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Abstract

Time-to-Digital converters (TDCs) are highly demanded in digital PLLs, ADCs, and time-of-flight
measurement units, which are widely used for nuclear instrumentation. Demonstrating applications can be
found in the ATLAS detector at the Large Hadron Collider (LHC), or in an accelerator driven system like
MYRRHA (as shown in the left picture): in the spallation target the position of the liquid lead-bismuth free
surface has to be monitored by a light detection and ranging system (LIDAR), which consists of two receiver
frontend channels and a TDC. This work presents a radiation tolerant multi-stage delta-sigma TDC. It adopts
the noise-shaping technique, and achieves a time resolution of 5.6ps, when the oversampling ratio (OSR) is
250. A radiation assessment up to 5MGy proves its robustness.
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Details of the design

Laser 65536 pt. FFT | |
pulser Transmitter fiber l%-[l\ % 23- | | ,_,10 [\ [\ (\
\ 2 sl 2 8
"""""" e Receiver front-end |1 5| The 1-1-1 MASH A TDC has three stages. Each :
9 M : : =N g ‘|
de———1p5| £ stage works as a relaxation oscillator, but i : 4
| Start fiber = , 2 _100 3
| (=D /) . . . . 3_ E _ |
_ ], controlled by the input time sighal. The time can Fmosncasl PN | E ol bbbl e !
f=- ——1--§) be measured by counting the periods of the TR R T
Stop fiber 65536 pt. FFT | | | |

oscillation clock during the time signal’'s active TR
. . . _ Z
phase. By preserving the phase of the oscillation 2 GNDR: ¥ -30dBFS
clock between measurements, first-order noise-
shaping is obtained. Third-order noise-shaping can 0| OSR=250
-140 3 3 K,

w0 28dB |
80! ~ bk

be achieved by cascading all three stages. 000 0 00 20 e e s
Output spectrum and waveform

O
th n
a3

Spectral Density [dB]
wn
wn

Filtered TDC output
e & &
th
=N

wn
W

~ After 100kHz LPF |

2 _100f

Powe

0.52}

I ?J&' inn1 ~ -4672¢ 1000y  Sto ]
fore— b s IR oy R e The frequency of the
I | o™ b VR s of—[Counter——-{7 7} [ O-13um CMOS Captured time " "
| ?L . e B L 0.41x0.27mm? Sigf’]als A oscillation clock can be
I — vinpl . . .
| ; stage expressed as 1/(2:RC), which is depending
I P Yeoe. :
| el DE e <tin—> only on passive components. Thus, the TDC
I | ro-* i

. e VREF S Q Counter AR - . . . °, o
1| L i <tin2> exhibits inherent PVT tolerance. Additionally,
| g , . .
| T ‘ other hardened-by-design techniques have
| e e L also been implemented to improve the
| L
| system’s radiation tolerance, such as

Digital Channel Menu Dis 1t D, . . . . .
— o on | mme | ““fi“,'ds o constant-gm biasing circuit, guard ring, etc. ...

Die photo and time sighals of the TDC

Radiation assessment
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_ A radiation tolerant third-order AZ TDC is implemented in 0.13um CMOS. It consumes only 1.7mW power and
CO n CI LISION achieves an ENOB of 11b. Even after an extremely high radiation dose of 3.4MGy, the ENOB drops only 1 bit and,
= toran OSR of 250, a 10.5ps time resolution is still achieved.
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