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ATLAS Phase 1 Muon ¥RMEEHLR N2

Muon Detectors Electromagnetic Calorimeters
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NSW Detector NEL,

® NSWHH21MESTGCHI2"MicroMegasif NS 2H Y o
® NSWHIIBEHEAR, BIEEST, 8 1TBEm3PsTGCEHRMZSIER

® FNSsTGCHERE E— P SsFEB#R 15 51218 & Strip{5 = F11 1 pFEBAR 32 4 19218 JE BY
padflwire(E5 5

® SFEB1tit7683k, pFEB3tit7683k, #£i+15363RFEB, #4335 i@iH-

4 planes 4 planes
ofsTeC  290MM ¢ crae

leverarm_, | Table 12.1: Some sTGC and MM parameters
o R sTGC MM
strip width 3.2mm 0.5mm
strips/layer ~1050 8,192
strips/octant 17,260 131,072
triggering pads/octant 2,362 -
o at || <24
. All pads/octant 2,738 -
\"150 mim lever wires/octant 736 -
2xdlaversof channels/ 31,072

= annels/two end-caps 331,744 .
VMM chips; 2,048
MM trigger elements - 32,768




NSW Trigger Electronics NEZ,
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FEB1% 11

(1) BEZEE: BHFSIGCZEERES ., SFNMNFEBRR T AeET
27¢cm X 6cm(sFEB, 5128318 )A16cm X 6cm(pFEB, 192i@1E). £ U0
IHWERN=TEE, ERENLIE. #i7k. L. SRBEEEIRI
BEE— 1 ElmiR £, EERNINEZEFE—IX;

(2) TIEBEFON: £FEB Slevel-1 i R 2 B AR LN EZTESHE
T, —RKZBRBITIE, S LXEMELLIE. ZIEE4.8Gb/s, W
M#HITEESRENETEEHEFEB 11T HE R EDR;

(3) PUiERETEK: HTFFEBRERAESTGCRNZE L, EEERRINIH,
RFEFUER B ESKE— AN A [O] B A XE o
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An Approximate Timeline NEL,

2009 Vs=7~8 TeV, L=6x10% cm?2 s, bunch spacing 50 ns
2010
2011 RUN |
2012 ~20-25 fb-!
2013 gy Vs = 13~14 TeV, L ~ 1x10% e¢m2s!, bunch spacing 25 ns
2014 ATLAS Upgrade Phase-0
2015
RUNII
2016
w— ~75-100 fb-’
- 1B Vs =14 TeV, L~ 2x10* em?s™, bunch spacing 25 ns
oo "~ ATLAS Upgrade Phase-l
2020 I RUN 1l I
2021 ~350 fb!
ez BB Vs =14 TeV, L = 5x10¥ em2s1, luminosity levelling
-~ HL -LHC, ATLAS upgrade Phase-ll
l RUN IV
20807
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Alum A ARFEBSCfRtR B

o 2015558, ERETVMM2EpFEBL.OgY %1, FfEMichigan KZ25
Mini-sTGCi#1T T ELE AR ;

e 20165F48, ERETVMM2HpFEBI.2FIsFEBL.1[E A8k, FE20165E6
BiEd 7T £ USTCH I HIR UL ;

o 2017F4H, =R 7 ETFVMM3RpFEB2.0JRE AR ;

e 2017FE6H, %M TEFVMM3RpFEB2.1FIsFEB2. 1 TH2ER, H TR
AJCERN VSSLIG B T 7 & L%, LI T IBEFELIX#HI TR B ,
4.8Gbps#i i £ TIT1RIX;

e 201788, ELLEF|FIWeizmann Institute. J1EAXEIMcGill XZF1 %
ANFERESTCGCERNZ EHITTNIK, ERER, FTAMREIEIRERIAT]
WITEK;

« 20175108, FECERNZHIT T RN, ERFZFIAR T HIEFR.

« 20174F108, HITHREMIXIT (ROCHR) , BEEARZER, FFROCEHF;

« 2018F48iE, HIRBASICHNIER, FHBRIZFITRIMELE,
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pFEB v2.1

OB PCB size: 16x6cm, 12
Ly B |ayers, 192 Channel;

Produced 42+20 boards;
Soldered 25 board ;
NSW upgrade

ATLAS NSW pFEB 0 0 B committee ordered 38

boards for chamber site
Test.

uHHS_urihe : : 1 ATTENTION

ey

(OBEEANE PRECANTIONE|

HECTROSTATIE
SENSITIVE DEWICES,
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Current sFEB v2.1
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Electronics tests of pFEB v2.1 _N\EL.

® Noise of pad signal on pFEB:

Gain RMS Amplitude
(mV/{C) (mV) (mV)

0.5 0.41 2.5
1 0.50 3.0
3 0.44 4.9

4.5 0.50 5.3

The typical intrinsic noise of pFEB i1s < 0.5mV for all gains

Univ. of Sci. & Tech. of CHN (USTC) 0



Electronics tests of sSFEB v2.1 _NE.

® Noise of strip signal on sFEB:

Gain RMS Amplitude .
(mV/{C) (mV) (mV)

u

PT=50ns, Gain=1mV/fC

0.5 0.42 3.2
1 0.50 3.8
3 0.52 4.0

4.5 0.54 4.2

The typical intrinsic noise of SFEB 1s ~ 0.5mV for all gains
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QS2 @ SDU

SFEB  Cooling
g # Fan

Cooling

Fjﬂﬂ & ’ [)FEB

-

Linear Powely Supplies

‘,

» Full size QS2 with soldered adapter board and sFEB/pFEB
» External trigger by scintillator cosmic coincidence
» Configure and readout via a simple DAQ board

» Good detector grounding and efficient chip cooling are vital

Univ. of Sci. & Tech. of CHN (USTC) .



FEB v2.1 sTGC test @ SDU & WZ _NEL .

® pFEB noise on sTGC @ WZ:

i QS2, pad #13,C=2nF
» Intrinsic noise of pFEB w/o sTGC | Noise level, pFEB # 6 _
is reported as 700-800¢ of ENC T - Q=3mVAC, PT=50ns []

Yield

sool. <A> = 186.6 +/- 0.1 N
[ 0=2.54/-0.1
» When connected to a particular " ENC=5200e | | _
sTGC pad of ~ 2nF and pOWGI‘Gd 00} ——— S S A | —— .
up to 3.2kV, the level of noise 1s ~ | )
5200e ENC
‘?20 140 160 180 200 220

Amplitude (mV)
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Signal of pFEB @ SDU Signal of sSFEB @ SDU
(PT=25ns, Gain = 3mV/fC) (PT=25ns, Gain = 0.5mV/fC)

! e S T i
b LB Yt s A Ak B v A iy e Bt g

5 (200ns 2.50G5/s i | X [200ns 2.50G5/s [1 AR
& 200mv Jlm+v4.00000ns 10k points 300my | @ 200mv Jli#+¥0.00000s 10k points 292mV |

Value Mean Min Max Std Dev IS [ Value Mean Min Max Std Dev :
@D Rise Time  22.16ns  Unstable histogram 24 Aug 2017 Rise Time  28.60ns  Unstable histogram 23 Aug 2017
& rall Time 78.34ns  Unstable histogram (14:57:38 | Fall Time 57.40ns  Unstable histogram (21:18:06 |
| @D Peak-Peak  376mV 304m 72.0m 1.02 269m ), | @D Peak—Peak  400mv 332m 48.0m 1.06 259m )

» Clean and good analog signals of both sSFEB and pFEB can be observed.
» No pFEB signal if gains of < 3mV/fC used, due to m-network attenuation

» No sFEB signal if gains of > 3mV/fC used, due to pull-up resistor

Univ. of Sci. & Tech. of CHN (USTC) H



FEB v2.1 sTGC test @ SDU & WZ _NEL .

® Analog/digital response via VMM3 on pFEB@WZ QS2:

E L) I 1 1 1 | 1 ) I I 1 1 1 | 1 1 1 | 1 Ll Ll | E T | T T T | T T T | T T T I T T T I T
;‘—_’ Full size sTGC, QS2, Module-1 | ;'—_’ Full size sTGC, QS2, Module-1 7
200k Gas gap # 3,V = 3200 Volts | - Gas gap # 2, V = 3200 Volts 1°
- Pad, G =3 mV/C,PT=50ns |- i Pad, G=3 mVAC,PT=50ns | |
| [ ] pFEB, muon analog response | - o0ol-| L1 PFEB, muon digital response | _
300 - T T T T
ook VMM3 MO - VMM3 PDO |
[ X | ] 100 =
100f 1Y -
i 1 1 IrI 1 L 1 I 1 1 1 : 1 b i" L 'nﬂ' ] L I I 1 1 |
% 200 400 600 800 1000 1200 O 2('30‘ ) '4(')0' T T 7000
Amplitude (mV) PDO (ADC counts)

Both VMM3 analog and ADC work properly.
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Summary of FEB v2.1 NEL,

» All ASICs on FEB can be configured by the full chain from OPCUA
client, to DCS to FELIX to LIDDC, and finally to pFEB/sFEB.

» The pFEB/SFEB noise level has been measured w/o and w/ full size
sTGC detector. The intrinsic electronic noise RMS 1s ~ 0.5mV, and is less
than 2.5mV when connected with powered sTGC.

» Clean analog signals of cosmic have been seen, and digital readout of
VMM3 have been tested at chamber sites

No dead channel observed at chamber sites

YV VYV

It’s demonstrated that proper grounding is required for sTGC detector.

A\

Good cooling i1s mandatory for FEBs.

Univ. of Sci. & Tech. of CHN (USTC) 0



Beam Test at CERN, October 5,2017 _N\EL,

Full setup with pFEB and sFEB installed
(reduced TTC, L1DATA to 80 Mbps; changed the firmware to support VMM daisy chain cfg.)

L & — e |I —

Univ. of Sci. & Tech. of CHN (USTC) Y



5t Oct.: Full setup (view from top) {\g




Signals and Noise from FEB A&

One Cosmic ray event

nal from Beam Trigger SCINT.

-.wum,f\.w;mn-Q\\rlw"u.\.vmmMMu-\w-\-,rer.WMwmmmemﬁ.m\men*w-rv

. = 200mV/div H . ﬂm S 274mv I 100ns/div 1.0GS/s 1.0ns/pt .
TP 100mV/div : \Mone  Normal | Single Seq 1
T 200mV div B 1 acqgs RL:1.0k

T 100mV/div i Aute October 15, 2017 08:

' Scl.




Signals and Noise from FEB

One high energy muon signal from the beam

Signal from Beam Trigger SCINT.

- . oo
scint-digitization L

-y Y1I‘.‘.‘.ﬂ,‘.JA"\';"'\A'\'-"-’\"G“‘WH" by
1"‘L'"“\'\1J‘-1.-.J.,..J,-.-,.-‘.-.wwﬂu'f“f"""r‘ ¥

. = 200mV/div H . ﬂm S 274mv I 100ns/div 1.0GS/s 1.0ns/pt .
TP 100mV/div : \Mone  Normal | Single Seq
T 200mV div B 1 acqgs RL:1.0k

T 100mV/div i Aute October 15, 2017 08:
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Pads: VMM gain = 3mV/fC, PT=50 ns
Strips: VMM gain = 1mV/fC, PT=50 ns
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sSTGC Pad3¥ 3 M= NEZ .

Layer 1 Pad Efficiency Layer 3 Pad Efficiency Layer 4 Pad Efficiency
£ = —
O T L s
3 - % =
g 1 5 1 P
k5 5 c
E (5] [ %
p} i - =
08— 08— 08—
06— 06— 06—
0.4{— 04— 0.41—
021 02— 02—
P T T R I BRI B -
0"I""I""‘""“""“""‘ 0 27 28 29 3 31 32 v b e b e b b by by
27 28 29 3 3.1 3.2 - - - , - 0
High Voltage [kV] High Voltage [kV] 27 28 28 3 31 High voﬁ.ﬂde KV]

o OMT=ESTGC Padsi
« E3000VAEABNBEREEIL100%
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PFEB v2.2 Layout

e Layout completed.

&0 BF obp
LB
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: _ il B ' E¥ o
Extenl Extenl sFEB L1DDC sFEB LIDDC sFEB Pad Trigger

FEB Test Board

sFER Roufer

o %
pFEBLIDDC

e
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Z5RIE NER,

o pFEB2.1FIFEB2.1fREZE3I PR B HISLIS E#H 1T 7 SsTGCHIELE M
1., HHTTCEZTEE/JlL/}nlJl_tO ,)I'IIJ _kéi%i/j‘?, Al LA# 2 PHASE 1H 25 &
KA FsTGCHEE & PRI ;

o G H6ANSTGCH F=a i & F=38EpFEB2.1f1sFEB2.1;

« pFEBHISFEB2.2RR (CHEERZER) E’]i&ﬁa%?ﬁlﬁ FFROCHE Fr;

* pFEBHISFEB#t B4 =R A& TIEERTH, ESFVMM3afIROCHK
A SRER (FUutBRE481%)

o 201798 EFEEBNLMMichigan K ZFFETHVMM. TDSHROCH H
FIRTTEANIRE, TEREZHAES 2RF VMM, TDS. ROCHIZHYI .

s ERTHTHELEFHNBESNNIRES

o ZFEHBIEE, USTCIZITXIIES XA o/,

- HERSEAETERMRNSRLERLE T EARERANEE,
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THANKS !
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