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INTRODUCTION

LAUROC

° : Liquid Argon Upgrade Readout Chip
e TSMC 130nm process

e Third iteration:

e LAUROCO (2016): test preamplifier design
e LAUROCT (2018): full functionality for main readout
e LAUROC2 (2019): first chip with complete features

Contents
LAUROC is our backup solution for preamp/shaper, despite passing basically all specifications

o Brief overview of the measurements
e With some more details on the 12C
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LAUROC2 DESIGN

ATLAS

EXPERIMENT

LAUROC2 Ch <1:4>
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I2C FOR SLOW CONTROL

Functionality

e Allows 5bit addresses, each storing a byte of
data

= ~ 256 config bits available
e Structure triplicated:

e 3clock inputs
e 3resetinputs

e Inputs: SCL, SDA, CLK4&OMHz, RST, chipID

Common design
e Design originally done for CMS HGCROC
= Known to work in conjunction with [pGBT

e LAUROC2 successfully integrated on the first
FEB2 slice test board

= Use demonstrated in ATLAS conditions
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OATLAS

EXPERIMENT

L

chip 1d<3:0> | 1 ides0>

ch_SM_I2C
ST okao_scenc>

resetb_sc
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SD/
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sc_load<2:0>
Sc_addr_out<15:05]

sc_data_out<7:05]

reg_4_in<7:0>
reg_5_in<7:0>
reg_6_in<7:0>

sc_load<2:0>

NC<15:5> sc_address<4:0>

sc_data<7:0>

AutoReload0 reg_4_out<6:0>
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AT

EXPERIMENT

12C

Bytcou

Base cells aggregated by 8 B 7 N
to form SC Registers (byte)
Inside a SC bit, triplicated

structure with Triple voting

Parity and Error
propagated to next bit . 7 Triple Laten

AutoReload functionality: Dataln ﬂ
force latch output to be Dt Setection

reloaded if an error occurs

3
Load —F—» xs
Bit Selection ———»  Logic
AutoReload —p  Control Slow Control bit
Error — g — (SC_bity
SC_bit BTN ParityOut

Parityln

Errorin
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12C EVOLUTION

Issue
Problem observed with some test boards with HGCROC

e When SCL and CLK40MHz not in sync

e In some cases the 12C gets stuck when writing the config

e Needs I12C reset then write the whole config again

e Could be reproduced on LAUROC when using different source for CLK40MHz than for SCL

New Design
o 12C gets stuck because of clock gating mechanism

e Clock gating removed in new I12C version
e Also added resync of start and stop
e New I2C design shared on SOS server, to be used by ALFE and HPS
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12C SEU TESTS

Irradiation with protons on September 5-6 at

the PIF facility at PSI

230 MeV protons, ~ 15 hours beam time,

irradiating a single board.

e Total dose: 6.5MRad

o Total fluence: 1.4 10™ p/cm? ~ 14 times
expected for HL-LHC

12C config read every 10s and compared to

original one

Also monitor the error bit: flips whenever at

least one latch flips in any SC bit.

Runs in various configurations, typically

with/without Autoreload functionality
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IRRADIATION RESULTS

SEU
e 1SC bit flip observed, in an Autoreload=0FF run.

e From the measurement of single latch flips (through the error bit), we expected 2 SC bit flips from
independent latch flips during a 10 s window.

e i.e flips that would not happen if we were running with Autoreload=ON

Therefore no measurement of 'true’ SEU rate possible
o Limitt N < 3= o < 210" cm?/chip (95% CL)

Translated to ATLAS: total number of bit flips over the whole calorimeter and for full HL-LHC
lifetime: <6000

NIEL
e ASIC still working at least up to 3.5 times the requirement

TID
e Chip still working at 6.5MRad

e Detailed characterization post-irradiation could not be performed at PIF due to technical issues
e Board still in active material storage at PSI

e However, LAUROCI tested for TID at CERN (X-ray machine): no performance degradation observed
on 5 boards irradiated to 1MRad
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PERFORMANCE MEASUREMENTS SATLAS

EXPERIMENT

e As LAUROC is our backup design, showing only a few significant results

e Typically only results for the 25§ - 10mA configuration

e More in backup if needed

e Numbering scheme refers to the document listing all measurements to perform
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2.5 PSRR ParLas

Setup
Power supply
T
PSRR 25 oghm configuration|
1V 25V 90 i vbDsH

—e- vDD PA
- § —&- VDD G20
Oscilloscope 80
HGN 70 R
vdd Vdd  vad . ©
pa  sh g0 © A—a——A
n [ F—
2
40 -
30 M\J
Pulse 20 ] +
generator
10
Sinusoidal signal o
with variable frequency N i L T T T
10 10 10 10 10

Requirement: > 10dB up to 1MHz
e > 20dB for VDD_SH

e > 45dB for VDD_PA and VDD_G20
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1-2 INPUT IMPEDANCE

Tuning range
From 3g$’2 to ?z Q

Stability vs frequency

o £10% up to 20 MHz, vs requirement +5%

o £5% up to 10 MHz

o Central frequency ~ 3 — 4 MHz: no significant
impact from larger deviations above 10 MHz

asic7 250hm : Zin scan

—¢ CHL
— CH2

—¢ CH3
—¢ CH4

28 /y

Zin (Ohm)
~
>

N
¥

e

/fﬁg

160 180 200 220 240 260 280
2 setting
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Setup

Sinusoidal signal
jth

wi
variable frequency

Pulse
generator

Zin (Ohm)

Oscilloscope

asic7 250hm : Zin vs frequency

—¢ CHL
— CH2
= CH3
— CH4

M

10!
Frequency (MHz)
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3.C.1-2 LINEARITY OATLAS

EXPERIMENT

Low Gain
o INL 4:0.2% vs requirement +0.5%

e Peaking time stability: ~ 1ns
e Gain ratio HG/LG: ~ 24 vs requirement 23 & 5

High Gain
e INL £0.1% vs requirement £0.2%
e Peaking time stability: ~ 1ns

Linearity asic7 250hm HG DIFF Linearity asic7 250hm LG DIFF

2 1500 2 1500

? s

g g

£ 1000 gain 4170.9 mV/mA £ 1000 gain 172.1 mV/mA
2 gain 4169.0 mV/mA 2 gain 173.9 mV/mA
£ 0 gain 4171.7 mV/mA % s00 gain 174.4 mV/mA
£ gain 4177.5 mV/mA 5 gain 169.5 mV/mA
3 3

° 0
o1 02
g g
S oo S 0o
H =
0.1 F02
£ £
v 55 o
g ‘ £ J/ ‘
2w —an : QA —on
% a5 — CH2 R — cH2
2 oo 01 02 03 04 0. =% CH3 & 0 2 4 6 8 17 CH3
input current mA — CH4 input current mA — CH4
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3.F1-2 NOISE OATLAS

EXPERIMENT

ENI
o 25 ENI= 265nA at tf,*m% = 46 ns with Cy = 1.5nF vs requirement < 350 nA

o 50 ENI= 78 nA at t5~"%°% = 38 ns with C4 = 330 pF vs requirement < 120 nA
o Coherent noise: 22% coherent noise fraction

—< CHL

= CH1
ENI: DUT asic7 250hm HG OutDIFF — CH2 ENI: DUT asic7 500hm HG OutDIFF —e CH2
=~ CH3 = CH3
— cH — cHe
110
600 NI 257 nA CHL:ENI 77 nA
NI 267 nA CH2: ENI 76 nA
CH3: ENI 270 nA 100 CH3: ENI 80 nA
CH4: ENI 262 nA CH4: ENI 78 nA
500
920
H H
B 400 g
80
300 70
200 n\, 60
30 35 40 a5 50 55 60 300 325 350 37.5 400 425 450 475
peaking time (ns) peaking time (ns)
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3.G1-4 CROSS-T. OATLAS

EXPERIMENT

— CH2HG

— CH2HG
jjcdutl 250hm OutDIFF waveforms - inj. 350uA in = CH2LG ijcdut] 250hm OutDIFF waveforms - inj. 5mA in 2—— CH2 LG
s = " —— CHAHG s e —— CH4HG
E 1000 —— CHLHG E 1000 —— CHLHG
K] —— CH3HG 2 it —— CH3HG
2 CH3LG 2 ! CH3LG
= 53m 3
g - CHILG 2 i CHLLG
< —— CHALG < —— CHALG
s s
H M N
z 0 v v
3 \/;Al,o[zvnmv € CHI: 26 (7.71mV
H g CH3: 2.8[9.2]mV.
g CH3:-0.9[2.2) mV 2 :
£-2 CHa: -0.8 [ 2.1] mv £ 10 CHa: 2.5(8.7]mV
S 02 TUTTU02] s 1o CHa: 0.0 [0.8]mV
E [o2] E , CH3:0.1[08]mV
H [ g% A gk 0.l
| CHL:-gk[0.6]mv
1 ]
Z o0 4 300 | ¥ P i
£ v 5 R
< <
550 600 650 700 750 600 700 800 900 1000 1100
Time (ns) Time (ns)

inj CH2 HG vs HG HG vs HG LG vs HG LG vs HG LG vs LG LG vs LG
at peak pk-to-pk at peak pk-to-pk at peak pk-to-pk

CH1 0.08% 0.16% 0.35% 1.04% 0.01% 0.11%
CH3 0.07% 0.17% 0.38% 1.24% 0.01% 0.11%
CH4 0.06% 0.16% 0.34% 1.17% 0.02% 0.08%

Cross-talk
o Evaluated at peak of injected pulse
e All good vs requirement 0.5%

o Peak-to-peak cross-talk shown as well
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3.1.1-3 UNIFORMITY

e Measured on 8 ASICs using a board with a socket
e Performance not exactly as boards with soldered chips
o But sufficient to measure dispersions (RMS)

RMS 25Q RMS 50

Gain HG 0.8% 1.7%
Gain LG 0.6% 2%
ENI 2.7% 4.5%
Zin 1.1% 1.4%
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TRIGGER

Trigger sum
o LAUROC2 designed with gains x1 / x1.5 / x2.5 / 1500
) ; >
x3.5 before requirements were fixed with x1 / x3 H
8 1000
e Gain uniformity: < 1.3% vs requirement < 5% K
3 so00
o INL< £2% H
13
e Peaking time tuning and stability ok S eaenton
e Shaper switches working ok
Linearity asic7 250hm OutDIFF all channels pulsed Trigger sum: 4ch vs sum(individual) asic7 250hm OutDIFF
E 1500 -1
2 1000 -2
g
‘g 500 gain 646.3 mV/mA g _3
3 8 . .
N 84 Relative difference be-
. E,S tween trigger sum and
2 "—\//l\ i ideal sum
-7
\\/\/ s
X X 1. 15 X .

05 0 ¥ 20 25 05 10 15 2.0 25
input current mA

2.5mA/channel = 10 mA total

input current mA
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SUMMARY: 2502

YATLAS

EXPERIMENT

Category Measurement Requirement

1. Nominal settings

4. HG/LG Gain ratio 24 B

Peaking time, D vels All ok

2

1 v ~ 450 mW < 650 mW

5. PSRR 50dB for VDD_PA and VDD_G20 ; 20 dB for VDD_SH 10dB up to 1 MHz

3. Main Readout

B.1 Recovery time
B.2 Output DC tuning
1-2 INL

H. High Pileup Behaviour

+5% up to 10 MHz

~ 100 ns

HG: £145mV; LG: £150 mV

HG: £:0.1% up t0 370 pA ; LG: +0.2% up to 10 mA
Same results

Same results

£57100% _ 46ns £12ns

455 -46.3ns

Min: 62.4 deg ; Nom: 66 deg

ENI= 264nA at 5~ 100% = 4gns
Negligible

No internal saturation

+5% up to 20 MHz

< 450ns

Tuning range 4150 mV
HG: £0.2% ; LG: +0.5%
Same requirement
Same requirement

T =15ns £5ns

60 deg
350nAatt

< 0.5%
No saturation

5—100% _ 46 ns

4. Trigger Summing Output

2. Linearity
3. Uniformity

x1and x3.7
INL < 2% up to 10 mA
Gain uniformity < 1.5%

x1 and x3
INL < 2%
< 5%
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SUMMARY: 5012

YATLAS

EXPERIMENT

Category Measurement Requirement
1. Nominal settings

30 BB
Peaking time, DC levels All ok

3. Main Readout
A. Input imp
B.1 Recovery time

+5% up to 20 MHz
~ 100 ns
HG: £145mV; LG: £150 mV

+5% up to 20 MHz
< 450ns

B.2 Output DC tuning Tuning range £150 mV
C.1-2 INL HG: £0.1% up to 55 pA; LG: £0.2% up to 2 mA HG: +0.2% ; LG: +0.5%
C.3 Optimal filtering Same results Same requirement
C.4 ADC Load Same results Same requirement
9
D.1 Peaking tim: t5_100/° = 38ns +10ns T =15ns £5ns
inearity 37 -38ns
o o

ENI= 74nA at 5~ 100% = 380 20nAat = "%%% = 380

Negligible < 0.5%
4. Trigger Summing Output

x1and x3.7 x1 and x3
2. Linearity INL < 2% up to 10 mA INL < 2%
3. Uniformity Gain uniformity < 1.5% < 5%

N. Morange (1)CLab)
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BACKUP MATERIAL



1-2 INPUT IMPEDANCE 50w

Setup

vin (f)
Tin

Oscilloscope

Zin(f) =

Tuning range
From 19Q to 148 Q

Sinusoidal signal
with
variable frequency

Stability vs frequency
o £5% up to 20 MHz, vs requirement £5%

—e L —e a1
asic7 500hm : Zin scan —e CH2 asic7 500hm : Zin vs frequency —e CH2

- cH3 60 —e CH3

50 P cha —— cHe

Zin (Ohm)
g
Zin (Ohm)

Hi 45
L7 ’ "

50 60 70 80 EY 100 110 100
C2 setting

10t
Frequency (MHz)
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3.C1-2 LINEARITY 5092

YATLAS

EXPERIMENT

High Gai Low Gain
B €L . o INL 4:0.2% vs requirement +0.5%
e INL £0.1% vs requirement 0.2% ) . -
S - e Peaking time stability: ~ 1ns
e Peaking time stability: ~ 1ns
L ]

Linearity asic7 500hm DIFF Linearity asic7 500hm DIFF

o o, 1500
2 1500 z
s s

1000
£ 1000 gain 28727.9 mV/mA £ gain 796.2 mV/mA
s gain 28629.0 mV/mA B gain 800.8 mV/mA
5 gain 28904.4 mV/mA 5 s00 gain 803.5 mV/mA
£ 500 gain 29079.0 mV/mA £ gain 803.4 mV/mA
H 3

0
03
. - 02
£ £ 91
2 z -0l
= = -02
7 703
2 2
= = 200
2 a5 ‘ 2 ‘
2400 —— o 235 —— cHL
%375 — CH2 = e CH2
& o000 0.01 0.02 0.03 0.04 0.05 006  —% CH3 & 000 025 050 075 100 125 150 175 2.7 CH3
input current mA —¢ CH4 input current mA — CH4
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3.G1-4 CROSS-T

OATLAS

EXPERIMENT

— CH2HG — CH2HG
ijcdut1 500hm OUtDIFF waveforms - inj. 40UA in i—— g:i :2 ijcdutl 500hm OutDIFF waveforms - inj. ImA in 2—— 2:§ t‘GG
z 1000 1023gqv — CH1HG - 1000 Sy — fHLHG
2 s00 —— CH3HG 3 i —— CH3HG
2 CH3 LG 2 1 CH3 LG
: 36001 — cHlLG ., S — CHILG
< —— CHALG < ! —— CH4 LG
s s
d Pt i
§ 0 et oaTaaTmv g CH1: 3.9 [15.4]mV
£ N b : o ey
£ CH4:-0.8[2.1] mV £ -2 e
s CA3: 0.0[0.1TmV g1 | CH3: 01[10]mv
E o1 CH1: 0.0[0.1] m! E \ 03[ 0.5 mV
£ 00 ARGV - - ER
E —oa B
560 580 600 620 640 660 680 700 720 600 700 800 900 1000 1100
Time (ns) Time (ns)
injCH2 ~ HGvsHG  HGvVsHG LGVvsHG LGvsHG LGvsLG LG vs LG
at peak pk-to-pk at peak pk-to-pk at peak pk-to-pk
CH1 0.08% 0.20% 0.42% 1.66% 0.01% 0.09%
CH3 0.11% 0.22% 0.44% 2.10% 0.01% 0.10%
CH4 0.08% 0.20% 0.45% 2.09% 0.03% 0.06%
Cross-talk

e Evaluated at peak of injected pulse
e All good vs requirement 0.5%
o Peak-to-peak cross-talk shown as well
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4.2-4 LO TRIGGER SUM 509 OATLAS

EXPERIMENT

—— CH1
Linearity asic7 500hm gain 1.0 OutDIFF - individual set = CH2
=~ CH3
1500 — CH4
Trigger sum z %0
H
o LAUROC2 designed with gains x1 / x1.5 / x2.5 / ge
x3.5 before requirements were fixed with x1 / x3 g ™
S 500
e Gain uniformity: < 3% vs requirement < 5% -
e INL< £2%
e Peaking time tuning and stability ok 2
e Shaper switches working ok 2
Linearity asic7 500hm gain 1.0 OutDIFF all channels pulsed Trggger sum: 4ch vs sum(individual) asic7 500hm gain 1.0 OutDIFF
> 1500
E
g‘ -2
£ 1000
% 500 gain 3845.0 mV/mA H -4
° § o Relative difference be-
g .
22 = Fween trigger sum and
23 \_/\ E ideal sum
';_ :§ = -10
% 30.0 -12
2275
g 0.0 0.1 0.2 03 0.4 0.5 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045 0.50
input current mA input current mA

N. Morange (1)CLab) 0.45mA/channel = 1.8 mA total



3.E.1 PHASE MARGIN OATLAS

EXPERIMENT

e Good agreement schematic/postlayout
e Phase: 66.2°
e Gain: 484dB

TuNai2i0s250 1

SHAPER stabiliy Differential mode.
HG channel

w500 schematic

AN Jow freq= 43548
Phase_margin- 665"

00 Postiayout

50 GAIN fow freq= 484245
P Phase margin-67.1°
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3.H.1 BEHAVIOUR UNDER HIGH PILEUP PATLAS

v

v

s T Y ny i

v

v

i
00094
5

35
time ()

No internal saturation
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3.B.1 RECOVERY TIME

OATLAS

EXPERIMENT

—— 400.0 uA
asic7 250hm CH1 output DIFF —— 5000.0uA
—— 10000.0 uUA
10
0.8
0.6
04
0.2
0.0
-0.2
0 200 400 600 800 1000
ns
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08

06

0.4

02

0.0

—— 50.0uA
asic7 500hm CH1 output DIFF — 1000.0uA
—— 2000.0 UA
200 400 600 800 1000
ns
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