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Current Muon Drift Tubes (MDT) Electronics in ATLAS ASD Chip Upgrade Motivation Front-end (ASD) Chip Overview
T AN WM The ATLAS MDT system consists of about 350,000 ) - . . i * 4 identical Analog-only Channels Power, Hystoreis inpus, Test Pacey
o ° o . o o
MDT Big Wheel Side C | pressurized drift tubes of 3 cm diameter Readout system BW designed for 400kHz/tube, which is insufficient * TOT-mode only, no Wilkinson ADC -
77 /q 5 \\ e The MDTs are read out by an ASD at one end, and in forward region at high sLHC background rates. Smaller tubes and * ,Global‘ Threshold and Hysteresis . _
% ééa 0 S the other end is terminated with the characteristic new corresponding front-end electronics are required. supplied from DACs off-chip ———
Wi ’ P m%Pe‘i?}“.Ce of the :“tbhe (13/[7]2 ]{3). 1 . * Need to integrate more channels on single ASD chip (> 8) * Similar schematics to previous chip, — .
N W * To minimize cost, the signals are carried on . : .« e . . . . so direct technolosv comparison possible | s I—— Lvos
Y twolayer "hedgehog boards" to a mezzanine board, . Insufﬁc1ent # of e.XlS?lng ASD chips avallal.)le for testing, production et %Zm atI;ble ” eI))(istin o — e
~ which contains 24 readout channels: 3 Octal ASDs, a LEpi OfF it @D (T 181 USTIal) Dt ieestiol & TDC ’ ’ - ‘
single 24-channel TDC, and associated control * Integration into new L1 trigger scheme (muon track trigger) S TG R - g " (o [ m .
circuitry. A single MDT chamber may have as many * Voltage Regulators on-chip, better PSRR. Lower supply voltage? 4: — seal chaim 1.m[()21e:11§1en € o T
: . . . . * 44-pin Kyocera ceramic Ch 13
as 432 driit tubes or’18 hedgehog/mezzanine board * Need to reduce Mezzanine board size due to smaller 15mm tube size > lp ); S 3 anne
sets. Chouuber PCB. Mezzanine PCB * Fix pair-mode problem (flip flop meta-stability) (ST X 2. FITT FORAH STAC |
I". \ Power Regulation ° ° N ° ¢ ESD deVlceS used On lnput, Output Power, Threshold Inputs, Test Pads
AsDs  Meniormg, Control * Max drift time of new 15Smm tubes is 200ns; programmable deadtime e
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Technology Overview Chip Requirements Layout Issues
* IBM 130nm technology is a proven, rad tolerant, well-established and Input Impedance 120Q - Seperate substrate / Gnd pins, better for noise
[ o o ,
supported technology used in many LHC chip designs already at CERN Noise ENC=6000e- rms (or 4 pe-) - Power wiring done on AL - MA/E1 layers (7mohm)
[ J - 1 ° . ° ° ° ° ° °
}Hlll:ekCMgS 38 1;5 111)11\\/[/[ (;esc/lllg/([)ggyf (no btlp Oli‘lr) ion. No thi . Shaping Bipolar * Matching / Symmetry of Analog Differential circuits important
. - (] [ ] (]
.S ll)c ;)tde fl . MPW th Ol: g;lgle\l /I\‘ZSIOg;IS .O 0 51;123319 e Shaper Peaking Time 15ns * Numerous guard rings to reduce substrate noise and coupling
. Rll dnllll ed t elsllgnl o t an tested t - t tested Linear Range 1.5V or 500 pe- * Symmetric pad layout; Supply pads placed strategically on chip edges
ad-nar ) cc I,IO Ogy .(pro 0n, samma tested; neutron 1.10 €5 .e ) i Nominal threshold setti c0mV or 20 P * Double-diode ESD protection used on channel inputs and outputs
* Good Design kit, detailed models and tech documentation (Mixed-signal ominal threshold setting mV or 20 pe- (6onoise) « MIM caps and opppcres resistors used for shapers
i i i i i Supply Voltage 3.3V . . . .
:i;jlllgl\l/llposmblzvg/l[t(l; SEuropractollc%;ools available) PPy - * Dummy NMOS, PMOS, and resistors used in design for matching.
p MP-Cap an caps aYall 4 'eh MOSIS. (4 ] 011 Power dissipation < 33mW per channel * Common centroid layout used where possible
[ J
.W runs per year pos.s1b e WIF . (4 planned in . ) Output to TDC LVDS
* Detailed modelling of various devices; STI stress, nwell proximity . : . 5
. . . . . . . Gain Uniformity <2%
* Wide choice of devices available, design Kit is flexible. : :
# of Channels 4 (>8 on following chips)
Process 130nm 130nm 1;(2? 1;:1(;;:1 90nm 90nm Channel Crosstalk <1.5%
Vdd (V) 1.21.5 1.21.5 1.2 1.2 1.0/1.2 1.0M1.2 °
90 nm m m Pad cell (V) 2533 | 2533 |2533 2533 25 25 Preamp Charge Gain ImV/{C
Level of Metals 6-8 6-8 6-8 6-8 4-10 4-10 o : b
Signal Path differential
130 nm E Metalization Cu Cu+Al |Cu+Al  Cu+Al Cu Cu
Analog Thick Metal No Yes Yes Yes No Yes Chip MOde TOT Only (no dlgltal)
180 nm ﬂ m m E Density (Kgates’mm2) 200 200 200 200 400 400
m m ﬂ Power (pw/MHz/gate) 0.009 0.009 0.009 0.009 0.006 0.006
250 nm EE.'-:"E‘ Ring Osc. Delays (ps) 27 27 27 27 21 21
: Bipolar beta - - 230 600 - - I/\/\/\\T]:? shold
350 nm Bipolar ft (GHz) - - 100 200 - - 1 of 8 Channels ; ~
5HP, h MiMcap (fF/um?) nfa 2.05 4.1 1.0 nia Discriminator " ; )
500 nm ESEPE: VNCAP (fF/um?) nfa 13 13 n/a nfa Prcamp  Diff Amp Shaping Amp 1 ending Edee Tmﬂj!lg Edpe LvDs Pre amp
CMOS  Low-power RF SiGe  Highvoltage  RF SOI esstos P*‘n ;d:fow P+‘n I;Ej:)ﬁsly'- 3+‘n ;1::;'?- P+'nl;fjg6|)f- P+'n :TOW P+'n :TOW E i_l - e LayO ut
cMos CMOS Bicmos cMos tantalum | tantalum p poly tantalum  tantalum  tantalum i ! ] e
Digital technologies Analog and mixed signal technologies L [ Catibrarion System | [Contol Tosic GTAG Interface) b — = — — = — — — — — — & e ——————__ 1
efuse yes yes yes yes yes yes = = -
Test Setup Limitation of Readout Bandwidth for Upgrade
. | Voltage at
Analog output
cannot presently
UX1S | USATS handle 6 CSMs at
- ) X max. rate
24 tubes - 1] —t —T3 Input Pulse
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| DC with hisher thr o fixed HP 0.5um chip (Previous) IBM 130nm chip (New)
! new TDC.-‘J‘-‘][:[ h]g 121 u'l[t"lll.l‘!_It'l[.‘#Lll and fixec 100nS/d|V, 100mV/d|V ZOOmV/d|V
g PAIR mode (& rad-tol)
| E— ! * more RODs (only 3 CSMs/ROD) or faster
Mezranine card \ ] I 1—{{:][] ;
/ Cm-chamber electronics 5 Lm.:ulrl-::l]iszl lllll Tlle-:*:il'-.::::'::;a * modified CSM for rad-tol
« possibly higher R/O bandwidth between .
N AMT and CSM Input Signal Path
300 Ko rona » 80 MHz = 160 MHz clock ?
600 kHz/tb. in EDGE | - - 18 CSMs/ fiber: | —— ~ two 30 MHz links ?
mode not li]‘ﬂiﬂt‘lg s [leW __.-jiS[}._.; !'f '.rh].L[ U‘l(l .-"i"LS[}H "hhl] H‘r"i;ljllzflhll:'} High Voltage Hedgehog Board MDT Tube with endplugs Signal Hedgehog Board Mezzanine Board ASD Chip
(two 32-bit words/hit) /\ /\ /\ /\ /\
1100 KHz/tb. in PAIR | — e X
; ; ; ; d e i : External Protection Circuitry P+ smaller
New Mezzanine card Side-by-side comparison of (one 32-;]'1?1.::31'{15.-’]11’[} P anode e
(2-layer PCB) with previous chip/card and new -
new 2xASD mounted A T = =
E Ni\"‘: Endplug GND o ’o.‘: s
Input Signal flow

Test Setup Simulations / Measurements
:zzz Lt : * We are testing 2 ASD chips that were radiated (neutrons) at Rez, CZ.
1200 L Results will be known soon.
2 1000 _u” * The next version of the chip is scheduled for Spring 2011 with MOSIS
: 800 — " 1C3/vout using the same 130nm technology.
600 o * This version will have DAC/ADCs on chip, calibration input caps,
400 " JTAG, and digital logic.
T * Areas to improve are the decoupling of the supply net between the
° 0 200 400 600 800 1000 1200 1400 Output driver and discriminator/preamp.
Channel-to-channel Uniformity * More than 8 channels on the chip are also possible.
* Seperate (not global) threshold setting will be made.

ASD Test Board Programmer

* More testpads
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