Updates on EICROCO testing at BNL
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Previous studies by Dominique et al (EICROCO testing at [JCLab)

https://indico.bnl.gov/event/19528/contributions/76533/attachments/47836/81223/EICROCO Progress report eRD112 20230 06 06.pdf

Previous studies at BNL (first experience with EICROCO, all-pixel response, charge injection, jitter)
https://indico.bnl.gov/event/20429/contributions/80407/attachments/49672/84949/bnleicroc testing sep11.pdf



https://indico.bnl.gov/event/19528/contributions/76533/attachments/47836/81223/EICROC0_Progress_report_eRD112_20230_06_06.pdf
https://indico.bnl.gov/event/20429/contributions/80407/attachments/49672/84949/bnleicroc_testing_sep11.pdf

Our set up
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Options with our setup:

* There is no sensor, we only inject
charge to individual pixel
* Pre-amp out of an entire column is

read via a scope

* The probe and pre-Amp for each pixel

can be turned on/off

We inject charge in a central pixel P(1,1)

and study:

* Signal/background shape
* Response with charge injection

o Jitter of TOA

» Cross-talk with other pixels



Pre-Amp output amplitudes Pixel 11
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Typical noise can be quantified to be below 20% of peak with 24.9 fC




Pre-Amp output amplltudes Pixel 11
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- PCB Board = G1 (ASIC + Sensor) )
Output = Pre-Amp |
Mode = Charge Injection

- Pixel P11 -

Q(fC) = -0.3875*Q(DAC) + 24.911
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Absolute Max. Voltage vs Injected Charge show nonlinear trend




Jitter Investigation for Time of arrival
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Jitter of the TOA found to be about 20 pS
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 Mean Time of Arrival (ToA) sets the
threshold for Constant Fraction
Discriminator
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Neighbor-column crosstalk (Reading Noise)
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Same-column crosstalk (Reading noise)
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Same-column crosstalk (Reading Signal)

| l | | | | | | ' 001101 2,0 3,0
100 - EICROCOTest@BNL _

PCB Board = G1 (ASIC + Sensor) Study = Same Column Cross-talk 0,111,112, 3,1
Mode = Charge Injection Output = Column-2 (P1g Il P41 Il P12 |l Py3) 0212122372
0 ' P11 (24.9 fC) \

0,3|1,3| 23] 3,3

07

OFF Injection
it to P11

0 M’:;:‘;ﬁ W*WN OO0 = = -

Pulse [mV]

Pixel (0,0)

: Pixel (3,0) o
> —&F|= = = = = = [@ #00

#12

IN: Injection ON TS (o |/ o Iy
PA: Pre-Amp ON, PR: Probe ON | BT ns 8 [

”Pixel (0,2) ixel (1, ixel (2, Pixel (3,2)_;.-1

-100 |

I N : P‘I 1 3 PA: P1 1 y P R: P1 1 D —6FF ‘ - :ﬁj_l”ixel (0,3) | ix . Pixel (2,3)y | Pixel (3’3)::;

IN: P-| 15 PA: P1 15 PR: P-| 0+P1 q — ] ~#03 (@ . R 41
IN: P1 1, PA: P1 ot P1 1, PR: P-| 0+P1 1 OFF 7 .'
| I I I | ' 4

4 2 0 2 4 6 8 10 12 14 ot
Time [ns] Probe ﬁ 00 ﬁ _\écope -

JOFF e

-150 -




Summary

BNL EICROCO set up wte studied the response of pixels with charge injection in a single pixel

‘Performed some primary characterizations and replication of EICROCXx developer's results
* We see noise below 20% max peak.
 We see a jitter of 20 pS
* Cross talk study performed, due to the connections in the board, turning on a probe or PA from a
neighbor pixel has impact on the signal and noise in a pixel

To Do:
* Read the digitized output TDC/ADC, Pulse with clock ON/OFF
» Characterization with sensor using a source
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Pixel /
Channel Column 0 | Column1 Column 2 Column 3
Mapping
_ Pixel (0,0) | pixel (1,0) | Pixel (2,0) | Pixel (3,0)
Line O
#00 #04 #08 $iz
. Pixel (0,1) Pixel (1,1) | Pixel (2,1) Pixel (3,1)
Line 1
#01 #05 04 #13
. Pixel (0,2) | pixel (1,2) | Pixel (2,2) | Pixel (3,2)
Line 2
#02 #06 10 A4
. Pixel (0,3) | pixel (1,3) | Pixel (2,3) | Pixel (3,3)
Line 3
#03 07 #11 s

We inject charge into each pixel

We select the pixel we read in the column by
setting bit-4 of register EN_digprobe. Pixel
(0,0) is only read in Column 0 and so on.

Input charge = 8 DAC =21.8 {C

Pre-Amp output amplitudes: large charge
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All the pixels perform as per expectations

Lh=2owh=2okh=ocwWh=O

13



Column-wise variation: Absolute max. amplitude

Reg 0x20C dacb_pulser value Charge [fC]
0 24,91
1 24,53
2 24,14
4 23,34
8 21,82
16 18,73
32 12,48
63 5,05 0,505

Q[fC] = C[fF] x U [mV]
C=100 fF

Non-linear behaviour in general.

For a given injected charge,
Columns 2 and 3 have greater
absolute maximum amplitudes
(of signal) in comparison to
Columns 0 and 1.
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Solo response of P11 (charge

injected)
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How Cross-talk from pixel In
different-column affect noise?
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How Cross-talk from pixel in

Same-column affect noise ?
V oy 0y

gOFF\

OFF g3 . .
ore\,  Injection
re-amp ——— to P11
l i
. Pixel (0,0) | “piskl (1,0)" V , Pixel (3,0) N <]
> —CFF ® #00 ' #12 2
—ul/
= — R #01 405 #09 #13 e
. Pixel (0,2) | pidel(1,2) | Pixel (2,2) | Pixel (3,2). |
[> —«rF - @ #02 106 #10 ma 1 1 ~—
d Pixel (0,3) | pisel(1,3)s | Pixel (2,3)s [ Pixel (3,3), N
= =" """~ " #03 07 1| @#i as "B <
\OFF/] | \oFF/
\OFF/
\OFF # \ /
:
Probe ’0 0 0 0 Scope -

same-column

21



Pulse [mV]

-100 -

-150

100 - EICROCOTest@BNL
PCB Board = G1 (ASIC + Sensor) Study = Same Column Cross-talk
Mode = Charge Injection Output = Column-2 (P4g Il P41 Il P42 Il P43)

0 I p11 (24.9 C)

O - - e -— - - == E=  Em

IN: Injection ON
PA: Pre-Amp ON, PR: Probe ON

|N:I P11, PAI: P10, PB P10 E—

-4 -2 0 2 4 6 8 10 12 14
Time [ns]

Noise seen if probe and PA are turned ON

Same-column crosstalk (Reading noise)

0,0 2,0

3,0

ot 1721

3,1

0,2]1,2| 2,2

3,2

0,3|1,3]| 2,3

3,3

- = E@ #00 ® o .

Pixel (0,0) |" pixel (1,0)

A j
JOFR\ dmmp==.  JOFF\
l _ = :.‘ & .

,0). | Pixel (3,0) 4!
#12

VPiXG| (0,1) ixel (1, yixel (2,1)

Pixel (3,1),.|
#13 | )

- =80 #01 #09
rPier (0,2) ixel (1, Pixel (2,2)
- = B #02 & #10 i

Pixel (3,2);‘4

NG
- for— <

#14

_ Pixel (0,3) ixel (1,3)s | Pixel (2,3)
T #03 |® "l @#1

y €

Probe

Pixel (3,3),

#15

A\ Injection
it to P11

Scope

22



Same-column crosstalk (Reading noise)
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Cross-talk from neighbor affect signal ?
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Neighbour-column crosstalk (Reading Signal)

I I I I I I

100 - EICROCOTest@BNL 1
PCB Board = G1 (ASIC + Sensor) Study = Neighbour Column Cross-talk

Mode = Charge Injection Output = Column-2 (P Il Py Il P12 Il Pyg) U

[ P11 (24.9 C) f 8 A8 LN jection
+ it to P11

; 0 = = = - - - | > —¢ - e #00 : ’ T 8 - <
é = —OFF | | ::;‘F”b;:!O(:,l) ileo(:,li] Pix:ll(:,l). g OFF . <1
g 50 | I FTE) 7% e PeTen BN

IN: Injection ON o 7 o7
-100 | PA: Pre-Amp ON, PR: Probe ON 1

Probe : ﬁ ﬁﬁ 0 SCOpeA

150 i
>0 |NI P-|-|, PAl P-|-|, PB P11 w—

| | | | |

4 2 0 2 4 6 8 10 12 14
Time [ns]

25



100

50

Pulse [mV]

-100

-150

~ EICROCOTest@BNL
PCB Board = G1 (ASIC + Sensor)
Mode = Charge Injection

" P11 (24.9 fC)

I I

I

I

Study = Neighbour Column Cross-talk

OUtpUt = Column-2 (P'lO 1 P11 1 P12 1 P13)

IN: Injection ON
PA: Pre-Amp ON, PR: Probe ON

IN: P11, PA: P11, PR: P11 —

| IN: F)~|1,l PA: P11I, PR: POI‘I+P11

4 6
Time [ns]

8

10

12

14

.—:’5[:,[:" - - u - =
D _\OTE:F = B B B

4 N

Probe

3,0

2,1

3,1

2,2

3,2

2,3

3,3

Pixel (0,0) |°

® #00

Pixel (0,1)
@ #o1

v

/JOFF\

— /re\  Injection
T+ to P11

..;*

O)y | Pixel 3,0)ll | I N

#2

<% \ Pixel (3,1)‘{,,,.“

#13 !

Pixel (0,2)
® 402

Pixel (1,2)

Pixel (2,2)

#10

Neighbour-column crosstalk (Reading Signal)

= JOFE

Pixel (3,2) 08 _ |

#14

/?Pixel (0,3)
“ #03

Pixel (1,3)s
@ #07

'
!

l

0 0

Pixel (2,3)y
® #11

A _:';..‘..A;A_A,_v 26;:7:\'1
17/ \ /

\

b

#15

= Jor>-

26



Pulse [mV]

100

50

o

o)
S

-100

-150

 EICROCOTest@BNL

Mode = Charge Injection
- P11 (24.9 fC)

PCB Board = G1 (ASIC + Sensor)

I I | |

IN: Injection ON
PA: Pre-Amp ON, PR: Probe ON

IN: P11, PA: P11, PR: P11 T
IN: P11, PA: P11, PR: P01+P11 ——

IN: |ID11, PA: 1P01+P11|’ PR: POI1+P11

"f:!rﬂii.;n~.-a4-»:- -

Study = Neighbour Column Cross-talk
Output = Column-2 (P10 |l P |l Pqo |l P13)

4 -2 0 2 4
Time [ns]

6 8 10 12

14

Probe

00/ 10] 20

0,1
0,2

3,0

1,1

2,1

3,1

1,2

2,2

3,2

0,3

1,3

2,3

3,3

Pixel (0,1)
#01

"_:_j ! ’c‘,\i 6FF~ “v‘..l,',',‘ \ .'
‘ I : '1{)..

Pixel (0,0) ‘7me ' :
- §® #00

#12

Pixel (3,0) o8 |

Neighbour-column crosstalk (Reading Signal)

Injection
to P11

Dixel (2, pixel 3,1) 0 ™

#09

#13

Pixel (0,2)
- = -0 #02

Pixel (1,2)
#06 X

Pixel (2,2)

#10

Pixel (3,2)
#14

Pixel (0,3)

Pixel (1,3):
) #07

o #11

Pixel (2,3)s

<
<
v 'fééﬁ}‘“ <
<

N = {ore>

Pixel (3,3) 0] _ | oo




How Cross-talk from same column affect signal ?
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Same-column crosstalk (Reading Signal)
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