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Introduction

» Timing requirement in future HEP experiments = | I AR
§§ = * Amplitude: 5 ~50 mV |,
. . E | N
- 20~30 ps time resolution for detectors S el — //\//W\f_ﬂ//\“/\\
- Picosecond time resolution for electronics 1—2; \\ /
« Fast gas detectors | Time (1 ns/div)

typical waveform from MRPC

- MRPC (Multi-gap Resistive Plate Chamber)
- PICOSEC-Micromegas

o ey

N . Rising time: <1 ns
il e Sl B N + Amplitude: < 10 mV

« Waveform feature
- Rising time: <1 ns

- Amplitude

2 Amplitude (1 mV/div)

v 5~50 mV for MRPC

Time (1 ns/div)

v’ <10 mV for PICOSEC-Micromegas typical waveform from PICOSEC-Micromegas
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Introduction

« Timing techniques

- TDC resolution < 10 ps

- Disc + TDC resolution is worse

- Timing resolution < 10 ps

Detector FPGA TDC/
TDC ASIC
Discriminator + TDC
Setect N\ ' Timing
etector Quantization Extraction

- Flexible algorithm
- Switched Capacitor Array (SCA)

Waveform sampling + Digital Processing

v Low consumption
v’ Compact

v High channel density
vio....



« SCA Operating Principle

Introduction

Quantization
Circuits

)

¢ Sampling time
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DRS4 ASIC

TNS: vol.61, no.6 (2014) 3607~3617
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Parameters Value

Sampling rate 0.7 ~ 6 Gsps
Number of channel 8+1

Sampling Depth 1024

Input Range 1V

Noise 0.35 mV RMS
Analog BW 950 MHz



DRS4 based fast timing electronics - Structure

« Analog Front-end Electronics (AFE)

- Low noise, high bandwidth preamp  — — — — — | nout PXI 6U Crate
npu

PXI
|
~— j\ e BUS

|

| | -

| : .5 ”‘\'f\ P
! AFE -

| ' G

| ; | \/ t

|

- Placed close to detectors

h A A 4

vOS

« Waveform Digitization Module (WDM)

Differential

) —I—h Signals PXI Controllor

| Detector |

- DRS4 ASICs

- ADCs
- FPGA
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Analog Frontend Electronics

« AFE for MRPC
- Full differential

- First Stage
v" RF amplifier, 20 dB gain
v" Ultralow noise, high bandwidth

- Second Stage
v' OPA, adjustable gain

« AFE for PICOSEC-Micromegas

- Single-end
v" RF amplifier, Fixed gain
v" Ultralow noise, high bandwidth
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Test :
Input First Stage = Second Stag 500 11
§ x1> ADJ|| 50
1: 2 I_ ] 4
LTC6430-20 500 Outputs
ADL5569
"ﬁ... x8:ﬂ x8
AFE Module 50mV -->1V (26 dB)
AFE for MRPC Detector
First Stage = First Stage =
— x10 — 10 >
Inputs TRF37D73 TRF37D73 Outputs
— T xg ——— - x8 4
AFE Module 10 mV -->1V (40 dB)

AFE for PICOSEC-Micromegas Detector



Waveform Digitization Module

Analog Circuit

Hit

- Increase drive capability 16— Read Enable Cicu j> \E\ RAM |

- Two kind amplifiers are compared > N oo M/ g | BUS

- THS4508 & LTC6409 AC\rilre::ISigf o ? :Z\ N
Hit Generation ) N /| CPLD Q

- High speed comparator + stretch circuit T 25m oM aomT T som l T33M

- Delayed by FPGA to control SCA LN EE— 0SC
Samplmg Circuit Waveform Digitization Module

- 2 DRS4s (16 channels) e 5 4 I

- 2 14-bit 8-channel ADC o ; NONES Eaey
FPGA .Input+ i - ;ﬁ A«gé :C —t ADC

- Coarse counter: 24 bits SP4T Qg;@ ] Fl :[DRSAI

- Fine timing extraction logic | ﬁé

S Analog Circuit



Time Measurement Logic

Amplitude Correction

Calibratlon Coefficient

- Gain and offset

h 4 v h 4 b 4
DRS4 stopcell ’_n - Ti

. . ' FIR | ime

FIR — Low Pass Filter b Pos_in > Amplitude / > Correction
. ADC_DATA | Correction Fi

- Reduce noise | pin |} Time | - .

FIF0 | Calculation
Time correction Valid ) Coarse | cooce Fing |Time

o o DRS4 dtap Time Time __\Torara

- Sampling interval variations p_ Block ¥ Packaging | | “Eicq

Channel X

Fine time measurement

Block diagram of the time measurement logic

- Leading edge discrimination

- Other methods to be compared




Electronics Cards

AFE fOf MPRC . ,‘ ......

AFE for Micromegas
(2 channels for verification) |

Waveform Digitization Module
(PXI 6U)
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Test Setup

D-jgditiza ton
M odule
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Test Result

« Waveform capture 20 MHz
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Test Result

« Time resolution of Digitization Module

7 10 T T T T 10 T T T T T T T T
9 —&—— Without DIV circuit
6 81 O 8r e+ With DIV circuit
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A , , , , , , , 2
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« Time resolution of readout electronics (AFE + WDM)
8 T T T T T T T T 800
600 RMS=6.1 ps
- @ 5mV
Q . —
For MRPC 0 For Micromegas ¢ 400 | @ Ons delay
74
200 |
O 1 1
2021/6/16 5 10 15 20 25 30 35 40 45 50 -0.26 -0.24 -0.22 -0.2 -0.18 -0.16 15
Delay (ns)

Amplitude (mV)




Outline

« SCAASIC developed in our lab

- Architecture

- Performance

e Summary



Architecture

CLK Ref

+ *Delay Control Voltage, + * '
Coarse PFD
Counter Td Td Td e o o N : J
S DLL Charge
Pump Parameters Value

Trig > WR Register <8 Sampling rate 1~5 Gsps
Analog Input v ’ Number of channel 8

T Ké_ ¢ A Sampling Depth 128

R

= 5 o« o o 5 Input Range 1V

P @ IB\ﬁ/ IB 128cells IB :

o Noise <1 mV RMS

c

§ ac | apc | apc | e o o | apc HP@ell _ypoye  ADC resolution 12 bits @ 1 GHz

T 7 T T i cen Conversion time 4 ys

Readout Control <+—1 Clock Trigger External

Both single-ended input and differential input have been designed
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Architecture
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Simulation results of delay cell

1 latch per cell
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Test Setup
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Preliminary test results

Noise distribution histogram

4000 3000 .
. . td:0.74 mV
Linearity for 128 cells 2500
3000 + CH.1
() 2000 |
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S 1000 |
1000 f
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0 : : . . 0
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Input Voltage(V) Noise(mV)
DC noise
0.85 ‘ ‘
» DC linearity 08l
v" Good gain uniformity =
. : £
v’ Offset slightly different §0.75
v For amplitude correction g
. 0.7
* Noise: ~0.75 mV
0.65 : ‘ ‘ J : :
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Cell Number
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Sampling time correction

NIMA 916 (2019) 71-76

- Time between a and b is equal to one R, ™ Py
period of the input signal 00T FoN S
ny—1 Z 600 ' - \ 05/
adt, + z Ati+,6’Atn2 =T (1) %400j""2 """" 5 ZT,-'#a'""""‘.;"'"'B'ﬂéi"'
i=nq+1 § "t.‘ : u‘ J
200 - v/ .
Vi, +1 = Vbe Ve — W, Y 2 At YW S
a = v ,ﬁ = v (2) o et | ap I%.o N |
ni nz 30 40 50 60 70 80 90 100
Cell Num

« a and (B are voltage ratio, slightly affected by amplitude attenuation

0 - 0 o 1 - 1 B 0 - 0)(A) (T,
00 a, 1 -+ 1 B 0 0 0 - 0 [|At]| |T,
1 8 0 0 « 0 0 o 1 - ||A,|=[T,| ®

1 1 B, 0 0 « 0 - 0 a,)\At,) (T,




2021/6/16

Preliminary test results

Sampling interval
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Summary

 DRS4 based fast timing electronics

- Prototype consists of an AFE and al6-channel WDM
- Better than 10 ps RMS timing resolution is achieved for MRPC signal from 5 mV to 50 mV

- Better than 10 ps RMS for PICOSEC-Micromegas, detailed measurements should be done

« SCAASIC

- Preliminary test has been done
v 5 Gsps sampling rate
v' <1 mV RMS noise

v" timing resolution < 10 ps RMS @5 ns & 25 us
- Detailed measurements to be done

- Differential Input SCA ASIC to be measured
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