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Chambers & Front-end Electronics

Introduction

LHCb Muon System has foreseen 19 geometrically different MWPCs.
Depending on its type, chamber capacitance can vary from roughly 40pF to 250pF
and signal can be read from anode and/or cathode connections. Due to the later

2&4 gaps chambers

requirement, CARIOCA has been developed to process both polarities by

implementing 2 different pre-amplifiers at the very ASD input stage. They show
slightly different signal responses depending on the chosen polarity operation. The

7| CHAMBER

on-detector circuitry is composed of three boards: OR-PAD, Spark-Protection (SPB)
and CARDIAC. The first two boards make use of passive components while the
third board processes and digitalizes chamber signals.

e  Front-end main feature
— CARIOCA

8 input/output lines
signal amplification
tail cancellation
base line restoration

digitalization into LVDS lines.

— DIALOG

read up to 16 CARIOCA channels outputs

16 8-bits DACs which provide threshold voltage
width and delay adjustment

Masking

24-bits scaler to each input channel
auto-injected signals

access via LVDS-based 12C protocol

OR PAD BOARD
SPARK PROTECTION BOARD

4 gaps chamber illustration

FRONT-END BOARD

The detector capacitance determines the noise

level since it acts as a

series noise source.
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Front-end

Main Characteristics

Overview of the ASD main characteristics
— Max. Rate ~ 10-25 MHz (depending on polarity)
—  Sensitivity
*  From 16 to 8 mV/fC
— ENC - Equivalent Noise Charge
* From 0.3 to 2 fC

—  Offset
¢ From 740 mV to 860 mV (range of about 10 fC)

— must be measured (Thresholds — one per channel)

LNF M5SR4
Mean: 807.04
RMS: 14.22
Min: 760.5
Max: 852.5
Total data
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Front-end

Main Threshold Characteristics

CARIOCA discriminator makes use of a Differential Threshold
Voltage (DTV) circuit (8 in total). It is able to provide a differential
threshold (VrefA - VrefB) from an unipolar reference voltage (Vref).

Apart from the offset spread we have:
— Minimum detectable charge:

e this value can vary from roughly 2 fC to 4 fC depending on the input

capacitance (rms for a single input capacitance was shown to be
around 0.3-0.4 £C).

— Residual Bias (minimum detectable voltage — discriminator
characteristic)
e In principal this value is not correlated to the input capacitance and
has a value of about ResBias = 35 mV * 5.5 mV (Error of ~0.4
fC).
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8 channels

4

Service Board (SB) is the board which will control the front-end electronics in the experiment.
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Test Setup

=

8 chanpels
i

* Dressed Chamber (DUT)

* Control FEB via I2C (Service Board & CANopen)
* Internal Counters (FEB feature)
* External Counters (ACQ & Gate Boards and USB-VME)

e BarCode Reader

« PC (WIN, Visual C++ & ROOT)

* Barcode and Test Program

ACQ is 2a VME module with 64 counters on it.

The Gate Board translates the SB gate signal sent to the front-end to be used also by the ACQ.

CRATE
i . USB
LS ACQ |VME|
GATE [
F i R —
Po | Service| || CAN
| Board ' | open

Windows
Visual C++

X

Gate Signal

LVDS _FE
TTL — ACQ




Program (Visual C & ROOT)

Barcode

Assembling Phase

amber Dressing =] 3

— CARDIAC Infarmation — Chamber Infarmation

Cl e & Read chamber code

Read Cardiac codes | Chamber code

Cardiac n.1

- _Canoel chamber code |
Cardiac n.3

Cardiac n.4

—Manual code evaluation
Cardiac n.5
cardiacng [ ITproblerm in reading bar code
evaluate the code manually

GCardiac n.7 choosing the chamber parameters
Cardiac n.8

Candmoneel Production Center: | CERM =

Cardacnin Chamber station; M2 -
_— Chamber Region: -

Cardiac n.11 3 3

Chamber Number: a4
Cardiac n.12
Card 13
ardisen —Saving to file
Cardiac n.14

Save data to file

DATABASE
Chamber Barcode
X

Front-end Barcode

Complete Test
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Performed Tests

Verity it Cables are Switched

Auto-Injection (External Counters)

— test of output drivers (LVDYS) i
Threshold Scan

— noise presence evaluation

— noise rate X threshold e B oty 00 %5

Noise Rate (@ Nominal Threshold

— evaluation of level of noise at nominal threshold



Cable Checking and Auto-Injection Test

Cable Checkng

Check if cables are switched by
injecting pulses to specific channels and
reading external counters

Auto-Injection Test

Check if FE is working propetly (auto-
injection, internal counters, output lines)

Inject N pulses to all channels

Read internal & external counters

Comparison DTIAGNOSTICS

| aaLnrosa000T

COMPLETE

Control cable

chamber

Ext.
Counters




Threshold Scan

Noise Presence Valuation & Offset

[

FEB=D1 45E20900110918
FED<02 4520900110134
FEB<03 4520900110938

FEHsO4 S5 ABTIETS

The detector capacitance determines the noise L
level since it acts as a [ ‘ T

* Found the ‘offset’ parameter
e If ‘offset’ is not found — ERROR
e If number of noise points is < 3 (on side) — ERROR

— This number can be adjusted to detect open channels

e If ‘offset’ in not within limits (expected) — ERROR

series noise source.

Most of the bad channels
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Previous studies has shown that the assumption of a Gaussian
amplitude distribution of the noise is, in first approximation,
reasonable. The noise rate versus threshold level can be represented
as following if we consider the bandwidth of the circuit.

12,0M

10,0M

a,0m

&, 0

Moise Rate

4,0M
2,0M

0,0

The slope of noise
versus threshold curve
allows an measurement
of the noise in Volts
(the threshold is set in
Volts) and consequently
the  estimation  of
capacitance at the FEB
inputs (Cdet).

Moise Rate

Threshold Scan

Rate-Method - Noise Rate x Threshold

Vertex frequency can provide information about FE circuit
bandwidth. The circuit bandwidth is known so it is a good
parameters to have a feedback of the test setup.

—f0=10MHz Qn=12fC
——f0=10MHz Qn=0.7fC

For CARIOCA this value

is around 10-25 MHz
(depending on polarity)

100k

Moise Rate (log)
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Threshold Scan

Rate-Method - Noise Rate x Threshold
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Noise Rate (@ Nominal Threshold

Previous studies of LHCb Muon Group has shown that chambers
can have electronics noise up to few kHz

e Threshold Test Values

— Negative Chambers

10 fC OK

12 fC

14 £C ERROR
—  Positive Chambers

6 fC OK

7 fC

8 fC ERROR

If Noise Rate <1000 Hz

Electronic noise can be = 100 Hz / FEchannel
(~ kHz in noisy channels are acceptable)

All data is kept for further analysis if needed

threshold



Output Parameters

I chamber 4UAFIRO5400007. dat - Notepad (=131
. . . . . B EW Fomal Yew Help
The main parameters available for visualization are: o 1a0sk00007_- 02/08/05 - 17141720
autput Parameters and DATABASE Potenza (DTA)
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Diagnostics Results

Diagnostics are reported on file.

To track down the problematic channels the front-end
board addresses and channels are indicated together with
result values.

Keep history of tests.

If more than one test is done to the same chamber we
intent to not delete the previous information but add the
new test information on the chamber file.

[ ] chamber_4UAFIR05400055. log - Blocco note

File Modfica Faormato  Wisualizza 7

HUAFIR03400055 - 20407708 - 16:08:41

————— Auto-Injection Test Evaluation

MOT ERROR has been detected

————— offset analysis Evaluation

WARNING: FEB: 00 —> Barcode not found in database
please confirm if barcode is correct

WARNING: FEB: 01 —» Barcode not found in database
please confirm if barcode s correct

WARNING: FEB: 02 —» Barcode not found in database
please confirm if barcode is correct

WARNING has been detected

————— Moise analysis Evaluation

WARNINCigh Capacitance Average reopect to ExpCap
WARNLNG: ModeID:61 I2C:1 FEB:1 CH:03
Estimated capacitance: 171
Chaneeloestimated cormacitance 1s out of range
Estimated capacitance is Tlower than expecte

WARNING has been detected

————— Charge analysis Evaluation

MOT ERROR has heen detected

! chamber_4UALNF05300005. log - Blocco note

File Modifica Formato  Wisualizza 7

WARMINMG: rodeIDb:6l I2C:1 FEB:O CH:OLl

Threshold{fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 1564

WARNING: moioTtn:fl I2C:1 FEB:D cHilg
Threshold{fCi: 7.0 (Reshias = 3.6)
Moise RatefHz): 1913

WARMINMG: ModeID:6l I2C:1l FEB:2 CH:02
Threshold(fch: 7.0 (Reshias = 3.6)

Moise Rate(Hz): 1600

WARMING: ModeID:61 IZ2C:1l FEB:2 CH:04
Threshold{fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 1103

WARNING: ModeID:61 I2C:1 FEB:2 CH:10
Threshold{fch: 7.0 (Reshias = 3.6)
Moise RatefHz): 1078

WARMINMG: ModeID:6l IZ2C:1l FEB:2 CH:1l4

Threshold{fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 1185

WARNING: ModeID:61 IZ2C:1l FEB:3 CH:0l
Threshold{fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 1317

WARMINMG: ModeID:6l I2C:1l FEB:3 CH:04
Threshold{fch: 7.0 {Reshias = 3.6)
Moise Rate(Hz): 3152

WARMING: ModeID:61 IZ2C:1l FEB:3 CH:07
Threshold{fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 2190

WARMNING: ModeID:61 IZC:1l FEB:3 CH:1l
Threshold{fch: 7.0 (Reshias = 3.6)
Moise RatefHz): 2355

WARMINMG: ModeID:6l I2C:1 FEEB:3 CH:13
Threshold(fCl: 7.0 {rReshias = 3.6)

Moise Rate(Hz): 1911

WARMING: ModeID:61 IZ2C:1l FEB:3 CH:l5
Threshold(fcl: 7.0 (Reshias = 3.6)
Moise Rate(Hz): 1076

WARMIMG: ModeID:6l I2C:1l FEB:3 CH:1l6
Threshold{fch: 7.0 (rReshias
Moise Rate(Hz): 2717

[
(Fa]

=Y

WARNING has been detected




Estimation of Measurement Error

* One single channel tested for 5 different capacitances (47,
56, 100, 180 and 220 pF) (100 measurements to each capacitance)

* 5 16-channels capacitor boards were built
* The results showed that it is possible to measure a channel
input capacitance with a precision of RMS= ~0.04 fC (~5

PF)

* but this is a hard task since we would need a calibration

curve for each channel.

e The bottom plot shows linearity behaviour of equivalent
noise charge versus ASD input capacitance. It must be noted
that for the bottom graph horizontal error bars represent 5%
capacitance tolerance while vertical error bars represent

Gaussian standard deviation.

Capacitor:

CENTER

A 220pF: 7.086724 +-0.004712 , 0.025248 +- 0.003503
v 180pF: 6.254287 +- 0.003575 , 0.031470 +- 0.003079
O 100pF: 4.129407 +- 0.003724 , 0.035860 +- 0.003076
,< né [] B6pF: 2.969597 +- 0.006298 , 0.056811 +- 0.004682
% E 47pF: 2.628714 + 0.004684 , 0.042097 +- 0.004118
o F
c =
c E
£
[T} w;— 5
' 4 ENc (fC) 6 7
g
o E
Z °E
W E-
E 100 140 180
40 60 80 Capacitance (pF) 220

When evaluating different channels of a group of

boards the system looses precision due to spread on FE
characteristics, RMS = ~0.3 fC (about 20 pF). It is enough
to evaluate single channels.

channels/dx
5 8 3 8 8 3 8

il HH‘I\H‘HH‘\H\‘\H\‘\HI‘HH'H\

ENC(fC)

A N ® a2 & @@ N @

(1O 4w

Capacitor:

CENTER , WIDTH

220pF: 7.529869 +- 0.031833 , 0.351663 +- 0.026671
180pF: 6.667185 +- 0.029953 , 0.324093 +- 0.024409
100pF: 4.367484 +- 0.020341 , 0.234558 +-0.017258
47pF: 3.042531 +- 0.036697 , 0.330733 +- 0.036159

M2R3: 3.576962 +- 0.034041 , 0.306853 +- 0.042744

I

A —

1000 4

LNF M5SR4
Mean: 230.85

RMS: 23.36
TeSted Min: 87.1

Max: 387.2
chambers Total data: 2511

100 150 200 250 300 350 400
Cdet (pF)




INFN Chambers

e ~ 130 Chambers TESTED
e ~ 200 Chambers at LNF

e <100 Chambers (M2-M5) STILL TO BE BROUGHT TO LNF



Tested Chambers

LNF - Frascati

1200 4 .
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chambers
800 -
128 O Files Analyzed / 119 Good ]
utput 11es a yze (010 w0
LNF 59-M5R4, 22-M3R3 200 ]
Firenze 41-M5R4
150 200 250 300 350 w0
Ferrara 06-M5R2 Faeten)
LNF M5R4 (~230pF)
800 - LNF M3R4
Mean: 1.94
LNF MSR4
LNF MER4 oar: 607 04 1200 LNF mama RMS: 0.32
1000 Mean: 14 28543 600 RMS: 14.22 Mean 230.85 Min: 0.43
RMS: 1.31876 R RMS: 23.36 S
i 6.74 Hin: 7605 1000 Min 87 1 Max425
- Mo 26 18 500 Max: 8525 Max: 2673 ato ] Total data: 2511
total data: 2511 Towl data w00 Total data; 2511
a0
600 4
= 300 =
400 200
200 400
200 100 200
0y T fe—— — t T T v T 1 o L ———
& 3 10 12 14 w 1% 2 22 b2 o0 7 71" TEQ TR0  BOD &M R4 280 /A0 800 . 100 |.‘W 00 750 00 ! ];O ' I;O 00-0 0B 10 16 20 26 30
Stape (mV) Cftset (mv) Cdet (pF) ) ) T ae o) v )
LNF M5R3 (~130pF)
700 - ;
LNF M5R3
620 :
00 LNF MERS Mean: 802,67 e LNF M5R3 0o LNE MSRS
12 600 4 RMS. 12,64 Mean; 131,67 Cin
m Mean: 12.86 ) Mean: 1.25
500 4 RMS: 1.08 520 4 Min: T62.9 RMS: 12.53 RMS 019
Min: .25 500 Max: 850.1 500 4 Min: 90.1 Min. 0.76
00 ] Max 19,57 s0 Total data: 2015 Max 2099 300 4 Max 293
Total data: 2015 ] preg Total data- 2015 Total data: 2015
400 150
- 100 ] c 3004 2004
004 250 4
— 200 4 200 4
200 ol 100
100 100 100 4
O by T ,_|r A — - . LE T T T T 0.3-0
B M0 12 14 18 18 o 2 2 700 T2 740 TEC TE0 800 G20 840 86D SE0 200 100 160 ol w0 o0 stn
Slope (mV} Oftset (mv) ENE (fC)

Cdet (pF)




Tested Chambers

Firenze e Ferrara

FIR M5R4 (~230pF)

FIR M3R4 FIR M5SR4 FIR M5R4
00 4 — Mean: 14.39 500 Mean: 309.14 FIR M5R4 00 4 Mean: 1.87
RMS: 1.13 RMS: 13.28 Mean: 234.49 RIS 0.18
700 1 Min: & 34 Min 7567 #00 1 RMS; 19,93 Min: 0.59
800 Max: 21.12 400 - Max: 859.7 Min: 120.2 500 4 Max: 2.25
Total data; 191 Total data: 1906 WMax, 344.3 Total data: 1908
500 800 Total data: 1906 o |
= 400 4 e = 00
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200 <
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2004 n:&‘na'gé’ 120 Max: 8525 RMS: 10,97 1224 RMS: 0.18
Min: 9.2 Total data: 576 Min: 84.7 Min: 0.75
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150 ax: 15.08 ol daba: & .
- Total data: 576 Total data: 576 - Total data: 576
- e =
100 4 60
404
80 o
O by _|a T T T T T T a T
B 2 W12 W s e 0 22 M 70 TBO 800 B B4D BED 200 30 200 3850 0 -] 0.5
Elope {mVv) Offset (my) Coet (pF) ENC (fC}




Cross-Check with Cosmic Acquisition

e Acquisition using cosmics was done on the tested chambers.
— Only one dead channel found, due to transportation (Frascati >> CERN).

— A new problem that was not being detected by our system was found
e onless than 0.5% of the channels.
— Studies has shown that those channels have an particular shape (Threshold x Noise Rate).
* The characteristics of the circuit is altered (?).
— Low Eff. on cosmic acquisition
— Rate capability (in this case it might not be detected for low capacitance chambers)

— Lower minimum detectable voltage

>> In principal a simple check on the curve shape or optimization of diagnostic parameters would be enough but we

have to see for low capacitance chambers. Normal shape
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Goal of Project

The goal of this project is to implement an automatic
and fast system to be used also for non experts — mass
production test.

Chambers that do not pass on the tests must be seen
more carefully by experts (by now when we have a bad channel, it is

solved at the same moment and than a new test is done).

We aim to reduce drastically the number of chamberts
to be rechecked at the end.



Conclusion

Goal — Automatic and fast (5-10 minutes) system has
implemented to test a big number of chambers

Project is already in use to test the INFN MWPC
Chambers

— ~130 chambers tested

System has shown to be very efficient

— Test of high capacitance chambers (M5R4) gave positive
feedback

— Tests of low capacitance chambers will give us important

feedback

— Cross-check with cosmic acquisition test has been positive

* Only 0.5% of channels has presented an unexpected kind of problem
and probably it will be possible to detect it on an upgraded version

— We are studying it and diagnostics will be upgraded
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