.py) Wafer Statistics Distribution (.csv)

Component Property& Test Run(.json)

All results except Raw Data are available online!
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Data Flow from Wafer Probing to Dicing & Database
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Raw Data (.csv) Parameterized Record (.csv)Numerical Fit & Grading (.py)

Visual Examination (.png/.html)

Wafer Statistics Distribution (.csv)

Component Property& Test Run(.json)

Dicing Map (.pdf)

All results except Raw Data are available online!
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ITk Production Database
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https://itkpd-test.unicorncollege.cz/

https://itkpd-test.unicorncollege.cz/


ExampleTemperature Measurement 

ÅThe way we measure the temperature:

ÅUse industrial NTC

ÅMeasure Resistance through current

ÅMeasure Current (through resistor to 
voltage) by AMAC

ÅSimple Circuit:

ÅSimple amplifier

ÅCan measure resistance
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ÅActual 
Environment 
Temperature

Temperature 
(C)

Å10k Thermistor

Å103KT1608T-1P

NTC (Ohm)
ÅSteady voltage 

across NTC

ÅUse R=U/I

Ohms Law (A)

ÅMeasure current 
using feedback 
resistor (s) in 
AMAC

AMAC 
(count)

We test these Steps

We Donôt test this step

We also measure:

BPol12V by PTAT
(proportional to absolute temperature)

AMAC by CTAT
(complementary to absolute temperature)



Example: Validation & Fit

ÅGiven the simple design, we can perform 
numerical fit for the individual resistance

ÅWe could also use this to verify the how well is 
the manufacturer on producing resistors
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Plot Fit by Simplified Circiuit Model:

ὠ ςυπÍ6
Ὑ

╡ἚἢἍ Ὑ
ὠ

ATLAS Work-in-Progress

Component Property

Test Run Result

(They agree with the designed value!)


