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= “Manual” DAQ NPEE
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1000 tracks per 25 ns
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--}» Electronic Signal Acquisition NPES
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Electronic Signal

__ SR
( Waveform

* ADC & TDC technologies

» Signal shaping

« Ultra-fast digitizing (>1 GSPS)
» Digital pulse processing

* Applications
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H}= Signals in particle physics NPSS
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Scintillators Photomultiplier (PMT)
(Plastic, Crystals, Scintillator
Noble Liquids, ...)
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10 — 100 ns

Wire chambers

Straw tubes HV

Silicon
Germanium
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Measure precise timing: ToF-PET
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Positron Emission Tomography
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Coincidence
Processing Unit
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2= 1-bit & 2-bit ADC
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n-bit ADC
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* Flash ADC very
fast for small
number of bits

* Requires 2"
comparators
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=5} Successive approximation ADC NBEE

WUCLEAR & PLASMA
SCIENCES SOCIETY
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Pipeline ADC

Combine 4-Bit flash ADC with

successive approximation logic

Only requires 4-Bit flash ADC

Can convert one sample in each
clock cycle

Has a latency depending on the

number of pipeline stages

Most common technology for fast

ADCs (> 10 MHz)
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Digital-to-analog converter (DAC)
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R-2R Ladder: 0/V; at S,...S,,.; give binary weighted output V, = S * V. /32

00000
00001
00010
00011
00100
00101
11100
11101

11110
11111

0.16
0.31
0.47
0.63
0.78
4.38
4.53

4.69
4.84
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=== Raspberry Pi ADC — DAC Board NPES

WUCLEAR & PLASMA
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DAC Datasheet
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MICROCHIP

MCP4821/MCP4822

12-Bit DACs with Internal Vggy and SPI™ Interface

Features

+ 12-Bit Resolution

+0.2 LSb DNL (typ.)

+2 LSb INL (typ.)

Single or Dual Channel

Rail-to-Rail Output

SPI™ Interface with 20 MHz Clock Support

+ Simultaneous Latching of the Dual DACs
with LDAC pin

Fast Settling Time of 4.5 s

Selectable Unity or 2x Gain Output

2.048V Internal Band Gap Voltage Reference
50 ppmi°C Vger Temperature Coefficient
2.7V to 5.5V Single-Supply Operation
Extended Temperature Range: 40°C to +125°C

Applications

+ Set Point or Offset Trimming

+ Sensor Calibration

* Precision Selectable Voltage Reference

+ Portable Instrumentation (Battery-Powered)

* Calibration of Optical Communication Devices

Block Diagram

Description

The Microchip Technology Inc. MCP4B2X devices are
2.7V-5.5V, low-power, low DNL, 12-bit Digital-te-Analog
Converters (DACs) with internal band gap voltage
reference, optional 2x-buffered output and Serial
Peripheral Interface (SPI™).

The MCP482X family of DACs provide high accuracy
and low noise performance for industrial applications
where calibration or compensation of signals {such as
temperature, pressure and humidity) are required

The MCP482X devices are available in the extended
temperature range and PDIP, SOIC and MSOP
packages.

The MCP482X devices utilize a resistive string
architecture, with its inherent advantages of low DNL
error, low ratio metric temperature coefficient and fast
settling time. These devices are specified over the
exiended temperature range. The MCP482X family
includes double-buffered registers, allowing simulta-
neous updates using the LDAC pin. These devices also
incorporate a Power-On Reset (POR) circuit to ensure
reliable power-up.

Package Types

8-Pin PDIP, SOIC, MSOP
Voo [ %2 [ElVoura

cs [ § (7] avss
sck 3] E [E] SHON
spi[d] = [ElipAc
8-Pin PDIP, SOIC, MSOP
Voo [ o [B]Voura
©s [2] § [T]Avgs
sck (3] g [E]Vauts
sDi[E2] = [Slipac

E 2005 Micrechip Technology Inc.
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MCP4821/MCP4822

4.0 GENERAL OVERVIEW

The MCP482X devices are voltage-output string DACs
These devices include rail-to-rail output amplifiers,
internal voltage reference, shutdown and reset-man-
agement circuitry. Serial communication conforms to
the SPI protocol. The MCP482X devices operate from
2.7V to 5.5V supplies.

The coding of these devices is straight binary, with the
ideal output voltage given by Equation 4-1, where G is
the selected gain (1x or 2x), Dy represents the digital
input value and n represents the number of bits of
resolution (n = 12).

EQUATION 4-1:  LSb SIZE

048V G- D,
our = "
2

1LSb is the ideal voltage difference between two
successive codes. Table 4-1 illustrates how to calculate
Lsb.

TABLE 4-1: LSb SIZES

Device Gain LSb Size
MCP482X 1x 2.04BVi4096
MCP482X 2% 4.098V/4096

4.0.1 INL ACCURACY

INL error for these devices is the maximum deviation
between an actual code transition peint and its corre-
sponding ideal transition point once offset and gain
errors have been removed. These endpoints are from
0x000 to 0xFFF. Refer to Figure 4-1.

Paositive INL represents transition(s) later than ideal.
MNegative INL represents transition(s) earlier than ideal.

1114
Actual
110— Transfer
Function
101—
Digital 100
Input
Code 0114 Ideal Transfer
0104 Function
001—
000
—% |4— INL=0
~— DAC Output —=
FIGURE 4-1: INL Accuracy.

402 DNL ACCURACY

DNL error is the measure of variations in code widths
from the ideal code width. A DNL error of zero would
imply that every code is exactly 1 LSb wide.

11+ Actual
A Transfer
410  Function
.
101 Tl
Digital
|n|§:,1a 100+ ~ |deal Transfer
Code g1 . Function
010+
.
001+ Wide Code > 1LSb
‘ 000 -
Narrow Code < 1 LSb
-a— DAC Output—im=
FIGURE 4-2: DNL Accuracy.

4.03 OFFSET ERROR

Offset error s the deviation from zero voltage output
when the digital input code is zero.

4.0.4 GAIN ERRCR

Gain error is the deviation from the ideal output,
Vrer — 1 LSh, excluding the effects of offset error.

& 2005 Microchip Technology Inc.
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Write Command
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T | /
oo, 2 3 4 § 7 B 9 10 11 12 13 14 15 . (Mode 1.1)
sek i [ []] (Mode0,0)
|+—— config bits 12 data bits
sDI_|AB ) — (GA) 5HDN o11)D10] D9 ] 08 07} D D5 ) 4] D3] D2] D7) DO
LDAC \_f ___________
VQUT
Upper Half:
W-x W-x W-x W-0 W-x W-x W-x W-x
AB — GA SHDN D11 D10 Da D8
bit 15 bit 8
Lower Half:
W-x W-x W-x W-x Wex W-x W-x W-x
oy | b | bps | b4 | b3 [ b2 | bt | Dpo
bit 7 bit 0

bit 15 AB: DAC, or DACg Select bit
1= Write to DAC
o= Write to DAC,
bit 14 Don't Care
bit 13 GA: Output Gain Select bit
1= 1x (VOUT = VREF * D."4U95}
o= 2% Moyt = 2 " Vree " D/I4096)
bit 12 M: Output Power-down Control bit
1 = Qutput Power-down Control bit
o= Qutput buffer disabled, Output is high-impedance

bit 11-0  D411:D0: DAC Data bits

12-bit number "D" which sets the output value. Contains a value between 0 and 4085,

Legend
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
-n = Value at POR 1 = bit is set 0 = bit is cleared

% = bit is unknown
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ADC Datasheet

WUCLEAR & PLASMA
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MICROCHIP

MCP3202

2.7V Dual Channel 12-Bit A/D Converter

with SPI Serial Interface
Features Package Types
* 12-bit resolution PDIP, MSOP, SOIC, TSSOP
+ +1 LSB max DNL o
+ +1 LSB max INL (MCP3202-B) CS/SHONC 1 ™~ 8 [ Voo/Vaer
+ £2 LSB max INL (MCP3202-C) CHO( ]2 S 7 [JCLK
+ Analog inputs programmable as single-ended or CH1[]3 6 [JD,
pseudo-differential pairs Voo [ 14 sh .
+ On-chip sample and hold " Du

SPI serial interface (modes 0,0 and 1,1)
Single supply operation: 2.7V-5.5V

100 ksps max. sampling rate at Vy, = 5V

*+ 50 ksps max. sampling rate at Vy, = 2.7V

+ Low power CMOS technology

- 500 nA typical standby current, 5 A max.
- 550 pA max. active current at 5V
Industrial temp range: -40°C to +85°C

+ 8-pin MSOP, PDIP, SOIC and TSSOP packages
Applications

+ Sensor Interface

+ Process Control

« Data Acquisition

+ Battery Operated Systems

Description

The Microchip Technology Inc. MCP3202 is a succes-
sive approximation 12-bit Analog-to-Digital (A/D)
Converter with on-board sample and hold circuitry. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs. Differ-
ential Nonlinearity (DNL) is ified at =1 LSB, and
Integral Nonlinearity (INL) is offered in =1LSB
(MCP3202-B) and +2LSB (MCP3202-C) versions.
Communication with the device is done using a simple
serial interface compatible with the SPI protocol. The
device is capable of conversion rates of up to 100 ksps
at 5V and 50 ksps at 2.7V. The MCP3202 device oper-
ates over a broad voltage range (2.7V-5.5V). Low-
current design permits ion with typical dby
and active currents of only 500 nA and 375 pA, respec-
tively. The MCP3202 is offered in 8-pin MSOP, PDIP,
TSSOP and 150 mil SOIC packages.

Functional Block Diagram

CHO
CH1

© 2006 Microchip Technology Inc.

DS21034D-page 1

MCP3202

5.0 SERIAL COMMUNICATIONS

5.1 Overview

Communication with the MCP3202 is done using a
standard SPl-compatible serial interface. Initiating
communication with the device is done by bringing the
CS line low. See Figure 5-1. If the device was powered
up with the CS pin low, it must be brought high and
back low to initiate communication. The first clock
received with CS low and DIN high will constitute a start
bit. The SGL/DIFF bit and the ODD/SIGN bit follow the
start bit and are used to select the input channel config-
uration. The SGL/DIFF is used to select single ended
or psuedo-differential mode. The ODD/SIGN bit selects
which channel is used in single ended mode, and is
used to determine polarity in pseudo-differential mode.
Following the ODD/SIGN bit, the MSBF bit is transmit-
ted to and is used to enable the LSB first format for the
device. If the MSBF bit is high, then the data will come
from the device in MSB first format and any further
clocks with CS low will cause the device to output
zeros. If the MSBF bit is low, then the device will output
the converted word LSB first after the word has been
transmitted in the MSB first format. See Figure 5-2.
Table 5-1 shows the configuration bits for the
MCP3202. The device will begin to sample the analog
input on the second rising edge of the clock, after the
start bit has been received. The sample period will end
on the falling edge of the third clock following the start
bit.

On the falling edge of the clock for the MSBF bit, the
device will output a low null bit. The next sequential
12 clocks will output the result of the conversion with
MSB first as shown in Figure 5-1. Data is always output
from the device on the falling edge of the clock. If all
12 data bits have been transmitted and the device con-
tinues to receive clocks while the CS is heid low, (and
MSBF = 1), the device will output the conversion result
LSB first as shown in Figure 5-2. If more clocks are pro-
vided to the device while CS is still low (after the LSB
first data has been transmitted), the device will clock
out zeros indefinitely.

If necessary, it is possible to bring CS low and clock in
leading zeros on the Dy, line before the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 for more details on using the MCP3202
devices with hardware SPI ports.

Config Channel
Bits Selection
GND

SaV | Qdd/| , 1

Diff | sign
Single Ended | 1 0 + | = =
Mode 1 1 - + -
Pseudo- 0 0 IN+ | IN-
Differential 0 1 IN- | IN+
Mode

TABLE 5-1:  Configuration Bits for the MCP3202.

tove

tove

——
=

o IR Uiy uuyye

D s \Seon) s ==
HI-Z Null - HI-Z
Doyr Bit \B11}B101 B9 | B8 [ B7 | B6 | B5| B4 | B3 | B2 | B1 [BO",
tsawne toon l |
(L
oan™

* After completing the data transfer, if further clocks are applied with CS iow, the AD Converter will output zeros
indefinitely. See Figure 5-2 below for details on obtaining LSB first data.

** toara: during this time, the bias current and the comparator power down while the reference input becomes a
high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

FIGURE 5-1: Communication with the MCP3202 using MSB first format only.

© 2006 Microchip Technology Inc.

DS21034D-page 13
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SPI Read/Write Cycle

CSs MCU laxches cata from AD Converter

an rising edges of SCLK
SCLK 1| 12| 3| (4] Is] |e] |7| |e g| hol || h2| |a| (e ps| e w7 e |re| (2o [21] [22 [ea| |es

Data is clockec out of t 1 t ’ T f 1 ' T T t T f

AD Converter on faling edges

SGL/ #

D, San\  oiFF @ 2
HI-Z NULL "

—— 7 Al

Dour e QERQRORO00

Start
Bit
MCU Transmimed Data

{Aligned with faling |x|x|x|x|x|x]x|1|

ourlsioymee] X [ x [ x| x| x|

ey SR {] 2] o] o |

MCU Receivec Data
(Algned with rising

Ao wih vt x| x| x| x| x| x| x]x

| % | % [ X I(N?-ﬂ:lﬂ”J aml BQ[B&

mlaslaslm[mlaz] a1|ao

L

Data stored into MCU receive
register after transmission of
first 8 bits

X = Don't Care Bits

Data stored into MCU receive
register after transmission of
second 8 bits

Data stored into MCU receive
register after transmission of
last 8 bits

FIGURE 6-1:

spi_buf[0] = 0x01; // Start

spi_buf[1]
spi_buf[2]

0x00;

wiringPiSPIDataRW(spi_£fd0, spi_ buf, 3);

// convert to Volts

t = (((spi_buf[l] & 0x0F) << 8)

// convert to deg C (10 mvV / deg. C)

t *= 100;

SPI Communication using 8-bit segments (Mode 0,0: SCLK idles low).

0xA0; // SGL/DIFF=1, ODD/SING=0, MS/BF=1

| spi_buf[2])/4096.0 * 3.3;

Stefan Ritt
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d}= Time-to-Digital Converter NPSS
Stop
Coarse Counter >
Clock TDC
Coarse
Output

Clock

>|I>_D N Dorl> ’I> Dy D,

S:;|gna| l I l I l I [ |
—> e 1 1 0 0
D E Q Q Q Q | ToC
At E lQ1 le lQ lQY lQZ i Fine
i Output
. D Thermometer-to-Binary Converter ——>
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L TDC in FPGA NPES

A
SCIENCES SOCIETY

A 3.9 ps RMS Resolution Time-to-Digital Convertor o

. . . cet
Using Dual-sampling Method on Kintex UltraScale e
6
FPGA o
“.\«\6
Chong Liu, Yonggang Wang, Peng Kuang, Deng Li, Xinyi Cheng 933\
Hit, [ Pulse | 2 2 3 2 B, e e 2 COUT (To next slice)
— D Flip-Flop Bank | ' co: | |
H H / —
slles, slles, slfes, sfles, i H s)lcs, SLICE: | , 'l—I H -9 :
| Realignment Fabric : // | LUT XOR I5; _: e |
..... 7S N 7 T [ E; : I
H H F -
sis70 [Cloe Tﬁ;ﬁ' -| Thermometer Code to One Hot Code Conversion | g SLICE, A ""l ------------------------ L] s |
Encoder | |—] | | [ — L Poh =H? e
al One Hot Code to Binary Code Encodin | i : ' | % + :
i _ _ T 1 - - ! [4]
- wol = Sis
Coarse | Online Catiomti &z:rb ion Table Updati | e il 1 1 G
Counter ine rating ibration Table Updating Clock T : N B !
_ 1 ~ 0
|Lmse Timestamp | Fine Timestamp SLICE, \", I ~~ cs,,!
15 A e S
14 D -
Timestamp Output ' SLICE, | 41 XOR — 5 Sis :
. . . . .
Fig. 1. Diagram of function blocks in a TDL-TDC. 1 l.‘ ' : Lot o L1 |
. p—
[ o 0 |
14, - - - . . - ) 65 I_I l\ '{ _______________________ - |
¥ 6 ". o . K ot . — Pulse \ | : Ggr,u'
19} 5 55[ v WV RV HL) Launcher V| CO, _>D € |
a g 5 11 A E I
o 45 - ng.i.e 5"’:“9""9 | I seT Sio I
ual-sampling ” LUT XOR N D o] |
4 N XA A "' ‘~'~_4-‘_,~ “ —> _ :
0 100 200 300 400 500 600 700 800 900 350 55 110 165 220 275 330 385 440 '- ____________ o 9 J—
Taps( ) Time '"E;")a""s’ CIN (From previous slice)
a

Fig. 3. (a) Bin width of dual-sampling TDC after bin realignment. (b) RMS
resolution of dual-sampling TDC and single-sampling TDC.
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= Signal discrimination
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Single Threshold Multiple Thresholds
O— T1 °
Threshold | #
T2
T3

“Time-Walk”

IR

Constant Fraction (CFD)

Inverter & Attenuator
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(-1 Influence of noise NPSS
Voltage noise causes
timing jitter !
N
. I
---------- Signal | ow pass filter E
\ 08
N oise g 6 N
NG @ % - E I ;/\H
_______________________ /-\/ f gm '\
02 / \
Fourier Spectrum 0 va DD VU
I I2|5I - Ilj - I2I5I - Islt}l - I?lsl - I1él(.il - I]iSI - I]éﬂl - I1‘I."5
t(ns)

Low pass filter (shaper) reduces noise while maintaining most of the signal

Stefan Ritt RT School, Vietnam July 2016
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(1= Noise limited time accuracy NPSS

(((((((((((

Threshold

DU U DU
~ —> Df=—-1
Dt ¢ U

r

All values in this talk are o (RMS) |
FHWM =235 x o

U[mV] | AU
e

1 ns 10 ps
10 1 3 ns 300 ps

Most today’s TDCs have ~20 ps LSB

How can we do better ?

Stefan Ritt
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(= Noise limited time accuracy NPSS
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Example: CFG in FPGA

8-bit address

FPGA

Latch

il
o
==

Programmable
Interconnects

8-bit data

Adder

Clock

Delay

\
+
/

>0

Delay

Adder

AND
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(-5 Nyquist-Shannon Sampling Theorem NPSS
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fsignal < fsampling /2 ?

fsignal > fsampling /2 *
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== Limits of waveform digitizing

« Aliasing Occurs |f foignal > 0-5 * foampiing

Features of the signal can be lost (*“pile-up”)
Measurement of time becomes hard

ADC resolution limits energy measurement
Need

Aliases
A

/ \
Sinusoid at

frequency 0.6 f 4‘ \

_I_I_I_ 0,5: f, f. 1.5 f, B
J

NG
— I S Folding
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ADC
~MHz

O

Threshold
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(-1 Peak sensing ADC
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)

Threshold

Sampleﬁ

O

3 De

ay

Threshold — ——

ADC
~MHz
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()= Double buffering NPSS

sssssssssssssss

» Store an event in an
analog cell ADC conversion time
« Start converting cell
« If second event arrived
before conversion is | |
ready — store event in | |

second cell
» Decrease dead time +
significantly l _
ADC
1 f ~MHz
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(= Analog readout chain

SENSOR CURRENT INTEGRATOR HIGH-PASS FILTER LOW-PASS FILTER

"DIFFERENTIATOR" “INTEGRATOR"
| Tgq T
IS
-A

I
iR B AN

Optimal parameters can greatly improve the signal-to-noise ratio

“pile-up”

Effect of slow shaping time:

AMPLITUDE
AMPLITUDE

\\

TIME ~ TIME

Stefan Ritt R ounivu, vieu 1ani July Zuiv 28/53
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()= Baseline noise NPSS

nnnnnnnnnnnnn
ssssssssssssss

Baseline with ~50 Hz noise

__________________ m' TS — -

/

» Charge integration error due to signal “sitting” on fluctuating baseline
(e.g. 50 Hz ground loop or artifact of shaper)

 Can be fixed by sampling baseline prior to signal (requires signal delay)

« Sample signal after peak for pile-up recognition
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[~

Conventional DAQ chain

/ Detector world

Energy, Time

&

Cable

« Scintillator
» Solid state detector
» Gas detector

)

&

Analog world
Charges, Voltages

« Amplifier
» Shaper
 Discriminator

/

Digital world \

Bits and Bytes

Processing

Digital filter

Charge integrator
Waveform fitting
High-level triggering
Data storage

/
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EE

—

Let's go a bit faster...
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H= Ultimate sampling NPSS

((((((((((((

o .

S@ o

Direct fast sampling without shaping
» No shaping artifacts
» Less electronics

 All information if captured if
I’:sampling > 2>|<fsignal and LSB < Vnoise

« Any shaping circuitry can only remove
information
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What are the fastest detectors?

nnnnnnnnnnnnn

e Micro-Channel-Plates (MCP)

e Photomultipliers with thousands of tiny channels (3-10 um)

e Typical gain of 10,000 per plate

e Very fast rise time down to 70 ps
e 70 psrise time —» 4-5 GHz BW — 10 GSPS
e SiPMs (Silicon PMTs) are also getting < 100 ps

I-'hl:-ta;p:qt".-'.d-*L_ J
~ / [‘Q‘:_-
. ,__-.5]
[=

f«h-:@"\ VAV B e [~ gmide

o)
l'::'?-J
[1“.:::]
,. |
Window™™ [ cB|
J. Vallerga
\ Cathode
\é_ﬂ Fast Output
Anode
Sensl’s international patent
application no. W0O2011117309
http://sensl.com
Cath

Response (normalsed)

00

Single Photon
16-averaged
Sampling: 18 GS/s

—-= 3.2 ym pore MCP

‘' J =6 um pore MCP

Y
200 0p
Time (s)

Y
400 0p

J. Milnes, J. Howoth, Photek
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=(-I-{}=» Can it be done with FADCs? NPSS

e 8bits-3GS/s-1.9W — 24 Gbits/s
e 10Dbits-3GS/s—3.6 W — 30 Gbits/s
e 12 bits—3.6 GS/s —3.9 W — 43.2 Gbits/s
e 14 bits-0.4 GS/s —2.5W — 5.6 Gbits/s

PX1500-4:
ADC12D1x00 S 2 Channel

12

>+°* 3 GS/s
el o |

e 24x1.8 Gbits/s

>

—O-» ORQ

HAO-» DQA(11:0) » /
1.8 GHz! -
E ires high-end FPGA
o Complex board design
5C12D1X00RB: _—

1 Channel
1.8 GS/s

/

o
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=}~ Switched Capacitor Array (Analog Memory¥:

L) PLA:
SCIENCES S0CIE ™

0.2-2ns 10-100 mW
~—— Inverter “Domino” ring chain ’\4\

IN
N e P U P
——1 ; ; ; ; ; ; ; Waveform
_ _ _ _ _ _ _ - __ stored
Out
. , FADC
Clock O— Shift Register 33 MHz

“Time stretcher” GHz — MHz
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1q=» Triggered Operation NPSS

nnnnnnnnnnnnn

sampling digitization sampling digitization

[ ] Sampling Windows * TSR | [ ]

lost events
| DRS Readout (1.024 GSP$) | A

1020
1000
980
960
940
920
900
880
860
840
820
800

“}%i
|

Dead time =
Conversion Time * Samples
(e.g. 30 ns - 100 = 3 pus)

ADC value

I .l I i i i
400 600 800
Time [ns]

i I
200

o

Chips usually cannot sample during readout = “Dead Time”
Technique only works for “events” and “triggers”
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How to measure best timing?

WUCLEAR & PLASMA
SCIENCES SOCIETY

Simulation of MCP with realistic noise and different discriminators

25 T T T T T
l
201 ] i
-------- Single Threshold
- e Multiple Thresholds
a A Constant fraction
E' 15+ n ———  Pulse sampling .
5 ™,
@ : AN
E 10 L v A \'q . . |
o N Sampling: 40 GS/s
E N . Analog bandwidth: 1.5 GHz
=
5t J
ﬂ' 1 | 1 1 1
0 20 40 60 80 100 120

Mumber of photoelectrons

J.-F. Genat et al., arXiv:0810.5590 (2008)

Cherenkov radiator
10mum dia 10 man lomg

Beam measurement at SLAC & Fermilab

Cherenkov radiator
10man dia. . 10 mem loag

[ = Lasec tost - Expeciod resolefion (assame sigma_TTS ~ 120 ps)
A Laser test - Ontec 9327 Amp'CFD

& Laser 1es1 - WaveCacher with HPK amgp, CFD algocithm

—o— Laser test - WaveCatcher with HPK amp, chi-sg. algorithm
o SLAC beam test - Orec 9327 Amp/CFD, HPX amp.

80 4 Fermilab beam test - Ortoc 9327 Amp'CFD, HPK amp.
® Laser est - TARGET chip with HPK amp, chi-sq. algorithm
60 o Laseriest TARGET chip with HPK amp, CFD algorithen
40 ==
20
Xl - n—
0 T T T T T T T T T 1
10 20 30 40 S0 60 70 80 9 100
Number of photoelectrons Npe

D. Breton et al., NIM A629, 123 (2011)
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= How Iis timing resolution affected? NPSS

nnnnnnnnnnnnn
ssssssssssssss

voltage noise Au

signal height U
timing uncertainty At

P
<«

v

rise time ¢, 1

Au Au _Au Au \F / Au

U'r_U\q U Jt-f. U \K U \/3f Ao

number of samples on slope Simplified estimation! |
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[~

How is timing resolution affected?

nnnnnnnnnnnnn

Assumes ideal

Au 1 .
At = : sampling
U \/3 1:s ) deB l
U AU fe f o At
today: 100 mV 1 mV 2 GSPS 300 MHz ~10 ps
optimized SNR: 1V 1 mv 2 GSPS 300 MHz 1 ps
%2 o0 ° o .
% +, + + t
£ pat+ T + S 2points “Novel Calibration Method for Switched Capacitor Arrays Enables
£ 1 T s & St vorite Time Measurements width Sub-Picosecond Resolution”,
y ) ) : - : D.A. Stricker-Shaver, S. Ritt, B.J. Pichler, IEEE TNS 61 (2014), 3607
0 10 20 30 40 50 delay [ns]
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4} Readout of Straw Tubes NPES

« Readout of straw tubes or drift chambers usually with
“charge sharing”: 1-2 cm resolution

« Readout with fast timing: 10 ps / V10 = 3 ps — 0.5 mm

 Currently ongoing research project at PSI
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515} Switched Capacitor Arrays for Particle Physics

nnnnnnnnnnnnn

E. Delagnes

S

-~

D. Breton H. Frisch et al., Univ. Chicago

CEA Saclay

— PSEC1 - PSEC4
e 0.13 um IBM
e Large Area Picosecond
e 0.35 um AMS Photo-Detectors Project
e 0.25 um TSMC H ]
e Many chips for different projects * g_'; TPC, Antares, Hess2, (LAPPD)
(Belle, Anita, IceCube ...)
www.phys.hawaii.edu/~idlab/ matacq.free.fr psec.uchicago.edu
DRS1 DRS2 DRS DRS4 e« 0.25 um UMC SR
e |, L e * Universal chip for many applications R. Dinapoli
W e MEG experiment, MAGIC, Veritas, PSI, Switzerland

TOF-PET

UL EETTTTTTI I k.
TILLLLLLLEELLLY)

1

2002 2004 200

drs.web.psi.ch
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MEG On-line waveform display

Cieee
NPSS

sc (N(H soc (

X ARGUS - MEGAnalyzer

..... [ Michel Check

----- [Cdwaveform Monitor
----- [Z Chamber Monitor
..... (Z3 Orline Check

----- D Charge on Chaninel
----- D PrePatRechonitor

F|Ie View
<| ALK
[ a9 2 -E-
Event 725 = -
Event step = <10
Update period 3000 =
Date(UTC): 2007-Dec-13 -20
Time : 14:56:44
Ewent Type : 14
LED 30—
I(:lEventDispIay2D =
[CAEC

-40

-50

ﬁ V|rtual oscnloscope

‘Raw data
Mcv-Ave 25pnts

1 | 1 -
500 400

----- [ PostPatRechonitor

pr—ety
At 1013 level
3000 Channels

Digitized with
DRS4 chips at

1.6 GSPS

E NENERE]  EEES

37QT JFt | Fiter | Specta
5 Charge |Time |

Sfpc]

55.2618

MPhe

461.845

MPho

Integral range[ns]l_ﬂéﬂ—ﬂéﬂ

2 [T On tab analysis

2866.53

Drawback: 400 TB data/year

1.5

Stefan Ritt

RT School, Vietnam July 2016

42/53



PAUL SCHERRER INSTITUT

== Pulse shape discrimination

[m¥]
)
|
|
|

i §s |
[P

Normal Gamma event

|I|I.I.I 1Ll .II|III.III| II|.IIJII.

PMT Sum 30%
1400 | Raw data
[10] Mov-Ave Opnts
BT { — - - Tﬂﬂ'l.pl.ﬂi Fit. . ...
=il =} =2 M}
[nsee]
T o S -
'Ilﬂ_ ::
a 01 | Alphaevent E
ol } r . E
- |' PMT Sum 30% -
P ol |II .Raw data |
C Mov-Ave Opnis |
o | , Template Fit
-tk -l =20k
[nsec)
Z 0! e
m_ Narrow event E
Events found and correctly ,,,L - E
processed 2 years (!) after the s TSR
: | f | "Raw dat
were acquired s ! o
C | | ) ) ) quram Fit N
el -4 L] [msec]
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5}~ MAGIC Telescope NPEE

WUCLEAR & PLASMA
SCIENCES SOCIETY

lllustration of an Imaging Air Cherenkov Telecope (IACT). Primary particle (1 TeV)

Top of atmosphere ;

First interaction with nuclei of k
atmosphere at about 20 km height

Cherenkaov light emission

A
) 8 =029 /
under characteristic angle 8

Camera (cleaned event)

~8kmas.l
T

Cherenkov Telescope

Entrias 1 A VHE y-ray interacts with nuclei of the Earth’s atmo-
phere and generates an Extended Air Showers (EAS).
LED B Charged particles in the EAS emit Cherenkov light if
RMS 44.53 their velocities exceed the speed of light in air. The
reflector of the Cherenkov telescope collects a certain
I 298 amount of the Cherenkov light and reflects it onto the
aw camera. The camera, composed of several pixels,
i:: finally converts the Cherenkov light into electrical sig-
o nals in a way that the information on the geometrical
192 and temporal structure of the EAS is preserved.
1im
| 150 I
129
;? http://ihp-Ix.ethz.ch/Stamet/magic/magicIntro.html
[
44
23
2
BT .
@ La Palma, Canary Islands, Spain, 2200 m above sea level

https://wwwmagic.mpp.mpg.de/
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Template Fit

nnnnnnnnnnn

e Determine “standard” PMT pulse by

averaging over many events — “Template”

- Find hit in waveform

- Shift ("TDC") and scale ("ADC")

template to hit
« Minimize 2

- Compare fit with waveform
- Repeat if above threshold

e Store ADC & TDC values

* At 1,000 kc/s less than 10% of events cannot be decoded.

{

S EBEEEEELE S E

ADC Freqaency & Heschiion

1| msowe -] eme -]

f;- &\m 4 Aste
100 -] o0 <]

gt Data Rate (o), Durslion ()

11 | leosnk -]

+ Detector Speciication

]

1 Detector Pulse

Eponental ;]

1 Désplyy

== Valid Events
= Detector Data
= Residuals

nB Experiment
- 500 MHz sampling

3 piBeta Single Even
File Edit Goto
DSC |
2020

| FRET FETTR FTEE PR RTTR IYRTARNTTE YNNI FRTTIUITA IVURY FRTTRRTTRY (RUTITTEY ORI RUTTATANL IUTINTTL IO
20 20 a0 &0 G 70 50 o0 100 o 120

bbby
A0
Channel: 17 |

14 bit
60 MHz

www.southerninnovation.com
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=}~ High speed USB oscilloscope NPEE

nnnnnnnnnnnnn
ssssssssssssss

4 channels 4 channels

5 GSPS 5 GSPS

1 GHz BW 1 GHz BW

8 bit (6-7) 11.5 bits

15 k€ 1170 €
USB Power

Wi M 6f 01 AT W6 @
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(== New chips NPSS

Synchro  Timestamp
Clock d
@ Config. N P

SAMPIC Waveform TDC

Thresh

Record short (64 bins) waveforms

N R
T T
_RAMP ADCs

Data-driven read out ADC Timebase X

Digitize on-chip

x16 channels

DR > v
« Self-trigger writing of 128 short 32-bin
segments (4096 bins total)

« Storage of 128 events
« Accommodate long trigger latencies
» Quasi dead time-free up to a few MHz,
* Possibility to skip segments

— second level trigger \éb

M’ write

pointer
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sssssssssssssss

e Digitization is a key element of all particle
physics experiments

e General trend to faster digitization and
waveform analysis in digital domain
(embedded CPUs, FPGAS)

e This talk can only give you a glimpse
= Further information

H. Spleler “Semiconductor Detector Systems”, Oxford Univ. Press, 2005
« G. Knoll, "Radiation Detection and Measurement”, Wiley, 2010
« Conferences (with short courses):

IEEE NSS-MIC (Strasbourg, France, Nov. 2016)

IEEE Realtime (Williamsburg, VA, June 2018)
o Become IEEE NPSS member
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* Provides high quality scientific and technical lectures on
a broad range of topics in the nuclear and plasma
sciences

e Sponsors the presentation of lectures to NPSS-affiliated
chapters, IEEE sections, and IEEE student chapters

« Makes lectures available to other IEEE entities as well
as to non-IEEE organizations, including colleges and
universities

, , . &IEEE | WNUCLEAR &
For more information, go to www.ieee-npss.org e 1 4PLASMA SCIENCES
o g e e >3 SOCIETY

July 2016 RT School, Vietnam



« --- Computer Applications in Nuclear and Plasma

Sciences
« --- Fusion Technology
* --- Nuclear Medical and Imaging Sciences
« --- Particle Accelerator Science and Technology
« --- Plasma Science and Applications
« --- Pulsed Power Science and Technology
 --- Radiation Effects
 --—- Radiation Instrumentation
For more information, go to www.ieee-npss.org QIEEE g Wpsun soiences

o Enpsrear e s ~m SOCIETY
July 2016 RT School, Vietnam



The Nuclear and Plasma Society Sponsors...

» Radiation Instrumentation (Nuclear Science Symposium)

* Nuclear Medical and Imaging Sciences (Medical Imaging Conference)
* Particle Accelerator Science and Technology (Particle Accelerator Col
« Computer Applications in Nuclear and Plasma Sci. (Real-Time Conft
« Radiation Effects (Nuclear and Space Radiation Effects Conference)

» Plasma Science and Applications (International Conference on Plasma.
» Fusion Technology (Symposium on Fusion Engineering)

* Pulsed Power Science and Technology (Pulsed Power Conference)

IEEE Transactions on Nuclear Science
|EEE Transactions on Plasma Science

NUCLEAR &
Q'_EEE PLASMA SCIENCES
ol i h Rt SOCIETY

July 2016 RT School, Vietham




Membership in NPSS provides regular communication and direct technical
interchange with the foremost international practitioners of the nuclear
and plasma sciences and engineering through its meetings and publications

- NPSS Members and Affiliates receive:
- Electronic access to the Transactions on Nuclear Science, the Transactions
on Plasma Science, and all NPSS Conference Records via
. NPSS Newsletter published four times per year
- Reduced rates on print subscriptions to NPSS publications
- Significant discounts on registration rates for NPSS Conferences

- As IEEE members, they also receive:
- Subscriptions to the monthly magazine SPECTRUM and also
The Institute, a monthly news supplement
- Low rates on IEEE's many publications

: : : QIEEE | WNUER S
For more information, go to www.ieee-npss.org o lL,PLASMA SCIENCES
S SOCIETY

of Engineering the Future

July 2016 RT School, Vietnam


http://ieeexplore.ieee.org/

