Journées des métiers de I'électronique

A mass production test bench at few picoseconds

timing resolution for the RAFAEL ASIC
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Reminder, Timing distribution in LHC experiments

Large Hadron Collider (LHC) : Common R&D project for Compact Muon Solenoid (CMS) phase 2

Context
upgrades are currently underway for high precision clock distribution
Target Reach 30-50 ps time resolution with 10-15 ps jitter at the level of frontend G‘_
Two options for timing detector :
Strategy P J
- LHC clock to each module encoded in control links (baseline)
- Dedicated clock (security solution)
Need Having a baseline solution with a fan-out ASIC :

- For clock & data distribution

-> Facilitate front-end design
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Radiation tolerant fan-out ASIC for CMS experiment
RAFAEL

» Radiation-hard Fan-out ASIC for Experiments at LHC
» Distribution of clock & fast command differential signals

» Frontend electronics of the precision timing detectors of CMS :
- High granularity calorimeter (HgCal)
- MIP timing detector (MTD) - Barrel timing layer (BTL)

» CEA Saclay has started designing RAFAEL since September 2019 :
v' ASIC original design from IRFU with 10 IP block design from OMEGA

v' Test bench design and characterization at IRFU
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RAFAEL Specifications

Main features

« Package =>7 mm x 7 mm 48-pin QFN

« Technology => 130 nm Node

« Configurations => single buffer or dual buffer

 Fan-out factors => 1:13 or (1:6 and 1:7)

 Frequency range => DC to 400 MHz

* Output skew => channel-channel : 50 ps & part-part : 300 ps
 Pre-emphasis settings per group of outputs => 1 mA, 2 mA.

« Power supply voltage => 1.2V

* Radiation hardness => tolerant to 200 Mrad cumulative dose

« Temperature range => -30°C to +40°C guaranteed

L/
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RAFAEL Specifications

Possible configurations INMUX SEL Double En$ EnPE

ENABLE_A

OUT_A_P [0,1,5,6]
OUT_AN [0,1,5,6]

A buffer with 3 differential inputs and 13 differential outputs : 1 PRy
gt ENABLE_C
» Single fan-out distributing one of the 3 inputs to up to 13 outputs. ) oI CN [9,10]
L~

OUT_B_P [7,8,11,12]
OUT_B_N [7,8,11,12]

ENABLE_B

» Two independent buffers with fan-out factors of up to 6/7 resp.

VCC VCC VCC VCC veC Ve v GND GND

» Control of the Pre-Emphasis current and the duration of the current boost (pins EnPE and EnS) :

—> Increase current during rising/falling edges to adjust bandwidth.

» Groups of outputs (A,B,C) can be activated / deactivated (depending on ENABLE_{x} input signal) :

- Select the desired strength of the output drivers.
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Characterization results examples

BTL frontend use case

-
- 3lnputs: 12 outputs + 1 return path - Input signal : clock / data
- Signal strength : 2mA / 1mA - Frequency : 40 Mhz
- Pre-emphasis : +2mA / +1mA /OFF - Temperature : 30°C
- Pre-emphasis duration : variable - lrradiation :10 Mrad

—> Single buffer input mux / fan-out buffer (up to 13 outputs)
- Redundant control via IpGBTs and on board GBT-SCAs RAFAEL ASIC

- Negligible effect on jitter

A nice summary of tests results by Fabrice Guilloux:
2021-01-19 TID Power_Rafael-VO.pdf (cern.ch)

Updated by Irakli Mandjavidze:
210601 Hptd RafaelUpdate.pdf
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https://indico.cern.ch/event/996765/contributions/4188080/attachments/2175167/3672790/2021-01-19_TID_Power_Rafael-V0.pdf
https://indico.cern.ch/event/996765/contributions/4188080/attachments/2175167/3672790/2021-01-19_TID_Power_Rafael-V0.pdf

Characterization results examples

HgCal use case

320 Mb/s
down eLink

320 MHz
eClock

New version RAFAEL-V1 :

BTL frontend test stand has been adapted for testing in HgCal mode

Separation of power supplies of input stage and between outputs to avoid some couplings

Baseline since January 2021

—
To partial HexaBoard

Low density HexaBoard

ECON mezzanine

eClock

P\AliﬁﬁEL
I 3 i ! J.
eLink HgCroc HgCroc HgCroc ECON ECON
1:7 1 2 3 T D
™ 7 1
) ] J

¥ To partial HexaBoard

a)l V>
s |

RAFAEL is operating in double buffer mode (1-to-7 and 1-to-6 fun-outs)

RAFAEL

HgCal clock and data

. g distribution test
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RAFAEL test bench
Test bench m

HPTC 40.079 MHz/ 160.316 MHz/ 320.632 MHz

Power supply  TTI MX100P 315W

Oscilloscope Teledyne Lecroy SDA 820Zi-B (Up to 80 Gs/s)
Precision timing measurement

SAMPIC 32 Channels
Automated batch of various tests
Acquired data analysis

Test board

Socket for
RAFAEL

Input 3 (8
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RAFAEL test bench

SAMPIC

ZKA

LA OR/\TOIRE
DE CCELER/\TEUI\
L I E A I R E

» SAMpler for PICosecond time : picosecond time measuring system

» Divert SAMPIC module and DAQ, system for the proper developpement of RAFAEL test bench

> Channel time resolution 3 — 5 ps rms e it Nosarorans G &

onfiguratiol surements  Calibrations Advanced Show Window Help

OUHADC‘M“ &/& Q"ﬂ#"ﬂﬂl‘ \*f\mv@b

nnnnnnn HE-OMaGIea Uata Sampies e Y jie

» Use of almost all provided channels (30/32 channels)
» Reconstruction of differential signals from single-ended — -voson BB
”adaaisﬁa}ugtax;\x\snme(us) 21.00 é-s

In& " Max Nb of Hits/Ch fevt %1
RUN

» Synchronous measurement using HPTC clock as a reference

60 64

» Define acquisition system according to the configuration file el e
000 s XMaxE 64.00 Ymin i -1.00 “ii
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RAFAEL Production

Manual

Automated

Fine characterization
(BTL use case)

Limited Asics (~10 units)

Solutions proposed by industrials

Systematic validation

Group of Asics ~1 k

Targets :

—> Anticipating the final production

—> Monitor and record data (DAQ)
- Rapid test (~1 min/Asic)

al
= —

for mass production

)

Manual

Automated

Simple & easy to use

10 — 100 k units

Interfaced with tester robot

Mass prod ~100 k

8 &
== AR A }Eﬁx
— ‘@ @ @ H@l!l 3@1 n@u ‘ﬁEIH
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Rafael Manual testing

Graphical user interface (GUI)

Rafael Manual Testing

Choose test mode :

@ Black box

" White box

Start New |

Test results

W Valid M Invalid W Faulty I¥ Unknown

Started at
2021-10-08 10:56:38

Save Results

Current time

Zero-based numbering !

Last chip D

1
Last status

Red

Show plots I

Rafael Manual Testing

Choose test mode :

" Black box
— hipID:
€ White box Enter chip ID
Start New
Test results

M valid M Invalid ¥ Faulty T Unknown

Started at:

2021-10-08 14:42:49

Save Results

Current time:

FinllResultI

Last chip D
36
Last status

Green

Show plots I

Complete data acquisition and

analysis system for RAFAEL

¢ -~

Interface  Configuration Run Graph Firmware Special Modes Measurements Calibrations Advanced Show Window Help

DIVBIPOBRAKOQ W ifinm|h|#i/|&iZiQIO

File Help
Rafael Manual Testing
Cl
Choose test mode : Ci
& Black box
Wb Zero-based numbering !
Start New Final Result
Test results

Last chip D
W Valid M Invalid I Faulty ¥ Unknown
Last status.

Waintig test

Started at

2021-10-08 10:56:38

Save Results Show plots

MAIN

o On ind
Ch0® Ch1» Ch2* Ch3’ Ch4¥® Ch5’ Ch6» Ch7%
Ch8® Ch9” Ch10» Ch11’Ch12% Ch13’ Ch14» Ch15%

| Running @

Allchannels:  —

h16 ® Ch17) Ch18» Ch19/ChoN® Ch21/ Ch22) Ch23 &
h24 ® Ch25’ Ch26® Ch27’ Ch28# Ch29* Ch30* Ch31®

DISPLAY 7 On/OHf (%100 event)
Display Mode

Display TOT ™ Only Time Instant- 2
Re-OrderData®  Waveform TDC+Time Instant- 2
. WaveFom T0C- 2
Spline Data ™ Waveform Only- 2
Persistl™ ¥ g

ErS5UT ax delta Xivis Time (us) 5100 H

Max Nb of Hits/Ch /evt 3 1
RUN

Run Type
¢ Single Event
& Finite HitNumber | Total Nb Of Hits:  Nb Of Hits required
¢ Finite Time 10342 10000
£ Continuous

Group in same Event: [~ e o

Days  Hours  Minutes  Seconds

0 0 5 0

ns

Re-ordered Data Samples. BackGround White |

Black

aabaates

ST I

$as ; !. .
k}?{izlili

3‘
';ﬁiﬁ. kil

1356037754

Ymin 5 0.00

Current time: o T et Elapsed Time: 0.0000-} O 0 0 0 O B v
(st Do O ioeel Mk 5o 1356937746 1356937747 1356937743 1356937749 1356937750 1366937751 1356937752 1356937753
S0 s o [iEo o 3 Time [ns)
Hits/s s - -
History e Xhxis Ato?  Xrmin3 000 Yasis Aol Ymax§ 120
Xmaxy; 64.00
: Black box
-~
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10h:57min:38s DataUnit setto VOLTS!

10h57min39s:Setup values succesfully restored !

10h57min415:System resynchronised!

10h57min41s Run Started: DLL and Trigger are Enabled for all SAMPICs.
10h57min:44s:Slow Control access to Register 26 performed successfully!
10h:57min:45s:Run Stopped: DLL and Trigger are Disabled for all SAMPICs.
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In-house tests

Overview

Total production about 45 000

Use case Number
BTL : single-buffer mux / fan-out ~ 2 500 ASICs
HgCal : double-buffer fan-out ~ 32 000 ASICs
Systematic verification ~ Use of the existant
and testing Lab robot

Automated process with ensuring good interaction
between different measurement systems

(Power supply/ Temperature sensor / SAMPIC)

ce2 PO
' r =
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Servomotor
Vacuum pump
Valve

Camera

Suction cup

13



In-house automated tests

Top view of the automated testing process

Robot

Re-do Bad Good Untested

A

Tray
(0,0

I
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I

| Rafael S

: ASIC socket = O
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. Ve LN

| N

! Tray

| (3,2)

. Test board

| P v

: 70 cm

L v
Electronic component support : 260 ASIC Tray 130 cm
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In-house automated tests

Mass production testing flowchart
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Outlook

RAFAEL : baseline for clock & fast command distribution in BTL and HgCal

RAFAEL clock distribution tests verified => desired specification achieved

Anticipate final production - ~45 000 ASIC planned for 2022

Production validation In-house tests :
- RAFAEL test bench - DAQ working fine & some mechanical displacement problems
- Manual and automated production testing modes are ready
- For statistics purposes and choosing final acceptance criteria

Out-house production :

User-friendly interfaces - simple & rapid
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THANK YOU

FOR YOUR ATTENTION
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Backup
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BTL clock distribution tests using CCv2 board

Performance testing of the embedded clock distribution

CCv2

eclk
160 MHz

Oscilloscope
Lecroy SDA 820Zi-B

IpGBT 2

Ref
40 MHz

RAFAEL

PSclk
40 MHz

160 MHz

HPTC Clock 320 MHz
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