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Introduction

* (C3 (configuration Column Chip)
« C3 DAQ
 Software d’acquisition
* Tests en radiation

* RD53a
e Systeme YARR (CERN)
e Systeme BDAQ53 (BONN)
* Tests des Ring-Oscillator
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C3 =200 cells-"pixels”

Cell =12 radhard latches
Latch = stores 1 or O

S

Cells with latches: normal ; enclosed

Enclosed latches have additional guard rings
KEFQW"“HW z

. | | f | 13 14 41 42 69 70 97 98 125 126 153 154 181 182
‘ 12 15 40 43 68 71 96 99 124 127 152 155 180 183
11 16 39 44 67 72 95 100 123 128 151 156 179 184

SP| 10 17 38 45 66 73 94 101 122 129 150 157 178 185
9 18 37 46 65 74 93 102 121 130 149 158 177 186
8 19 36 47 64 75 92 103 120 131 148 159 176 187
7 20 35 48 63 76 91 104 119 132 147 160 175 188
6 21 34 49 62 77 90 105 118 133 146 161 174 189
. 5 22 33 50 61 78 89 106 117 134 145 162 173 190
Logic Interface 4 23 32 51 60 79 88 107 116 135 144 163 172 191
3 24 31 52 59 80 87 108 115 136 143 164 171 192
Output mux 2 25 30 53 58 81 86 109 114 137 142 165 170 193
1 26 29 54 57 82 85 110 113 138 141 166 169 194
0 27 28 55 56 83 84 111 112 139 140 167 168 195
196
197
. . . 0 . 7 198
Premier Circuit numeric designé en TSMC 65nm au Lal 199
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~2m
unipolaire

~20m
différential

Front-end without
Shape
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C3 DAQ
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Ce systeme d’acquisition est basé sur une carte mere développé au LAL et comprends:
» le contrble & lecture des données USB/Ethernet/ Optical fiber
» la configuration du SPI écriture et lecture des données.

» des Librairies disponibles en C.(LAL-ML protocol).
Ce développement du LAL est utilisé dans diverses expériences.

Patch Panel |

Jimmy Jeglot
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easure P1:fall(C1) P2:rise(C1) P5--- P6--- P7--- P8---
alue 2210ns 2.401ns
d

Firmware Quartus
(Verilog & VHDL)

Write (&read) snake (200 cells) - =i o e |

o
Individual latch access

Latch Configuration {line by line)

R 9 O D@ @ Software

Basiccomponents ~—~——_ obwindous Cui)
\ ETEL s ToTo v olo

. : folololo olola o olo o]
Complete configuration i ,
(14 patterns)

Quick Access

FULL RESET || Snake Mode || Read back
’

Complete Read & Compare

Shift_LD_corf_and_cl_pulse

Latch Read Back el o
spi_slow_cortrol_r || wrte_ffo

Read Back Mismatch
Check Read Back = =T snake_Wie

FLUSH
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Test en radiation au CERN

TSMC 65nm JLCCA44 encapsulated
C3§ g =

C3 a été irradié au Proton Synchrotron du CERN
IRRAD 13 zone 2

' 3l

Proton energy: 24 GeV
Fluence: 9.84 x 1015 + 6.9 x 1014 £

cm?
One spill fluence: 1.17 x 1011 —pz
cme

Beam size: 5 mm x5 mm

Irradiation time: 8 - 22 November 2017

8 -17 November - with software tests
17-22 November — after all software tests
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Chip configuration cycle

Write - 15t Read - 2" Read

\ Y

Delay few seconds after write,
readback from each C3 latch and
compare with write configuration,

errors from Single Event Upset

Write some data (1 or 0)
in each C3 latch

v
Instantly readback from
each C3 latch and compare
with write configuraiton,
errors from Integrated Dose influence

Dosimeter

(Integrated dose)
Another CERN dosimeter — Spill counter

(Fluence count and time)
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e UACCHERATELR | St Mo
Labwindow CVI:
= A » Control & Readout

\ > Full Automatic Aquisition

» Latch error monitoring

» Radiation Monitoring CERN

» Post Analysis on ROOT

» Spill counter (start,end,spill on)

Erreurs RadHard latches :
Dose intégrée 1 ere lecture

Single Event Upset 2eme lecture
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S PARIS Results : Erreurs SEU cumulées en temps

SWw
17-22 November ; :
LRI : o Dithrtaurs of instraroatatien
Errors Graph Errors Graph

50000 Normal latches 80000 Enclosed latches -
80000 — _,/ 70000/ -
70000 = -

= 60000/ —
60000 -

= 50000 —
50000 — =

- 40000 — —— Experimental data
40000 — —— Experimental data - — fitby p1*Dose+p0

- —— fit by p1*Dose+p0 30000— YT
30000 =~ x2Indl  4.755e+11/ 298455 = v 4485e+11/298455

- 20000 b0 1671+ 6.371 Fluen
20000 : p:] | 705 113f42'12;£26"5?2 Fluence - p1 1.569e-11+ 2.206e-15 ue fe
10000 - i el s (p/cm”2)  10000F- (p/cmA2)

g E 12 E||,—/I|||||||||||||||||||||||||||‘“:|12

00 | I"ﬂlnol | | Iznlool | | |3n|00| 1 1 |4-0|00| | | |50|00| 1 1 Isnlnolx‘la DU 1000 2000 3000 4000 5000 SOUU x
Slopes relation SEU cross-section estimation CPPM data
- - ~ -14 -2
(p1) , 1 Onormar =~ 1.598 X 10™%em™2  Ostandart = 2.8 X 107 cm
— 1. ~ YSEU ~ -14,.,.-2 O ~ 5.6 X 107 °cm
(p1) enclosed Niatches Oenclosed = 1.452 X 107 cm DICE
Kostiantyn Sakhatskyi
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Collaboration IN2P3 FRANCE / CERN

Tests (firmware, software, SPEC)

Conf Column Chip @sm)

Analogique
&Digital (flow)

Ring

ATLAS-ITk-Pixels Osclllateurs

» Testing RD53A
> Prototype ITk
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Connectors

Single Chip ‘”‘1‘;‘;@;‘}“”’ Adapter Card

- | FMCHPC * Xpressk7 k325
* Fmc Ohio
* Mini display port
e SCCfor RD53A

I M * CentOS
SCC 048, * Gitlab

chip # 0x0C59

Pci board

Communicati Inside computer

on PC-FPGA

4 mini Display
Port on
Ohio Fmc board

Rd53 testing France : CPPM,LAL,LAPP,LPNHE
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ASUS H1 10I- PLUS dedicated computer for
RD53 YARR setup

VLSI - Mai 2018

Ocaupaney

506

204
250 00

rd53a proto dlglot@ﬂl Occupancy LDO

20

0 0

rd53a_proto_analog_Occupancy__LDO

Jimmy Jeglot

RD53A Oscillator linearity in dlrect powerlng Chip SN: 0x0C59
2 AT 1T ‘ T T T T T 7T ‘ T T T T T 1 | T ™—
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Global pulse duration, [ns]
Oscillator frequency in dlrect powermg Chip SN: 0x0C59
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S PARIS RD53A systeme BDAQS53 — kc705

SU

unlver5|te (11286bps )
4 SMA to
Displayport
Single Chip

Fpga Kintex7

S A\
i\&‘? > I

Card (SCC) T

SCC 014,
chip 0x0765

Communicati
on PC-FPGA
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 KC705

 SMA to display port
 SCC for RD53A

* CentOS

- BDAQ53

https://gitlab.cern.ch/silab/bdaqg53

No dedicated

computer
necessary for ( I l I
RD53 bdaqg53

v GitLab
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*  Activation des ring oscillators;
*  Paramétrage et envoi du global pulse par
registre:

(GLOBAL_PULSE_ROUTE)
démarrage des compteurs

*  Lecture des registres des ring oscillator:
(RING_OSC_0 - RING_0SC_7)
*  Analyse et génération des courbes de linéarité

. Occupancy (E = 5042845)

254 \ (eS

50 (\3\

.?i 100 -‘
125 1 /] u\‘a
1504 Res

1754

100 150 200 250
Column

0 11 22 33 44 56 67 78 89
# of hits

rd53a_proto_analog_ Occupancy LDO
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Measured counts

Frequency, [GH:

10°

RD53A

Oscillator linearity in LDO

Résultats RO : BDAQ 53

Chip SN: 0x0765

T
~ CKNDO

— CKND4

—INVO

= |—INva

= |—NANDO

~  |—NAND4
— NORO

- |—NOR4

I

11 HIIIJ‘

|| HHHl

ol 1
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0.5

0.45

04

0.35

— CKND4
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— NAND4
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-+

v

CKNDO

NOR4

\HJ;\ZOOns

3

10
Global pulse duration, [ns]

| -

~600Mhz
flavour X4

|l|u\|||||\\ Ce g M

~360Mhz

a 400Mhz

10

200ns

Jimmy Jeglot

10°
Global pulse duration, [ns]
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Ring flavor

adress

110 CKNDO
111 CKND4
112 INVDO
113 INVD4
114 NAND4DO
115 NAND4D4
116 NOR4DO
117 NOR4D4

Simulation:
0C)sc:illai:ion frequencies versus Total IoLhing Dose

more sensitive ~""-->

800 - = 2 = INVDO
less sensitivi
—
600
=
400 -
200 \;
0 T T T T T 1
0 100 200 300 400 500 600
[ MRad ]

ATLAS

EXPERIMENT

Ring oscillators



UNIVERSITE

SPARIS

SU

[ ]
Conclusion ' o, Aenre
£ en Détecteurs et Instrumentation

PPPPP ~SACLAY

* Le premier prototype C3 est fonctionnel et montre une bonne tenue aux radiations a 250Mrad.
* Le systeme distant de pilotage et de lecture (SPI developpé au LAL) du circuit C3 en 65nm
fonctionne a 10Mhz en zone controlée (20 meétres).

* Lering oscillateur integré dans le prototype RD53a pour la collaboration ATLAS montre de
bons résultats avec le systeme BDAQ53.
Quelques points d’interrogation dans la gestion du pulse global dans le systeme YARR sont a éclaircir.

e Tests en radiation aux rayons X en cours au CERN avec le systeme BDAQ53.
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Merci a toutes et tous !!!!

Des question ??

VLSI - Mai 2018
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EAQ.L—.\.’s?crLSJfé iy e e
PIX_DIGI_RD53 n_0
(65nm) ) SR_IN_A I
SO
[ 0 n_1 !
—
1
o 1 v Sl 4 ?‘LI\/
.... - g 1
1 0 o 1 : [0]: output enable (hit-en)
1 [1:5]:Threshold_DAC
Configurator 1 - RCEREKELE i [6]:large injection capacitor
1 P . .
VO (C3) 19x18 = 342 um? ! [7]:small injection capacitor
L & [8:11]: TOT_DAC
1~ |
_ _ SR_CK_A LD[1] . 3 -
RTL estimation: an Digi | EN 1
) 1
-vl = 269um? (without clear) : — :
-v2 = 231 pumz (only 1 Dff) SRCLE; A DigiN - o :
-v3 =224 um2 (without S1) i : Lo T
1 [ ]
nets 0 cells "dif : : . E
121um? 224pm?2 e Jlk D y—e

SR_CK_A :
8,3x21.93 =182,02 um? (%) !

0 ! — |?

SROUT_A LD[10] EN Q, !

Configurator (V3) (Encounter) !
:

1

1

1

1

\tj::::o -
~ CKNDO {{>> o I>

. 1
To reduce line capacitance . LD[11] : Q '
_ ooy 5, yaw @ *L? CKBD4
7 ﬁ]’>¢ 7 ! ive di

To drive dice latch

LD_ENABLE

VLS| - Mai 2018 EN{ = Lactive ATL



PAKID-DALCLAY

Control distant du LAL

-IAB()RAT()IR['

L /I IN L A/ RN L |

uelgues erreurs en dose intégrée

NB-ATLAS20 X \ +B ! !_ I — ,‘; ! i Licende gratuite (seulement pour I'utilisation privée)
3 = - g
el X O Accueil Actions ~ 54 Visualiser ~ {5' Communication ~ [ . Fichiers & Suppléments ~ Sl ~ &
<< Running >>
[Sl=] e | QG| @ | | SetConfig_al v A
[¢] TAmr2 €astunnen — s 5
o2} TestC3 Softwar| &1 Online Histograms - O n

Firmware Advanced  Show Window

O imiai®

Manual Acces

Total Nb Of Readback Ewors per Latch

Total Nb Of Errors

—{ SPI_Strobe Latch
SPI_Made Column

TIMER | 1.088130 SPI_Reg Adress

Column Mod

LatchN®

Outside Beam No J[Jil] Yes

FTT 0o 00 [t o]
UU‘UOUUUODDU‘II

spi_slow_control_r
==

o

ind

Quick Access

Nb Of Errors

&L
28I
oy FULL RESETl SnakeModel Read_back l
oy
4

Frequency access

]
- SRR

Latch Read Back ]
Check Read Back:

Distant Mode Parameters

Local
-/ Distant

(3 Soft Messages

3h:50min:50s == Spi rd beam status : Beam at Stat 0 Beam at End 0, Spill 0, Beam (

3! pi_w_beam_status : Beam at Start 0 Beam at End 0. Spil 0, Bear
3n:50min:50s == SPI Access OK!
3h:50min:50s == Spi rd beam status : Beam at Stat 0 Beam at End 0, Spill 0, Beam (
3 50min'50s == Spi_wr_beam_status : Beam at Start 0 Beam at End 0, Spil 0, Bear
30:50mi Pl Access OK!

pi rd beam status : Beam at Start 0 Beam at End 0, Spill 0, Beam (
3h:50min:50s == Spi_we_beam_status : Beam at Stat 0 Beam at End 0, Spil 0, Bear
3n:50min:50s == SPI Access OK|
3:50min:50s == Spi rd beam status : Beam at Start 0 Beam at End 0, Spill 0, Beam (
3n:50min:50s == C3 snake rd beam status : Beam at Start 0 Beam &t End 0, Spil 0. £
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Measure Cable Delay

Send Pulse & Measure | 330

\Users\$tiacking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVITestC3_Soft_For_TestBeam_V1.2AT estC3_Hardware (1934}
c\Users\$tiacking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVIATestC3_Soft_For_TestBeam_V1,2\TestC3_Hardware (1935}
e \Users\$tiacking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVI\TestC3_Soft_For_TestBeam_V1.2ATestC3_Hardware (1936}
c\Users\$tiacking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVI\TestC3_Soft_For_TestBeam_V1.2\TestC3_Hardware o(1937)
cA\Users\$tiacking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVINTestC3_Soft_For_TestBeam_V1.2ATestC3_Hardware o(1938}
c\Users\$tracking\Documents\Test C3\Projets_For_TestBeam\Etudes_CVI\TestC3_Soft_For_TestBeam_V1.2\TestC3_Hardware.c(1947):

Total Nb Of Readback Emors per Latch (Outside Beam)
17151+
16000

14000+

12000~

Total Nb Of Errots

10000~

8272-}
0

Nb Of Errors/Cell

Cell Number

)= (FUI_LONNg_Tea00aCK 1) thieshoma(])
(2] = (Full_Config_readback) threshold(3]);
ik dback(i] th 2)
[0t ull_Config_readback(i)threshold[1] );
1(5] = (Full_Config_teadback(ilthreshold|0 )):

18] = (Full_Config_readbackilinject_high):

datalif7] = (Full_Config_readback[i)inject_low )

datali8] = (Full_Config_readback[i] TOT(3]:

datafif9] = (Full_Config_readback[] TOT(2]):

data[if10] = (Full_Config_readback[il TOT(T]);

datafif11] = (Full_Config_readback[]. TOT(O]);

WiiteLine (AcqParams. FisHande, “\n#t READBACK FULL CONFIG"-1);

Total Nb OF Errors

‘otal Nb 0f 2nd|Read Enors per Latch (Outside Beam):

85 % 95 100 105 110 115 120 135 130 135 140 145 150 155 160 165 170 175 180 185 190 185 200

Latch N*

I InveriecE Line Oy Line errur o usids le ta

>

FindResults | Buid Output

ATL
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CIlrs

E
RTB2004; 1333.1005K04; 102645 (01.210 2017-05-30)

RTB2004; 1333.1005K04; 102645 (01.210 2017-05-30)

L ] F o Fe e & & 7 Norm 600 ns/ Trign2es 20710 LY i Fo Fo b & & o s Norm 600 ns/ Trign1s 071N
Undo Delete Save Setup  Load Setup Meter FFT Reference  Annotation 900 mV 1.25 GSaIs 0s SamPle T"i' Undo Delete Save Setup  Load Setup Meter FFT Reference  Annotation v 1.25 GSa/s 0s Sample T'T
hd hd
by T ? Help T ? Help
c_zo v R sl n p’w_v_,p\w oy
[
Start faisceau ! ¥ , N
CT ofr ‘ L | Vertical [CT o o - e Vertical
Va . s
7 + 400 msec : Stop beam 7
T2 hidirvmmmmimdct o v . OO Bl BB S~ “| i [ . - J— wophrpme I s e = T
A ! gger rigger
T ~, ~,
LSl OMN T (AP R B - A
(] Spil O e Horizontal &3 Horizontal
oy ) ¥
Acquire Acquire
R » 5 v »
History History
Flags pour les datas au PS du CERN 1
Measure Measure
15y -15 ¢ .
N N
RTB2004; 1333.1005K04; 102645 {01.210 2017-05-30) " RTB2004; 1333.1005K04; 102645 {01.210 2017-05-30) ‘sor
L i o 5 e y 7 Auto 15 nsf Complete  2'"]7.5%8 + ] o ol ™ L& p i Auto 62 ns/ Complete 0118 )
Undo Delete  SaveSetup LoadSetup  Meter HT Reference  Annatation 176 mV 1.25 GSafs 0s Sample T Undo Delete  SaveSetup LoadSetup  Meter FFT Reference Annotation 176 mV 1.25 GSafs 0s Sample = §
Y 7
56 v 535 o i
[o]
198 ny
Py
e B [T S .
404
Clock C3
Clock SPI1 C3
504
-804 b
-804
1004 v
1004 Y
-1,204 Y -75 ns -60 ns —45 n= =30 ns -15 ns As 15 ns 30 ns 45 ns 60 ns 75 ns 20
DC DC DC DC 1,204 ¥ 310 ns 248 s 156 ns -124 ne 62 s PN 52 ne 124 ns 186 ns 248 s 310 ns
Svf " 500 mv/ aEN 200 my/ " 200 mvf ; = o i =
5v/ “ 500 my/ “ 200 myf " 200 myv/ “
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tcbn65Ip libra

Number of cells

55
51
55
51
19

19

19
19

VLSI - Mai 2018

ry

CKNDO
CKND4
INVDO
INVD4

NANDA4DO
NAND4D4

NOR4DO

NOR4D4

Rd53a Simulation

.LIB TT_RFRES_SA:
Typical nlodel

.LIB SS_RFRES_SA:
Slow corper model
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Tosc Start/stop_N total
1.13 887

1.13

1.12

1.12

1.15

1.09

1.10

1.10

889

895

897

869

914

912

906

4.7

4.6

4.6

4.6

4.7

4.5

4.5

4.5

Cadence Spectre simulator

Jimmy Jeglot

\

[
T
1.45 690

1.40

1.42

1.38

1.55

1.38

1.44

1.39

714

704

724

646

726

695

719

Start/stop_N total

Max
width [usec]

5.9

5.7

5.8

5.7

6.3

4.6

5.9

5.7
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RD53A Voltage dependency in direct powering Chip SN: 0x0C59 RD53A

(j)  — T T T T T T T T T T T T T T — ([) [T T T T T T T T T T T T T T T T T T T T ]
£ 1 \ \ \ | . £ F \ \ \ \ [
- — 280 — —
S 2601 — 3 - 7
2 L _ 3 L ]
) - - S 260— —
o 240 — — @ - .
1] L | o — —
Q L ] ] — _|
= , _ = 240— —
220 — — C ]
- B 220 — —
500 — CKNDO 1 C ]
— |— CKND4 - - -
| —INVO = 200 — —
180 — |— INV4 1 - —
: _ 180 — -]
160 — ] - a
L B 160 — —
140 — — - 7
- 7 140 — —
120 ; \ | \ 1 | \ | 1 1 \ | | | | \ ; ; [ [ TR R N SR N N [ [ B BN ;

1.1 1.12 1.14 1.16 1.18 1.2 1.2 1.3 1.4 15 1.6 1.7 1.8
Voltage, [V] Voltage, [V]

https://gitlab.cern.ch/RD53-Testing/RD53A/issues/21
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