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Introduction

 Roger’s report on July 30 and August 6

e https://indico.fnal.gov/event/65701/
e https://indico.cern.ch/event/1444711/

(Ve
Half-FEMB Negative Pulses

e When a lot of charge is collected in a few ASICs, it induces a negative “bounce”
signal in the rest of the same half-FEMB
e This may be related to the power rails, which are supplied per half-FEMB
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Location of LArASIC (ColdADC 12C address)

FEMB

* Chip#0-3 (16x4 = 64 channels)

share the same power rails on
the half FEMB

* Chip#4-7 share the same power
rails on the other half FEMB



At room temperature (1)
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Note: Small spike (crosstalk) on chip#1,2,3,4,5,6,7 is affected by LArASIC_PULSE from COLDATA
Chip#3 and chip#0 are both on the top side

4



At room temperature (2)
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At room temperature (3)

100 A
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At LN2



LN2
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Crosstalk needs to be taken into account in the calibration data processing



LN2: All channels are pulsed
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* Non-ideal pole-zero cancellation (return to baseline) is more pronounced at LN2 temperature due
to mismatch, response is independent among different channels

* Negative tail is negligible when FE is not saturated



LN2: Chip#0 (16 chns) is pulsed

. sgp=1, dac=0x3f (218 fC), 14 mV/fC, chip#0 is 200 mV BL (other 900 mV BL)
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LN2: Chip#0,1,2 (48 chns) are pulsed with 95fC

e sgp=0, dac=0x3f (95 fC), 14 mV/fC, chip#0,1,2 are 200 mV BL (other 900 mV BL)
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Negative tail on the same half FEMB is relatively small
when FE just reaches its maximum dynamic range
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LN2: Chip#0,1,2 (48 chns) are pulsed with 218 fC

* sgp=1, dac=0x3f (218 fC), 14 mV/fC, chip#0,1,2 are 200 mV BL (other 900 mV BL)
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Negative tail of the half FEMB shows up when FE
channels enter deep saturation
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LN2: 3 chips (48 chns) are pulsed at 110 fC
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LN2: Summary of observations

* Many more detailed measurements are in backup slides
 Similar observations with both internal and external calibration
injections
Negative tail shows up when channel enters saturation

* AtLN2, even only one channel is deeply saturated, other
channels on the same half FEMB show negative tail

The amplitude of negative tail becomes larger when more
channels are deeply saturated

* The amplitude of negative tail has more dependency on the
number of saturated channels rather than the deep saturation

charge
* Negative tail is mostly independent of
* Leakage current setting
* Gain setting when channels are deeply saturated
* Peaking time setting (>= 1us)
* Output mode setting when channels are deeply saturated
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Investigation of power
rails



RT: Chip#0CH#O0 is selected for monitoring

* All channels are pulsed at 218 fC

VDDA&VDDP of CH64-CH127 tied together
VDDA&VDDP of CHO-CHGE3 tied together
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Sagging of 1.8V power railis observed
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LN2: Chip#0CH#O0 is selected for monitoring

* All channels are pulsed at 95 fC
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No obvious sagging of 1.8V power rail before FE saturation
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LN2: Chip#0CH#O0 is selected for monitoring

* All channels are pulsed at 218 fC VDDA&VDDP of CH64-CH127 tied together
VDDAR&VDDP of CHO-CH63 tied together
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Sagging of 1.8V power railis observed
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900 mV BL Note: Negative tail is sensitive to insufficient power
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 Chip#0(16 chns) is pulsed at 218 fC
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VDDA&VDDP of CH64-CH127 tied together
VDDA&VDDP of CHO-CHGE3 tied together
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Sagging of 1.8V power railis observed

Negative tail is correlated to the sagging of power rails

Many more detailed measurements are in backup slides
* Similar observations with both internal and external calibration injections
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Separate VDDP and
VDDA



CH#0-63: VDDA & VDDP are separated

e External calibr

ation pulser from WIB
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CH#0-63: VDDA & VDDP are separated

 Chip#0 (8chns) are pulsed

(17 ZRun E 1 ; | Trig'd
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* Longtailis correlated to the sagging of VDDA (shaper)
* Separation of VDDP and VDDA changes the tail polarity,
positive tail is observed with slightly reduced amplitude
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Adjust RC filter



CH#0-63: VDDA & VDDP are separated

* Chip#0 (16chns) are pulsed with LArASIC-DAC
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RC filter: R=1 Ohm

24



CH#0-63: VDDA & VDDP are separated
Chip#0 (16chns) are pulsed by signal generator (185 fC)

* Power rail VDDA recovers faster with smaller R, but the long tail doesn’t decrease significantly
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Experiment more 330 uF capacitors
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External Pulser from Signal Generator

* Chip#1,2,3,5,6,7 are pulsed at 185 fC

VDDA for chip0-3: 0.1 Ohm, 2x C
VDDP for chip0-3: 0.1 Ohm, 1xC
VDDA/VDDP (tied together) for chip 4-8: 0.10hm, 3x C
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External Pulser from Signal Generator

* Chip#1,2,3,5,6,7 are pulsed at 185 fC

VDDA for chip0-3: 0.1 Ohm, 4x C
VDDP for chip0-3: 0.1 Ohm, 1xC
VDDA/VDDRP (tie together) for chip 4-8: 0.10hm, 3x C

150 A

100 1 Chip#0: blue | |

50 A

——

el T T T e

Vi Vv

—-50 4

—100 -

e Chip#4: Purple

—200 -

0 200 400 600 800 1000

s 50.0M5/5 @ 7 a0.omv|
w+v12.2000us || 100k points )

Mode '\
Auto| 15 Aug 2024
& Holdoff 18:07:53 y)

* Many more detailed measurements are in‘backup slides
* Adding capacitors can help mitigate the long tail

* However, FEMB has very little room to add twice or even four times of
capacitors

28



Summary

* Negative tail of the half FEMB observed in NP04 has been re-produced
in lab bench tests
* Negative tail shows up when channel enters saturation
 The amplitude of negative tail becomes larger when more channels are deeply
saturated

* |nvestigation shows the negative tail is correlated to the sagging of
VDDA when FE channel is deeply saturated

* Separate VDDA and VDDP will change the polarity of long tail, although which is
not recommended from the FE ASIC design

* See page 23 of the ASIC FDR document

. Q;tps://edms.cern.ch/ui/file/2314428/2/LArASICDevelopment.20210714 docx cpdf.p

. Adjus?ment of RC filter, particularly adding capacitors, helps mitigate the long
tail but can’t eliminate it

* Adding more capacitors on FEMB would be challenging

* Proposed next steps

* Reduce the gain of FE ASIC to 7.8 mV/fC will extend the dynamic range and
reduce the probability of saturation

* Collection plane ~180 fC and induction plane ~90 fC
* Impact on physics analysis to be evaluated

* Data processing to make offline correction of negative tail could be explored,
related to the crosstalk and pole-zero cancellation studies
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Backup Slides
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LN2: CH#O0 is pulsed with 218 fC

* sgp=1, dac=0x3f (218 fC), 14 mV/fC, chip#0 CH#0 (other 900mV BL)
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At LN2, even only one channel is deeply saturated, other channels on the same half FEMB show negative tail
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LN2: pulsed with 218 fC, 2 chns vs. 3 chns

* sgp=1, dac=0x3f (218fC), 14 mV/fC, chip#0 200 mV BL (other 900mV BL)

150 A

* 100 1
50 4
3
-100 . . . . T T T
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The amplitude of negative tail becomes larger when more channels are deeply saturated.
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LN2: 3 chns pulsed with 218 fC, different leakage

current settings

150

100 4

50

500 pA

440 460 480 500 520 540 560 580 600

Changing leakage current setting
doesn’t affect the negative tail
much, though it affects the pole-
zero cancellation behavior of
pulsed channels.
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_N2: 3 chns pulsed with 218 fC, different gains

150

14 mV/fC 25 mV/fC

100 A

50 A

-50 )
The results from 14 mV/fC and 25 mV/fC indicate the amplitude of negative tail is not

, related with gain setting when channels are deeply saturated ' |
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150

7.8 mV/fC 125 A 4.7 mV/fC, not saturated yet

100 A

. \/\/
50 A

360 380 400 420 440 460 380 390 400 410 420

34



LN2: 3 chips (48 chns) are pulsed

* sgp=1, dac=0x3f

150 4

100 -
4.7 mV/fC
50 -

—100 A

350 400 450 500 550 600 650

Negative tail is not significant
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LN2: 3 chips (48 chns) are pulsed at 218 fC

* Different peaking times (>= 1us) have minimum impact

—100 A —100 A
Tus 0.5 us
—-125 4 —125 A
—150 T T T T T T T T -150 T T T T T T
800 820 840 860 880 900 920 940 480 500 520 540 560 580

60 30 100 120 140 100 120 140 160 180 200



LN2: all channels are pulsed at 218 fC

2001 200 -
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s 1000 ]
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i
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14 mV/fC, DIFF on 37



LN2: External calibration pulser from signal generator

* 540 mV * 185 fF =100 fC, 14 mV/fC

16000 -

14000 -

12000 -

10000 -

8000 A

6000 A

900 920 940 960 980

4000 -

2000 A

340 360 380 400 420 440
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LN2: External calibration pulser from signal generator

* 3 chns are pulsed

540 mV * 185 fF = 100 fC, 14 mV/fC

-30 1 |

340 360 380 400 420 440 460 480

100 A '
]
\
i el
il
)

840 860 880 900 920 940 960

1080 mV * 185 fF = 200 fC,

340

1620 mV * 185 fF = 300 fC , 14 mV/fC
|

360

380 400 420 440 460

14mV/fC

39



LN2: External calibration pulser from signal generator

* 3 chips (48 chns) are pulsed

—200 -
—400 -
—600 -
—800 -

—1000 -

It offers a hint that the negative tail could be corrected via offline processing

/ Ch64-127

1080 mV * 185 fF = 200 fC, 14 mV/fC

/

Chip#3red plots

350

400 450 500

550

600
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LN2: Chip#0CH#O0 is selected for monitoring

* All channels are pulsed at 218 fC

16000

14000 -

12000 -

10000 A

8000 -

6000 A

4000 A

2000 A

550

600

650

700 750

800

200 mV BL

850

p——— Scope CH2(Red): Chip#0CH#0
[ ! d

VDDA&VDDP of CH64-CH127 tied together
VDDA&VDDP of CHO-CHGE3 tied together

Run t i ; ] Trig'd
5 Scope CH1(Blue): VDDA&VDDP for ch64-ch127
Scope CH3(Green): VDDP for ch0-ch63
Scope CH4(Pink): VDDA for ch0-ch63
(

D 2.00mvi Q 200mV v € 2.00mvh )
value Mean Min Max Std Dev E&OHS ][ZSOMS/S ] @ s 94asmv
[D Frequency --—-.Hz No period found L>>159.100ps 1100k points J

Bandwidth 14 Aug 2024
18:33:15

Full

2 label

Sagging of 1.8V power railis observed
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LN2: Chip#0CH#O0 is selected for monitoring

e All channels are pulsed at 218 fC VDDAVDDP of CH64-CH127 tied together

VDDA&VDDP of CHO-CHGE3 tied together

Run I = i ] Trig'd
500 i U
250__, | Scope CH1(Blue): VDDA&VDDP for ch64-ch127
N Scope CH3(Green): VDDP for ch0-ch63
250 Scope CH4(Pink): VDDA for ch0-ch63
—s00] — Scope CH2(Red): Chip#0CH#0
7500 A yso [ i
5000 - e == |
2500 T _1500420 440 460 48'0 500 520 540 560
0 '
—2500 1
-5
400 12/
=7 ] .00mvH 0om 2 HH-m".
LI R PR 7 Bk

760 7:’;0 £oupling g Aermivetion Bandwidth Label 14 Aug 2024
° DClAC 4 | 1Mo 500 Full 18:25:49

—200 4

Sagging of 1.8V power rail is observed

900 mV BL
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LN2: External pulser from signal generator

 All channels

Scope CH1(Blue): VDDA&VDDP for ch64-ch127
° Q =185fF*V Scope CH3(Green): VDDP for ch0-ch63
500 - Scope CH4(Pink): VDDA for ch0-ch63
Scope CH2(Red): Calibration Pulser
250
Run uf == | Trig'd
0 7]
—250 -
—500 -
750 ] 14 mV/fC, 900 mV BL
200 fC
—1000 1
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35IO 4(;0 4%0 5(30 5510 6(:’!0 i
125 4
R00s D ooy, & |- ; Max() :g‘t‘(:}.;;v ]loous T00MS/s 5 7~ 3d0mv
| 14 mV/fC, 900 mV BL ' q Y%‘;iknz Tgasn:k ‘lw.lgszk l.95k 722.4m JU»¥515.200ps ][100kpoim5][_a
W 200fC
25
0
=25

500 550 600 650 700 750 800 43



LN2: External pulser from signal generator

14mV/fC, 900mV BL Scope CH1(Blue): VDDA&VDDP for ch64-ch127
Scope CH3(Green): VDDP for ch0-ch63

Scope CH4(Pink): VDDA for ch0-ch63
Scope CH2(Red): Calibration Pulser

Run ak = . | Trig'd Run ak = | Trig'd () “Run. ot = 1 Trig'd
1 L nd
L ——— L — !
f——— i - . e s 2 e i—T . e —
— \mi—

$

B 200mv & © 2.o00my
Value Mean  Min Max Std Dev.
555.6kH2_Low signal amplitude
Bandwidth

Full

1

2.00mvA 200mv_~ @ 2oy
value Mean  Min Max Std Dev |[100Ks 100Ms/s S —24.0mv
84.03kH2_Low signal amplitude 1v515.200us 100K points

10045 T00MS/S @ 7 -2a.0mv
515.200us (100K points,

More

1.954kHz 1.953k _1.952k

Coupling
e | Aclp

2 label

Termination
500

Coupling
DC AC|

2.00mvA 9 1.00V A €) 2.00mV )
Value  Mean  Min Max Std Dev [wws ] 100Ms/5 @ 7 3aomv
1.955k  722.4m J\»v515.200us J{100k points
Bandwidth
e B m

V=310 mV (57 fC V=320mV (60 fC

C

mMQ

Trig'd Run ol Trig'd

V=1080 mV (200 fC)

ok
-

)

T

200mv & © 2.00mv
Mean n Std Dev
263.0kHz_Low signal amplitude

Bandwidth
Full

2.00mvA

)

200mv & € 2.00mv
Value Mean  Min Max Std Dev
1.954kHz 286.6k  1.951k _ 61.14M _ 3.054M

Termination Bandwidth
@A Full

0ps 100MS/5 @ 7 -24.0mV
v515.200us 100k points

14 Aug 2024
Yol m 19:00:29

V=500 mV (93 fC V=350 mV (65 fC V=300 mV (55fC)

D Frequen:
Coupling
DC ACl b

Termination
1M | 500

2 label

D 200mV © 2oomvh )
Value  Mean  Min  Max _ StdDev || 100HS T00MS/s 7 s2.0mv |
1.952kHz 597.8k 1.951k _24.97M _3.553M JU>¥515.200us {100k points

Bandwidth
Full

2 label

MQ

Coupling
e | Aclih




15000 A

2500 A

0000 A

7500 -

5000 A

2500 A

LN2: External pulser from signal generator

14mV/fC, 200mV BL

Scope CH1(Blue): VDDA&VDDP for ch64-ch127
Scope CH3(Green): VDDP for ch0-ch63
Scope CH4(Pink): VDDA for ch0-ch63

200 + . .
Scope CH2(Red): Calibration Pulser
01 I = | Trigd un o = r —
—200
-400 |
—600 -
—800
—1000 4
—1200 1
32';0 460 4.’;0 560 55‘0 660
¢ ' 2.00mvA. m @ ooy
Value  Mean  Min_ Max _ StdDev L@ws
Frequency 1.953kHz 606.9k 1.951k__65.54M _3.274m JU*7515.2004s
T T T T T T T bupling | Termination
400 500 600 700 800 900 1000
Run s = 1 Trig'd

200 - 0

150 4

100 4

o
T T T T Value Mean i e 100ps S —20.0mvV
[ Frequency _6.184kH2z_Low signal ampli +~515.200us _J{100k points
500 550 600 650 Coupling | Termination u

V=550 mV (102 fC) 45



CH#0-63: VDDA & VDDP are separated

 Chip#0,1,2 (48 chns) are pulsed

200 A

150 4

100 4

_50 .

450 475 500 525 550 575 600 625

2.00mvy @ 500mV ® 2 2.00mv

2.00mvy_ @ 500mv € 2.00mv © 200mv L | ( )0MV 3
- 20045 7 320mv Value Mean Min Max std Dev
Valueliz sMeant 3y Mim. o Max | StdiDevid B GRHE S0 o -] D Frequency 279.5kHz_Low signal amplitude llis-~375. 2005 J{100k °"‘5

4.579kHz_Low signal amplitude
Termination Invert
Mo | 509

Bandwidth
Full

| Coupling
2|
| pcl AC 5

‘ Coupling | Termination Invert Bandwidth ‘
2 | 2 14 Aug 2024
13 4ug:2024 | oclac 4| ime| see | on  off Full More 134652

2 label

Oon Off




500 A

=300 7

—1000 A

CH#0-63: VDDA & VDDP are separated

* Internal calibration (218 fC) to all channels
« Both VDDA&VDDP (CH#0-63) Rto 0.1 Ohm

Ch64-ch127: VDDA & VDDP tied together

ChO0-ch63: VDDA & VDDP are separated

550 600 650 700 750 800

850

800 A

600 -

400

200 A

—200 A

600 650 700 750




600 -

400 4

200 A

—200

600

400 A

200 4

—200 +

CH#0-63: VDDA & VDDP are separated

* Internal calibration (218 fC)

Chip#0,1,2 pulsed

75 100 125 150 175 200 225 250

600 -

Chip#0,2,3 pulsed

400 A

200 A

42I5 45IO 4'I/5 5(50 52'5 55'0 57'5 660
==-Scope CH1(Blue): VDDA&VDDP for ch64-ch127
Scope CH3(Green): VDDP for ch0-ch63

Scope CH4(Pink): VDDA for ch0-ch63
Scope CH2(Red): CH#0

T_
|

Value M Min Max Std Dev

@ 2.00mvy @ 10.0mvy © 2.00mvh )
reque

100us 100MS/s © s -1.72mv
\1§»>~297.200us __}{ 100K points )|

quen 25.60MH2z Low resolution

1 |
15 Aug 2024
, L3431 )

48



CH#0-63: VDDA & VDDP are separated

* Internal calibration (218 fC) for all channels

400
200 -
0
7500 - 2007
—400 I
5000 A —6004 |
~800 -
2500 A
10004 {
0 —1200 - . . . . . . . .
500 550 600 650 700 750 800 850
—2500 1 {1 ARuA z Trig'd
ﬁ 4
~5000 - ?
~7500 - 3
500 600 700 800 900 \ ‘ : J'\,

AC coupling mode has no impact




300 +

200 A

—200 A

Chip#0: blue

Chip#4: Purple

200

300 400 500

600

700

800

900

External Pulser from Signal Generator

* Chip#1,2,3,5,6,7 are pulsed at 185 fC

VDDA for chip#0-3: 0.1 Ohm, 1xC
VDDP for chip#0-3: 0.1 Ohm, 3x C
VDDA/VDDRP (tied together) for chip#4-7: 1 Ohm, 3x C

Run § g | Trig'd
u

H (I \_——”—_ \_——"' \_——“i

[~~~ A

B «
) — . Y — .
D 2.00mvA @) 1.00V € 2.00mvh )
| Value  Mean  Min Max Std Dev Eoous : ][so'omsa ][ @ s 40.0mv
quency 1.953kHz 689.0k  1.949k 11.61M 2.345M [LLI»¥12.2000us JL100K points

Mode
Auto: 15 Aug 2024
& Holdoff 16:56:11

Blue): VDDA&VDDP for ch64-ch127
Green): VDDP for ch0-ch63

Pink): VDDA for ch0-ch63

Red): CH#0

Scope CH1
Scope CHS3
Scope CH4
Scope CH2

—~ o~~~

50



Internal calibration (SE)

* Chip#1,2,3,5,6,7 are pulsed at 218 fC
* Chip#0CH#O0 is used for analog monitoring

200

150 A

Chip#0: blue (8mV)

100 A

50 A

1007 Chip#4: Purple

—150 A

—200 A

0 200 400 600 800

1000

Run f L | Trig'd

D 2.00mvi Q 2.00mvV~ € 2.00mv
Value Mean Min Max Std Dev
quency 1.956kHz Low signal amplitude

100us 100MS/s @ 5 -800uv
W+v12.2000us 100K points |

Mode 1
Auto 15 Aug 2024
& Holdoff 18:19:04 !

Scope CH1
Scope CHS3
Scope CH4
Scope CH2

Blue): VDDA&VDDP for ch64-ch127
Green): VDDP for ch0-ch63

Pink): VDDA for ch0-ch63

Red): CH#0

.~~~ o~
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Internal calibration (DIFF)

* Chip#1,2,3,5,6,7 are pulsed at 218 fC
* Chip#0CH#O0 is used for analog monitoring

Chip#0: blue (10mV)

100 A

—100 -

Chip#4: Purple

—200 -

0 200 400 600 800 1000 Scope CH1
Scope CHS3
Scope CH4
Scope CH2

Blue): VDDA&VDDP for ch64-ch127
Green): VDDP for ch0-ch63

Pink): VDDA for ch0-ch63

Red): CH#0

.~~~ o~
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External Pulser from Signal Generator

* Chip#1,2,3,5,6,7 are pulsed at 185 fC

1507 VDDA for chip#0-3: 0.1 Ohm, 2x C
100 - VDDP for chip#0-3: 0.1 Ohm, 1xC
Chip#0: blue VDDO disconnected from VDDA
30 1 re-connected to VDDP for chip#0-3
0 -
VDDA/VDDRP (tie together) for chip#4-7: 0.1 Ohm, 3x C
_50 Run [ jl: | Trig'd _‘
—100 - :
T e T e
~150 4 . : |
Chip#4: Purple

—200 4 ‘ / | /

0 200 400 600 800 1000

100MS/s S 0.00V
2000us 100k points
Mode
Auto| 15 Aug 2024
& Holdoff 19:13:09
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SBND FEMB (LN2)

VDDP and VDDA are separated
3 chips are pulsed (dac = 0x3f)

2172
2160

2140

2120
2100

g

2060
2040

no
(=]
no
o
|

Amplitude (ADC count)

g

1980

1950

357 1000 1500 2000 2500 3000 3500 40004367
Time

Scope CH1(Blue): VDDA&VDDP for ch64-ch127
Scope CH3(Green): VDDP for ch0-ch63

Scope CH4(Pink): VDDA for ch0-ch63

Scope CH2(Red): CH#0

Run [ 1 — | Trig'd

1 Acquisition
i Mode
¥ . ¥ ¥ A

)

@ 2.00mvyv_ @ 5.00mvo @ 2.00m
Value Mean Min Max std Dev |[4 25.0MS/s ][ [ RN —8.48mV]

@D Frequency 2.010MH2 Low resolution W+v199.200us ][IOOK points
15 Aug 2024
20:19:03

Mode S:;s"l‘l(l);ﬁ. waveform XY Display
Average o108 Display Off.

[400;15
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SBND FEMB (LN2)

» 2 chips are pulsed (dac = 0x3f)

Run [ == | Trig'd

2112 T

2100
2090

2

2070
2060 =
2050
2040
2030-]
2020
2010

Amplitude (ADC count)

R

L

1998 | 2.00mvA__ @ 5.00mvh [3) :mz'v;x )
268 1000 1500 2000 2500 3000 3500 4327 Value —Mean W Std Dev_|[400%s | B LA

@D Frequency 3.391MHz Low resolution W+v199.200us 100K points

Time h Mode Record Set Horiz. | yaveform | xv Display
} vers Length Position 15 Aug 2024
i verage 100K Yoiols Display Off 20:26:06
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Amplitude (ADC coun

SBND SBND FEMB (LN2)

« 1 chip is pulsed (dac = 0x3f)

Run [ ==

587 1000 2000 3000 4000 5385
Time

(@ 2.00mvA 5.00mV™y € 2.00mvVy )
alL ][ZS‘OMS/S ][ ©) \ -3.48mv

l value Mean Min Max std Dey |[400us
100k points

@D Frequency 3.408MHz Low resolution -+v199.200us

Record Dela Set Horiz.
l e Lendtly . Position| |- Waxefomm XY Disphay 15 Aug 2024
J 100K on | Off 0 0s DAY, 20:25:15
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