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Where we initially stood..

Identified Cross-talk

1. Diffuse cross-talk (negative), ASIC-wise.
v Decoupling capacitances added: HKROC v0 — HKROC v1b.

2. Close cross-talk (positive), board-wise.

v Mezzanine single-layer daughter board — BGA multi-layer mother board.
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(Negative) Diffuse Crosstalk Matrices — Board v2 (BGA) Courtesy of Antoine
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Diffuse Crosstalk Reduction IS A | B

(Negative) Diffuse Crosstalk Histograms — Board v2 (BGA)

HKROC v0 HKROC v1b
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Diffuse Crosstalk Reduction IS A | B

(Positive) Diffuse Crosstalk Histograms — Board v2 (BGA)
HKROC v0 HKROC v1b

(Pure) Positive Diffuse cross-talk (Pure) Positive Diffuse cross-talk
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Linearity measurements
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Close Crosstalk - HKROC v1b + BGA X | @

Linearity measurements

Close (+ diffuse) cross-talk signal
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= Linear dependance of the close cross-
talk with injected charge.

N
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= Threshold at ~ 200 p.e. for the close
cross-talk ?
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Conclusions on Crosstalk

e Validated the reduction (factor ~3) of diffuse crosstalk: HKROC v0 — HKROC v1b.

e Validated the reduction of close crosstalk: Mezzanine board — BGA board.

= Survival 1-2% HG — MG close crosstalk.

= Unexpected cross-layer close crosstalk + threshold ?

A. Beauchéne, D. Carabadjac, S. Conforti,

HKROC Tests & Result May 27, 2023
8 D, [ Narmi & 2 Rez OC Tests & Results ay



asurements



What we looked at so far...
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Before: Crosstalk measurements

= Measure the Time of Arrival (ToA) of the signal.
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S-curves for Time of Arrival (ToA)

@, INSTITUT
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DE PARIS

ToA_threshold = toa_vref<9:0> - trim_dac_toa<5:0>

Courtesy of Denis
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S-curves for Time Of Arrival (ToA) A | B

ToA_threshold = toa_vref<9:0> - trim_dac_toa<5:0>
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S-curves for Time Of Arrival (ToA) A | B

ToA_threshold = toa_vref<9:0> - trim_dac_toa<5:0>
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Signal peak height < Efficiency = 50%

Here toa_vref = 162 < threshold = 0.632 p.e.
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ToA measurements (threshold scan)

dépasser les frontiéres
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ToA measurements (threshold scan)
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ToA std (PMT waveform)

Without this coupling — well within the requirements to have ToA resolution < 300 ps for 1 p.e.
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e If not for the clock coupling, ToA resolution well within HK requirements (< 300 ps at 1 p.e.)

= Continue investigation on the coupling.

e Noise level confirmed to be moderate.

= Check impact on noise trigger rate at 1/6 p.e. Required to be < 1 Hz.

A. Beauchéne, D. Carabadjac, S. Conforti,

HKROC T Result May 27, 2023
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Injection Matrix - Chip v1b + Board v2 (BGA)
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(Pure) Negative Diffuse cross-talk signal
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ToA measurements (threshold scan)

dépasser les frontiéres
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pin 02 - II-IG ch. 06 (tlhr.: O'.1 77 p.e.)

B charge: 10.0 p.e. / eff. = 500/500 |
charge: 1.0 p.e. / eff. = 500/500

I
|

T
|

1 | | 1 |

7 18 19 20 21 22 23 24
toa [ns]
pin 05 - HG ch. 15 (thr.: 0.164 p?e.)

B charge: 10.0 p.e. / eff. = 500/500
| charge: 1.0 p.e. / eff. = 500/500

I

7 18 19 20 21 22 23 24
toa [ns]

piq 08 - Il-lG ch. 24 (tlhr.: 0.{1 52 p?e.)

I~ I charge: 10.0 p.e. / eff. = 500/500 7]
charge: 1.0 p.e. / eff. = 500/500
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pip 09 - HG cr;. 27 (Ithr.: 01.17 p.g.)

~ I charge: 10.0 p.e. / eff. = 500/500

charge: 1.0 p.e. / eff. = 500/500

I |

7 18 19 20 21 22 23 24
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pin 12 - HG ch. 30 (thr.: 0.172 p;e.)
BN charge: 10.0 p.e. / eff. = 500/500 |
701 charge: 1.0 p.e. / eff. = 500/500
601 1
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20 2
10 3
9748 19 20 21 22 23 24
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pinI 10 - HG ch. 28 (t[hr.: O.‘181 p.e.)
i Il charge: 10.0 p.e. / eff. = 500/500

~
o
T

charge: 1.0 p.e. / eff. = 500/500 |

97 18 19 20 21 22 23 24
toa [ns]
pin 13 - HG ch. 31 (Ithr.: O‘.16 p.e.)
80 W charge: 10.0 p.e. / eff. = 500/500
70+ charge: 1.0 p.e. / eff. =500/500 _|
60+~ -
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20 21 22 23
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pinI 16 - HG ch. 34 (t[hr.: O.‘1 56 p.e.)
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24
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charge: 1.0 p.e. / eff. = 500/500 |

9748 19 20 21 22 23
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pinr 11 - IjG ch. 29 (trhr.: 0.11 69 p;e.)

| B charge: 10.0 p.e. / eff. = 500/500
charge: 1.0 p.e. / eff. = 500/500

1 |

20 21 22 23 24
toa [ns]

pin 14 - HG ch. 32 (thr.: 0.1171 pTe.)

BN charge: 10.0 p.e. / eff. = 500/500 |
charge: 1.0 p.e. / eff. = 500/500

T

1 "

7 18 19 20 21 22 23 24
toa [ns]

pip 17 -]HG ch. 35 (:(hr.: 0].17 p.gz.)

| W charge: 10.0 p.e. / eff. = 500/500
charge: 1.0 p.e. / eff. = 500/500

20 21 22 23 24
toa [ns]
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ToA measurements (threshold scan)

dépasser les frontiéres

ECOLE
POLYTECHNIQUE

ToA std (Triangular waveform)

500 _pin 00 - HG ch. 00 500 pin 01 - HG ch. 03 500 pin gz HG ch. 06 500 . PiN09-HGch.27 500 £m 10 - HG ch. 28 500 pin 11 - HG ch. 29
4501 « charge: 10.0 p.e. i 4501 charge: 10.0 p e. | 450 - charge: 10.0 p.e. | 4501 * charge: 10.0 p.e. - 450+ . * charge: 10 Op.e. 450+ .
4001 charge: 1.0 p.e. ] 400l charge: 1.0 p.e. | 400. charge: 1.0p.e. | 400+ o gneme: 10 pe : 400+ e Lope. 400~ .
w3501 —— thr:0.167 pee. | 350, — thr.:0.167 pee. S350L — thr:0.167pe. | 23501 2 2LRS . @350+ S L @350 .
%-300 i _ %300_ i %300_ i 5 300r - 5300 - 5300~ charge: 10.0 p.e.
4250 15250 3250 %250 ©»250 %250 charge: 1.0 p.e.
< 200} | < 200" A | <200~ | <(§200_ . %200_ . <(§200_ — thr.:0.167 p.e.
2150} - 12150} . 2150 . 150 T =150 T =150~ §
100~y s - 100 =, . - 100" : 100 aere e ] b [ ) Facte [ T ]
501 ° St e 000 0 o | 50 [**®%ceseecee, 0000 000, 00000000 [PPYYY PYPPPPS 50- 0000000%000,0 . | 50+ j o -cl o..'.o': ..... oo.l *vsee | 50_I ° o 0'| 00000000 oo.o‘.oo't ......... ..T ....... . _| 507 LD IO‘ . ‘u.o0-...].0000oo.o,.......n.“.- _
0 05 04 06 3G 05 70 5 %' 05 70 %" 025 050 075 1.00 %0 0.5 1.0 1.5 8.0 0.5 1.0 15
threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.]
500, Pin 03 - HG ch. 09 | 500 _pin 04 ‘HG ch. 12 500, _pin 05 - HG ch. 15 500 _ pin12-HG Ch 30 500, pin13-HGch.31 500 pin 14 - HG ch. 32 |
4501 ° charge:10.0pe. . 450+ i charge 10.0 p.e. _ 450~ » charge: 10.0 p.e. | 450F °* charge:10.0pe. : 450+~ ° chargef 10.0p.e. - 450+ - charge 10.0p.e. |
400} charge: 1.0 p.e. | 400 ) charge: 1.0 p.e. | 400~ charge: 1.0 p.e. | 400+ o f:a‘rgi 6170 p-€. 400+ ] :::a‘rge1.617.0 p-€. s 400+ - f:ra.rgi ;70 p-e. _
#3501 —— thr.:0.167 p.e. | B350 4 — thr.:0.167 p.e. | B350 —— thr.: 0.167 p.e. | §350_ = iy 4 e §350" - fis 2R pie. - 'g‘350_ e ps:
Z300[- - 3001 - 2300 - 5300 5300 ' 5300~ 1
2250 2250 2250 %250 %250] 7 %250 1
<€ 200 . <€ 200+ . <€ 200+ . < 200¢ < 200¢ T < 200r 1
12 150( - 2150 - 12150+ . 150" 1501 1 =150 1
100} *e,. - 100 - 100 e ozt 1 1001 AP L R l 1005 o 1
5Of | Ctettteesece, 0000%:005,,00000000°% 0000, — 50+ ®oleesce cscs8ecececCene N 5Ok | ttteestecessce., ce®0000e ceo | 58— l ° l' L) I I 50} | 0000000 ,000,0000000%00,00 lo"" oooooo '-00001..0. ] 50_ *%e0ce | 000000000%0000%00%,,,,,000 I_
0 0.5 1.0 1.5 7025 050 075 1.00 000 025 050 075 1.00 02 04 06 08 2.0 05 1.0 1.5 0.0 0.5 1.0 1.5
threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.] threshold [p.e.]
500 pin 06 - HGi ch. 18 500, Pin 07 - HG ch. 21 500 pin 08 - HG ch. 24 | 500, . Pin15-HGch. 33 | 500 _ pin16,~HGch. 34 500 pin 17 - HG ch. 35
450} i\ . charge 10.0 p.e. _| 450 * charge:10.0 p.e. - 450+ charge: 10.0 p.e. | 450 * charge:10.0p.e. - 450+ ® Charg 10.0 p.e. - 450+ charge: 10.0 p.e. |
400l charge: 1.0 p.e. | 4000 charge: 1.0 p.e. | 400 } charge:1.0p.e. | 400 :::a.rge1:617.'0 p-e. . 400+ ] — 400+ L ::hhalrge1:617.'0 pe.
H3501- — thr.:0.167 p.e. Fasol —— thr: 0167 pe. | H350. | — thr:0.167p.e. | 0350} r..0.107pe . B350 § 350 - r.-v.107pe.
Q, e 2 ' 300} . 300+ . 300+ 2
3001 . 300+ | =300~ : o, 5 5
5 250[ . #2500 . 5250 - H %250 %250 %250
<€ 200 . <€ 200 1 <C 200~ . < 2001 - <2001 1 <{ 2001 i
2 150+ - 2150+ : 2150~ . 1501 T = 150r T =150~ §
1007 \ ] 1OO~ ®eole ] 100% \ ; i 100; .." .......... i 100; °r ) 100* T "'o.o.o.'o. s®e soe i
50 . ‘u..u-.. ....... 000090,00°0%%,400,,000 | 50 100 0eteeetntee nnanasoncecsnsetonsas i 50_ °, Wlle 0 38300 eseve, | 50 ooooo 000g00400%,00 o'ooo.ooo.!oi | 50_ | ’ ‘ I _| 50_ I L4 LA KL S ®0e®0y,0000 |
%0 0.5 1.0 %.0 0.5 1.0 02 04 06 08 1.0 0.0 1.0 1.5 ° 025 050 075 1.00 ° 0.5 1.0
threshold [p.e.] threshold [p.e.] threshold [p.e.] threShOId [p.e.] threshold [p.e.] threshold [p.e.]
Around 1/2 p.e. threshold: - Correspond to a « kink » in ToOA mean,
4+ Even pin/channel: explosion of the std for 1 p.e. injected charge (PMT waveform) i.e. deformation of the pre-amp. signal feeding the TDC.
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ToA measurements (threshold scan)

dépasser les frontiéres

ECOLE
POLYTECHNIQUE

ToA histograms (Triangular waveform)

_pin 00 - HG ch. 00 (thr.: 0.488 p.e.) 80 pin 01 - HG ch. 03 (thr.: 0.499 p.e.) pin 02 - HG ch. 06 (thr.: 0.504 p.e.) pin 09 - HG ch. 27 (thr.: 0.507 p.e.) pin 10 - HG ch. 28 (thr.: 0.485 p.e.) pin 11 - HG ch. 29 (thr.: 0.51 p.e.)
mEE charge: 10.0 p.e. / eff. = 500/500 | BN charge: 10.0 p.e. / eff. = 500/500 120} BEE charge: 10.0 p.e. / eff. = 500/500 s 100~ mEm charge: 10.0 p.e. / eff. = 500/500 | EEE charge: 10.0 p.e. / eff. = 500/500 | mEE charge: 10.0 p.e. / eff. = 500/500
100+ charge: 1.0 p.e. / eff. = 500/500 - 701 ” charge: 1.0 p.e. / eff. =500/500 - 100 charge: 1.0 p.e. / eff. = 500/500 charge: 1.0 p.e. / eff. = 500/500 80 charge: 1.0 p.e. / eff. = 500/500 ] 100} charge: 1.0 p.e. / eff. = 500/500 -
60" - i ] 80- 1 ‘
= 80 | 50 M . = 80+ : = =60+ ’ . = 80 1
o} Sl o} o 60- . ) o
g o0 | 3o T Beo s 2, | S 60l -
~= — L A = = = B — =
c 40 - c30 I < 40 ] iz 40 = | 'c 40 :
20- . . i
20_ 7] 10 | |‘ | 20 ;MM B 20— h ] 20 I 20 Jﬂ
O™ 40 41 12 13 14 15 0940 41 12 13 14 15 = Ho 12 14 16 18 O-J‘ T 12 13 14 1 T 513 14 15 16 17 OG0 1T iz i3 14 15
9 10 11 12 13 14 15 10 11 12 13 14 15 16 17 10 11 12 13 14 15
toa [ns] toa [ns] toa [ns] toa [ns] toa [ns] toa [ns]
| pin q3 - Hq ch. QQ (thr.‘: 0.50§ p.e.)I pin 04 - H(IB ch. 12 Kthr.: 0'4|94 p.e.) | | pin 0,5 - HGf ch. 1|5 (thr.:’O.49 p.e.) pin 1|2 - H|G ch. I30 (thlr.: 0.498 p'e.') pin 13 - H:G ch. 131 (thr[.: 0.497 p.e.) pin 14 - HG Ch; 32 (ﬂl-,r_: 0_509 p.e.)
W charge: 10.0 p.e. / eff. = 500/500 175 mm charge: 10.0 p.e. / eff. = 500/500 i 80} | W charge: 10.0 p.e. / eff. = 500/500 | 100 mEm charge: 10.0 p.e. / eff. = 500/500 - i mEm charge: 10.0 p.e. / eff. = 500/500 B charge: 10.0 p.e. / eff. = 500/500
80- charge: 1.0 p.e. / eff. = 500/500 | charge: 1.0 p.e. / eff. = 500/500 | ‘ charge: 1.0 p.e. / eff. = 500/500 charge: 1.0 p.e. / eff. = 500/500 100+ charge: 1.0 p.e. / eff. = 500/500 - 80 charge: 1.0 p.e. / eff. = 500/500 |
‘ 80
a0l ] =601 ] = — 801 y o
360 1 g, ‘| S 60- - o) o} 60 .
40 - L 20 12 || S %0 g _
c | c 'E 40+ N IE 40+ | - lE
| | | \
20 | 20- | ool l 20 :
9 10 11 12 13 14 15 0 12 14 16 18 9 10 11 12 13 14 15 09 o0 41 1213 14 15 0= Ho 417 1213 14 15 % 11 12 13 14 15
pin 06 - HG ch. 18 (thr.: 0.489 p.e.) pin 07 - HG ch. 21 (thr.: 0.497 p.e.) pin 08 - HG ch. 24 (thr.: 0.488 p.e.) pin 15 - HG ch. 33 (thr.: 0.496 p.e.) pin 16 - HG ch. 34 (thr.: 0.506 p.e.) pin 17 - HG ch. 35 (thr.: 0.486 p.e.)
100¢ W= charge: 10.0 p.e. / eff. = 500/500 | EER charge: 10.0 p.e. / eff. = 500/500 100¢ e charge: 10.0 p.e. / eff. = 500/500 | | I- chalrge: 10.0 p.e. / eff. I= 500/50(|) ! [— éharge: 110.0 p.e./eff. = 5010/500 100 l I- chlarge: 10.2) p.e. /eflf. = 500/500 7]
charge: 1.0 p.e. / eff. = 500/500 80~ charge: 1.0 p.e. / eff. = 500/500 | | charge: 1.0 p.e. / eff. = 500/500 80~ charge: 1.0 p.e. / eff. = 500/500 | 100~ charge: 1.0 p.e. / eff. = 500/500 charge: 1.0 p.e. / eff. = 500/500
80~ 2 80} 1
801 1
= Zsor ;g =60 1 =80 =
g 60 1 S S 00r ] 8 o 5 60 |
ks > ks S0 S 607 1 > |
= 40- - =40" 7 = 40F : =40r ] = =
< = < | = c 40t 4 240 “ -
20 . 20+ - 20t ‘ - 20 | | 20l ] o0l | ]
P00 a2 da 16 18 P90 11 12 43 14 5 M L A 09 90 41 12 _13 14 15 Og "0 41 d2_ 13 14 15 9 70 1 12 13 14 15
toa [ns] toa [ns] toa [ns] toa [ns] toa [ns] toa [ns]
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1 p.e. Triangle signal / Injection pin n°6 (HG ch. 18)
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