SIF - Pavia 1999

BiCMOS FRONTEND ASIC FOR THE READOUT OF THE DRIFT TUBES OF CMS BARREL MUON DETECTOR

F.F.Gonella

Gonella and M.

and M.Pegoraro

Pegoraro

ISTITUTO NAZIONALE DI FISICA NUCLEARE Sezione di Padova

Compact Muon Solenoid

The main design goals of CMS are:

i) a highly performant muon system ii) the best possible electromagnetic calorimeter consistent with (i) iii) a high quality central tracking to achieve i) and ii) iv) hermetic hadron calorimeter

CMS is a general purpose proton-proton detector designed to run at the highest luminosity at the LHC (Large Hadron Collider).

Barrel Muon Chamber

4 layers of drift tubes per superlayer

cell of 4.2 � 1.1 cm^2

3 Superlayers per chamber

Gas mixture ArCO^2 85:15 @ atmospheric pressure

Expected rate: 10 Hz/cm_2

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

Low gain (50 k - 100 k) for long lifetime

Maximum tube length 3 m; ϕ wires 50 μm

Low noise, high gain analog chain.

Fast rise time to minimize time walk due to different amplitude signals from drift tubes.

Maximum uniformity among chips without equalization at wafer or board level. Hence low offsets and little tolerance for gain.

Built in hysteresis to improve speed and stability.

Programmable output width independent from signal amplitude to override cable bandwidth.

Fast, low level (LVDS compatible) cable driver to minimize power and interferences.

Other features for control & monitor purposes like the possibility of masking noisy channels and inclusion of a temperature sensor.

The frontend task is to amplify signals, discriminate them against an external threshold and transmit the results to data acquisition.

This must be accomplished in the smallest space and consuming very little power in order to maximize detector active volume and reduce service costs.

Detector Parameters & Frontend Design

Main goals are efficiency & time resolution

MAD

TRIMAD

NEWMAD

MADAUX

MADII

MAD4

First prototype: preamplifier, comparator and output driver

1.2u BiCMOS Tech.

2 complete electronic chains

0.8u BiCMOS Tech.

4 complete electronic chains

0.8u BiCMOS Tech.

Prototype to test auxiliary circuits: masks and T probe

0.8u BiCMOS Tech.

4 complete electronic chains

with temperature probe

0.8u BiCMOS Tech.

3 complete electronic chains to test preamplifier and masking

0.8u BiCMOS Tech.

Front End Chip on TQFP 44

FINAL VERSION 0.8u BiCMOS Tech.

MAD Front End Chip

Development History

Nearly 200 pieces produced for chamber equipping

PIN Meaning Notes

GNA Analog ground -

GND Digital ground -

VCC +5V power supply Capacitor of 100nF to ground

VDD +2.5V power supply Capacitor of 100nF to ground

BYP Internal reference voltage output Capacitor of 100nF to ground

VTH Threshold voltage VRIF + threshold (3mV/fC)

VREF Signal reference baseline voltage Usually 1.5V

In(1-4) 4 input channels -

T_OUT Temperature probe output, externally enabled with pin T_EN About 7.5mV/�K

<T> Temperature probe output About 7.5mV/�K

T_EN T_OUT enable (logic level high, internally pull up) TTL level

A_EN(1-4) 4 analog masks enable:

logic level high, internally pull down TTL level

D_ENR(1,2) Digital right mask enable:

D_ENR1 high, D_ENR2 low High: 1.5-1.6 V

Low: 1.2-1.3 V

D_ENL(1,2) Digital left mask enable:

D_ENL1 high, D_ENL2 low High: 1.5-1.6 V

Low: 1.2-1.3 V

W_CTRL Output width control, common to all channels Usually resistor to ground

OUTN(1-4)

OUTP(1-4) Differential output channel 1-4,

LVDS compatible levels 120 Ohm terminating resistor

MAD Front End Chip

Block diagram and Pinouts

In3

In4 OUTP4

OUTN4

OUTN1

OUTP1

BYP

VDD

VCC

VREF GND VCC

BIAS WIDTH

CTRL

OUTP3

OUTN3

OUTN2

OUTP2

GNA

GNA

VTH

In2

In1 ONE SHOT LATCH

DISCR LVDS

DRIV

SHAPER

BLR

PA

SHAPER

BLR

PA ONE SHOT LATCH

DISCR LVDS

DRIV

SHAPER

BLR

PA

SHAPER

BLR

PA ONE SHOT LATCH

DISCR LVDS

DRIV

ONE SHOT LATCH

DISCR LVDS

DRIV

W_CTRL

T_OUT

TEMP

PROBE

A_EN1

<T>

T_EN

GNA

GNA VCC

A_EN2

A_EN3

A_EN4

GND

GND

D_ENR1 D_ENR2

VDD GND D_ENL1 D_ENL2

MAD Front End Chip

General Characteristics and Performances

SENSITIVITY versus C^D

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

0 20 40 60 80 100

CD (pF)

Se ns iti vi ty (m V /f C )

MAD Old MAD chamber equivalent

TIMEWALK versus Input Charge

0 2 4 6 8 10 12 14

1 10 100 1000

Charge (fC)

T im ew al k (n s)

MAD Old MAD

Thr = 3fC

Input Charge = 4fC to 1pC

C^D = 40pF

NOISE versus C^D

0 2000

4000

6000

8000

10000

12000

0 20 40 60 80 100

CD (pF)

N oi se (e le ct ro ns ) MAD Old MAD chamber equivalent

MAD Front End Chip

Sensitivity, Noise and Timewalk

Last version is compared with old one

All tests include stray capacitance (about 10 pF) of Front End Board

Performances versus C^D are all improved

New version include full masking feature

slope ≈ 45 e_-/pF

slope ≈ 75 e_-/pF

Phase

Impedance seen by chamber is almost flat on r.o.i.

1 MHz 10 MHz 100 MHz

0 Ω

MAD Front End Chip

Input Impedance

Impedance with input pin disconnected from PCB

Impedance with series protection resistor (39 Ω) and HVCAP

Magnitude

25 Ω/div

25 Ω/div

36°/div

100 kHz 1 GHz

1 MHz 10 MHz 100 MHz

100 kHz 1 GHz

0 Ω

∼ 100 Ω

1 superlayer of MB96 chamber equipped ( 56 chips ) for

August 98 muon Test Beam

Q4 superlayer fully equipped for July 99 muon Test Beam

CHARACTERISTICS

16 channels

155 x 45 mm_2; 4 layers

I_2C interface for temperature readout

& mask programming

Double distribution of test pulse

Additional protection diodes on inputs

Total thickness (detector dead space)

20 mm (including input HV capacitor board)

Chamber cross section

MAD Front End Board

(for MAD4 prototype)

Cap Board

Front End Board

MAD MAD

MAD on Board

Threshold uniformity and Noise

SENSITIVITY

0 20 40 60 80 100 120 140

3 3. 1 3. 2 3. 3 3. 4 3. 5 3. 6 3. 7 3. 8 3. 9 sensitivity (mV/fC)

# of c ha n el s entries: 296 mean: 3.36 std dev: 0.06 min: 3.21 max: 3.61

NOISE

0 20 40 60 80 100 120 140 160

1. 5 1. 6 1. 7 1. 8 1. 9 2 2. 1 2. 2 noise (e- x 1000)

# of c ha n el s entries: 296 mean: 1783 std dev: 44 min: 1594 max: 1917

THRESHOLD @ 3 fC INPUT

0 10 20 30 40 50 60 70

6 6. 5 7 7. 5 8 8. 5 9 9. 5 10 10 .5 1 1 .5 12

threshold (mV)

# of c ha n el s entries: 296 mean: 9.12 std dev: 0.45 min: 7.95 max: 10.30

THRESHOLD @ 9 fC INPUT

0 10 20 30 40 50 60 70 80 90

25 26 27 28 29 30 31 32 3 34 35

threshold (mV)

# of c ha n el s entries: 296 mean: 29.25 std dev: 0.64 min: 27.80 max: 31.25

OFFSET FROM REGRESSION

0 10 20 30 40 50 60 70 80 90 100

-1 -0 .8 -0 .6 -0 .4 -0 .2 0 0.2 0.4 0.6 0.8 1

offset (fC)

# of c ha n el s entries: 296 mean: 0.28 std dev: 0.13 min: -0.07 max: 0.64

TEMPERATURES INSIDE CHAMBER

0 2 4 6 8 10 12

25 26 27 28 29 30 31 32 3 34 35

Tchip (”C)

# of c hi p se ns or s min: 25.3 max: 31.7 mean: 28.8 std dev: 1.54

Drift velocity vs Bfield

Bfield (Teslas)

HV: 3600/1800/-1200 V

50 51 52 53 54 55 56 57 58

-0.1 0 0.1 0.2 0.3 0.4 0.5

Drift velocity vs Bfield

Bfield (Teslas)

V d ri ft ( m /n s) HV: 3600/1800/-1200 V

50 51 52 53 54 55 56 57 58

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Meantimer

Entries 10518

700.1 / 38

Constant 911.8

Mean 377.6

Sigma 3.899

T(ns) 0 200 400 600 800 1000 1200

300 320 340 360 380 400 420

TDC Spectrum

T(ns) 0 500 1000 1500 2000 2500 3000

-100 0 100 200 300 400

MAD on Beam

Q4 preliminary results - July �99 test beam

� Q4 prototype with final DT cell design

� chamber full equipped with MAD4 ASICs

� H2 muons test beam at CERN-SpS

HV: 3600/1800/-1200 V

ALL Channels

Preliminary results - raw data plots

V d ri ft ( m /n s) ϕ = 15 Deg ϕ = 0 Deg

Efficiency vs Bfield

Bfield (Teslas)

E f ic ie n cy

HV: 3600/1800/-1200 V

94

95

96

97

98

99

100

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

Efficiency vs Bfield

Vamp 1800 Vamp 1850

Bfield (Teslas)

E f ic ie n cy

94

95

96

97

98

99

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Efficiency vs Threshold

Threshold (mV)

E f ic ie n cy

HV = -1200/1750/3600 V

94

95

96

97

98

99

100

7 8 9 10 11 12 13 14 15 16

Efficiency vs Bfield

Bfield (Teslas)

E f ic ie n cy

HV: 3600/1800/-1200 V ϕ = 0 Deg

94

95

96

97

98

99

100

-0.1 0 0.1 0.2 0.3 0.4 0.5

MAD on Beam

Efficiency vs Threshold and Bfield

ϕ = 15 Deg

Preliminary results - raw data plots

Resolution vs Threshold

Threshold (mV)

R es o lu ti o n ( n s)

HV = -1200/1750/3600 V 2 2.5 3 3.5 4 4.5 5 5.5 6

7 8 9 10 11 12 13 14 15 16

Resolution vs Bfield

Vamp 1800

Vamp 1850

Bfield (Teslas)

R es o lu ti o n ( n s)

2

3

4

5

6

7

8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Resolution vs Bfield

Bfield (Teslas)

R es o lu ti o n ( n s)

HV: 3600/1800/-1200 V

2

3

4

5

6

7

8

-0.1 0 0.1 0.2 0.3 0.4 0.5

Resolution vs Bfield

Bfield (Teslas)

R es o lu ti o n ( n s)

HV: 3600/1800/-1200 V

2

3

4

5

6

7

8

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

MAD on Beam

Resolution vs Threshold and Bfield

ϕ = 0 Deg ϕ = 15 Deg

Preliminary results - raw data plots

RADIATION TESTS

Gamma and Neutrons Irradiation

60 krad

80 krad

40 krad 20 krad

4 NEWMAD prototypes exposed to gamma rays at Bologna

NEWMAD

RADIATION TESTS

Gamma rays Irradiation

NO dynamic or static changes measured!

60 Co sou rce

3m 6m

100% power, 4hrs Front End Board:

PROSPERO3

50% power, 45min Front End Board:

PROSPERO1

50% power, 45min Front End Board:

PROSPERO2

Prospero Reactor

FRONT END

BOARD

REACTOR DISTANCE n/cm^2 EQ. 1MeV(SI)

PROSPERO1 6m 4.85 10^{10}

PROSPERO2 3m 1.53 10^{11}

PROSPERO3 3m 1.72 10^{12}

RADIATION TESTS

Fast Neutrons at PROSPERO Facility

NO dynamic or static changes measured!

Test

Setup

RADIATION TESTS

SE induced by Fast and Slow Neutrons at LNL

RADIATION TESTS

SE induced by Fast and Slow Neutrons at LNL

9Be(d,n)^{10}B reaction

Fast Neutrons (up to 10 MeV)

Thermal Neutrons Graphite moderator

4.0/6.3 10^{10} n/cm^2

NO changes measured on MAD and I^2C ICs!

CN Van de Graaff: 7 MeV Deuterium beam

TRIMAD PCF8577

9.1 10^9 n/cm^2

RADIATION TESTS

SE induced by Fast and Slow Neutrons at LNL