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Silicon Strips Stave

- Staves are the basic units of the ITk Strip Barrel detector

« ltis made of a 1.4 mlong support structure
« provides mechanical rigidity and support by using

high stiffness and high thermal conductivity carbon fiber
« Provides cooling to modules
+ Polyimide bus-tape is co cured on both faces to channel
power and data from and to the modules .

Polyimide Hybrid ————> ¢

, <<—— Silicon Sensor

Carbon Fibre
Facesheet

Polyimide Bus Tape —

Carbon fibre
closeouts
(C-channels)

-

High Thermal Conductivity Foam

Carbon Fibre Honeycomb

Titanium Cooling Tube

* 14 silicon modules are directly glued on both sides of the stave support structure

Francesca Capocasa (Brandeis University)
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Autonomous Monitor And Control

Why we need the AMAC & How does it help

* Hazards In detector modules * How does AMAC help?

« Abnormal Temperature: <@ - Monitor!
E.g., local high temperature “Spotting” the issues in the first place,
= bent/damage sensor With continuous analog monitoring
= loss of positioning accuracy every 0.5 millisecond.

» Abnormal Current: v
E.g., individual components short 'r‘. Control!
= takes too much power “Handle” the defective components
= high temperature/insufficient supply W'_thOUt dltc,mantlmg _the detector,

» Abnormal \Voltages: With 5 switches to different components.
All ASICs and Sensor needs proper :
voltage to work! * Autonomous!
Low Voltage ~ 1.5V Quickly isolate the Issue & Stop it from
High \Voltage ~ 500V spreading,

By autonomous interlock logic channels.
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OUTLINE

What is AMAC & N Monitor <>

Why we need it 7
- Control ¢&

P —— = Design of AMAC =
Monitoring B Autonomous eb
And
Control — Radiation Hard @
Digital Verification :g:g
—  Verification of AMAC {
Analog Verification Ap~
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SENSCOR
Sensor

Analog Monitoring &

Temperature

[Hybrid X/Y Temperature
_ & Power Board Temperature

\

: Power Supply Temperature

:AI\/IAC Internal Temperature

Current

. .
Silicon Sensor Bias Current

| (High Voltage Return)

letage

Ground Voltage Calibration
\( & End-of-Stave)
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Autonomous Monitor And Control (AMAC)

)

(1suuey) JexadnniAl 97)
18149AU0D [e11biq 01 bojeuy

|

: Sync'd 10-

: bit values
. ync

”F.I.z.sgs: 1
per value

Limits

oooooooooo

Example workflow:

Channel:
Hybrid X:
Hybrid Y:

Power-board:
Total Current:

07/14/2021

Value.
10°C

—20°C
—20°C

200mA < 150mA?

Check?
< —10°C?
< —10°C?

< —10°C?

Register File

Flag!
High Flag!
No Flag.
No Flag.
High Flag!

Interlock Channel

Enable

ooooooooo

oooooooooooo
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https://en.wikipedia.org/wiki/Qantas_Flight_72

@ Triple Module Redundancy against

High Energy Particle

Triplication <

High Energy Particle \

Input

Input

(Copy A)

Input

Output$g

Output

(Copy B)

Input

>
(Copy A)

Output

(Copy C)

>
(Copy B)

, Output

x
Component
Single Event Upset!
\ e.g. register 0 = 1...
.| Component Majority Voter\\
(Copy A) (CopyA) /
,| Component Majority Voter\\
(Copy B) (CopyB)
,| Component Majority Voter\
(Copy C) (CopyC)

(Copy C)
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Design Verification: Digital vs Analog

* Digital Logic Block: AMAC Verification based on cocoth
* 1) Many revision and updated design version;
* 11) Relatively independent of the manufacturing;
* 111) Functions mostly internal,
* Iv) Many scenarios/combinations to be considered!

9% = Simulate

1010
 Analog Block:
* 1) Design relatively fixed,;
* 11) Parameters heavily dependent on manufacturing;
* 111) Needs a real set-up with external devices;

* Iv) Data needed for each chip!
Probe & Fit
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AMAC Verification based on cocotb

“cocotb is a COroutine based COsimulation TestBench environment for verifying VHDL and SystemVerilog RTL using Python.”

cocotb.testl || cocotb.coroutinel
o _ Register 01 Simulator
% cocoth.coroutine2 Register 02 Running the Verilog
) —
= = design
e c O cocotb.coroutine3 Wire 01 - :
S SIS Write Value TS Simulated interface to
= x O > analog part
> 3 B <
E D > Read Value
c < > C d Input
= =| Send Command ommana fnputs
> 3 » | Command Outputs
—_ D <
c 2| ReadResponse ko
> O
cocotb.test2 o O

40,400,000,000ps  |40,600,000,000ps 40,800,000,000ps S 41 noo.ooo.onops . |41, 41,400,000,000ps 41,600,000,000ps 41,8600,000,000ps
€

i iimE Read Response B S | —

Monitor
Registers  ————————————————————————————————— Change Value
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https://www.python.org/

Example Test Routine
(Interlock Toggling under single SEU blast)

Command 1/0O (Move interlockstatecrandomly) [40,000,000,000ps

- 000,000,000ps |EEI,EIEIEI,EIEI[

B e A O, O €
- ﬁ "
LDO Enable Pad of Hybrid X Effect from Single SEU ) Adto-corrected
- }{l—l}{—u — g 5 R v 1 MIW
R 1 3l o 1 jo 1 53 0 o ho .. k]
T3 R S (N C G T G e’ oo riplicated Interfock
it jo £ B i o e ) ER CR | E e State Registers -

° Coroutine #1

« Simulate the interlock move conditions by commands
* Verify that the resulting interlock states are correct

e Coroutine #2: )

« Continuously inflict random Single Event Upset on any | L

. ) _ =5
register in related interlock channel |

 Note that the triplicated register correct themselves! &3 ()



a: 802.10 vian Support vl.g
f:?;‘ls"erlng SWP/SHPR enulation hand]e,
3

hctosys: unable to open ric device (rtca)

of cfs_injt
of cfs init: gk
ALsa device list

Vice /dev/l-cblkﬂpa
>oeed SOHC carq at address 1234
macl:1234 SAL6E 14 4 Gig

Tt ubl B2 ) o
EXTeFs (umep, 02): couldn MUt as eyt due ¢ feature inc tibilje;
T4~ moun teq filesvsle- "1th orde, d dat 0y~ - 1
Filesysion) e evice 175737 %ata mody. %t toui
Remory - 1024
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=
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Performance EvaluZtion:

from Wafer ProRine

K,




Numerical AMAC Performance Evaluation

Current Temperature D'iA(\Jliqt:Il(;tO-
Measurement B Measurement Outpugt

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

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

Voltage
Measurement
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e.g. Fit to a simplified circuit model:

Analysis of Individual Tests v somy— Ry

RNTC + Rinternal

S’ NTC Power-board Channel with Setting #2
I:' Visual Examination: NTCpb_sw_2_function COI Iect Data Ar ray
8 1.00] —4\ /
@)
(C900.00 m {
(€b)
¥ /

800.00 m
U Fit param 0: 39538.16 + 9.98 Standard Deviation (full range): 795.73m
%700.00 mA Fit param 1: 655.38 + 0.00 Max:zum De::iatio.n (full range): 7.83

Fit param 2: 0.27 & 0.00 —— NTCpb_sw_2 function

& B e L oy - data ot e

500.00 mH - -

Numerical Fit Parameter
400.00 m . -
ATLAS Work-in-Progress & Residual Parameters

300.00m 0 20k 40 k 60 k 80 k 100 k

20.00 m
Save Result to Local and
Online Database =

20.00m{__ , : : : ;

’ o "Boc onms(onme) e The prototype has been exceptionally successful!
External Potentiometer Test Resistance [€] Luis will tell you more about it in the next presentation!
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OUTLINE

What is AMAC & N Monitor {8

Why we need it 7
- Control ¢&

P —— = Design of AMAC =
Monitoring u Autonomous eb
And
Control — Radiation Hard @
Digital Verification:g:g
—  Verification of AMAC {
Analog VerificationA\p-
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Back-Up
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Wafer : VOCVRFH

Numerically Fitted Chip Parameter Dice: 95/96 passed

NTC Power-board Resistance - Ry

{ Distribution by Chip on Wafer ] Unit: Ohms [ Parameter Value Histogram ]
23 Parameter: NTCpb RO Ohms
11 10 9 8 R o) - DeS|gned Value:
133k
136000

17 21
33 32 31 30 27 26 25

. 36 37 38 39 40 . 42
132000

High Precision!
Distribution ~ 1%

134000 15

Y Axis
Color
Number of Dies

56 57 | 58 59 . 62 63 64 10 Measyred ACCUI'acy
77 . 75 74 73 (72 71 70 69 130000 & ~#10%
78 79 80 81 “ 84 85 5 8 5
N o B 128000 IManufacture Limit
é+25%) 2
94 95 g 156006 ATLAS Work-in- Proq
X Axis 0 126000 128000 130000 132000 134000 1361000 138000 .
Like this one above, we have: >200 analog diagnostic parameters "o ek eerenert - Unit: Ohms
>1000 collected parameters >50 analog pass/fail parameters
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Data Flow from Wafer Probing to Dicing & Database

All results except Raw Data are available online!
Raw Data (.csv) Numerical Fit & Grading (.py) Parameterized Record (.csv) Wafer Statistics Distribution (.csv)

1/ADC Chms END NTC SW END Count Visual Examination: NTCpb_sw_2_function [NTCx_sw_1_function_fitted V_residue_std_full_range ] 247422921
— - 1.00 NTCx_sw_1_function_xName ADC_Ohms ADC_AM_VDDLR_A
2 65000 0 535.312 5.90253 NTCx_sw_1_function_ADC_Ohms._range_max 100000 A Bl et Bt ot GAveraget Parametsr Valus Oistibution
3 65500 0 931.5 4.38748 900.00m NTCx_sw_1_function_suffix NTCx_sw_1_function = & ssers emaom, oo = o
4 EE000 O 925.688 3.09675 NTCx_sw_1_function_fitted_V_range_min 0.411553934 w =
88 7 s
- o — 800.00m NTCx_sw_1_function_mask_str (END_Counts >100 & END_ 0
S5 66500 0 522.688 5.13224 R it parom 0 39538.16 £ 998 Standard Deviaton Gl rangel: 795.73m NTCx_sw_1_function_fitted_V_residue_std_target_range 0.007169923 oomrs
an R, s . imum beation (fll range) :
6/ 67000 0 923 4.48609 = 700.00m il _ E’f"f’ . :"m;ur; 1 ronge): 763 :ig:ixii{::zll:z:7:5(;:7VJEE|dueimaxidevitargeljange ; 0.043140791 "
- ~ ~ 3 oo Do (gt rangel 26 + data (within range) Csw_1 ] ) ]
7/ €7500 0 915.312 4.1791 & 600,00 m avimm bovaton (arget g 11.00m | * G {utsice range) NTCx_sw_1_function_fitted_V_range_max 0.873929299 H
8 €8000 0 913.125 3.78938 NTCx_sw 1 function_fitted V_residue_max_dev_full_range 27.0844731 g-n
9 €8500 0 S05 3.96863 50000m NTCx_sw_1_function_xUnit ohms 20100
g8 .9as8
- . - PR NTCx_sw_1_function_ADC_Ohms_range_min 29000 -
10| €2000 0 BS5%9.188 3.728E58 400,00 m NTCx_sw_1_function_yName fitted_v L) . ol Rl = o
11 9500 O B898.438 5.52233 HVRET_3_ramp_function_slope 0 aoaes
300.00m HVRET_3_ramp_function_xName ADC_uA_Expected
7 ag T T I 0 20k 40k 60k 80k 100 k - - — — oo .
12/ 70000 0 881.75 3.78319 HVRET_3_ramp_function_END_Counts_residue_std_full_range 0 o o T
13|70500 O B887.125 4.25551 20.00m HVRET_3_ramp_function_END_Counts_range_max 1023 l
14 71000 O 883.68% 4.77%91 S 10,00 m ) . . . ) HVRET_3_ramp_function_suffix HVRET_3_ramp_function
:: " :: " - - § 0.00 !‘ 1 ¥ By HVRET_3_ramp_function_intercept 0
15 71500 O B80.188 3.20583 % 1000m Lég ; laaiad HVRET_3_ramp_function_END_Counts_residue_std_target_rang 0
15/ 72000 O B872.125 €.34306 = N HVRET_3_ramp_function_mask_str (END_Counts > 300 & END,
- - -20.00 m = -, P - T
T3 877 BT 7T [ 20k 40k 60 k 80k 100k HVRET_3_ramp_function_yUnit count
17 72500 0 8T72.875 4.08077 ADC_Ohms(Ohms) MVRET_3_ramp_function_ADC_uA_Expected_range_min 99.9725
18| 73000 0 B€9.938 4.87541
19| 73500 0 Be0.888 5.76323
2074000 0 B8538.125 4.48435 Dicin Ma df
Bl 2000 o 254,57 ¢ 01003 Visual Examination (.png/.html I b LD
22 75000 O B854.375 5.01083 . p g . AMAC Die Index Map with Notch on Left (Wafer: VICVPYH)
23| 75500 0 B47.375 4.21122 P 91 (94.8% VICVPYH
24| 76000 0 5846.625 5.23062 . Visual Examination: NTC_NTCx_Overlaid_function ass: (94.8%)
I 1
2576500 0 942.625 3.56853 Component Property& Test Run (.json) 4 .
\ e
900 m x"
. \
a Parent Directory, 800m | ;\'.
\
@ AMACv2a_0x0000200a_try2_AMAC_DAC_CATLX RAMP_FUNCTION.json < 700m i T 50000
4 g — WTCx_sw_4 function .
@ AMACv2a_0x0000200a_try2_ AMAC _DAC _CALY RAMP FUNCTION.json Eeoom = ML ‘3’
- . & 2
@ AMACv2a_0x0000200a_try2_AMAC_DAC_INTERNAL CALX RAMP_FUNCTION.json s00m ] N
@ AMACv2a_0x0000200a_try2_ AMAC _DAC_INTERNAL CALY RAMP_FUNCTION.json i o)
m z
o wn
@ AMACv2a_0x0000200a_try2_ AMAC_DAC_INTERNAL _SHUNTX RAMP_FUNCTION.json £ —100000
300 m %’
{"component™: "28USGBABSEASTE", "problems": false, "results": {}, "defects": [], "testTypeState": S 2
ive", "date": "29.05.2020", "testType": "POMER_FUNCTIONS", "institution”: "UPENN", "runMumber®: 3 20k a0k 60k 80Kk 100k
ments“: (], “properties DC_VDD_HI_V_OFF": ©.88030518, "BEST_WORKING VDD": 1.23804,
1.47433, "ADC_AM_VDDLR_V": 1.4831, "ADC_AM VDDLR_A": ©.8369268, "BEST_AMGPBBG": 0.628813,
13, "ADC_VDD_HI_A_RO?_4HV0O": 9.08421381, "ADC_YDD_HL_A_RO7_4HVO1": 0.00493768, . 150000
_RO7_4HV02'5 .024E783, "ADC_VDD_WIL_A_ROT_4HVO3": 0.0047892, "ADC AM VDD_HIA': 1.49598e-05, B
“ADC_VDD_HI_V_RO7_4HVO3": 3.14846, ~ADC_VDD_HI_\V_RO7_4RVO2": 3.14646, "ADC_VDD_HI_V_RO7_AHVOL": 3.14045, 3 o
RO7_4HVOR": 3.17639, “BEST VDD": 1.23804, “ADC_AM VDD _HI_V“: 0.0@6228885, “BEST | P o, z
.0578, "ADC_AM_LVDS_CW1": 0.69482, "ADC_AM_LVDS_CMO": .680785, "BEST_WORKING VDDBG": 11, &-50m
1, "ADC_AM_\ VDCDC, V" 6,9@915259, "ADC_VDD_HI_A_STD_RO7_4HVO2": ©.80184764, = i . P % =
ITk Produ "ADC_VDD_HI_A_STD_RO7_. 4HVDI": ©.06105412, "ADC VDD HI A STD RO7 4rv0g™: 0.000883412, 0 20k 40k 60 k 80k 100k
“ADC_VDD_HI_A_STD_RO7 4HVO1": ©.88185266, "ADC_VDD HI A OFF": @, "ADC_AM VDCDC_A": ©.88815259}, “passed”: ADC OhmslOhms)
true} —50000 -25000 0 25000 50000 75000 100000 125000

X axis (um)

07/14/2021 APS DPF - ATLAS ITk Strips AMAC - Sicong



| Tk Production Database

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

Component Details

Show details of selected Component of the Inner Tracker.

AMAC Chip - AMACv2a

20USG000501034 Strips

@ @ AMAC Chip amac Strip general

AMACV2a 03.06.2020 11:44
Sicong Lu

Probed at University of Pennsylvania

m University of Pennsylvania usen:
Mo current shipment destination

T University of Pennsylvania uszn
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Example Temperature Measurement

mﬂﬁggiStance and Temperature for 10k Ohm D9.7 MS Thermsistor

* The way we measure the temperature:
 Use industrial NTC
» Measure Resistance through current
» Measure Current (through resistor to

voltage) by AMAC
« Simple Circuit:
« Simple amplifier
« Can measure resistance

TOOoOOD |- 1
£00000 | We Don’t test this step |
SO00000 - N
SOo0000

I00D00 -

Resistance (Ohms)

200000 -

100000

o 1 1 1 " L
—ia0 —40 —20 o 20 <40 =0 8O 100
Temperature [(Degrees C)

We test these Steps

We also measure:
BPol12V by PTAT

(proportional to absolute temperature)

AMAC by CTAT

(complementary to absolute temperature)
07/14/2021

.
(®)

|\ TC (Ohm)

+ 103KT1608T-1P

-

APS DPF - ATLAS ITk Strips AMAC - Sicong

e Ohms Law (A)

AMAC
@ (count)

(. Actual (« Steady voltage
Environment « 10k Thermistor across NTC - Measure current
Temperature e Use R=U/I

using feedback
resistor (s) in

AMAC
\.




Plot Fit by Simplified Circiuit Model:

Example: Validation & Fit R

+ Vzero
RNTC + Rinternal

 Given the simple design, we can perform

Visual Examlnat|on NTC NTCpb_Overlaid_function

numerical fit for the individual resistance
1.0+
 \We could also use this to verify the how well is
the manufacturer on producing resistors
§ 700.0 m 1 —— NTCpb_sw_0 function =~ —— NTCpb_sw_4 function
'c' —— NTCpb_sw_1 function —— NTCpb_sw_6_function
g 600.0 m1 NTCpb sw_2_function ) g
s v e Y | NTCx_R_internal 117165
| :z; L. | NTCx_V_zero [243 85m
400.0m B T | NTCx_Rdefault_Ohms [188 77k
. ——— mmi ” NTCx RO Oh 123 Bek
" ATLAS Work-in-Progress i I — H =
0 20k a0k 60 k 80k 100 k SW% o | :\_TC _Rl_D'h ”_”;-3 I-lk
" # I X hi Uhms LU
. L + (They agree with the designed value!)
S 200m- i i 2 e e IS
é 0.0 '7? H Component Property  NTCpb_sw_6_Ohms 14555.58796931094
£ 200m k. o
. . . ; ‘ i - NTCpb_sw_6_function
° 20k 4ggc_0hms(0hr?g)k B0k took FJ Test Run Result

29.05.2020 try1
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* For each successful AMAC - Test Run:

» 60 characterization properties

* 72 test with fits and analysis (most of them has)

8 per test

« Each is an array of some type
18 test properties per test
See next slides for example

 Database Structure Visualization =
* The center represent AMAC Component

 Each arrow represent an object in database
Parameters, properties, tests, etc

 Each cluster is a TestType
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