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Direct Time-of-Flight (dToF) Systems
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... In Different Depth Scenes
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Bin Resolution:

~ 700 ps ~ 350 ps ~ 70 ps
Max Range
~1.4 us/200m ~40 ns/ 5m ~1.4 ns/20cm

Accuracy Requirement
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Direct Time-of-Flight (dToF) Systems
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Conventional PVT-insensitive TDC Design
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This Work

Body tuned

* Planar technology
0->3Vv
* Lower leakage current
Ultra-Thin Buried Oxide  (BOX)
» Lower process variability ﬁ
* Vertical double gate structure

Fully Depleted Silicon-on-Insulator (FD-SOI)

[STMicroelectronics]
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This Work
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| Va(V)
Vertical double gate structure [I. Sourikopoulos et.al, ESSCIRC 2016]
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Silicon Substrate (P-)

Efficient Vth modulation

SPAD integration capability

[T. C. de Albuquerque et al. ESSDERC 2018]

Total voltage: 9,85 V
Current compliance: 2,5 mA
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Chip Proposed
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Manufactured in 28nm FD-SOI CMOS




DLL-based TDC Architecture
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DLL-based TDC Architecture

Z<10:0>

DelSel1<8:0> —— __ Voutp
DelSel2<8:0> x332 / x512 DLL
DelLengthSel — i L Voutn
Vctri NegVctrl
I-— ——————————————— -—— VvV A 4 -——————.— ————————————————
SPAD_IN _l I <op start $<2:0>
STOP —o-:r Control - D >_>_>_
! p— 4 64 Delay line TDC
: _gate RD<15:0>
: + HIST<15:0>
|
i E
! 16 bin x 11 bit
i x4096 Histogram Readout Tristate
{ TDC Pixels Buffer

f CMOS Sensors & Systems Group



...........

VDDTDCs

Body-biased Delay Element

-4;0 Vctrl

IN B

\Y4
GNDTDCs

HEanegvetri

®» OUT

e e e

Neg\Vctrl

v
Q

|‘ Balance rising and falling time
lb Full voltage swing

|b Small area

-4 "'-:_'I'I IE UNIVERSITY of EDINBURGH

Body-biased Body-biased
NMOS PMOS

Neg\Vctrl

mlEE s
BOX BOX

NMOS PMOS

Vctrl GND

DNW

TDC delay line Other electronics
(DFFs, Histogram)

>CMOS Sensors & Systems Group



VDD
Vctrl

64-Stage Delay Line TDC

IN POUT
NegVctrl

Ee
P trl

NegVctr
V

Dummy

SPAD_IN




TDC Range 0 (0.87ns)

Power ON Power OFF

TDCRangeS? 1 Q17 Q3 3 QE,34 Q65

[2:0] MUX Selected Output: Q<0.1.16>
DO D1 D16
DFF DFF DFFl
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TDCRangeSel [2:0] —| Rerouter + Onehot Decoder '_|—v 1;2:;’;1;2"
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TDC Range 1 (1.76ns)
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TDC Range 2 (2.24ns)
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DLL-based TDC Architecture
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Delay Locked Loop
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Delay Locked Loop
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Delay Locked Loop
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Delay Locked Loop
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Delay Locked Loop
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Negative Bias Voltage Generator

D DV}»_LW INm— ——>»O0UT
GND GND
GND | ' HE

—~
~—_
-

~ INP [~~~
vDD/2 VDDNEG T

NegVctrl l o




Negative Bias Voltage Generator
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Negative Bias Voltage Generator
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DLL Measurement
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Experimental Setup
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Negative Bias Voltage Generator
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Propagation delay time against control voltages
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DLL Phase Skew vs. Supply

14x smaller variations in closed-loop DLL under 10% VDD change
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DLL Phase Skew vs. Freqg

Phase skew only changes 0.12ns against 2ns STOP period change
(20% frequency variation)
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Duty cycle Full Sweep

Average duty cycle: 49.52%
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TDC Electrlcal I\/Ieasurement
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The SPAD_IN of the test TDC pixel is driven by an FPGA, allowing for a 15ps delay step.
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TDC Bin Size Electrical Measurement

Histogram

8 405 delays
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TDC Range
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TDC Code Den5|ty Test
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TDC Non-linearity
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Conclusions
* First body-biased TDC pixel in 28nm FDSOI
* A novel DLL solution for the negative body-biased voltage generation
 Demonstrates the body-biased TDC’s robustness against voltage and frequency variations
* Requires optical IRF characterisation with SPAD, variation assessment across the TDC pixel

array
Performance Summary Table

Technology 28nm FDSOI
Histogram bins 16*11b
STOP frequency 100MHz

Pixel size 12.02X29.87um?

TDC resolution/ps 54.6 110.1 140.5
TDC range / ns 0.87 1.76 2.24
TDC DNL/ LSB +0.24/-0.09 0.21/-0.15 +0.31/-0.11
TDCINL/ LSB +0.22/-0.26 +0.28/0 +0.31/0
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Thank you
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