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• High time resolution (100-ps) is required in the 
electromagnetic calorimeter (ECAL) of the Super Tau-Charm 
Facility (STCF), for background suppression, gamma-neutron 
discrimination and events identification.

• The Pure CsI (pCsI) crystal scintillator with an avalanche 
photodiode (APD) readout is adopted in STCF EMC and time 
stamps are acquired through front-end readout circuit (ROC) 
and digitized with TDC.

•  An 8-channel vernier delay loop (VDL) based TDC ASIC is 
proposed in this paper. With 3-level quantization and 100-
MHz reference clock, the TDC can get a dynamic range of 
2.56-μs and resolution of 41.7-ps.
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• The 1st level: A global dual-edge triggered counter with 
metastability immunity, shared by 8 TDC channels. (8-bit, 
LSB1 = 10 ns)

• The 2nd level: poly-phase interpolators. (4-bit, LSB2 = 625 ps)

• The 3rd level: vernier delay loop implemented with two DLLs. 
(5-bit, LSB3 = 41.7 ps)

ASIC Prototype & Test Results
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A Novel Delay Cell for low-jitter DLL and VDL:
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VDL with Automatic Reset Mechanism

VDD

IN
OUT

CN2

CN1

CN0

C2

C1

C0

C0

C1

C2

CN0

CN1

CN2

CN2

CN1

CN0

C2

C1

C0

C0

C1

C2

CN0

CN1

CN2

Analog

Control

VC

Digital

Control

VC

SI1

S

R

Q

Rst

S

R

Q

Rst

Pulse 

Counter

L3[4:0]Buf

Buf

SI2

Tf E

A1

A2

Rstn

B

D

Clk

Q

MUX

0

1

S

C

D
Buf

Arbiter

Arbiter

Edge detect

Edge detect

τ 2
τ 2 τ 2 τ 2

τ 2

τ 22×

τ 2 τ 1 τ 2

VC2

VC1

PLL

DLL-2DLL-1

Channel-1
Channel-2
Channel-3
Channel-4
Channel-5
Channel-6
Channel-7
Channel-8

D
a
ta

 p
r
o
c
es

s 

&
 F

IF
O

Core Circuit

0.92 mm

0
.9

6
 m

m

1
.5

5
 m

m

AD9522

Clk_REF

In-1

In-2

In-3

In-4

In-5

In-6

In-7 In-8

Data

[19:0]

• Asynchronous TDC test (with dual channels): the sliding 
scaled technique makes linearity better!

Ave   3.58 ns

Std   46.0 ps 

• SSP with channel 1&2 (best) • SSP with all channel combinations

Calibration:

• An 8-channel, high precision TDC ASIC has been designed.

• The TDC features with a single-shoot precision of 46-ps for 
the best case, the DNL and INL both better than 0.5-LSB and 
good consistency among all channels.
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