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Two methods for time measurement

Method 1: Time discrimination + TDC(Time-to-Digital Converter)
Slow ADC
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Method 2: Waveform digitization + Digital processing
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Flash ADC — Power consumption, density, cost
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Time measurement in two projects

® |n BESIIl, the readout electronics of the Time-Of-Flight (TOF) detector is
based on discrimination and HPTDC, and achieves a time resolution of better

than 2 ps.l
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® |n the readout electronics of the external target experiment of CSR in Heavy
lon Research Facility in Lanzhou (HIRFL), time measurement is also based
on discrimination and TDC. Time resolution of the electronics is better than 25
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MWDC 3000 128 100 ps
TOF wall 360 16 25 ps
Neutron Wall 504 16 25 ps
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MPRC readout based on NINO+TDC
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MPRC readout based on NINO+TDC

Readout electronics of External Target Experiment of CSR in HIRFL
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‘MPRC readout based on NINO+TDC
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FPGA TDC Design
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| FPGATDCD

Bin size ~ 1.7 ps, RMS ~ 4.2 ps
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Time measurement based on
waveform digitization

» The basic idea is to sample the signal with a very high speed, then compute
the time using the digitized waveform in digital signal processing domain.

AA

—>

» Since full waveform is digitized, charge information can be calculated, and
time walk is not a problem.

» By increasing the sampling frequency fg, the time resolution of the
electronics can be enhanced, far beyond the sampling period (Tg=1/fs)
through digital processing such as fitting.
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Waveform digitization based on TIADC

® High speed waveform digitization can be
achieved based on Time Interleaving A/D
Conversion (TIADC) technique.

B We achieved mismatch error correction
using digital signal processing algorithms,
and good resolution can be achieved.
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‘ Waveform digitization based on TIADC
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Waveform digitization based on TIADC

We have also designed a 8 Gsps, 12 bit TIADC module.
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The mismatch errors can be corrected over a wide input signal frequency range, and
real-time correction algorithm is successfully implemented in the FPGA device.
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SCA based waveform digitization

High speed analog transient signal sampling 4 ADC (SCA + ADC)

& storage \

high speed sampling Slow A/D conversion
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Basic mechanism of SCA functionality

0.2-2 ns
— Inverter “Domino” ring chain

Clock O—

Shift Register

By Dr. Stefan Ritt
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Waveform

stored
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Verification based on TARGET7
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Verification base

ADC code/mV

Voltage calibration

signal before/after voltage calibration
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erification based on TARGET7

Typical BaF2 Signal recorded by Target7

[}

k:

© 300 - —6— channel 3
[} —k— channel 4
[a]

<

BaF2 detecor

1 1 L 1 L
5800 5850 5900 5950 6000
Cell number

Timing resolution
T T

150

Fast signal

Splitter

100
ﬁ Chn.4 TARGET7

BaF: Test
Board

detector A oar

Slow signal L Ext. Trigger .
é DlSC[’lm]natOI‘ <A Tngger 50 - | |
ob— _-__llIII ‘II
50 0 50

-200 -150 -100 100 150 200
timing difference(Ch.3 - Ch.4) [ps]

Count

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA



Contents

Methods for time measurement

v

Method 1: discrimination + TDC

v

AA P

: At ~ Al D aia A
» IVietnoad 4. wave

< verification based on TARGET7

fnrimn ANt AtiAA
I

rm lhacad AR QOA
I QILILdLIUII DdosclU Ol OUA

< verification based on DRS4

< verification using another time calibration method

v

Design of a 16 chl waveform digitizer for nMRPC

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

22



s
<
% \L“ Control |
1 v
Cal. «————— USB
8 x 462 Mb/s
Serial LVDS DDR
|_> FPGA
—p DRS4 =——p ADC
CPU
RAM
33MHZ$ *
| \—‘—‘:'_SISMHZ with Delay 1
78-Channel Clock Generator -
Analog Buffer
Parameter:
« 8 Chnl.

* 5GS/s (max.)

« ~300 MHz BW (Passive Input)

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Verification based onDRS4

AR i

DRS4

Focusing on:

» Study of DRS4

* Prototype design

« Calibration & correction study:
» DC offset correction
» Time error correction
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Waveform tests
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|
Calibration & correction

» (1) DC Offset Variation Error

» (2) Uneven Sampling Intervals

e g0 O B B B A
| 1 : 3l : i ¥ 3 1]
§ 4 i | r . | i : : |
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NIMA :629 (2011) 123-132
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Calibration of DC offset
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Calibration of Uneven Sampling Interval
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Pulse Fitting
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DRS4 time calibration

Global calibration
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| Time calibration

Before calibration
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Test in the Lab

Signal Generator
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CH2 CH3
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Time Sweep
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Time resolution test
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Time resolution test

Local calibration
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Test in the Lab

Signal Generator
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L

CH2 CH3
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Time Sweep
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Time resolution test

Loc;al c‘:ali‘bra‘tion Global calibration
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W

Design of a 16 chl waveform digitizer

» Block diagram:
WORD1

Trigger

x16 | —  Tigger Circuit :> @ RAM

M T FPGA || USB BUS
Aelog 10 A 10 Oglalze
L L, [~ CPLD
Aosm  A3om 30mA f40Ml T33M
40 M

> Clock Circuit OSC

O 16 channels per module

O Analog circuits: buffering for input signals, calibration signal generation
O Self Trigger Circuits: discrimination, self trigger signal for SCA readout
O Data Readout: USB or PXI interface
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Analog Front End

Resistan I
Analog Circuit esistance Lowpass
Divider T
AN + - a%% A
| osC H LPF I—*é\o THS4508 DRS4 ADC
DAC o A I wv A
S L
Input ADG904 —w— I
s I
%A% + - MV M\ -l_
| osc H LPF I—*é\o LTC6409 DRS4 ADC
o O W
_O
Lowpass
Input ADG904 W I

O Two amplifiers are employed for comparison
O Using switches to select among:

(D  Analog input signal

@ DC voltage from DAC for calibration

8 Sine wave signal for calibration

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA



Analog Front End

» Simulation results of bandwidth

-13

14

THS4508

-15

-16

10MHz

-12.0dB

v DB(V(C3:1))

100MHz

Frequency

V(n009)

-80°

12.548-
13008
13,548
LTC6409
14,548
15.0d8-

-15.5dB—

14.0dB1 -

~-100°
~-120°
~-140°
~-160°
~-180°
—-200°
- -220°
- -240°
- -260°

- -280°

-16.0dB

f
120MHz

i
240MHz

f
360MHz

f
480MHz

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

-300°
600MHz

R1 348
GND
R5 GND GND
62 GND
R3 169 R8 R11 — C4
28 22
I _ — 1o
R12 c2 1.8V THS4508 + — C3
50 1u R4 169 |Nocm - 4p
+
i R9 R10 —— C5
V3 R7 R6 15V U1 28 22 10p
50 62
1Vac® |GND  |GND
OVdc s c1 l |GND R2 348
1u T
GND |GND
ca .ac lin 10000 1k 0.6G  ;tran 1u
1p c1 1.3p
R7 R5 1 R9
10p
R3 150 g
™
S
C3 | cs
T 4
0.1u =
C51u R4 150 R10 | c8
V3 i WARY ! '_{ >
AC 1 R6 R2 150 16 10p
Rser=50 0 68 H
c2 1.3p
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' Digitization circuits

input ‘é—’ E _|_ ADC

___________________________
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‘ Sampling: SCA — DRS4

AGND AVDD DSPEED PLLOUT PLLLCK REFCLK  DTAP ADA1AZ A3
wsRIN | Parameter ]
DENABEE ¢ DOMINO WAVE CIRCUIT Z
DWRITE MUx | &
INo & CHANNEL 0 S outo Channel no 8+1
IN1 & E,OE CHANNEL 1 : oUT1 -3dB BW 950 MHz
INZ g CE IIHIIIIH\\\HHIIIIIIIIIH\\\HIIIIIIIII?\‘\“\‘\!‘\‘HII\J\EIII-I?\H\HHI\HIIIIIHHIHHHHIIIHH % OUT2
IN3 &3 % o CHANNEL 3 outs Sampling speed 0.7 Gsps ~
O AHE CHANNEL 4 ouT4
ins & 1 E CHANNEL 5 X 0UTs 5GSpS
ElE
IN6 g % IIHIIIIH\\\HHIIIIIIIIIH\\\Hlllllllllﬁmﬁl\lllll\\lﬁlll_lﬁH\HHI\HIIIIIHHIHHHHIIIHH OUTB ReadOUt frequency 30~40 MHZ
g CHANNEL 7 % ouT?
| CHANNEL 8 T X T noise 0.35 mV RMS
STOP SHIFT REGISTER O-OFs e .
ROFS Diff input range <1Vpp
:El READ SHIFT REGISTER MUX SROUT
| CONFIGREGISTER | RESET
DVDD DGND
RO
RSRLOAD
) »
« Rl Rz R3 §  R@-)

«
SRCLK

)
«

DRS4 output waveform

R1
ANALOG RO R2 RS
OT tow | (&
‘ L— tSAMP

(G
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‘ Quantization

8 chl ADC

AD9252

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

AVDD PDWN DRVDD DRGND
e "
A A
AD9252 "
VIN + A <‘ ADG —“— SERIAL
VIN-A | -! LVDS
14
VIN+B 7 aoc —“ SERIAL
VIN-B -~ LVDS
14
VIN+C SERIAL
VIN-C < ADC l:: LVDS
— 14
VIN + D 7 anc | SERIAL
VIN-D . - LVDS
14
VIN+E <’ apc |7 SERIAL
VIN-E | - | LvDS
14
VIN +F < ADC = SERIAL
VIN-F . |« LvDS
14
VIN+G <’ ADC > SERIAL
VIN -G | <! LVDS
14
VIN + H re >« SERIAL
VIN-H ADC | _ | LvDs
VREF T
SENSE ()
@) osv
DATA RATE
REFT()
REFB () SERIAL PORT MULTIPLIER
INTERFACE
A A Py
S o W
RBIAS AGND CSB SDIO/ SCLK/ CLK+ CLK-

ODM

DTP

FCO+
FCO-

DCO+
DCO=-

ADC output data

Parameter |

Channel no
-3dB BW
Sampling speed
resolution
ENOB

FSR

TIMING DIAGRAMS

VINEx
—_

N-1

e ‘

8

325 MHz
50 Msps
14 bits
11.8 bits
<2 Vpp

Figure 2. 14-Bit Data Serial Stream (Default), MSB First
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ClocKk circuits

External 40 MHz Clock | 2-5MHz
CLK | ™ Distribution > DRs4
40 MHz
30 MHz
PLL 40 MH epGA |30 MHz T
40MHz |
>
0OSC 30 MHz W oo
f Config

33MHz 33 MHz PXIBUS
osc ™ CPLD

O Main Clock

(D 40MHz External clock input

@ Ref clock for generating the sampling clock & ADC sampling clock are both
synchronized with it

O PXI Clock
Used for data transfer based on PXI bus, provided by the backplane of the crate
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Data Interface

USB .
@ Controller @ microUSB

FPGA

<:> N DI N ( ) D iffar
vl LU LUIITI

Flash BUS

O PXI interface

(D CPLD functions as PXI interface, responsible for data &
command transfer, online update of the FPGA logic

(@ Trigger signal receiving from the start trigger bus

O USB interface

(D Used in debugging mode

@ Using CY7C68013A as the USB controller
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' PCB Layout
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