A PROTOTYPE FRONTEND ASIC INEN
FOR THE DRIFT TUBES OF CMS MUON DETECTOR

Detector Parameters

Compact M uon Solenoid - Frontend Design - Barrel Muon Chamber

CMSisageneral purpose proton-proton detector designed to run
at the highest luminosity at the LHC (Large Hadron Collider)

Gas mixture ArCO, 85:15 @ atmospheric pressure

+ Lowgain (50 K +100 K) for long lifetime

Drift rate 55 mm/ns; max drift time 400 ns

* Maximum tube length 3 m; stainless steel wiresf =50 mm

Main goalsare efficiency & time resolution

The frontend task i s to amplify signals, discriminate them agai nst
an external threshold and transmit the results to data acquisition.
This must be accomplished in the smallest space and consuming very little pow

3 Superlayers per chamber

= Low noise, high gain anal og chain.
= Fast rise time to minimise time walk due to different amplitude signals from drift tubes. L L an A 4 layers of drift
tubes per
= Maxi mum uniformity among chips without equalisation at wafer or board level. Hence , .
Jow offsats and 11T1€ toleraree for gain. . T T - —— Superlayer
The main design goals of CMS are: = Biltin hysteresisto improve speed and stability. - ;y:r Lexan
~

i) ahighly performant muon system = Programmable output width independent from signal amplitude to override cable i = i . 4
ii) the best possible electromagnetic calorimeter consistent with (i) bangwwd[h, P P gl amp &n z:;‘:\'er:‘ Cathode | cell of 4 x 1 cm
iii) ahigh quality central tracking to achieve i) and ii)
iv) hermetic hadron calorimeter » Fast, low level (LVDS compatible) cable driver to minimise power and interference.

»

Other features for control & monitor purposes like the possibility of masking noisy
channel's and inclusion of a temperature sensor.
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FRONTEND ASIC

Minimum sonal: 2 ns pulses with 5
mV overdrive are captured with 99.9% efficiency.

PROTOTYPE |

utput ¢

hape h 1 mV r.m.s noise) asref e for comparatc = 25mW/ channel @ +5V & +2.5 V (average of 56 chips)
Delay due to pulse minimal variation with signal rate and temperature
» Zin @200W(5-200 M) . :L‘J‘rlher work need to be carried out on
ollowing items:
CROSSTALK * noise@1600 € @ C, = 0; siope @8O elpF
= Maximum crosstalk found is 0.2% of the sum of the pulses » sensitivity @3.35 mV/IC ; capacitor tolerance (max 10%)
applied to adjacent channels. affects uniformity for different batches Z S
Crosstalk reducesto half cutting PCB trace to input b} 2
‘of channel under test ®  baseline restorer + discriminator offset < 0.13fC r.m.s 5 g
« Interference from output driver to analog section turned »  maxinput signal before saturation @300 fC g =3
out to be at noise level even when an unterminated cable w ke ok M 2 2
reshold range 0+ with < 1% nonlineari
(worst condition) is connected. sl Y & Q The final chip would be packaged in QFP 44 case
= Crosstalk on readout board is 0.3% in average and includes = maxinput rate without loss of accuracy > 2 MHz @ 1pC 8 (prototypes were packaged in CLCC 28).
contribution of test pulse distribution. 2
®» crosstalk <0.2%
® propagation delay 3.5 ns; time walk 35 ns(3fC +1pC)
* outputt, & t,< 25ns
Common mode output # temperature sensor error 3°K @25°C Differential output
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Total power dissipation: 25 mW/channel
about 5% increase @ 1 MHz input signal rate
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threshold (mv)
Threshold uiformity distribuion
@3(Cinput charge.

threshold (mv)

Threshold uiformity distribuion
@9ICinput cherge.

#of channels

ensiivity (mVAC)

= 16 channels

15545 mm? 4layers

= 1%C interface for temperature readout &
mask programming

= Double distribution of test pulse

CHARACTERISTICS

= Additional protection diodes on inputs

= Total thickness (detector dead space) 20 mm
(including input HV capacitor board)

= 1 superlayer of a typical chamber (56 chips)
equipped Aug 98

#of channels

Tehip ()

Tenperaluredistribuion for
boards inside chanber

Tota offset istibution:
baseline restorer + comparator

Sensitivity disti
@6ICinput cherge.

Noise disibution
@4 pF input capecity
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