GEFORDERT VOM

% Bundesministerium
fiir Bildung
und Farschung

VMM and the SRS — Upda
&
plans in Bonn

UNIVERSITAT

Michael Lupberger
(University of Bonn)

RD51 Collaboration Meeting, CERN
23.10.2019

—_——xs —_—————— e




umlvmsmu Introduction: VMM and the SRS

VMM ASIC (developed for ATLAS NSW by BNL) was implemented in SRS
https://doi.org/10.1016/j.nima.2018.06.046

Front-end ASICs

PCI conntector

System overview:
Ethernet

Ethernet

Detector

Ethernet
10 Gb/s

Diff. inpu

Project in transition phase from R&D to production, ongoing activities:
- final hardware

- firmware improvements

- common DAQ software

— auxiliary services: cooling, powering
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/ Activities in Bonn - overview

New research project NexGRIND at Physics Institite (PI1) led by Jochen Kaminski:
Neutron detectors and readout electronics

- SRS with VMM and Timepix3

— Continue SRS VMM activities:

SRS FEC and hybrid Firmware development, support hardware production

SRS SRU firmware for VMM data

Need for hardware in our group: O(200) hybrid system for detector development
Develop cooling for O(200) hybrid detector

- Continue SRS Timepix3 activities (Markus Gruber's talk)

Interest on VMM for COMPASS tracker upgrade at HISKP (Bernhard Ketzer's group)
Part of my Marie Curie Fellowship GenEl starting early 2020

- SRS with VMM for R&D
* Evaluate noise of VMM and RD51 hybrid in comparison to APV
* Need for hardware: 4(at least) hybrid lab setup



u VMM Firmware
UNIVERSITAT Ongoing optimisation

Contineous data taking boundary conditions requires unambiguous time measurement:
Time measurement in VMM: BCID and TDC
TDC: inter BCID cycle time measurment by 8-bit Time To Amplitude Converter (TAC)
- 0ok
BCID: 12 bit counter incremented by tunable clock (2.5 MHz — 80 Mhz)
- overflows after 4096 clock cycles (clk)

= higher order counter needed to keep unambiguous time measurement
— readout cycle < 4096 clk
Currently: readout cycle = 4096 clk! = BCID overflow

T T

On purpose On purpose On purpose
BCID overflow BCID overflow BCID overflow
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u VMM Firmware
UNIVERSITAT Ongoing optimisation

From first safe implementation: remains of sequential data taking:
«Acquisition Window» (ACQ Win): Time when data can be aquired, but not quite:
- VMM is self tirggered, so always aquires data, when enabled

- window generated in firmware, not processing VMM data from outside window
- data forwarding and sending when ACQ Win is closed

- data from end of cycle n-1 could appear in cycle n

ACQ Win open e.g. 100-3800

ACQ Win open e.g. 100-3800 ACQ Win open e.g. 100-3800

Read out
here
BCID

VMM hit > 3800

stored in
ASIC
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" VMM Firmware
UNIVERSITAT Ongoing optimisation

Further problem: Data processing in readout chain

ACQ Win open e.g. 100-3800 ACQ Win open e.g. 100-3800

L

VMM hit ~ > 3800 Q
D Q
Q U

ACQ Win open e.g. 100-3800

Read out
here

stored in

ASCI

elreq

Clear data during processing, to avoid data from cycle n-1 in data from cycle n:
does not work
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" VMM Firmware
UNIVERSITAT Ongoing optimisation

Further problem: Data processing in readout chain

ACQ Win open e.g. 100-3800 ACQ Win open e.g. 100-3800

L

BCID
VMM hit q().\) > 3800 O/@
stored in &, Q/.

ACQ Win open e.g. 100-3800

Read out
here

ASCI

elreq

Clear data during processing, to avoid data from cycle n-1 in data from cycle n:
does not work — solution: VMM soft reset
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P/ VMM Firmware
Ongoing optimisation

VMM soft reset test: Internal test pulse injected into 4 channels on two VMMSs

800 -760 -720 -680 -640 -600 -560 H20 -480 -440 -400 -360 -320 -280 -240 -200 160 {120 -B0 40 O
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||m

40 80 120 160 200
|IIII|IIII|IIII|IIII|

Bus/Signal X |0

{ds_gen[0].Inst_vmm2datads/cktk_en2 g | | “ “ “"" "I"I " "I"I “ “"
/ds_gen[0] . Inst_vem2datads/cktk_en o d T
/ds_gen[1].Inst_vim2datads/cktk_en o o A
fd3_gen[0].hdmi ser/txd int<0> g
/ds_gen[0] . Inst_vem2datads/datalq o MU MU
restulse i VMM internal test pulsel o g
jvmm_dataf<> 1 df T i TN
/ds_gen[0] . Inst_vm2datads/datalg 0 MU LT, MU
/ds_gen[1].Inst_vimZdatads/datalg 0 :I Jﬂ_ﬂm_ﬂ_ﬂ \/1 I/ | M
fvim_data0_i<l> 1 I I L
kst s il 4 Datachanet: 234
¢ /acc wind[1] tki startup[0] or 2 OUT 3 3 3 ‘,\
facc_wind[1] tki_atartup[0] or 2 OUT<0> i
facc wind[1] tki startup[0] or 2 OUI<1>» 1 :I
ber VMM internal soft reset | , | No soft reset
¢ /vom ena i Rl 3 }
/vmm_ena_i<0> 1
Jvrm ena i<l 1 :'

cycle-n-1 cycle n cycle n+1



P/ VMM Firmware

Ongoing optimisation

VMM soft reset test: Internal test pulse injected into 4 channels on two VMMSs

Bus/Signal
fda_gen(0].Inat_vmm2datads/cktk_en
/d3_gen[0].Inat vem2datads/cktk en
/ds_gen[l].Inst vim2datads/cktk en
/d3_gen[0].hdmi_ser/txd_int<0>
fd3_gen(0].Inst_vmm2datads/datalqg
/testpulse 1
Jvm_datal<0>
/d3_gen[0].Inat _vmm2datads/datalg
/d3_gen[l].Inast vim2datads/datalg
Jvmm_datal i<l
Jacc_wind<l>

¢ Jacc wind[1] tki startup[0] or 2 OUT
facc_wind[1l]_tki startup(0]_or_2 QUI<O»
facc_wind[1] tki_startup(0] or 2 OUT<1>
/ber VMM internal soft reset
§ /vmm ena i
/vom_ena_i<0r
/vim_ena_i<l>

*Data of incompletely read channels is further
proeessed4r firmware (channel 2 in this example)

800 -760 -720 -6BO -640 -6GO0O -560 -

20 -480 -440 -400 -360 -320 -280 -240 -200 -160 -J20 B0 -40 O

Lol

40 80 120 160 200
[P P PP

VMM internal test pulse

L

[T
[

[0

't

Data channer: 3 4 channel 2 datq cut/erased) during readout”
3 }
| Soft reset during readout
3 X 3 3 }
I
I
cycle-n-1 cycle n cycle n+1




UNIVERSITAT

" VMM Firmware

Ongoing optimisation

Software implementation of soft reset

Reset Warnings |

FEC

Vil

ACO
Global ACQ
Pulser

External

-L'.\ Off

23.1 Configfie

IP address FEC
[10) 0] [0][ 2]
HOMI
1 5
2 6
3 7
4 V8

Trigger_Acquisition

|_| Readout
— oycle len.

[100 2| Acqsync
13700 (% | ACQWin

|81 |4 TP Delay

| BCID
|£|:| Reset

Clear 56 FIFD at
ACO Sync

Acceptance Win

outside ACQ win
open FEC wr FIFD

>0ft
)OSit
’rop

T O (N

Vi

VMM VML | VM2 |
General Settings | Advanced Setings
Vi1
Input charge polarity | negative v|
V|2 Analog (Channel) Monitor |Temperamre sensor v|
Gain (sg) |3.0mVAC |
Posiion TAC SlopAdj(stc) | 60ns v|
2l Peak time () 200 ns v|
¥ v
|—| ReadADC ADC res. 5
Positian
|@| SRAT Mode | Timing At Peak |
g6 ‘ﬂeighbchrigger{sng]H Disable At Peak ‘
Pk ‘ Analog tristates H Sub Hysterisis ‘
|0ns \
CKBC Duty cycle (L
|40V ~ | |18 ~ | | ADGs || bitConv.Mode |
FoT 100ADC [200ns v |80ADC  [100ns v |
=LA ADC [low v
CKBC skew
Dual Clock
|0ns

Test Pulse

o&a_l:b

- |
reset.c
iondn'r

D M Q)

2ginning of cycle

LA
(=]
[¥a)
]

D000OoODODODD0000000000
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‘ VMM Firmware
onversitar o ONgoing optimisation

Software implementation of soft reset

IP adress FEC VI VMM | WMMZ |
Reset Warnings | [10)[ 0] [0 [ 2] General Setings | Advanced Settings Channel Settings
— - Vi
- o input charge polaity | negative ] . sD su0i0b S0 S206b
[sc| [sL] ST/ (STH] [sM]|OmV w [SMX|OmV « |0Ons « [OmV |
V|2 Analog (Channel) Monitor | Temperature sensor |
Vil 1 5 Gain (sg) 3.0 mViiC v |£| l:J l:J ]| l:J l:J|Dm‘~f v|[:J|1}m\.f v |ons v [omv v |
; P _ OO @O O ~|Jfomv ~]oms ~]omv ~|
- Tostphgee) (o Y 'EO00 8O0 0w -0 om < fos o]
3 - = st Peak time (sf) 200 ns v G000 Oomv | o v|ons »|omv |
p = Y v T | e r 00 @0 Oomv «|0[omv v]ons +[omy v
= = Positon - . 500 @0 Olomw ~|0J[omv ~jons ~fomy |
5 |65535 v| SRAT Mode |'I'|m|ngAtPeak 'l ||£| U U . U U|D|TN v|U|1}|‘|‘|\,|’ v"ﬂng v|||}|'|'|\,|'v|
6 4 W8 : : OO0 @0 Olomw ~|0J[onv ~jons ~fomy |
, S5 ‘ﬂmghbchrlgger{sng]H Disable At Peak ‘ (8] OO 8O Olomv »|[J[omv v|ons v [omv v
Trigger_Acquisition K ‘ Analog tristates H Sub Hysterisis ‘ :I:: H H : H B:Dm‘# ':H:GW '::nns '::nmu':
8 |{Jns ,| 10 omy = omy *|0ns *|0mV ~
L 1] @ @ L O fomv | [omv +[ons +[omv ~
|_| tycle len. 711 CKBC Duty cycle (L |:| [:J l:J o l:J l:” H:Jl | " |
el U B0 Ojomv ~|[J[omv ~Jons ~]omy ~|
= & [40N * | |18+ | = O O = =
100 2| acosyne Ovri[®iv] o[ Ades || ahitCon.Mode | E 0080 0fw -]0[omw -Jos ~Jom -],
[ Global AcQ |3700|3 | AcqWin cKDT 100ADC (20005 ~|80ADC [100ns | 400 @0 Oom v /o ~ons vfony |
ulser oMz~ e s/ 00 @0 Oomv ~ | [omv v fons ~|omy ~|
]l " S ——— oW - —  — . — — —
|81 |4 TP Delay | — - H [:J [:J : [:J [:J:nnw v:[:J:nnw v::l}ns v::nnwv:
External _— 17 omv - 0mV ~ |Ons v [0mV =
e EE:E; ons «| | | DualCiock = Juweuuy u
— — el U U B O Ojomv ~|(J[omv ~Jons ~|omy ~|
ACQOn i = = = = = =
Clear 56 FIFO at TK Pulses  Period = - - . -
A&?'syn{ ; N _Ib Cl Alﬂ bual(lock[}at‘ ualclcckﬁ-bi‘ . |5| l:J H : g B:UW :g:ﬂm ::l}ns ::l}m‘u' :
ACQ Off 0 I:_ ] I omv v | [omv v [ons v |omv v
A0 Acceptance Win (lleariﬁ@r ptIOﬂ a = —_ — —
— Test Pulse |L:— uu . L U jomv «|[]|omv v fons v |omV v |
i fil ide ACQ wi 2| ] [ ][] - ™ - - -
23.1 corfigfie ool S |%| [:J [:J ] [:J [:J|1}mv |[:J|am\.r lons ~ [omy ~ |
Threchald RAE | 200 Ty Ty Eal 7 C1 R (] (] lomv =[] lomv «|ons «[omyv +|




" VMM Firmware

onversimar i ONgoing optimisation

Acceptance window

Reset Warnings |

FEC

|1
[]2
(3
[14
(s
(16
(17
L

AcQ
[ Global ACQ
e
| bremd_|
o]

23.1 Configfile

IP adress FEC
(0] (0] [0][ 2]
HOMI

01 Os
O2 [s
O3 0z
L4 Wig

Trigger_Acquisition

| fie | Readout
cycle len.

[100 2| Acqsync
13700 (% | ACQWin
|81 |4 TP Delay
TE

Reset
Clear 56 FIFD at
ACO Sync

D Acceptance Win

outside ACQ win
open FEC wr FIFD

A

SO n

VMM VML | VM2 |
General Settings | Advanced Setings |
Vi1
Input charge polarity | negative v|
vl2 Analog (Channel) Monitor | Temperature sensor |
Gain (sq) |3.0mVAC |
Posiion TAC SlopAdj(stc) | 60ns v|
2l Peak time () 200 ns v|
¥ v
| | | ReadADC  ||ADCres. =
Positian
|@| SRAT Mode | Timing At Peak |
g6 ‘ﬂeighbchrigger{sng]H Disable At Peak ‘
K ‘ Analog tristates H Sub Hysterisis ‘
|0ns v
CKBC Duty cycle Gl
|40V ¥ | |18, ¥ | ‘ ADCs H &-pit Conv. Mode ‘
FKOT 100ADC [200ns v |@bADC [100ns + |
[omz | 6ADC | v
CKEC skew
- Dual Clock
|0ns |

TK Pulses  Period

etv: Atce

Test Pulse

Skew

N®)

bual Clock Alﬂ ﬁual Clock Dat‘ ﬁual Clock 6-bi‘

itance window

Thrachnld DAC | 200 A e gg mif

Channel Settings

sD

5Z010b SZ08b 5Z06b

[sc) [sL) (sT] [STH] [sm] | OmV

v [SMx| 0mV v [Ons v [OmV v |

0 O fom

rFy
v |ons v |omv v |

+| [ |omv

[ |omv

v | [ [omv ~|ons v |omv v |
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u VMM Firmware
Ongoing optimisation

Acceptance window: Digital part of VMM can be disabled (tki)

Bus/Signal o [0 760 740 680 640 600 -560 620 -480 440 400 -360 30 280 -240 -200 160 120 80 40 O 4O BI] 120 160 200
o] o vt s ) o s o o ] W o e B eV A e BB, . W BTES) b Vel v B
/d3_gen[0].Inst_vmm2datada/cktk_en2 ]
rrpr— S A L Y
/da_gen[0].hdmi_ser/txd int<0> 1
/ds_gen[0].Inst_vim2datads/datalq 0 R MU MITLT
/estouise i VMM internal test pulse 0 Test pulse when window ¢losefl
o g0 : MU e | MR o data ™ MM
/ds_gen[0].Inst_vem2datads/datalg 0 MM No data | ML W
/ds_gen[1].Inst_vim2datads/datalq 0 TN MU _ vMM1 data ML
fvem_data0_ic1> 0 | (UM MU [T
Jace_wind<ly 1 i Datachannel:| [T 1234 |
¢ /acc wind[1] tki startup[0] or 2 OUT 3 o [X 3 o X 3 i 3
face_winai1]_i_sEEERIANGG WIindow 1
facc wind[1] tki atartup[0] or 2 OUT<1» 1 J
for VMM internal soft reset : No goft reset ! f;_ltal bnly WhenJ
VITIUYVV UPJETIcU
t /vmm ena 1 3 3
/vim_ena_i<0> 1
/vim_ena_i<l> 1
23.10.2019 cycle n-1  yichaerLupi€ycle n cycle n+1 cycle n+2




u VMM Firmware

UNIVERSITAT Ongoing optimisation

Acceptance window: Digital part of VMM can be disabled (tki) + soft reset

Bus/Signal

800 -760 -720 -680 640 -600 -560 520 -480 440 }100 -360 -320 -280 -240 200 160 -120 -80 40 |0 40 80 120 160 200

Ll bbb b b bbb b b b b b b o 1 SO

fd3_gen[0].Inst_vimldatada/cktk_en2

/ds_gen[0].Inst vmm2datads/cktk en

/ds_gen[1].Inst vmm2datada/cktk en

/da gen[0].hdmi ser/txd int<0>

fda_gen[0].Inst_vmmZdatads/datalq

restpuize i VMM internal test pulse

Svrm_datal<lx

fda_gen[0].Inst_vmmZdatads/datalg

/ds_gen[1].Inst_vim2datads/datalyg

/vim_datal_i<l»

Jacc_wind<l>

facc wind[1] tki startup[0] or 2 OUT )
facc_wind[1] ¢ ki_sté:glg[?gct r?;ljtﬁ]ewyw ndow
facc wind[1] tki startup[0] or 2 OUT<1»

focr VMM internal soft reset

Jvmm ena 1

fvrm ena i<0x

Jvrm ena i<lx

23.10.2019

—

==

i g
R LALTLCAA
] Test pulse when window cjosed
_VMMQ‘da{aAth Erase possible data
Oodala _INSIDE VMM
_VMMldata |
I |
3 0 N 3 o 3 }
I , |
| | Soft reset at cycle start |
T 3 X 3 X 3 }
| I I
| I I

CM@Ileelngber.gelr | CyCIe n B | C:yde n+1



P VMM Firmware
Ongoing optimisation

Soft reset allows:

- Erase data inside VMM

- Set BCID counter to O

= time reset

- free user definition of readout cycle lenght also < 4096 clk

Acceptance window + Soft reset: only data from defined window in readout cycle
Possible application: data selection in pulsed machine or with respect to trigger

Further firmware imrovement: Defined «End of Run» procedure

ACQ OFF pressed in DAQ = randomn possition in cycle

If a hit is processed in VMM during ACQ OFF (e.g. at high rate)

= Channel dead in next ACQ

Defined «End of Run» procedure = safe finish of current readout cycle



" Plans in Bonn

New students in the group:
- Patrick Schwabig (Master thesis since 16.09.2019): VMM hybrid firmware

UNIVERSITAT

* Project 1: Make second HDMI connector on hybrid usable
* Project 2: 200 MHz (DDR) readout of data from VMM to
Spartan-6 FPGA

- full software test bench in Xilinx Isim
= simulation of VMM hybrid in firmware development tool
(due to non availability of hardware)

- Finn Jaekel (Master thesis from 28.10.2019): 4
VMM hybrid production Quality Control — Hybrid mass testing

- Master student hat HISKP: Feasibility of VMM for COMPASS tracker upgrade

- Still looking for a PhD student to work on SRS VMM + GEM detector
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" Advertisement for internship

UNIVERSITAT

Internship research project:

Development of gaseous detectors and

their readout electronics for neutron science

— work on/training on VMM readout and SRS in general, also detectors

A Markus Gruber, M. Sc. (Physics)
’ “t“l Physikalisches Institut der Universitidt Bonn
FRIEDRICH-WILHELIS Nussallee 12, D-53115 Bonn, Germany
v et eMail: gruber@physik.uni-bonn.de
e Institute page: www.pi.uni-bonn.de
jiioreiy Group webpage: www.lhc-ilc.physik.uni-bonn.de =

RISE 2020 — Offer for an internship
Development of gaseous detectors and

their readout electronics for neutron science

Markus is official supervisor as the program requires a PhD student
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( Advertisement for internship

Program: DAAD RISE

DAAD: German academic exchange service

RISE: Research Internships in Science and Engineering
https://www.daad.de/rise/en/rise-germany/find-an-internship/

Eligible:

Undergraduate student studying at a North American, British or Irish University
In biology, chemistry, computer science, physics, earth sciences or engineering
What:

750€/month, health insurance, accident and personal liability insurance,

travel costs

When/how long:

Start between 15 May and 9 July 2020, duration between 10 weeks and 90 days
Deadlines:

Database open from 1% November, application deadline 15 December 2019
Letters of recommendation until 22 December

Application portal:
https://www.daad.de/rise/en/rise-germany/find-an-internship/application-portal/


https://www.daad.de/rise/en/rise-germany/find-an-internship/
https://www.daad.de/rise/en/rise-germany/find-an-internship/application-portal/

