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‘SPIROC ASIC Description and Properties'

W Dedicated front-end electronics for ILC analogue HCAL (AHC  AL)
& Replacement of ILC-SiPM ASIC currently used in AHCAL protot  ype

W It embeds cutting edge features to fullfil ILC final requireme nts:

— low noise

— low power dissipation (should sit inside the detector)

— large number of readout (SiPM) channel: 38

— auto-trigger (according to preselected threshold level)

— input signals internally processed (pre-amplification, s haping, ADC)

— large dynamic range (should allow calibration & cover SiPM range)

W Developed by LAL/IOMEGA Paris
& Commisioning performed (and on-going) mainly at DESY

& Measurements presented here concern SPIROC | version (no di  gital part)
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‘SPIROC ASIC Description and Properties'

Analogue part:
one channel layout
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STS DG 535

Test-Bench Description'
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amplifier
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Noise Studies
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‘Electrical Noise Investigation'

& Noise affecting processed signal was measured at different working conditions

of the chip (no input line connected)
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ENC and Input Detector Capacitance'

& Connecting a SiPM expected to increase noise depending on co upling capacitance (CC)

— crucial to quantify noise sensitivity to external variabl e capacitance (SiPM)

x10*

- ]
220 - L - 20
2 Inputcharge05pC _________________ _ 115

; HGshiapingtime:éSOns 10
YE HG feedoack capacitance: 100/F 27 - |

_________________ e 108

!A
«©
[0

10.0

Output Noise [mV]
N
o

—
oo

95

!A
~
i

9.0

—
[@>]
I

8.5

Equivalent Noise Charge [e

|
co
o

0 20 40 60 80 100
Input Coupling Capacitance [pF]
20% effects in the 0-100 pF range

observed non-reproducibility

R. Fabbri SPIROC with SiPMs ~ ~P38



Output Noise [mV]

ENC and Input Detector Capacitance'

& Connecting a SiPM expected to increase noise depending on co upling capacitance (CC)

— crucial to quantify noise sensitivity to external variabl e capacitance (SiPM)
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Trigger Studies
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‘Auto-Trigger Mode Operation Principles'

& Chip designed to operate in 'auto-trigger’ mode

& Signal from 15 ns fast shaping enters a adjustable discriminator
— 10 bits DAC common to all channels
— Threshold for each channel individually adjustable by 4 bits DAC

W If signal overshoots threshold, trigger is generated to hol d signal at its peaking
amplitude and store in analogue memory

W Crucial to investigate trigger efficiency and homogeneity f or 36 channels

& Uncertainty on trigger timing should be studied
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‘Common Threshold Level (10 bits DAC)I

Calibration: Trigger Efficiency (for pedestal):
— Change DAC via LabView GUI: — Increase DAC via LabView GUI:
— Measure voltage on board with voltmeter — Count generated triggers
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Trigger Time Walk and Jitter'

& Main uncertainty of trigger timing:

amplitude dependence
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Trigger TimeWalk [ng]
D
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—> Auto-trigger operation for calibration problematic (it wa

Time Walk:
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1/2 mip)

S not forseen!)
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Cross-Talk
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Cross-Talk between Input Channels

& ASIC should handle 36 input lines
& Orsay measurements presented for low injected charge value S

— estimated cross-talk:  ~ 0.3% at Qin; = 15pC
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SIPM Voltage Adjustment
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SIPM Voltage Adjustment

& ASIC forseen to provide common forward voltage to 36 connected SiPMs
& Single channel voltage tuning provided by dedicated 8 bit DAC adjustment

W Calibration of DAC to HV performed via dedicated LabView rou tines
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‘SiPM Voltage Adjustment'

Applied voltage ranges approximately between 0.0 and 4.5V

& Possible Problems:

Ranges differ channel by channel Residuals upto 200 mV
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= Relative gain change of =~ 5.2% due to large residuals (

—> Systematical uncertainty to energy calibration?
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Dynamic Range, Linearity, and Gain
of the ASIC
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W Peaking amplitude reconstructed using
T&H found to be:

— charge dependent

\Track and Hold SwitchI

W Processed signal forseen to be held at peaking amplitude by t

Output Signal [mV]

— larger than w/o using T&H

W Using T&H switch is necessary for
extensive systematical measurements

& T&H switch forseen in ILC data taking

Output Signal [mV

— used for presented measurements

—> possible effects on measurements

& W/O T&H peaking amplitude appears linear
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Gain Measurements'
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Simulating Real Data Taking Conditions
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‘Single-Pier Spectra'

How to perform SiPM calibrations?

& Process signal from SiPM fired by LED (synchronised with open ing of ADC gate)

ASIC auto-trigger mode HOLD generated by main pulser
500 e mdf 166.57325
o N Prob 200507 ]
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—> Calibration not feasable in this mode — Reliable fit can be obtained

As expected, and NOT forseen
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‘Data Taking In Physics Mode'

& We want a proof of principle that chip can operate in auto-tri gger mode (1/2 mip cut)
— need to know where is applied threshold / mip amplitude

& Process signal from SiPM (LED fired) at different threshold v alues
p.e.

9 3 4 § 6 7 8 )(2/ ndf 42451402 X2 [ ndf 426.8 1396
g Q0T T T P 02112 T S A A A 0.1379 ]
T po0 346.1+ 36 T JO0p g g p0 75.36 167 -
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Amplitude [mV] Amplitude [mV]
—> Considering entire DAC scan, on average additional 20 DAC units suppress one peak

— LED amplitude tuned to generate one mip signal (maximum arou nd 15 pxIs)
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‘Data Taking In Physics Mode'

Knowing what a DAC value corresponds to, process mip-like si
& REMINDER: autotrigger does not work in SPIROC |

gnal in low gain

— use generated trigger to open ADC gate

— hold signal at peaking amplitude with external pulser
3 3
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Amplitude [ADC]
= Almost 100% signal induced triggers at

Amplitude [ADC]
1/2 mip threshold cut (proof of principle)

—p.26
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‘Summary and Outlook'

& Analogue component of SPIROC ASIC extensively investigate d

— Measurements presented for SPIROC | chip version
& Dynamic range for physics/calibration modes possibly cove red (depends on gain)
& ASIC can operate in auto-trigger mode (in low gain)
& Low noise measured & Low cross-talk
& Gain as expected & Calibration feasable w ext trigger
W Residuals to linearity of DAC HV adjustment sizable

— might affect sizably the energy calibration

W Track and Hold switch strongly affects (linearity) the meas urements

& As further steps:
[] proceed with SPIROC Il
[] test auto-trigger mode feautures of new chip version (radio active source?)

[] timing measurements

[1 power pulsing Internal Report almost ready

R. Fabbri SPIROC with SiPMs ~ — P27



Backup Slides
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& Noise measured for all

R. Fabbri

noise (output RMS) [mV]

‘Noise Uniformity'

36 channels (no input line connected)
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Additional Sources to Noise'

& Additional source can affect signal (no input line connecte d)
r T T | T T | L F{ T T T 1T | T T | T T ‘[ | T 1T | T T | T 1T T T T 1T | | | T 1T |
% = WIO Clock and W USB: 1 WO Clock and USB: - % [ WithT.&H: Without T. & H: |
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Negligible effect from swithing on clock

Sizable effect from Track and Hold switch

and plugging in USB
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& Pedestal measured in all

pedestal (output mean) [mV]

R. Fabbri
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‘ Pedestals Uniformity'
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Low Galin - High Gain Coupling

& Low and high gain paths are electrically coupled

— charge sharing between paths influenced by preamplifier gai n

\ Slow Shaper
\ 50-100 ns

Low Gain
- F Preamplifier
Slow Shaper
50-100 ns
F 0.1-15pF

A

15 pF
=0 ]
Input
High Gain
Preamplifier Fast Shaper
15ns
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‘Low Gain - High Gain Coupling'

& Low and high gain paths are electrically coupled

— charge sharing between paths influenced by preamplifier gai n

& Negligible effect in high gain path by LG preamplification

Low Gain Output [ADC]

D ~ oo
o () o
L B T T T

(Sn]
o
T T T T 1

3RS N N R

Input charge: 9.6pC
i | | LG shaping time: 50 ns |
__ .................... .................... éI._G.feedbackcapacitancie;AOO.ﬂ.:..__

0 100 200 300 400 500 600
High Gain Feedback Capacitance [F]

Low Gain Output [ADC]

150

T | T T T T | T T T T | T T T T :
.......................................................... Inputcharge 191pC_:
| | LG shapingétime: 50 ns i

LG feedback capacitance: 400 fF

1111 | 11 1 1 | 111 1 | 111 1 | 1111 | | I :

0

100 200 300 400 500 600

High Gain Feedback Capacitance [fF|

@ Upto 10% effect in low gain path by HG preampilification

R. Fabbri
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& The peaking amplitude was measured at the oscilloscope (w/o

R. Fabbri

‘ Peaking Amplitude Linearity W/O T&HI

(mV)

V_out

700

100

Cf = 700fF ,Tau=50ns Cc-100pF, 20dB

0.5

1.5

V_in (V)

track and hold switch)

25

SPIROC with SiPMs
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Dependence on Shaping Time

W Hold signal timing kept fixed during input charge scan

— take mean peaking time during scan

W& Hold signal timing changed according to shaping time

Output ASIC [mV]

—> To be understood

R. Fabbri

300 : 1 ; ; : ; ;
Feedback Capacitance: 400 fF  Low Gain
230 T m—m

e Shaping Time: 50 ns ®
: : : : : : : ®
: : : : : : : [ ]
- ® Shaping Time: 75 ns | | i . @
200[ T S R s e, R
Shaping Time: 100 ns . e® | a®
: : : : : . @ : ]
: : : : : [ ] i |
v Shaping Time: 150 ns f f e? "
LB gl
B : : : : . @ | :
: : [ ] ]
: : o |
: : o : | ] :
s | | ° . v
: : o (] ‘ vY
QOO “ """""" W T V' """"""
- 3 e " A
: : o [} : vv
: iy J | : v
: [ ] | : vv:
- _0® m® vY
BO o o® m™ Arl R R e
B " .. \ AL :
[ | vY
- L2 A4
B "vvv :
0"‘\””\"mHH\HHiHH\HHiHH
0 5 10 15 20 25 30 35 40

Injected Charge [pC]
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Determination of Trigger Threshold and SIPM Gain

& SiPM signal for increasing values of DAC threshold

p.e.
396 /402 3 4 5 6 7 8 X2 / ndf 4245/ 402
0.5756 ‘ T T Prob 0.2112
% 306.1+ 3.4 % po 346.1+ 3.6
— 20.55+ 0.12 — pl 21.52+ 0.09
>- 4078 i 0323 . >- ........................................... p2 3875 i 0198 .
254.2+ 22.4 p3 368.3+ 16.0
29.15+ 0.18 p4 29.76 + 0.11
-2443+0187 | a0 R T G F AR p5 -2.397+0.118 .
291.3+19.2 pé 397.4+ 20.7
36.18+ 0.25 p7 36.63+ 0.16
-3.118+ 0439 | J S AR 0000 p8 -2.866 + 0.243
253.7+ 155 p9 356.6 + 34.0
44.34+0.32 p10 4456 + 0.28
3.423+ 0.598 pll 3.553+ 0.385
113.3+41.4 - p12 135.6+ 40.7 -
51.68+ 0.45 p13 52.37+ 0.28
2.558 + 0.456 pl4 -2.424 + 0.318
190.2+ 34 - p15 262+ 3.9 -
59.38+ 0.74 59.53+ 0.82
6.613+ 1.078 7.497 + 1.420
418.6 / 402 394.6 / 402
0.2736 0.5942
i) 326.9+ 3.4 i 1000 275.7+ 3.2
2 21.17+ 0.09 2 pl 20.83+0.11
> 3.871+0.188 - > p2 4.261+ 0.295
4535482 | 8O0 e it e e p3 534.8+ 135 -
29.72 + 0.06 p4 30+0.1
-2.43+0.08 . p5 2.427 + 0.088
518.9+ 8.2 p6 782.8+ 20.0
36.67+0.08 | OO0 g= i . il p7 37.09+0.11 -
-2.707+ 0.080 p8 2708+ 0.138
4498+ 35.4 p9 788.3+ 16.7
4431+ 0.11 p10 4456 + 0.10
3.309+ 0.127 pll 3.064+ 0.237
177+ 295 - pl2 434.8+ 69.9
51.89+ 0.14 p13 51.58 + 0.24
2.498 + 0.170 pl4 -2.725+0.245
334.1+ 3.0 - p15 567.3+ 5.9
59.11+ 0.59 59.73+ 0.38
-8.06 + 1.04 6.151+ 0.573
20 30 40 50 60 70 80 90 100 110 20 30 40 50 60 70 80 90 100 110

Amplitude [mV] Amplitude [mV]
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& SiPM signal for increasing values of DAC threshold

Yield

Yield

R. Fabbri

80

90

425.4 1 412
0.3143
88.64+ 1.61
20.26+ 0.20

5.235+ 0.428 -

157.7+ 45
30.42+ 0.09

2.304+0.098 .

301.5+5.2
37.61+ 0.09

2.658+0.116

332.1+11.1
4491+ 0.13
2.836+ 0.181

236.8+£5.0 -

61.06 = 0.45
5.373+ 0.490

236+ 28.9 -

52.17+ 0.17

386.4 /392
0.5706

79.15+ 1.58 .

20.25+ 0.28
4.267 + 0.630

73.28+ 4.56 .

30.24+ 0.25
2.917+0.338

302.6+5.6 .

38.95+0.15
2.907 £ 0.179

499.5+ 18.7 .

45.83+ 0.11
2433+ 0.142

459.4+ 66.9 .

52.38% 0.14
-2.814 £ 0.275

503.5+5.1 .

60.9+ 0.3
4.994 + 0.782

100 110
Amplitude [mV]

3.225+ 0.324

600

Yield

500

400

3001

700

Yield

600

500f
400

300

Determination of Trigger Threshold and SIPM Gain

23 4 5

p.e.
T T T Prob 0.1519 ]
: : po 84.12 + 1.69
pl 20.49+ 0.17
............................... p2 3.551+ 0.419 -
p3 101.6 + 3.0
p4 30.46 + 0.21
................. p5 3.065+ 0.337 .
p6 305.6+ 8.8

p7 38.28+ 0.13
_ p8 2.613+0.156
P9 4344+ 14.6
p10 4559+ 0.15
pll 2.787+ 0.219
p12 3715+ 482 -
p13 52.58+ 0.19
pl4 -2.841+ 0.315
p15 373+53 -
60.91+ 0.32
4.378 + 0.663

X2 I ndf 426.8 / 396

20 30

Prob 0.1379
- po 75.36+ 1.67 -
pl 20.41+ 0.16
p2 3.047 + 0.313
p3 67.76+ 1.58
p4 29.54+ 0.19
ps 3.204+ 0.350 .
p6 215.7+ 4.2
p7 39.44+0.18
p8 3.015+ 0.190 -
P9 4943+ 21.0
p10 46.15+ 0.10
pl1l 2.292+ 0.108
p12 627.1+ 36.0
p13 52.94+0.15 -
pl4 3.005 + 0.216
p15 659.5+ 7.8
61.42+0.19 °
4.012 + 0.369

50 60 70 80 90 100 110

Amplitude [mV]
SPIROC with SiPMs ~p-36



Determination of Trigger Threshold and SIPM Gain

& SiPM signal for increasing values of DAC threshold

p.e.
X2 / ndf 266.5/ 249
- : : j : 7 Prob 0.2135 ]
E 900 .......................................... pO 4601+ 7.5 .
~ i P opl 47.08 + 0.14
800 i p2 -3.043+0.105 -
L p3 719.8+40.1
700 " p4 53.75+0.12 °
p5 -2.411+ 0.121
600 p6 717.4+109.8 -
: 1 P/ 60.2+ 0.2
500 e ; i s 3.073+0.313 -
3 M o 773.7+12.9
400 ...... .‘ ......... 6883i038 .
i 4,916+ 0.796
200 .............
100 ....................
n
p.e.
75 8 85 9 95 10 105 11 11.%°/ndf 222.8/234
- A ‘ ARAREAREES T 1T Prob 0.6896
ol 600F=si OSSR NS [o]0] 2449+ 24.1 .
~ C : pl 62.06 £ 0.35
- : Tt p2 2,571+ 0.291
5001 Pe | | —— p3 410.9+56.1 -
C ‘ p4 69.11+ 0.18
C pS 3.057 + 0.439
400 . p6 4616+ 7.7 -
C p7 83.44 +0.89
- p8 6.836 + 1.838
300— p9 249.1+124.8 -
C 75.77 £ 0.43
C 2.649 + 0.528
100
60 70 80 a0 100 110
_ Amplitude [mV]
R. Fabbri

p.e.
TS R A AR R Prob 0.8686
2 1200 j PO 320.3+9.4
L [ siPM 758 | . pl 47.43+0.21
[ <gain>.. . 7.7.mV. ISR, p2 2.806+0.148
1000~ 977 ! p3 797+ 175
DAC: 480 : p4 54.28 + 0.09
o : pS -2.57+0.13
800__ ................................. p6 7112i 829 .
C p7 60.57 + 0.12
- P8 -2.559+ 0.180
600__ .............................. p9 1078 + 6.3 .
C 68.74 £ 0.19
-5.57+0.43
400 ....................................
Prole My | | | (1 —
- N
p.e.
85 9 95 10 105 11 X?/ ndf 219.9/181
- :' T T : i : 0.02573
© 600f-siPN 758 203+12.2 .
S i 3 pl 70.43 +0.23
B : : : - p2 3.142 + 0.214
500:_ ................ p3 189.3+37.6 -
C : : : . p4 76.64 +0.17
C ‘ 3 Y iP5 -2.232+0.218
400 :_ .............. froeees it .. .. l‘ l p6 4387 i 40 .
B : 84.53 +0.17
E 57+0.6
300_-_ .............. { H
200F
100 i

85 90 95 100 105 110

Amplitude [mV]
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‘Determination of Trigger Threshold and SIPM Gain'

& SiPM signal with external trigger (for ADC gate and HOLD)

R. Fabbri

% 600_ ------ SIF’M"758° ----------------------- . -------------------------- x2/ndf 532.3/516 -
> f <gain> 77V Pob 03006
500_ .......................... ....................... ............... Peako ,_0 89+_0070
- DAC 400 ?  Peakl: 6.46+ .05
RO e Peak 2: 14.19 +-0.054
- Peak 3: 21.80 +-0.058
- | Peak 4: 29.36 +-0.082
300 __ ..................... - L | | WAl ) .. ............... Peak 537,15"‘-0,088
- f Peak 6: 44.36 +-0.154
200/ . Peak 7: 53,01 +-0.232.

100

p.e.

0 2 4 6 8 10

0 20 40 60 80

100
Amplitude [mV]

SPIROC with SiPMs
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R. Fabbri

DAC Threshold and SIiPM Pixel Suppression'

DAC value

Suppressed peak number

530
510
490
470
450
430
410
390

3

© o0 N O Ot =~

10

SPIROC with SiPMs
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Mip SIPM Signal in High and Low Galin Modes'

& SiPM signal with external trigger (for ADC gate and HOLD)

500

Yield

High Gain

p.e.
5 10 15 20 25

450
400

2L L B L T L Y I L Y N L I B L L L

300F
250F
200F
150F
100F

50

R. Fabbri

20

40

60 80 100 120 140 160 180 200 220

Amplitude [mV]

100

Yield

80

60

40

20

Low Gain

3

[
o

SiPM 758

Forward VVoltage: 64.6 Vv

mip-like signal

T T T | T T T | T T T | T T T | T T T | X

1 1 1 l

1120 1140 1160 1180 1200

Amplitude [ADC]
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'SPIROC I OutlookI Analysis on going

W Digital part (Internal ADC) not usable in SPIROC |
— now fixed in SPIROC II (delivered this winter)

W Linearity of Wilkinson ADC can be investigated

ADC output vs. different Input Charge
1000 T T T T T T J]

: goDEoEEDEO0O
goo .

800F - - .......... 4444444444 DIIII:I 44444444444

600

400

output ADC units

200

0 0.5 1 1.5 2 2.5 3 3.5
input voltage in V with 20dB attenuation

residual
30 T ! ! T T ! ! T

20F - AT e CRRT e T Ceees R

b

residual in percent ( % )

10 A S S S S S SR
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
intput voltage in V with 20dB attenuation
—> Similar behaviour observed with ext ADC

R. Fabbri

Yield

1735 f* ¢+ e o
e % °* s

.. A

1725? ® ) . . ¢

ms| 1 ADC =2 0.8 mV
1710 |

lp.e ~=8mV

1705 |

1700:\\\\\‘\\\\H\\\\H\\\H\\\\H\\\H\\
0 5 10 15 20 30 35

25
ASIC Channel

200
180 [ Mean: 1729.61

160 | RMS: 135705 |

140 , Channel : 2

120 |

100 [
80 |

60 |

40

20 |

Oﬂ‘H\HH\HH\HH\HH\‘ P RN BRI R AT A
1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780

Pedestal [ADC]
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