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Timing ASICs @ SLAC
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Tixel (SparkPix family)

Application: Photon Science
Detector Type: Hybrid PAD
Sensor: Thin Si

ASIC Technology: 0.13um
Resolution: 100ps

Pixel: 100x100pm?

TDC area: 85x45um?

TDC DR: 16bits (4 + 4 + 8) - 1us
TDC Power: 16 pW
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HGTD (Altiroc)

Application: HEP

Detector Type: Hybrid PAD
Sensor: LGAD

ASIC Technology: 0.13um
Resolution: 20ps

Pixel: 1.3x1.3mm?

TDC area: 210x430um?

TDC DR: 7bits (5 + 2) — 2.56ns
TDC Power: 460uW (10%

occupancy)
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SiPM ToF PET

* Application: Nuclear Medicine

* Detector Type: Hybrid

* Sensor: SiPM

* ASIC Technology: 0.13um

* Resolution: 10ps

* Channel width: 250um (64
channels)

* TDC area: 450x430um?

* TDC DR: 11bits (5+2+4) — 20ns

* TDC Power: 650uW (10%
occupancy)
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ToF LiDAR (CRADA)

Application: Automotive
Detector Type: Monolithic
Sensor: SPAD

ASIC Technology: 0.13um HV
Resolution: 1ns

Channel width: 400um (80
channels)

TCSPC area: 200x140 pm?
TDC DR: 10bits

TCSPC Power: 1000pW




Timing ASICs @ SLAC - Tixel
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Timing ASICs @ SLAC — HGTD (Altiroc ASIC)
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TDC Architecture:

Pixel Architecture:

SLOW DELAY LINE

veert_stow

START

[ s omeen
[ s

Verri_stow vetel_tast Vet _miow

FAST DELAY LINE

ATLAS

EXPERIMENT

2 MSBs

5 LSBs

TOA itter VS Programmable Delay Value TOT Measurment V5 Programmable Delay Value

TOA Measurment VS Programmable Delay Value

40
LS8 estimate: 22.229855 Average Std_ Dev. = 10.583781 1 LSB_coarse estimate: 160.071186 ps
2500 " e e - 20000 L8 fine estimate: 24058706 ps
— 0 -
E 2000 T £ 15000
o - o
3 = =
® 1500 =
5 g 2 L0000 |
MEGA  i= -
= | ppvsmeiame g | |
. - o o %o los » .ﬁl 5000
Microelectronics 500 S0 SO0 HINH WO MO INID DEIN W S B9 B
o o [\] T T
1950 2000 2050 2100 2150 2200 2250 1950 2000 2050 2100 2150 2200 2250 1000 1250 1500 1750 2000 2250 2500 2750 3000
Programmable Delay Value [step estimate = 9.558200 ps] Programmable Delay Value Programmable Delay Value [step estimate = 9558200 ps]
},/5\ ﬁ,ag;,‘[,?%!;f,ﬁ TOA Measurment for Programmable Delay = 2217 TOA Valid Counts VS Programmable Delay Value TOT Measurment for Pulser = 1750
LINEATIRE 175
144 Mean = 428.548751 ps 10 -
124 Std. Dev. = 9.966978 ps | 15.0 ' | | L | W TV Y s":?'&:.‘?f}?i???ﬁ l;l: ,
M " N of Events = 16 ] " B N of Events = 16
§w 125 8
H 100 £
Y ™ 8o
2 £ 15 3
« 1 . 3
H 2 4]
E 44 Z 50 5
iEn = 3 z
- 2 25 24
o 0.0 T Py
200 300 400 500 600 1950 2000 2050 2100 2150 2200 2250
TOA Measurement [ps] Programmable Delay Value 78.0 s 9.0 ?g_':j_r M::;‘Eremeﬁ?psl a0 8.5 820



Timing ASICs @ SLAC -ToF LiDAR (CRADA)
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SPAD Array Design @ SLAC:

n+ buried layer (NBL)
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DNW_snergy=stc; DNW_dose=std
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ToF real-time histogramming
ASIC with monolithic SPAD array

+ 80 macro-pixels with 32 SPADs
each

* Photon Counting: 20bit counter
for each SPAD

* Photon Timing: 10bit, 1ns
resolution TDC and in-chip
1024 bin, 10bit depth
Histogram unit per macro-pixel
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TDC + Histogram unit:
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Next steps: Toward 4D trackers and calorimeters
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« Participating in the CERN 28nm Forum
- Started exploring designs in 28nm HPC+
* Focus on TDCs order 10ps, trade-off

* Power

* Area

- DR

* Interested in collaborating with other groups



