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Timing optimization : common view
« Jitter due to electronics noise: o, =——

« also presentedas j=tr/(S/N)
. dV/dt prop to BW, N prop to ¥ BW => jitter prop to 1/N\BW

= « the faster the amplifier, the better the jitter ? »

— « High speed preamps need to be low impedance (50 Q or less) ? »
— minimize Rp, : small time constant Rp,.Cd « Minimize « charge time transfer »

NB:  tr=t,5909 = 2.2 tau. M I .
f om = L/27TtAU = 0. 35 / 0.0, =4 N

fags = 1 GHZz <-> 14909, = 300 pS
1 ps = 300 um in vaccum

g
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Detector impedance and input voltage

1 GHz, Cd=few tens of pF, input signal width <1ns

« Cd>1pF, Zs@1GHz dominated by Cd Vin I>l““t
* Rise time: tr= td when td<< Rg C4 and tr= Rq C, Tin 1
when td>> R C, —|—|— CaT Rl 7,
|
. . didth=td — = =
At HF : difficult to width=te
beat the capacitance 1 o+:- [
. . 10% 3 ;
=> signal integrated i
107 3
on Cd ] 1GHz |
Vin(t if ta << CaRs 10° é -.x'“"‘m&_‘_%_ =t 1pF E
_ 10* § Ermpt
= 3 T !
S S~ 10pF T i
102 % EE H.H_H-m- E
2] 500 i S i S
max= Q/Ca Charge sensitive 3 === e
10" é 100pF WHR -3
Vingy if ta>> CaRs oo ] \
CaRs 1”1_105 107 '1'|']3 lli-;- S Hllnllo
max= Rs.I Current sensitive freq (=)
C. de LaTaille RD51 workshop 15 jun 2021 3



Examples of pulse shapes me

« SIPM pulse : Q=160 fC, Cd=100 pF, L=0-10 nH, Rp,=5- SOQ

« Sensitivity to parasitic inductance 1 10 nH

« Choice of Ry, : decay time, stability i

« Small R, not necessarily the fastest N L, L

« Convolve with current shape... (here delta) 10-300 pF<=> 5-50 Ohm

NS /o L0 0

[(13.4029ns [ -33.2321%uv e G0S)

C. de La Taille RD51 workshop 15 jun 2021

d



High speed amplifiers

« Same response at High Frequency

Response to very short pulse

Broadband : voltage sensitive
— Zin=Rs (50 Ohm)
— Vin = Q/Cin
QlN
- Vour= _GmRFC_d

Transimpedance
— Zin ~ ZfIG ~ 1/gm

L —R
— Gm ¥ ~ Qu
= Vour = . Cq Iy ® —GmRg C
1+ jo— d
Gm

) (Pad]vm -TL_B Vout

] 2

L

Zs
Bﬁ Vour
+

I

For highest speed : go to broadband. Faster, less stability issues
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Signal and noise in Broadband amplifiers ! !mega

« Jitter is given by : jitter and noise as a function of preamp risetime
2 2
50 N e, Cy \/ Low ratly eC, t120—90_ ea 13 L
= = = )
dv /dt 215 90_pa o Qi 2t g0 pa e e
1,3 —@— noise
* Optimum value: t;y 99 pa=ty (current duration) g
c 11
] e C Cd: detector capacitance § 1
Dominated by sensor o) =2nd [t tig0pa: rise time of the PA Z s
Electronics only gives en . Q d  t,= detector current duration N
in e , preamp noise density “
0,7
. : : . : 06
Gives ps/fC as scales with 1/Qin : « factor of merit » 05 06 07 08 05 1 11 10 13 14 15 16 17 18 15 o
 Electronics noise e, given by the input transistor transconductance g, t_pa/td
2kT 2kT noise spectral density

€

n— ~ 2,500
gm \ ql D

2,000

1,500

Jitter optimum is rather shallow with preamp risetime
But noise and minimum threshold goes up quickly with speed (as sqrt)

nV/sqriHz)

-—

1,000

°
en

0,500

0,000
0,5 1 1.5 2 2,5 3 3,5

Id (mA)

C. de LaTaille RD51 workshop 15 jun 2021 6



OMEGA timing chips ! !mega

« See also prensentation by Stéphane Callier on Thursday (Hardroc et al.)

sensor | polarity BW Zin Cd TDC dyn range FOM min thresh| "@Cd="
PETIROC VPA SiPM/RPC | both 900 MHz 200 10-100 pF | 25 ps 1mV
LIROC VPA SiPM/RPC | both 300 MHz 1k 10-100 pF no 10fC-100 pC | 2 ns/Q (fC) 40 fC
ALTIROC VPA/TZ LGAD neg B00-800 MHZ 2k/200 1-10 pF 20 ps 0.1-50 fC | 100 ps/Q(fC) 2 fC 5pF
HGCROC TZ Si neg 100 MHz 40 10-100 pF | 25ps | 0.1fC-10 pC| 2 ns/Q (fC) 20 fC 50 pF
H2GCROC CC SiPM pos 80 MHz 25 100p-1nF | 25ps |10 fC-200 pC

C. de LaTaille RD51 workshop 15 jun 2021 7



PETIROC2A mega

Channel 31 SiPM read-out for time-of-flight PET
Channel 0 Time<0> Outputs SIGe 350 nm
Vlh_tiﬂ 6-bit DAC Time to
-A- Positive or adjustment H RSlatch fr— amplitude o
negative converter _/ [ Time<i>
%_ et |pa\ Time measurement ADC ramp ©
'V' — A\ — -‘D:.D Data_out
preamplifier 17 ‘5
Al hold
R -
. F _/b_ S weeroc
% Charge measurement ADC ramp
—1 f\pb:t Charge<31>

1 | pac
a—: Multiplexed_charge

]=: out_discri_charge
— whmglb J_I_
Bandgap ;;n;c?r 13:? e ToR32 [>—p oraz_charge
ADC ramp 8-bit delay box for hold  |hoid I b—baz trigger outputs
generation -‘_cb L ors2 e
Common to the 32 channels j/ I>— )
Detector Read-Out SiPM, SiPM array
Number of Channels 32
Signal Polarity Positive or Negative
Sensitivity Trigger on first photo-electron
Timing Resolution ~ 35 ps FWHM in analogue mode (2pe injected) - ~ 100 ps FWHM with internal
Dynamic Range 3000 photo-electrons (10% SIPM gain), Integral Non Linearity: 1% up to 2500 ph-e
Packaging & Dimension TQFP160 — TFBGA353
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Petiroc2A bandwidth measurement

Preamp + discriminator bandwidth
reconstruction of pulse by discriminator
tr 10%-90% = 300 ps,

BW =0.35/tr ~ 0.9 GHz

can also use BW = 0.1 / (tgo, - t100)

(mV)

out_PA

" Preamp Rise Time reconstruction |

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
0 10 20 3 40 5 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 3N 30 M0
Time (ps)

Picosecond Pulser
Rs_generator=50

Vin=-3.2mV

-

Vin: Step Voltage

RF amp.
1 100 nF Lwire Lbond |

out_RF
L | out_discri
68 AL Vth_discri
F

To CRRC shaper

100 p
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input DAC=11"to 21"

240 —
220 —
200 —
180 — . -

- Trigger output jitter
160 — :
140 —
120 ; PETIROCZ2A: jitter in ps Vth=0.5 pe

—&— with 160MHz and 40 MHz clocks

100 —e— without clocks (160MHz and 40MHz)

1.0 1.5 20 25 3.0 3.5 40 45 5.0 55 6.0 65 7.0 7.5 8.0 85 9.0 9.5 10.0

Vin (mV)



SPTR measurement : Petiroc2A trigger outputs mega

« SPTR : 90 ps FWHM (40 ps rms)

Petiroc2A SPTR
weeroc

’J}OOO [ A MPPC 1350PE 1.3x1.3mm 50um (HV: -61V) ] " MPPG 3050GS 3x3mm 50um (HV: -60V)
o = ¥ \ . NUV 3x3mm 40um (HV: -30V) . NUV 3x3mm 40um (HV: -34V)
N — MUV 3x3mm 40um (HV: -35V) v NUV 1x1mm 40um (HV: -29V)
m 900 MUV 131 mm 40um (HV: -34V) NUYV 1x1mm 40um (HV: -35V)
|— — ¥ J-Series JOO 3x3mm 35um Fast Output (HV: -32V) J-Series JDO 3x3mm 35um Fast Qutput (HV: +34V)
n_ : ¥ J-Series JOO 3x3mm 35um Fast Output (HV: +36V) J-Series JDO 3x3mm 35um Standard Output (HV: -32V)
SPTR Energy SpeCtl'um ) - » J-Series JDO 3x3mm 35um Standard Output (HV: +32V) M J-Series JDO 3x3mm 35um Standard Output (HV: 434V}
- histo - histo 800 . ¥
§ 70 Entries 2084 § - S— —
&) Mean 2.7626-08 01000~ Entries 200 —
60 Std Dev 1.057¢-10 i Mean 0.36 - r 2
Prob 0.0008059 L StdDev  0.5559 —\3 Xdl I “ I I J L)O
Constant 58.47 +1.87 800 [
50 Mean 2.761e-08 +9.803e13 - 600 —
Sigma  3.843e-11 +8.6726-13 i — fﬂ
40 600— 500 A
i - ¥
30 L —
400+ 4 I
00 Sigma : 38.43 ps r 00 — L4 5
FWHM : 90.68 ps i -\ J ° 3 3|||||| C
" 200) = \Y X M P P A
) J 7 w ” E ]
ced W e b e 0 L ] Bt ™ spesstragnsront N — (ﬁ
% 27.5 28 285 29 29.5 30 % 0 0.5 1 1.5 2 200 — e A
Delay (s) Bin — —a A A 2 5
FBK NUV 1x1 mm?2: 90.7 ps FWHM 90 ps!00E Y T L3X1.3mm? MPRC
_ | 1 1 1 | 1 | | | | | | | | |

900I I200I | 300 400 500 600 I700
Source : Laser Threshold

SiIPM : Various model (FBK, Hamamatsu, Sensl)
HV : Various value
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Petiroc2 for CMS RPC readout [l. Laktineh et al.]
CMS IRPC readout design

&
f
Double Gap layout ( r;" 1- '|
i
“
upper gap t Y, Y ty
,"'r N o —f

!

PCE with rad T Y — The strips are read out from both ends (2D readout) with
good timing FEB.
lower gap => Better Y determination

R e
 ————

Dimensions: 165 cm x (63-114) cm =2 Good absolute timing

Along-strip resolution at the center H2 lima EEH&mrrhsmama profotype H2 line
ul o L B L | i ML L IR BN BN LR R B
=1 L d E ]
— . CMS ] = 1sf CMS .
Z 100 = "".5: ]
i ] - 16 x\\ -]
8ol . '.; 14 E
3 ] 12 3
B0 o 177 L 8 [ps) - ]
[ ] 10 3
i ] A ]
40 . F oo :
I ] lﬁ & =
20 —
i 1 4 g
D 1 P T TR T P ST T R aaew I i 5 i i - 1 1 1 | | 1 | E
a 5 id 15 20 T 200 400 600 BOO 1000 1200 1400 1600

AT=Tys-Tg(ns) Muon beam distance from HR (mm)



-\lumﬁ
ful i

3 3 q i q = =

)
ATTRALCT

Collaborative design between
Weeroc & Omega

Funding from ATTRACT EU
H2020 Research & Innovation
Program

LIROC : SIPM read-out for Lidar

SiPM read-out for LIDAR

weeroc

] Trigger out P

] Trigger out N

TSMC 130 nm
Channel63 "
Channel0
[N
i | H—pream
‘ Differential Buffer
Threshold
adjust 7 bit
6 bit
| Event validation
(time windowing)
Common blocks
Bandgap Polarity i General threshold
reference Selector @7




Parameters & Performances ! !mega

Detector Read-Out

SiPM, SiPM array

Number of Channels 64
Signal Polarity Positive or Negative (selectable ASIC-wise)
Sensitivity Trigger on 1/3 of photo-electron

Timing Resolution

Better than 20 ps FWHM on single photo-electron
Better than 5ns double-peak separation on single photo-electron

Dynamic Range

Over 100MHz photon counting rate

Packaging & Dimension

BGA 20x20 mm?
Flip-Chip low inductance packaging technology

Power Consumption 210mW — Supply voltage : 1.2 V
Inputs 64 analogue inputs with independent SiPM HV adjustments
Outputs 64 low-common-mode LVDS triggers (CLPS) — compatible with CERN

picoTDC and all LVDS FPGA I/Os

Internal Programmable Features (12C)

64 HV adjustment for SiPM (64 x 6 bit), trigger threshold programming
(10bits), 64 x 7 bit channel-wise threshold adjustment, ASIC-wise
polarity selector, preamp pole-zero cancellation adjustment, individual
trigger masking and cell powering.

weeroc



Jitter and timewalk ! !mega

Jitter - Threshold 1/4 Photoelectron (40fC) Timewalk - Threshold 1/4 Photoelectron (40fC)
120 o weeroc
100 26.2 A
80 26
%) B
= =
nd ©
= 5 258
g 5
K £
l_
40 25,6
0 Metrology chain limit. 6.2ps rms 254 v
’ 0 50 100 150 200 250 25,2
Qini(fC) 0 50 100 150 200 250
Threshold: Qi)
40 fC

1 photoelectron - Gain 10°



Time Over Threshold — Measuring amplitude ! !mega
Time over Threshold W

_weeroc

10

Time over threshold (ns)

S ToT(ns) Positive injection —e—T0T (ns)Negative injection

0 2 4 6 8 10 12 14 16 18 20
Qinj (photo-electron w/ 1e6 gain)

Trade-off beetween double peak separation (see consecutive photons) and time over threshold. Tuneable.
Optimized for double-peak separation in that measurement (3ns separation measured)



ALTIROC : ATLAS LGAD ReadOut Chip for HGTD

e ALTIROCO (2017) : contains only PA + discriminator — for 2x2 1x1 mm2 sensors
- 4 channels VPA and 4 channels TZ analog readout optimized for Cd=2pF
- Bandwidth tunable (0.3-0.8 GHz)
- Power : 2 mW/ch TSMC 130 nm

* ALTIROC1 (2018) : 5x5 complete readout channels (PA, discri, TDC, SRAM) to

readout 1.3 x 1.3 mm2 LGAD pixels, 15 channels with VPA, 10 with ,':~
Transimpedance amplifier (TZ) 2
- ALTIROC2 (2021) : 15x15 final size and functionnality
—_l__; ol AL
~ Detector T L1
Ca o7 .
Hp ==, ¥ i~ Preamp " s TOATDC |
- | L OTTT0TE Time measurement (TOA, TOT)
L ! \ i | pang | DA
| Vth ]/ : " —
! ' TOA TOE ks 17 bit
' MEGA ! «—> :2; :;?;C ()u'rmuul -
: Microelectronics : TOT Bin 40 ps
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ALTIROCO measurements

* Testbench (left) and testbeam (right) measurements

g 25_" T T I T UL B R | T T ]
'_'g E ° 1605_ALT_V2--ChO_VA E . ALTIROCO_V2
E'_ 20— . . Time resolution of a 2x2 x1x1 mm?2
S N . LGAD array bump bonded on an
- © 1605_ALT_V2--Ch0_TZ 7 AltirocO ASIC as a function of the
15~ o E discri threshold (DAC Units) before
- . i (black points) and after TW
10 . ] correction (red points)
- ® .
- . . o 1Z
- L ] .
5 e L. . = - 100p———r———r——
C ] a - L. .
_II 11 | 1111 | 1111 I 111 | | | | 111 | 111 I | .| | IYEAI I_ b“-‘ 90:_ HGTD Prellmlnary . Before Tlmewa"‘ correctlon E
20 30 40 50 60 70 80 90 100 - 3
80 Testbeam October 2018 ef TimeWalk Correction 3
Iniected Charge [fC] - ¢ AferTimeWalk Correctio E
?128004 T T T T T T [ T T T T T T T T T T T T 70__ ]
=3 C - = B
< 12700F ° 1605_ALT_V2--Ch0o_VA 60 —
e £ VPA E - v
12600 = 50F LI | 3
= ° e 1605_ALT_V2--Ch0_TZ 1 - ] =
125007 : 40 ° ¢ ¢ =
124008 o = 30E ¢ ¢ E
. - 20f | .
12200F_® TZ . E - =30 % improvement after TW correction 3
- N, . : 10 = Jitter around 35 ps E
12100 :_ ® ® . _: - 1 1 11 | 111 | I 111 1 | | 11 | | | 111 | 11 11 I 11 11 | 11 3
1200 :I e e v b b b o b o b g |: £30 21 40 2150 21 60 21 70 21 80 2190 2200
9000 2000 3000 4000 5000 6000 7000 8000

TOT [ps] Discriminator Threshold (DAC Units)
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ALTIROC1

One pixel layout —5 37 17/m

‘ Altirocl layout ,

: 41 8 'hn "'lx it
|
s W!a? li g‘“ ([

ey
ZOOM of one,Q

~ 8 mm

Analdg Bat il |
‘Ml =PFfibes and SC
L — “ “J‘uh il —ﬁ

TOA TDC
Ihll (T [

VPA VPA

VPA VPA

VPA VPA

VPA VPA

VPA VPA VPA: Voltage preamp
TZ: Transimpedance preamp

T ATLAS
C.de LaTaille RD51 workshop 15 jun 2021 = e . d‘lGTD




ALTIROC1_V2 - TDC performance

Specifications: Specifications:
TOA: 20 ps £ 10%, range 2.5 ns LSB /<LSB> vs channel TOT: 160 ps + 10%, range 20 ns
74 L L B B BB B 6\31-5:"‘"‘\"‘|"‘|“‘|"‘|"‘:
=) B : » 14F L — - - =
S 2.5~ . v B TOA <LSB>=22.5 ps - E s st :
2 < 1 o313 o ASIC +sensor = 5 " E
C <TOA> VS delay : « B e TOTc<LSB>=171.0 ps . Lot 3
[ _ 12; = r ..l' :
22 : 115 = 1o 3
151 — T T T 3E : E
z 1 oo = :
3 E 08 <TOA_LSB>=225ps=  * E
05 ASIC + sensor E oTE <TOT_LSB>=171ps -  F~ N
= . 0.6 = 10 20 T ag 50
OOI | \OI‘SI | | | |1 | 1 | \1.‘5I 1 | \2‘I 1 | \2.‘5I | | \3 056 | é | 4‘. | é | 1 | 8| | | \1|0\ 1 \1|2\ 1 \17 QIfC.]
Delay [ns] Channel number

- TOA_LSB and TOT_LSB can be adjusted to 20 ps and to 160 ps (respectively) using per channel Slow Control parameters
- Some of the DLLs don’t lock properly => use of external R to set control voltages of the TDC
- <TOA> vs delay: Small discontinuities due to LSB bin size that can be calibrated with Random Programmable Generator

=> Altirocl_V3: integrates a Random Programmable Generator I

s ATLAS
C.de LaTaille RD51 workshop 15 jun 2021 = e HGTD




0.8

0.6
0.4

0.2

. out_preamp simulation
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30 ... .. bime 1 MIP = 10 fC
ALTIROC1_V2- performance at system level : \ LGAD input ™\

g : 15.2 pA
Iin=1mA
i _I—I_Qin =10 fC
ZE 10 ps

B T | L | T | LI | LI | LI [ T T 1 | T ] E 80: T I T T T [ T T T | T v Q‘ID e IIJAD R ; ﬁie:m)g:;

[ £~100% for ASIC alone and ASIC+Sensor at 4fC E 70F Jitter ~ 25 ps (55 ps) for ASIC alone (ASIC+sensor) at 4fC |

-] - g - ®  ALTIROC alone C =4pF Dirac (testbench) 3

- i 60 F ®  ALTIROC+sensor Dirac (testbench) E

N ¢  ALTIROCalone C=4pF Dirac (testbench) ~ 500 ? O ALTIROC+sensor LGAD (estbenchssimulaton)

- o ALTIROC+sensor Dirac (testbench) - 4 05_ N QO Estimated jitter using LGAD Si_é nal,

i . - , ; using calibration data and simdjation

B B 30 :_ o 0 _:

[ Specifications: N - ¢ o ° 5 5 .

» . . - 20 : ® ) —

5 Minimum Vth <2 fC E - e 8% 00 59989 ¢ ¢ o ol

- § 101 E

[ | | | | | ] b L . . .| L] I

2 4 6 8 10 12 14 4 6 8 10 12 14
Q[fC] Charge [fC]




Overall chip divided in two symmetrical parts
. 1 half is made of:

— 39 channels: 18 ch, CMO, Calib, CM1, 18 ch (78 channels in total)

Bandgap, voltage reference close to the edge
Bias, ADC reference, Master TDC in the middle

Measurements
e  Charge

—  ADC (AGH): peak measurement, 10 bits @ 40 MHz, dynamic range

Main digital block and 3 differential outputs (2x Trigger, 1x Data)

Il

AGH

)
/

rfu

Qmeca |

Microelectronics

defined by preamplifier gain 7

—  TDC (IRFU): TOT (Time over Threshold), 12 bits (LSB = 50ps) ‘ Phase | - PIL b---e-p-- CkdoM ___ ... —

- ADC: 0.4 fC resolution. TOT: 2.5 fC resolution Shoter L1 - ot e
e Time . BxRst «¢ - -

DCK & SONrol pé

—  TDC (IRFU): TOA (Time of Arrival), 10 bits (LSB = 25ps) SR R v v v

Two data flows Resdoutoat
725 Ll eadout path

b DAQ path 7 ADC decoding T SN

— 512 depth DRAM (CERN), circular buffer ‘ :

—  Store the ADC, TOT and TOA data Latency — : Data

— 2 DAQ1.28 Ghps links ——» TOT ol - 78x | readout

‘ encoding Circular [ '

° Tr| gg er path manager ( manager

—  Sum of 4 (9) channels, linearization, compression over 7 bits » TOA Bufter i 2x Data

—  A4Trigger 1.28 Gbps links \ : % link
Control - L -
e  Fast commands : v Digital 7 bis > Trigger

— 320 MHz clock and 320 MHz commands Lm:’:‘f“irzi‘:m Y Truncation readout

— A 40 MHz extracted, 5 implemented fast commands ) (4 or 9) Compression manager
e |2C protocol for slow control Trigger|pa T

: : x Trigger
AnC|IIary blocks per channel 16x/8x trigger cell umy link
e  Bandgap (CERN)
. m .
10 b!ts DAfZ for.reference setting o . . I DAC T Shercomil

J 11-bits Calibration DAC for characterization and calibration ot ToT/ToA Voltage comm. port  lg—p
. PLL (IRFU) ) thresholds References Slow control path

e  Adjustable phase for mixed domain

C. de LaTaille RD51 workshop 15 jun 2021

21



700

Amplitude [ADC]
=y
o
o

200

100

Test boards and signal

Flip-Chip on mezzanine

T T AR R E

—+— channel 10
«— channel 46

Version 2
125 fC
Gain = ~0,18 fC/ADCU

-50 -25 0 25 50 75 100 125
Delay [ns]

Amplitude [ADC]

HD BGA board

700 —=— channel 10
=— channel 46

-50 =25 0 25 50 75 100 125
Delay [ns]

* Separates effects from the BGA substrate and PCB

* Rising time (10-90 %): ~ 15 ns

* Falling time (10-90 %): ~ 30 ns, < 20 % at BX+1
* Good uniformity over the channels

* Digital 40 MHz clock coupling on the analog signal on the HD BGA board: digital noise (slide 11)

C.de LaTaille
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0 —_— ch27
— 18 10
— 19 — ch28
h2 hll
—_— ch20 —_— ch29
3 — chl2
4 — ch30
—_— 22 — hl3
5 — h3l
—_— h23 — thl4
hé —_— ch32
—_— h24 — 15
7 — ch33
— th25 — ¢hl6
8 — th34
—_— h26 — chl7
&9 — ch35
20 40 60
[ns]
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Charge ADC (0 - 160 fC) mega

e Two 10b-DAC to globally set the pedestal to a o —~
wanted level —o =
e 5b-DAC to reduce dispersion per channel 8 500 = =
— From ~ 100 ADCu dispersion to ~ 5 ADCu 250 = ==
e Good linearity within +/- 0.5% = T 150
— 1.6 fC (~1 MIP) linearity for the typical gain charge [fC]
. . . . 2
e ~ 0.3 fC resolution with 50 pF input capacitor
1.
S
= 9
=
4
-2

50 100 150
charge [fC
«—~0.3fC ge [fC]

e Typical gain rge®ese®s ®g0e%s,0 o,y
+ Low gain
* High gain

adc noise
N
[a1]

o

50 100 150
charge [fC]

ADC gain [ADC / fC]
o

'S

. . 0 10 20 30 40 50 60 70
C. de La Taille RD51 workshop 15 jun 2021 channels 23




Charge: TOT range (160 fC — 10 pC) mega

ch2 st - ChG

Charge measurement from TOT when preamplifier =S =]
saturates 3000 . — = o
e 160 fC to 10 pC (for the typical preamplifier gain) 150 ns o —
— 12 bits over 200 ns 20001 =i
— 50 ps binning ° — 2 — 2
. . - am: < CHT — ch7
e Linearity . e
- < 2% linearity 1000+ —dy b
— Better with input capacitor (as expected) —hzl == ch3l
—  Small residual wiggles on TOT due to digital noise on preamplifier input /" e, s
e Resolution around the LSB (~ 50 ps) 0 2 4 6 )
— Some peaks due to outliers (understood and fixed) charge [pC]
, —1- 0,1 % 2
150 1
g .
v 100 5 0
o
c =
) _
S sof - 1
2Ll
0 2 4 6 8 0 2 4 6 8
charge [pC] charge [pC]
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ENC [electrons)

Measured noise with 50 pF input cap = 0.3 fC

(~ 2000 electrons) (0.7 nV / VHz) | i gainENC
Very low correlated noise contribution: ~ 0.1 Low gain ENC
Coherent noise extracted by comparing direct S ——

and alternate sums on n channels (n = 72):

DS = Y, ped]i] ; AS = Z(—li)ped[i]
— Incoherent noise IN = rms(AS)/Vn
— Coherent noise CN = /var(DS) — var(AS) /n

TOA noise floor ¥

TOA Time-Walk

Equivalent Noise Charge wrt. sensor capacitance

~@~ measured ENC [1600C preamp gan)
* measured ENC [800C preamp gan)
~o~ measured ENC [1200C preamp gan)
w=e gimulated ENC [1600C preamp gain, 300K
=« sumdated ENC [1600C preamp gan, 240K)

2500 electrons

“© o
sensor capacitance [pF)

C.de LaTaille

Correlation matrix

-3 1 5 9 13172125293337414549535761656973
34
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0 pF Cdet
900 electrons
1250 electrons
2200 electrons

0.8 ns (FlipChip)

NA

20 ps

4 ns (BGA)

0.075

0.050

0.025

0.000

-0.025

-0.050

—-0.075

correlation

103 ]

102 ]

101_

100 ]

47 pF Cdet 68 pF Cdet
2000 electrons 2750 electrons
2000 electrons 2700 electrons
2800 electrons 3400 electrons

2.5 ns/fC (FlipChip)
3 ns/fC (BGA)
25 ps (FlipChip)
25 ps (BGA)
2.5 ns (FlipChip)
6.5 ns (BGA)

3 ns/fC (FlipChip)
25 ps (FlipChip)

4 ns (FlipChip)

Coherent vs. incoherent noise

LD Si2 001[adc ped]

72 channels
DS (CN = 0.32 rms)

S AS{IN = 1.67 rms)

IN: 0.3 fC
CN: 0.06 fC
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Timing performance mega

e  Minimum Charge providing a TOA measurement is 20 fC, limited by the digital coupling

e TimeWalk = %}[ﬁ] + 400 [ps] : 2.5 ns w/o detector cap., ~ 5 ns with 50 pF input capacitor
2|

o Jitter = Q[;Z]] (+) 22 [ps] /

fit: a/Q+ b
Ll *  chg[a:151.92 b:9.26] 200 e . o 800 . L
4 Ir“'l L O te ‘ . ° *s
r— (Y — *+ . - . — * °le o.
8 1\\ Tlme Wa.lk §_180 el . . ., §600 . .- . .
— \\“ = . .® - 0. ) . = ot ‘e .o. o. ’ .
© 2* ) glﬁo L .. .o. * * . . £400 coe et ..o
8 E . * . . . .. . ° ¢ E ...o . ‘ °. . .. ‘
= 140 .o | . . L] .. ; - 200 . R Ly
0 1l == ettt e ] * Typical gain . 0 ¢ Typical gain - o
100 20(; 300 400 500 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
channels channels
charge [fC] o
125 . L
. fit: sqrt((a/Q)? + b?)
? 100 : ch8 [a:2115.96 b:18 27 30 ° —_ °
n . .
Q 1 ‘\ 'G' . . * . E'- . . ¢ *

& 1 = ! R . g 22 S L i
a 1211 Timing jitter 225 : : A I BT :
] c . L4 ° n hd .

8 4 I fi;” o ® oo °. °* 1 g 20 . ¢ . e *®
50 1 ™= £ ° .« ¢ * e |* o * . ° ‘
© . £20( | e ’ . | Lt e
S |t Mhy - - : £ - :
25 1 1 g / ¥ W W . " e Typical gain .. . ¢ = e Typical gain o
1 | ol | W et 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
100 200 300 400 500 channels channels
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Timing performance — S-curve

e S-curves show the ToA efficiency as a function

of the charge

e Minimum charge providing ToA events is 20 fC

— Limited by the digital coupling

cho ché —— chl2
—— ch18 —— ch24 —— ch30
chl ~ ch7 —— chl3
5 0.8 —— ch19 —— ch25 —— ch3l
g ch2 ~ ch8 —— chl4
[ —— ch20 —— ch26 —— ch32
O 06 ch3 ~— ch9 —— chl5
E —— ch21 —— ch27 —— ch33
V0.4 cha  —— ch10 —— chl6
<< —— ch22 —— ch28 —— ch34
E chs  —— ch11 —— ch17
0.2 —— ch23  —— ch29 —— ch35

0.0 &
120 140 160 180 200

Toa_vref 10-bit DAC
1.0 ch36 cha2  —— chag
—— ch54 —— ch60 —— ch66
ch37 -~ ch43 —— ch49
5 0.8 —— h55 —— ch61 —— ch67
g ch3s — ch44 —— ch50
() —— ch56 —— ch62 —— ch68
g 0'6 ch39 - chas —— ch51
&= —— ch57 —— ch63 —— ch69
V04 ch40 —— ch46 —— ch52
<< —— ch58 —— ch64 —— ch70
8 chdl —— chd7 —— ch53
0.2 —— ch59 —— ch65 —— ch7l
0.0
140 160 180 200
Toa_vref 10-bit DAC
C.deLaTaille

RD51 workshop 15 jun 2021

Toa vref
'_I
w
o

160

140

Toa vref
'_I
]
o

100

80

60

Toa Efficiency

25 fC
29 fC
37 fC
49 fC
61 fC
73 fC

0 10 20 30 40 50 60
channels

Toa Efficiency

70

i Minimum charge: 20 fC

Minimum threshold; -

—— Toa efficiency

charge [fC]

0 10 20 30 40 50 60 70 80
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Analog Channel Overview: SiPM version mega

e H2GCROC2 (SiPM version) = HGCROC2 + input current conveyor

— Heidelberg university design
e 2.5Vinput stage for overvoltage adjustment

Need minor

ADC path adaptation

compared to
Conveyor + preamp

1 HGCROC for Si
stage ( |
1
| \
coarse current F
compensation Fine current ik ompl
k compensation
| 10-bit ADC
VoD=23V — AGH Cracow
dac > . -+ +/-|d;g « :;lmp"
)
IN | —
P < [} » . .
’ e Identical to
4L b > > > €.=5;10;20pF Vi tor D T sops - TOT path HGCROC for Si
GND=0V 02 01 0,05 0,025 -
Tunable mirror from Oto 0,4 -
TDC CEA-IRFU .
. I> 1 2a12ps o TOA path Identical to |
_ HGCROC for Si
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SiPM version measurements medga

H2GCROC2 measurements:

200 MO T T T T T e SR T
« Good shape as expected . 1pe.[(2 pe.| o —o—oeorin 1
e Adjustable conveyor gain 50 [ n I .
. . . ~ ped. : N
* Dynamic range as expected: TOT (12bit) — 300pC aimed I ]
3 - 3 pe. il
g 100 : " H H H ]
* Single-Photon Spectra (SPS): s [ ~10ADC tics | i
e 4V overvoltage, conveyor gain =12 . ] LA ]
e Gain: ~ 10 ADC counts u JJJ 1 H ]
O—IIIIIIIII[II]IIIIIiIII[iI[IIIlIlﬂ—l—k_Ll—
50 60 70 80 90 100 110 120 130
amplitude [10bit-ADC tics]
\Hl\\HI\H\H'H[\1||||lH|||||HH||HH\ll\‘ C ; T IIfITTTTTIIIY[[[TTTTTIIITTYTTYT[IIITTIT\1TTIIIT[TTW1ITIIITTI]H[TTI[II,[&Eb}é;é)UI}é]a}i;‘[éléal}][l] 1500 T T
- Injection Charge Qin Scan | B | in-conv=d —e— ||
1000 |- Qin=153p0 e 1 00 G 2 ||
i Qin=3.06pC —e— i Gain-conv=12 | 3 .
7 - Qin=4.59pC i = | Seinoony=15 e |
2 800 i Qin=6.12pC —— 1l 8 Qinj=3.06pC &= L i
(&) i Qin=9.18pC —*— i 8 &0k into ch45 £ 1000 | =
a I Qin=12.24pC 18 5
el ~ Qin=15.31pC 12 Q i 1
S 600 |- Qin=18.36pC 1 5 < .
S - 18 o
% i 1 = 400 S Cf=Cf_comp i
T 400 |- -l 35 S 500 . Ext. Injection Scan Ch9 |
2 : 13 € ADC Cf6 —=— |
g' i ] & 200 . ;818;(65
< 200 |- ] ADC Cf10 —+— |
i i TOT Cf10 —»—
= o oty k_ g - - / i TOA CF‘I 0 )
O Hll\\HI\H\HIII[HI[III\!lIIlI\HHIHH\IH‘\\Ill\Hlllll\llllllH!]l!lHHlHHHIHHlII[ O HHH\HIIIHLJHH\IIH\1HH[IIHHHHHIH“JHHHHH'H‘HIHHHH]HIIHHHHHHHI O : ‘ : ‘ ‘ . . : : . . . -
16 0 16 32 48 64 80 16 0 16 32 48 64 8( 0 20 40 60 80 100 12(
Phase and BX offset [1] Injected Charge [pC]

Phase and BX offset [1]
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Conclusion mega

* Lots of interest for ~10 ps timing resolution

* Most of our work (so far) focused on Si, LGADs and SiIPMs

« Studies of PETIROC and LIROC with MGRPCs by Imad et al.

sensor | polarity BW Zin Cd TDC dyn range FOM min thresh| "@Cd="

PETIROC VPA SiPM/RPC both 900 MHz 200 10-100 pF [ 25 ps 1mV
LIROC VPA SiPM/RPC both 300 MHz 1k 10-100 pF no 10fC-100 pC [ 2 ns/Q (fC) 40 fC
ALTIROC VPA/TZ LGAD neg B00-800 MHZ 2k/200 1-10 pF 20 ps 0.1-50 fC 100 ps/Q(fC) 2 fC 5pF
HGCROC TZ Si neg 100 MHz 40 10-100 pF | 25ps | 0.1fC-10 pC| 2 ns/Q (fC) 20 fC 50 pF
H2GCROC CC SiPM pos 80 MHz 25 100p-1nF | 25ps |10 fC-200 pC

C.de LaTaille

RD51 workshop 15 jun 2021

30




backup
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voltage vs current sensitive

12-P / mv

Example : 10fC -1 ns =>i=10uA
signal from 1-10-100 pF sensors into

50 Q (current) or 50k (voltage) preamp

Iin

i

width=td

Vin

?

10mv |

1 mV

C=1pF |

Time/nSecs

C.de LaTaille

RD51 workshop 15 jun 2021

[2-P / uv

CdT §R.\'
N

100

80

60

40

20

d
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Signal : detector current

Idet (A)

PN diode w =200um « LGAD sensor w =50um
Very short rise time : tr~10ps * rise time : tr~500ps
Relatively long «drift time» : » Decay time» : td~700ps
td~2ns

4 —Sum
—6 —
1.2x10 5 <+ Primary e+ h | S
- Gaine+h
1.0 6
0.8 | detector - 5
Silicon Pin diode w=200pm S
0.6 g 4
g
04| e I
. 5 ]
0.2
1
0.0 —r 0
| ! | 0.0 0‘2 0'4 UIG 018 110 1'2
0 1 2 i ( ) 3 ¢ l ' ‘ ‘ ‘ Time ins] »
Ime (S

Idet (mA)

SiPM detector (10pe-)
very short rise time : tr~10 ps
Short duration : td~100ps),

1d=100,ps

== §IPM current (10 pe-) simulation
36001225, Rquench=125K, Gain=1M

3600x22.5fF (80
pF), Gain=1M,
Rquench=125K,
Cquench=5fF,
CL=10pF

TTT T T T T T T T T T T T T T ITTT7]

0 10 20 30 40 50 60 70 80 30 100 7110 120 130 140 130 160 170 180 120 200

Tire {ps)

© Harmut Sadrozinski (Santa Cruz) “the beautiful risetime of the

detector is spoilt by the electronics”

C. de LaTaille RD51 workshop 15 jun 2021
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Exam P les [measurements from testbeam studies] me

« NAG2 tracker : PIN diode thickness 300 pm A=0.09 mm? 5’ = €.Cq Jt,
— C,=0.1pFe,=11nV/NHz t;=3ns o =60 ps/Q(fC) Qun
— 1MIP=3fC=>0=20 ps/#MIP (~60-200 ps measured)

« CMS HGCAL : PIN diode thickness 300 um A=25 mm?2
— Cy4=8pFe,=1nVAHz t;=3ns o =420 ps/Q(fC)
— 1MIP=3.8fC=>0=110 ps/#MIP (~200 ps measured)

« ATLAS HGTD : LGAD diode thickness 50 pm A= 2 mm?2

SiGe preamp © N. Spencer (UCSC)

G =10 L

= | ATLAS Preliminary " LGADf 1

— C4=2pFe,=2nVHz t;=0.5ns o =50 ps/Q(fC) g 100 :‘;Tgetgsgig::m“ug-zom oGz

— 1 MIP=5fC(G=10) => 0 = 10 ps/#MIP (~40 ps measured & o (12.2mm wde asum ik ]

E 50:_ '-. n

+ SIPM G = 1F6 a T e :
— C4=300pFe,=1nV/Hz t;=100ps o =3 ns/Q(fC) 20 R

- 1 pe = 160 fC =>0= 20 pS/#pe (~6O pS measurEd) 007‘ = ‘1‘0| = ‘glol = |3|0| = |4|0‘ = I5|0I = IE;O

Gain

C.de LaTaille Electronics Tutorial IEEE/NSS Manchester 2019
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Digital noise mega

e A 40 MHz modulation is visible on the analog signals

* Comes from digital current spikes on preamp ground —— BGA on Mez
— 201 — FlipChip
nOde 8 —— BGA board
e 10 uV on ground give 1 ADC count <
@ |
* BGA worse than flip chip 3 10
* BGA substrate optimised, improvements made by g o
optimizing decoupling & the pcb ground impedance <
* Further improved by removing decoupling caps ! 0 20 40 60 80 100 120
* Reduces digital current spikes (inductance) [ns]

e This provides recommendations for the Hexaboard

dESign 15 40MHz digital modulation [ADC - Pedestal]
— Very delicate design!

10 Halfo
= BGA4 [10*100nF D, 2*8*100nF A]
— BGAL [10#100nF D, OnF A]
BGAZ [OnF D, 2#8*100nF A]
= BGA3 [100nF D, 2*100nF A]
BGA4 [OnF D, OnF A]

[ADC]
(9]
NG ATIUG !

b1
3
é
=
0
~
=
-
'
N
o

VDDA cap.
VDDD cap.
IN_V cap (vdda_pad_ring)

C. de LaTaille RD51 workshop 15 jun 2021
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