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ATLAS HL-LHC Reado

EXPERIMENT

ut - Calibration System me

Calibration system :

« Send precise pulses to the 200 000
channels of the Lar calorimeters

* The upgrade to HL implies to redo

electronics

« Will be placed in the existing cratesg#

 Integrated in new control system
(LpGBT)
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@ATLAS Calibration principle and specifications{ )meqa

EXPERIMENT

The calibration system must provide a high
precision test pulse in each channel of the
electromagnetic LArg calorimeter.

Pulse specifications:

— High dynamic range : 16 bits (from 5pA to 320mA)
=>(-8V on 25 Ohms)

—C T
— INL : +/-1LSB until 10 bits and 1%o from 10 to 16bits mé %1, x %n\
L L
I

r( adout
d(t((t or cell | N

p

111_]oct1()11 resistors

— Non uniformity between channels < 2.5%o
— Pulse rise time < 1ns T -3
— Rad hard until 1.4 kGy (140Krad) (TID) and —‘ 2

4.1x10%3 neg/cm? (NIEL) -
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ATLAS

EXPERIMENT

Developments for calibration
rade: ASICs evolution in 4 steps

CLAROC and LADOC timeline

2017
STEP O

CLAROC1

XFAB 180 nm

HF switch

2019
STEP 1

CLAROC2

Test Vehicule:
to evaluate the XFAB
technology

1st complete prototype
with HF switches and DAC
Both XFAB 180 nm

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 -

2021
STEP 2

CLAROC3

XFAB 180 nm

HF switch

LADOC1

2" prototype with HF
switches and DAC functions
in 2 different chips and in
different technology

HF switches in XFAB 180 nm
13-bit DAC in TSMC 130 nm

Geremeas, Sardinia, Italy

)

2022
STEP 3

CLAROC4

XFAB 180 nm

HF switch

LADOC2

16-bit DAC

3'd prototype with two
separated chips, still with
different techno.

HF switches in XFAB 180 nm
16-bit DAC in TSMC 130 nm

Mme



Developments for calibration
@ﬁﬂ?ﬁé upgrade: ASICs evolution in 4 steps ( 2”’16‘98

CLAROC and LADOC timeline

2017
STEP O

CLAROC1

XFAB 180 nm
HF switch

Test Vehicule:
to evaluate the XFAB
technology
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@ATLAS CLAROCI1 design and results

EXPERIMENT

Chosen technology : XFAB XT018 (180nm CMOS HV SOl)

- SOl to enable - 8V pulses
- HV for 5 and 10V MOS
- 6 metal layers to drive more than 320mA

CLAROC1 (2017) : Calibration of Liquid Argon Output Chip

— Test vehicle to explore this unfamiliar technology

— Evaluate its radiation hardness
— 6 different HF switches (size, type, grounding) to choose Vt drift under irradiation

Board R2 - SW6 - I range 10 mA - V1 via max der log Ip

the best one 10751 . .

1.050

150 S

= 1.000

- Good behavior in irradiation test :
Irradiation up to 5 Mrad does not degrade switch performance.

0975 1 * Vtdrift ~100 mV

* 5V NMOS as command transistor (W/L=3mm/500nm) " for5Mrad TID
e 10V PMOS as switch (W/L=3mm/500nm) N 5. =
lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, taly " 2 TD(Krad) =



Developments for calibration
@ﬁl!?ﬁé upgrade: ASICs evolution in 4 steps ( 2”’1998

CLAROC and LADOC timeline

2019
STEP 1

CLAROC2

1st complete prototype
with HF switches and DAC
Both XFAB 180 nm
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@ATLAS CLAROC2 principle mMeaa

EXPERIMENT

CLAROC2 complete chip in XFAB : CLAROC channel 5

— 4 channels with HF switches
— 16-bit DAC current :

Mirror size
tuneable on 3 bits
8

| pac

T
5 uA to 320 mA

e A 13-bit DAC = 10-bit DAC made by scaled current mirrors for the 10 -
LSB (5pA to 5mA) for precision + 7 current mirror thermometers for 1::;;:‘;‘°“°"‘A| @ CMD Pulse
the 3 MSB (5mA to 40mA) . 4L
e 3-bit tuneable gain (1 to 8) current mirror in each channel to =
choose the dynamic range (0 to 40mA, to 80mA, ...to 320mA) RN
RO Lo
— shift register for chip configuration (1.2V MOS transistors) j— :

e 17 bits for 13-bit DAC
e 8 bits for current mirror (common for the 4 channels)
e 4 bits to validate the 4 channels

CLAROC layout

. 6,2mm x 2,3mm
XFAB180nm
Submitted in June 2019
Received in Decembrer 2019
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ATLAS CLAROC 2 Switches measurements meaa

EXPERIMENT

Small current range [0-SmA]  _ ... o By substraction of the £ 0-1_7':,1' AR
§ n:s % TFulses after shaping [SpA, 3 mA] % Z-ji :E InJeCted Charge _0.05:]1'— *'ul ;F'.lll \ —:
£ sl E O F ] - Ry ]

A § o4 = i I'f. . '\ 1 If\ I|I \/
0.3 r; E D'Bz_ = . O:_ II'/|| jlllll [ "-ﬁ'. Ij I'll II \l : \
i After correction oY ~
y .__:l: 0_12_ _i —0_05_— |I III \ II| ]
R B e I P ! f
T o=z o4 T [ T me . DAC current [mA] —0_1__ | | | | | | 7]
. e X N R R
g 555_ ' Iv‘_r,,l_._rrr'l'ﬁ"l""""l _i 2 25_ _i VR RN R AN N U A R
E 5.0;— //'/ _g 15?". _: __qE_J E
£ E 13 E By using the fixed-time 820 .
s O F / E 0SE Y S < 0 A A
E 35§—|ll.l _g gf— {r'f./ _E methOd (55n5) j p_ L\"I f?:'l I.' III fﬁl .Ill |II II' | I| | I| 'fl N
: ZZ? E —D_SE— \\.A.f"’"* —E = C HI |4|I l'f Ih:l 4 III ! { I|I
S ' e I I' A . . . —0.05:— '||." a\ I|' lL. _
At low current, injected charge (pulse measured at DAC~0) has non-negligible effect on linearity '
—01- ]

Eev oo by o by by by by g e
0 0.5 1 15 2 25 3
DAC current [mA]

0.25

a? r_' LENLE B o A = T T T T T T T
2 " 0-30mA . ] ; . sw1 0-300 mA
= 0.4 i = A - . . .
: 0.15¢ * HF switches linearity is OK
0.1¢
o i 0.05
‘°‘°5’2f E o * Injected charge issue under control
-0.1F E ~0.05
015 — swa N -0.1
EII_I I SI - 1|0| - I1|5I I IQIDI - I25I I IBE‘ _0'155: . ! '50' et '100' ! '150' . '260' ! '250

DAC current measured [mA] DAC current measured]mA] as, Sardinia, Italy 9



ATLAS CLAROC 2 measurements meaa

EXPERIMENT

; n_si— 13 blt DAQ Ilne?rlty — Non linearity on the 13-bit DAC is larger than
o o02f | 1 = expected : +/-1%o
0.1 =
D“ \ H 3 Mainly due to steps between each thermometer and each
s \ | \ | \ E mirror
0.1 — . .
: \I t\ - —>The layouts of DACs and mirrors could be improved to
—02E I avoid steps
-0.3F 3
: INL :+/-3%o '
04 e o by oy by by 1
0 2 10 19 20 = 30 Output current (mA)
X 15 ] E . -
2 E Under irradiation (X-ray and protons)
0.5[ =
oF- = e the HF switches are still OK.
-05[ -
e E * DAC is degraded after only 50krad
15 INL under E
_;: == ,Itr.réql.a,ltl.o,rj]. e * the slow control becomes non operational after 20krad

0 50 100 150 200 250 300 350
Output current (mA)
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ATLAS  CLAROC?2 meaa

EXPERIMENT

-  Proposed solution: separate the 2 functions in 2 different chips

— The HF switches and mirrors remain in XFAB
e we need SOl and the 5V and 10V MOS

B CLAROC3

— The 13-bit DACis done in a well-known technology : TSMC 130nm
m) LADOC Test board CASA1L
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Developments for calibration
@ﬁﬂ?ﬁé upgrade: ASICs evolution in 4 steps ( 2m998

CLAROC and LADOC timeline

2021
STEP 2

CLAROC3

XFAB 180 nm
HF switch

LADOC1

2" prototype with HF
switches and DAC functions
in 2 different chips and in
different technology

HF switches in XFAB 180 nm
13-bit DAC in TSMC 130 nm
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ATLAS CLAROC3 and LADOCI1

EXPERIMENT

CLAROCS in XFAB 180nm

— 4 identical channels with HF switch and 3-bit DAC
(mirror gain 1 to 8)

— All slow control (12 bits) and fast signals are
provided externally and need level translators (1.2V
to 5V)

LADOC (Link And DAC Of Claroc) in TSMC 130nm
— 13-bit current DAC from 5uA to 40mA with

CMD pulse
input from

Input current from LADOC

LADOC 13 bits DAC
5pA to 40mA
+fine adjustment

Channel output
to external R and L

SDA,SCL,rsth, 40MHz input

LADOCI1 description et for 12

8-bit to adjust the current reference. A Commonblocks. . | y PP 1.2V 2nd
: -~

— Reference voltage (CERN Bandgap)

provide the command pulses,

— 12C Slow control for both chips (LADOC itself and
CLAROC) (re-used from HGCROC)

A

~40 SC parameters for
internal use + 12 5C
parameters for the XFAB
claroc

SDA,SCL,
rsth

12 SC parameters
outputs for

Enabl

i a er i
Block for DAC /

w L] 1] u ] »
40MHz  Calib pulse Voltage Calib pulse Voltage reference External resistor
output output reference  input input = 1V = 100 Q (1%o)
lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Safditig, Italy output = 1V
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ATLAS LADOCI1 13-bits DAC measurement Meaa

EXPERIMENT

Linearity DAC measurements :
— INL on dynamic range < 0.3%o

> LADOC1 INL measurements

Radiation 18th Sept 2021

— INL very stable under irradiation up to 20 times the
. 0.015 A —
requirements
0.010 A
— 0.0 mins
57.27 mins
0.005 1 —— 121.1 mins
LADOC output current N — a7
- 497 versus temperature " 2 — 28308 mins
‘f—, -0.005 A
§ | .\'\‘\ -0.010 +/-0.15%o
2 ‘ —0.015 - ————— —— T —— —— —
— 48_ . i . AT A : . : ! . : . : !
0 5 10 15 20 25 30 35 40
‘ Injected DAC (in mA)
—&— LADOCH1:
Max(10°C)-Min(60°C)= 104pA
SeAr s apm ‘ TR
10°C LADOC sensitivity to temperature :
ol | | i | | | | ZHA/OC_43Oppm/OC

0 10 20 30 40 50 60 70
Temperature (°C)
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INL %o

-0.6 -

/ \
-0.8 ¢ /. /I " ®
-1.0

ATLAS CLAROC3 measurements

EXPERIMENT

1.2+
SASA4 LADOCA 0,
s & CLAROC3 INL (%o0)
1.0+ Meas 3448 o e )
. 1stsi ns kit * <
SimINL +3+_+8 _ 2nd simulations ki e d
0.8+ z I & 3 -

06 v 4 ., L "&\.‘,:

*
- / - —®
0.4 P oa g
0.2 — y /I/_" pe > —® .
/

| \
0.0 SoT L NI Y

b 1

-0.2 i a z &»r\‘-.
04—y

//‘Sim 1st Kit (before submission)=> INL 1.2%{

1.2 —

-y / /. Sim 2nd Kit (after submission)=> INL 2.5%o .
16+4-—g¢—~Measured > INL 2.7%o

1.8 =4 L

I | I I I I I I | I I I | I I |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Measured current (mA)

* Non linearity is larger than expected : +/-1%o

Due to early effect : Simulation difficulties
(evolving models, simulation reliability, etc.)

Dispersion %o

115

CLAROC 3 : mirror gain dispersion measurement

[Dispersion %o among channels|

| e _+— " ldac=5mA
| | “ I . Meas. RMS ~ 1 %o
e MC simu ~ 0.1 %o
! |dac=40mA
Meas. RMS ~ 0.4 %o
MC simu ~ 0.07 %o

Mirrors

e Not negligible mirror gain dispersion
Difficult to be controlled

— use of a constant gain (8) mirror and transfer of the 3 bits (MSB) of CLAROC to LADOC (LSB)
- To improve linearity and compensate the Vt shift of the irradiated transistors we must add an amplifier to improve

the mirror gain.
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Developments for calibration
@ﬁﬂ?ﬁé upgrade: ASICs evolution in 4 steps ( 2m998

CLAROC and LADOC timeline

2022
STEP 3

CLAROC4

XFAB 180 nm
HF switch

LADOC2

16-bit DAC

3'd prototype with two
separated chips, still with
different techno.

HF switches in XFAB 180 nm
16-bit DAC in TSMC 130 nm

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, Italy
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ATLAS LADOC2

EXPERIMENT

DAC extended from 13 to 16 bits : 3 bits LSB have
been added. Current from 625nA to 40mA

The current source improved : to ensure a better
temperature stability

Provides to CLAROC 2.5V slow control signals
(instead of 1.2V in LADOC1)

in LADOC1)

LADOC 2 layout

* 3,4mmx 2,3mm

« TSMC130nm

*  Submitted in April 2022
* Received in July 2022

* Package : BGA 196

EN_40M_ext 40MHz calib pulse  SDA,SCL,rstb,

etc.

UUtPU‘ output

EN_calib_in (S€)
I—’l—‘
Calib pulse

input

Reference voltage EN_Vbg1V_ext (SC)

Voltage Voltage
reference reference
output = 1V input

EN_ h ext (SC)

Power supply : 1,2V and 2,5V

4.0MHZ EN_40M_o t(SC) EN calib_out (SC)
Clk_320 40MHZ (2 SV)
. . - FastCmd block Cahb
Provides to CLAROC 2.5V fast signals (instead of 1.2V

14 bits 145C
p met

Enable 5C
4 blts 4 Calib pulse

3 outputs for

the 4-Channel

CLAROC (z,sv)

: 2,5v
L| i B-bit f
1/1000
S L precision 1
‘—- ”* Idac_out

‘0,5 mA

External 100-Ohm resistor
(1/1000 accurate)

’ 1

block - ; - , i
| z,’;__ . its. !

} ‘:i Ow offsel E

] = amplifier i

1 < 1

‘ |

I |

Notice: It is not a true 16-bit DAC, but it is a 16-bit DAC

range with 10-bit accuracy

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, Italy
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ATLAS CLAROCH4 meaa

EXPERIMENT

. . CLAROC4
e The mirror gain becomes constant (= 8) one channel description
Jﬂ'ﬁhnm' JZF In mirror out_mirror
e An OTA is added to improve the mirror gain o It T OTA added to
— Completely eliminates Early effect /T drive Veasc_out
L, ) ono Output cascode

(vcasc out)

vcasc_out

ON_OTA out I OFF cnanr"; K“ input

OFF_OTA_out [ cascode

e Asecond OTA is added at the input in order to control the. o »

ON_channe! [
input voltage (at 2.5V) and to keep a good linearity for - OTA added to fix | F o
LADOC input at vref_in
ON_channel A dac
INL (%o) @ Vdd=5.5V : e e Input current from
1 , Nl LADOC 16 bits DAC out
1) R % |NL WIthOUt OTAS (OFF) 625nA to 40mA Channel output
bbbl toRandL:
0 .0'... .'o. = 2,3 %o (CLAROC3) 5A t0320mA
® 8

0 Qo0.0:0uunnnuununo’unnon

e owowow Ko w0 INLwith OTAs =0.001 %

5 e

‘o v ° CLAROC4 layout
-1 o CLAROCA4 : non linearity e 24mmx2,3mm
_1%09 o simulation s XFAB180nm
15 L5 %o : *  Submitted in March 2022
*  Received in September 2022
2 *  Package : BGA 196
kit INL (%) OTAON@ VAd=5.5V 1o 2025
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ATLAS

EXPERIMENT

INL [%]

0.04

0.02

-0.02

-0.04

0.06—

T I L T | T 17T | LI l T T T 7T l T 1 T T I T 1 7T | T

- - BGA LADOCY2 lingarity_
LADOC output

CLAROCV4 output

0-40 mA

requirement +0.5%o (1%o)

_\lll\IlJlII‘I\I'I\IIJL.Il\

o

o
o

INL [%]

c L 1
5 10 15 20 25 30 35

40

Linearity for the different ranges

INL [%]

0.04
0.02
0
—0.02
—0.04
—0.06
-0.08

0.06|l|||l|||l\|\l\|\l\

requirement +1%o (2%o)

0-200 mA

_O_t:—---------------------

II*IIIlIII|III|III‘I\I‘III|III|III|

Ladoc2+Claroc4

requirement + 1%

0-320 mA

O

1 ey e b e e
50 100 150 200 250 300

Not within specification for
current > 200 mA

—> Saturation

Increasing Vdd to 5.5V

= Within specs

IIII 1 II\I\I\I\I\
0O 20 40 60 80 1

00
g 0_5; ; N - = . ; l-l-I I-I-I ; ‘-1 -I I | | ; I-[-‘ I-I-l I- I-I --;
1 - ]
= - =
0 ——— E
—0.5.;_- E I I I = I =N I I Im == == = =" =" = = = = - . -E
_1 ? Current linearity, BGA LADOCv2 and CLAROCv4 7:
» -1.51 v requirement for =
~ 5Vv1 ]
_of- large range +0.5% =
E 5V5 (1%) E
-2.5— 3
B L 1 1 | 1 1 1 L I 1 1 1 1 I 1 1 L 1 I 1 1 1 1 ‘ L 1 1 1 | 1 1 \7
0 50 100 150 200 250 300

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, Italy

L I Ll 1
120 1

40 160 180

1 | L1
200

The INL is within
specifications for small and
medium ranges : output
current < 200 mA
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ATLAS CLAROC4 and LADOC? irradiation tests meaa

EXPERIMENT

2 X-ray campaigns at CERN were performed :

< r L L T L B
I : g 006— , single bi -
« LADOC?2 : 3-bit sub-DAC (0-> 5pA) dies after only 60 krad due to g P mot radiated /j ]
current leakage in 2.5V NMOS. g 00 Xray. 00krad A E
v ' ' ' S S 0.04- =
()] r il
Out_ gi 0.03;, .
= Out_dac dac 2,5V = E E
© T ON T OFF G“;J 0.02— —
Vb_da — 2 - ]
c 2 001~ -
Vb_dac @ s ]
Oigl o e R R E A B
= 0 20 40 60 80 100
Code DAC
10’:re.md 10° 107 107 10° - E - y
a £ 300— . . e
2.5V NMOS IeakTé%Fé(g:)urrent vs TID (From E L CLAROC DC Imearlty
Michelis @CERN) ‘2:250;— until 210Krad
*CLAROC4 gzoof_ e
o PMOS transistor of the HF switch has only a very tiny VT shift 3 F 0 krad
after 200 krad (40 mV) - 30 krad
o NMOS command for the HF switch presents leakage current e ok
at low doses (20Krad) when it is ON which is not the normal so0F- . 1(--1-.\-“--)[.-}:.--\-
use. When it is OFF, no effect of irradiation e I B N I I

[=]
o
[=]
-
[=]
[=]
-
o
[=]
Mo
[=)
(=)

250 300
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@ATLAS Summary

EXPERIMENT

LADOC2 :
 Fullfills the requirements,

* Unexpected irradiation problems encountered at very low
dose has to be corrected

CLAROCA4 .
« Now fullfills the specifications

 Difficulties encountered using non-mainstream technology
(changing models, simulation reliability, ...)

Now efforts move to test the chips on the calibration board
For the calibration system, we need ~6000 dies of each :

- Pre-production end 2023
—> Series production mid 2025

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, Italy
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ATLAS meaa

EXPERIMENT

Backup slides
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ATLAS  Quantities mega

EXPERIMENT

¢ Need to calibrate ~200000 calorimeter cells

« About 1 calibration line for 8 cells (depending on the position in the detector)

e 130 boards to be produced (including spares)

e 122 (+8) calibration boards with 128 channels each
» Inserted in LAr front-end crates (about 1 CABANE for 15 FEB2s)

» A total of 145 boards to be fabricated, accounting for pre-production (80%) and production (90%) vields

e ASICs:
» 4640 ASICs of each type need to be produced (145 x 32)

« 5568 ASICS of each type need to be fabricated, accounting for pre-production and production yields (80%)
-> 11136 ASICs in total

lundi 2 octobre 2023 - Ludovic Raux -TWEPP 2023 - Geremeas, Sardinia, Italy 23



ATLAS LADOC 2 linearity performance Meaa
EXPERIMENT _[TNeasurement

'3 _I T | T I LI | T T 17T I LI I TT T T I T T TT T II_

P_'. - -

= C i .

£ 0.03F M _ -

- /[ « 10-bits » .

0.02F- [ -

- /[ :

0.01 .' / —

: \ / ]

C \ / ]

O \ ! —

: PN 1

001~ —

T ]

001 02 63 0405 08 07

Input Current (ma)
_\T _IIIIIIIIIIIIIIIIIIIIIIIIIII_ 3‘0_@12_III T T 17T IIIIIIIIIIIIII IIIIIIIIIIIIIII_
2, c m e, C .
~ 0.005F / — = = 0.0085 «16-bits » =
oF \ 3 0006} A 3
B . \ 1 Largely within the 0.004 fi 3
—0.005— “ l3-blt5 » | — . 00025 et | II I| " || '.I f -
- | J ) E | o =
ook \ 3 0,1% requirement e | A/ R U E
= \ - . = \ Lo i (AN -
~0015E- - (~10 times better) -0.0025 | SN \ O
0.02F- |2 ~0-004F \/ VoA
F B ~0.008F \ Co =
_00255_ I I II I ; _IE _D-GGB:_IllllllII|IIII|IIII|IIII|IIII|IIII|IIIIII_:

1] 1 2 3 4 5 0 5 10 15 20 25 30 35 40

Input Currant (ma) Input Current (ma)
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EI;\I!TﬁNST Temperature effect meaa

Measurements made @LAPP
with a temprature sensor

|_out{LADOCvVZ) and temperature vs time

setpoint 40 mA, LADOC powered at +=0s

225 40,02
22 40,01
40
215
30,99
21
T
30,08 é-“ m— Temp
nk 5.7 s s — CrTET
= 30,97 %
£
20 5
30,96
195
30,95

40 mMA

13

~-600ppm/°C

30,54

18.5 30,93
] 100 200 300 A0 00 GO0 700 BOO aoo 1000
=)
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ATLAS Temperature dependance Sources meaqa

EXPERIMENT

Cascode does not
work when the

2,5V _
Ll r'J 09->1.1 temperature INCrease
I 8-bit for DAC
— . 1/1000
. current
precisi output

\Vcasc

16 bits

Reference
Low offset
amplifier
Temperature Parasitics resistance ~15-20 Ohms measured with a
dependance of non negligible temperature coefficient (0,32%/°C)
the Bandgap

External 100-Ohm resistor
(1/1000 accurate)

GND
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@ﬁﬂ?ﬁé Temperature dependance cascode | meqga

41,000 meter to av0|d bandgap temperature dependance
ldac=40m __
40.500 e

—Vsupply=2,5V

= —Vsupply=2,7V

2

£ 39.500

(&)

5

s

2 39.000

At 2,5V, ~ 600ppm/°C
At 2,6V, ~ 100ppm/°C

At 2,7V, no significative dependance with temperature until at least
80°C

38.500

38.000

20 50 80
température (°C)
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ATLAS CLAROC 2 DAC measurements

PMax
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INL %o

INL %o

ATLAS

0.14
LADOC1_10bits_INL %o
0.12 —@— LADOC1 measurements without Claroc /
12— —&— LADOC1 measurements with Claroc
—8—LADOC1 simulation with 8 Ohms connected to Vdd "
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13-bit DAC
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LADOC output
measurements
without Claroc
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LADOC output
measurements with
Claroc connected
(black)
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LADOC : DAC linearity simulations
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@ATLAS LADOC linearity after irradiation Meoaa

EXPERIMENT

e Measured every 2-3 minutes during the two nights.

e Show here one curve per hour i.e each curve adds up ~350 krad and 6.5e12 p/cm?2
(total ~5 Mrad)
— no any degradation seen over time, and after the two nights
— INL <0.05% after full irradiation

45 Radiation 18th Sept 2021 Radiation 18th Sept 2021
0.015 4
0.010
— 0.0 mins — 0.0mins
g‘ — 5727 mins ; 57.27 mins
= —— 121.1 mins 9.005 7 —— 121.1 mins
= : = — 178.42 mins
g rndamne) € 0.000 1 W= @:_:::3‘::» —— 235.77 mins
8 — 23577 mins| = E\)‘x\——ﬂ
- - . il —_— 293,08 mins
£ 293.08 mins | = 350.42 mins
H — 350.42 mins ~{.005 -
s
—{.010 -
—0.015 -
(i) 5 10 15 20 25 30 35 A0 ﬂl} 5I IIE' 1l5 ZIU EIS ﬂlt} 3I5 40
Injected DAC (in mA) Injected DAC {in ma) 20
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@ATLAS CLAROC3 measurement

INL %e

Simulations :

nmeqa -
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LADOC{, CLAROC output, 2mA step, IpGBT
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Developments for calibration upgrade :
ASICs evolution in 4 steps

MeQga

CASA = Calibration ASICs for ATLAS

2017 2019 2021

STEPO STEP 1 STEP 2

CLAROCVv3
CLAROCv1 CLAROCv2
Commercial TSMC 130 nm
DAC
DAC 13bits
Test

vehicle
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2022
STEP 3
CLAROCv4

LADOCv2

TSMC 130 nm

DAC 16bits
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