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DETECTOR PARAMETERS
&
FRONTEND DESIGN

=« Gasmixture ArCO, 85:15 @ atmospheric pressure

= Drift rate 55 um/ns; max drift time 400 ns

« Lowgain (50K -100K) for long lifetime

« Maximum tubelength 3 m; stainless steel wires @ =50um

[0 Main goalsareefficiency & timeresolution

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.

[0 Low noise, high gain analog chain.

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

[0 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.

[1 Other features for control & monitor purposes like the possibility
of masking noisy channels and inclusion of atemperature sensor.
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CHARACTERISTICS
0.8 um BiCM OStechnology by AMS
4 channelsin 2.5 x 2.3 mm?die area housed in 28 pin CL CC J-type case
2 MPW production runsfor 110 untested samples; 96 fully working
Preamplifier GBW > 1GHz (simulation) ; P [12.5 mW
Simple shaper, with short integration time, inside feedback loop of a low

offset OTA

Baseline and threshold levels common to all channels

One shot activated latch

Voltage output cabledriver with LVDS compatiblelevels,
termination resistorsinside pads

temper ature sensor output 7.5 mV/°K



READOUT BOARD
using prototype ASICs

16 channels

155 x 45 mm?; 4 layers

12C interface for temperaturereadout & mask programming
(last has been included to test interface needed for next ASIC)
Double distribution of test pulse

Additional protection diodes on inputs

Total thickness (detector dead space) 25 mm

(including input HV capacitor board)

1 superlayer of atypical chamber ( 56 chips) equipped Aug 98




INPUT SECTION
Z.. & noisevs. C,

Zin vs. frequency (100 KHz-1GHz; vertical scale 50Q/div)
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ANALOG SECTION
Sensitivity & Linearity

Low Threshold Linearity
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L oss of sensitivity at low input signalsis probably effect of little dependence
of discriminator behaviour on slew rate of input signal.
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In this case slew rate limitation isthe most probable cause of loss of linearity
for high input signals. Error isanyhow within 1%.
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CHIPSON BOARD
threshold uniformity & noise
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ANALOG SECTION
max signal rate & crosstalk
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CROSSTALK

- For each channel of one chip we measur e the threshold level that

makesit trigger at 50% of therate at which neighbour channels
are stimulated with char ge pulses up to saturation.

Maximum threshold found is 0.2% of the sum of the pulses.
Crosstalk reduces cutting PCB traceto input of channel under test.

= Interference from output driver to analog section turned out to be

at noise level even when an unterminated cable (wor st condition) is
connected.

- Crosstalk on readout board is 0.3% in average and includes

contribution of test pulse distribution; it increasesto a max 0.5%
for the channel close to output flat cable.



GENERAL TESTS
Time walk

Fixed threshold : 1.5 fC. Different input charges

source: 3fC

source: LO§C

30.500 ns

5,00 ns/div

current mean std dev

6.80032 ns 441,68 ps

ATime{m1}-{3}  6.3022 ns
1.61891 ns 64.12 ps

Risetime{3} 1.7051 ns

Input = 3fC delay = 6.8 ns

5.00 ns/div 30,500 ns
current mean std dew
ATime{ml)-(3)  4.6160 ns 4.76837 ns 128.00 ps
Risetime(3) 1.6518 ns 1.61530 ns £6.59 ps

Input =10 fC delay = 4.8 ns

source: 30fC

source: 100£C

5,00 ns/div 30.500 ns
current mean std dew

ATimelm1}-(3}  4.0338 ns
Risetime(3) 1.5444 ns

4.00262 ns 64.23 ps
1.61649 n= 63.77 p=s

Input = 30fC delay =4.0 ns

5.00 ns/div T 30,500 ns

current mean std dev

3.65910 ns 43.21 ps

ATime(ml)-{3)  3.6694 ns
1.60732 ns 63.21 ps

Risetime(3) 1.5542 ns

Input =100 fC delay = 3.7 ns

source: J00fC

source: 1pC

5.00 ns/div 30.500 ns
current mean std dev
ATime(mly-(33  3.4080 ns
Risetime(3) 1.5994 ns

Input = 0.3 pC delay = 3.4 ns

3.41274 ns 31.93 p=
1.61675 ns 68.78 ps

Time Walk (chip 8, ch 2)

5.00 ns/div T 30.500 ns

current mean std dev
ATime{ml)-{3)  3.4033 ns 3.37858 ns 30,83 ps
Risetine(3) 1.5839 ns 1.60977 ns 66,25 ps

Input = 1.0 pC delay = 3.4 ns
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ONE SHOT WIDTH
max, min & dependence on signal
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~ TIMING SIGNALS
discriminator, one shot & driver

Capture of narrow signals

~
|
|
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10.0 nssdiv T 59,600 ns
current mean std dew
+ width{3} 2.0491 ns=s 2.05849 ns=s 17.3 ps
Falltime{2) 2.31 ns 2.412 ns 93 ps
Risetime{2) 1.78 ns 2.029 ns 277 ps
— width{2} 53.491 n= S52.116 n= S.627 n=

Minimum width of dicriminator input signal: 2 ns pulses
with 5mV overdrive are captured with 99.9 % efficiency.
Actual behaviour isbetter asfor thistest we use the output
of the shaper (with its noise) asreference for comparator.
Delay dueto pulser trigger.

One shot dead time

20.0 nsddiv i 104.000 ns

current mean std dew

+ width{3} 4.678 ns §4.6999 ns 50.5 ps

- width({3) S52.728 ns 52.7126 ns 64.7 ps
ATime{2)-(2) 61.462 ns 61.49660 ns 4.6 ps

9 ns @ 50 ns pulse width; input output delay dueto
pulser trigger



DEPENDENCE ON TEMP. & SUPPLY
threshold, noise & sensitivity

3fC threshold variation
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DEPENDENCE ON TEMP. & SUPPLY
power dissipation & output levels
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PERFORMANCE SUMMARY

25 mW/ channel @ + 5V& + 2.5V (average of 56 chips)
minimal variation with signal rate and temperature

Zin [ 200 Q (5 MHz - 200 MH2z)
noise [J 1600 e @ Cp = 0; slope 180 e/pF

sensitivity [ 3.35 mV/fC ; capacitor tolerance ( max 10%)
affects unifor mity for different batches

baselinerestorer + discriminator offset <0.13 fC r.m.s.
max input signal before saturation 1800 fC

threshold range 0 - 500 fC with < 1% nonlinearity

max input rate without loss of accuracy >2 MHz @ 1pC
crosstalk <0.2%

propagation delay 3.5 ns; timewalk 3.5ns( 3fC - 1pC)

output pulse width 20 - 200 ns (5% r.m.s. @ 50 ns)
almost independent from signal amplitude

one shot dead time 9 ns
outputt, & t; < 2.5ns

temperature sensor error 3°K @ 25°C



STATUS- CONCLUSIONS

Very good performances at low power. Also yield seems good.

4 different prototypes have been submitted to optimize cir cuits.
Oneisnow being tested for what concer ns masking at shaper
or discriminator stage and other features.

Two runsused to equip a number statistically significant of
drift tubesfor test with muon beam. Analysisisin progress
and preliminary results confirm bench tests.

| mprovements for next prototype:

Noise dependence on C issomewhat wor se than
simulated, need more current at input stage (1.5 mW).

Different mask circuit as current one has some
feedthrough using fast control signals.

Further work need to becarried out on following items:
Radiation tolerance to neutrons (y alr eady tested).
Protection to ESD.

MTBF.
Definition of test at wafer level.

We plan to have another prototype run by the end of year
in order to test the finalized design.

This design should include all modifications (modified masks
etc.) and be packaged in QFP 44 case.



