BTl Status

R. Martinelli
I.N.F.N.
Sezione di Padova

05/12/00
= 2



Overview of the electronics layout of a chamber
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DT Chamber Electronics layout

4 theta test pulse cables +
I theta slow control cable
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DT Chamber Trigger layout

MB1 Trigger/Readout and Control Electronics MBIELV11t, Padov

Server & Control unit
128 ch (punit 128 ch. @ unit 128 ch. @unit 32 ch. @unit 128 ch. 6 unit 128 ch. 6 unit
D |
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WATER
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srde 1670

. Server and Control board chamber services, SC interface

From the /O side: fﬁﬁz&%@ﬁ’nﬁf I ngIst sl ol et
one 128 channelsun(fiort ea(r[}r\rlels heta TRB: BTI

Each PCBthassesMaeanshSanttshtinjtibours for control signals distribution.
Chamber 8 3%eh panel baiied orat e wasnnecting the ROB to the FE boards (A).
Each TRBOSEh3S egpBe0e tdIESRNMEHoard using a dedicated flat cable (B).
Each ROB is connected to the Sector Coll ector Vi a adedicated seria link (C).

Each 128¢f lh % SAHf! @ﬁl?%?%ﬁﬂﬂ@@ﬁ QY &aaF ks (D) for

ggsg\lrva%gy Pﬂﬁ?&ﬁg%%cﬁut ONNEC tronw %t%?ebégctt ttoorr%glector Tor triies

The Server and Control unit has connections with the front-ends for settings and monitoring (D),
Trigger connectionswith the Sector Collector (E) and connections
with the Master Slow Control in the control room (F).
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DT Chamber PHI Trigger board

G PHI _TRB

128 trigger channels
* 3.3V 10W power supply
* 40MHz clock

>8BTIM +4TRACO+ 1TSS

> single PECL clock input @ 40MHz
> |ow skew clock distribution

> temperature sensor

> JTAG circuitry

> |ow-drop regulator with over-voltage
and over-current protection

> on/off control and isolation switches
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DT Chamber THETA Trigger board
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128 trigger channels
* 3.3V 10W power supply
* 40MHz clock

> 8 BTIM

> single PECL clock input @ 40MHz
> |ow skew clock distribution

> temperature sensor

> JTAG circuitry

T L > |ow-drop regulator with over-voltage
and over-current protection
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BTI Multi-Chip Module

L TCC substrate

* 4 BTI dies

» 3.3V 0.85W

*«801/0

* 4,0MHz and 80MHz clocks
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* Detection of single tracks on 9 wires

* Trigger on 3 and 4 out of 4 hit planes with quality flag output
* Track angle and position calculation

* Input signal edge triggered with programmable dead time
 Programmable drift velocity parameter

 Programmable angular acceptance

 Programmable low quality trigger suppression (LTYS)

* BIST circuitry and JTAG interface

* Programming via JTAG and Parallel Interface

* 3.3V 250mW, 80OMHz sampling clock

* 0.5um CMOS (ATMEL) with 67k gates and 64 1/0O.




WIRE SIGNAL INPUTS

Input signals sampling and shaping at SOMHz

Track pattern detection and impact parameters
calculation

Pattern
Logic
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Pattern selection
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‘ Register 4—{ Register: {——{ Register 4—
Control Logic

6bit Prog

bt Parallel R

> b Interface] S Control I Ogl C
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BTl: Documents

1 Overview and performances of chamber trigger:

“Design and Simulations of the Trigger Electronics for the CMS Muon Barrel
Chambers’, Ist Workshop on Electronics for LHC Experiments, 1995.

I FPGA prototype test:

“Beam Test Results of a FPGA Prototype of a Front-end Trigger Device for CMS

Muon Barrel Chambers’, I1Ind Workshop on Electronics for LHC Experiments,
1996.

“Efficiency studies of the front-end trigger device of the muon drift tubes for the
CMS detector at LHC”, NIM A 398, 1997.

1 Full performance prototype test:

05/12/00

“Local Track Reconstruction for the First Level Trigger in the CMS Muon Barrel
Chambers’, IVVth Workshop on Electronics for LHC Experiments, 1998.

“Test results of the ASIC front-end trigger prototypes for the muon barrel detector
of CMSat LHC”, NIM A 438, 1999.

“Current knowledge of BTI performance in magnetic field”, CMS Note 2000/044.




BTI Performance: efficiency

Efficiency at normal incidence for different synchronization acceptance windows

Synchroni zati on rang@ns | +4ns | 6ns | +8ns | £10ns
HTRG fraction 84. 3% 83. 0% 81. 7% 79. 0% 75. 04
LTRG fracti on 14. 5% 15. 4% 16. 7% 19. 4% 23. 34
Ef ficiency 98. 8% 98. 5% 98. 5% 98. 5% 98. 3{
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Table 2 —OLE: ed configurations

HTRG only on,[
HTRG on BTl 6]
! ! ! HTRG on BTI D
+2 +3 +4 [LTRGonly on"BTl %6 10 5 o 5 |10 16.1%
Synchronisation time (ns) LTRG on BTl 6 and HTRG on BT| 3stancéfrom Wiep oy,
LTRG on BTl 6 and LTRG on BTl 5 5. 9%

05/12/00 Table 3 — Probability of a redundancy trigger in adjacent
Figure 10

! o
. 9
E
19
L9
B
Y
%
»
E
P
. ®
L9
B
-
P

Figure5




BTI Performance: efficiency

Efficiency and noise versus track incidence angle
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BTI Performance: efficiency

LIRS I 1T AdCll Ul 14. OO0 LO. 470 LO. (Y0 LI. 470 £O5. OF

Effici encypEf 'CIQDM i nado 98. 3% 98. 3

Table 1 — BTl performance for different synchroni zat

BTl accept andelS | HTRG fractiohTRG fractijohneffi ci gncy
St andar d of f 84. 0% 15. 6% 0. 3%
St andar d on 85. 1% 13. 6% 1.3%
M ni mum on 70. 7% 28. 2% 1.1%
Maxi mum on 84. 8% 13. 8% 1. 4%

Table 2 — Efficiency figures for the tested configura

HTRG only on BTl 6 5. 1¢

g[@gbon BTl 6 and HTRG on BTl 5 4. 44

HTRG on BTI 6 and LTRG on BTl 5 74. Of




® BTI| Parformance: bx 1dentification

Synchroni zation rdnaéns | +4ns | +6ns| +8ns | +10ns| +12ns|
HTRG fraction 84. 3% 83.

e e BX Efficiency and noise

Table 1 — BTI performance for different synchronization acceptange w ndc
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250

b onl Y-on IBTL 6., . | ... N T T T
HTRE on BTl 6 and HTRG on BTl 5 % 496 6 8 10 o Output time ot
HTR@mbeBdf H BR@sipéT&Enin BTl 5 NumbeétoP¥%T RGs per event
LTRG only on BTl 6 10. 1%
LTRG on BTI 6 and HTRG on BTl 5 0. 4%
LTRG on BTl 6 and LTRG on BTl 5 5. 9%

LTRG-LTSon

Table 3 — Probability of a redundancy trigger in adjacent BTI

6 8
. Output time slot
Flgl rel
BTl accept ance LTS 9%l out of tine % out of tine

St andar d of f 3. 0% 351. 2%
St andar d on 3.1% 148. 2% Figure 16
M ni num on 1.1% 175. 6%
Maxi num on 4. 1% 165. 3%

Tabl e 4 — Average fraction of out of time triggers

Dsllglog WITRG | %A TRG | I nefficiantt out of ti|rfd& out of tj
No Radi ati on84. 0%| 15.6% 0. 3% 3. 0% 351. 2%

Radi ati on 83.0%| 16.6% 0.5% 2.5% 800. 0%
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BTI Performance: position measurement

Accuracy of track position measurement
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® BTl Performance: angle measurement

Accuracy of track angle measurement
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BTI Performance: magnetic field
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BTI Performance: gamma rays background
Gamma rays background affects track position accuracy

Gammarate = 10Hz/cm?

10
Xgri ~Xgr (MM)

mean = -0.53mm

HTRG o= 057mm

With gamma rays background

O*\\\\\ | P B
—10

0 10 - T
Xgri -Xg7 (MM) Xgr -Xpr (MM)
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Table 3 — Probability of a redundancy trigger in adjacent BTI
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de@pi anERT 12 1CE: M REGKOIRRLINYE out of
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>an Gamma rays background affects efficiency T

Maxi mum on 4. 1% 165. 39

Table 4 — Average fraction of out of t]®aMMagerd0Hz/cm?

WITRG | %ATRG | I nefficignés out of tird out of tj
No Radi ati on84. 0% | 15. 6% 0. 3% 3. 0% 351. 2%

Radi ati on 83. 0%| 16.6% 0. 5% 2.5% 800. 0%
10 Hz/ ém
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Results of the various tests are collected in Table 3

o . [4] P.J. Griffinetal.,
considering only the worst result for each device. We

No.6, Dec 1997

IEEE Trans. On Nucl. Science, vol.44,

guote a 90% confidence level upper limit of the SEU

cross section for al the integrated circuits which

experlenced no failure. The error in the SRAM SEU cross

B Tl i

S ainlnpareiein

neutron flux and is dominating our calculation. The Mean

[5] E. Normand, |EEE Trans. On Nucl. Science, val .45,

No.6, Dec 1998

SITi0ale)

EE Trans. On Nucl. Science,

SLA)CE

Time Between Failures is computed for the Whole barrel
muon detector, considering the numb

chip used in the electronics layout. W
BTI chips and few hundred pieces of t

Table 3: SEU cross section and expected mean time between failures in the whole CM S muon barrel detector due to neutrons of

Neutron tolerance

D.L. Smith et a.,NIM A241(1985)507.
I., Advances in Neutron Capture Therapy,

I, Rad. Prot. Dos., Vol. 70, p. 559 (1997)

different energy. We considered 500 n/cm? of thermal neutrons, 20 n/cm? with 3<E,<10 MeV and 30 n/cm? with E,>10 MeV.

SEU cross section (cnm?)

Mean Time Between Failures (hours)

Device

Thermal

LNL

UCL

Thermal

LNL

UCL

LD reg

<1.38x10™%

<1.40x10"

< 1.00x10*

<64

< 15587

< 147892

uP

<1.38x10™%°

< 1.40x10*

3.85x10™

<385

< 95340

23088

FLASH

< 1.38x10™%°

< 1.46x10*

< 1.00x10*

<385

<91101

< 474734

SRAM

(1.13£0.2)x10°

(7.03£0.2)x107™

(1.03£0.2)x10°

235

1263

23

EPROM

<1.38x10™%°

<161x10"

< 1.00x10*

<385

< 83043

< 474734

Optolink

< 1.38x10™%°

<1.43x10™"

< 1.00x10*

<385

< 93231

< 474734

ASICTSS

<2.68x10™%°

< 9.46x10*

<33

< 32225

ASIC BTI

< 1.75x10™%°

< 1.31x10*

< 1.00x10*

<15

<507

<4436

No measurabl e degradation was observed after 1012 n/cm?.
No SEE were observed.
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SCHEDULE OF CHAMBER TRIGGER AND CONTROL ELECTRONICS CESVI0E, PADOVA 18 FEB 2000

1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Item Jan | Jul {Jan | Jul {Jan |Jul {Jan | Jul |Jan | Jul {Jan | Jul {Jan [ Jul September 1, 2000
Chamber R&D ; : ;

production

: ‘
installation

: : :

Trigger electronics R&D _ PLANNING —

PRODUCTION _ test&prototypes —
: :

installation : : : ; tender+prod/test
ASIC Production

BTI: Bunch crossing and Track Identifier s
TRACO: Track Correlator

TSx: Track Sorter Slave&Master

MCM

BTIM: BTI Modules

PCB

Control B.

O® VIEW TRIGGER B. 128 CHANNELS
® VIEW TRIGGER B. 32 CHANNELS
® VIEW TRIGGER B.

Server B.

Sector Collector B.

ASSEMBLED SYSTEM
Slow Control Master

Chamber Mini-crate
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BTI: Project Status

1 BTl and DT chamber prototypes tested:
— with muon beams and cosmic rays
— with muon beams and radiation background (GIF)
— with muon beams in high magnetic fields
1 BTI testsin radiation background:
10krad in gamma cell (2krad/minute)
thermal neutrons up to 101° n/cm?
fast neutrons from reactor (Prospero) up to 10 n/cm?
fast neutrons (< 10MeV) from d-Be reaction up to 2x10'2 n/cm?
fast neutrons (< 60MeV) from p-Be reaction up to 10* n/cm?

Functional behaviour and performance are fully satisfactory.

After irradiation tests up to the reported levels no degradation in the

electrical or functional characteristics was measured. No SEE
was observed.
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® BTI: Project status and future developments

1 Satus and known problems:

— The ATMEL foundry in Europe has been closed. Only 1400 dies are still available
from the first prototyping batch. The next batch could be produced by ATMEL in
USA after a new prototyping phase and with 30 weeks of mask processing time.

— BTIM prototypes with LTCC substrate have low yield, about 40%.
1 Future developments:

— The BTI/BTIM tender must start as soon as possible to account for the unexpected
delay needed by ATMEL to start chip production. A new prototyping batch could

be received within mid 2001 placing the order for BTI production in December
1999.

In order to gain time for BTIM production the tender must be anticipated and the
1400 available dies must be used for further prototyping.
BTIM production schedule;

« 50 pcs by September 2001

« 950 pcs by December 2001

« 5lots of 2300 pcs from March 2002 to June 2003.
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