Spatial resolution predicted for the
BTeV pixel sensor

Marina Artuso and Jianchun Wang, Syracuse
University

e Physics processes modeled in the simulation

e Some detailed studies
— Effect of different thresholds
— Advantages of analog readout
— Sengitivity to digitization accuracy
* Reality check: a comparison with our test
beam data
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Physics processes modeled in the
simulation

: * Energy deposition by charged
MIP crossing the track along its path length.
Spread of the electron cloud
due to diffusion.
e Driftin E corresponding to
doping and bias voltage.
 E x B (our sensorswill bein

. [ Electrons drifting in dipolefield of 1.6 T).
the electric field » Realistic parameters of the front
and spreading due end electronics (noise,
to diffusion threshold, digitization
accuracy).
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Simulation of electron-hole creation
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Charge track path length,
divided into ~30 nm slices
Eqe, 1N €ach slice
fluctuates according to
experimental straggling
distribution(Bichsel, Rev.
Mod. Phys. 60, (1988) 3.)
Resultant charge
distribution has FWHM
~10 Ke

Tail truncated (d rays
Ignored)



Hypotheses and caveats

e The algorithm implemented is quite general

o Most of the results will use parameters tuned to
the proposed BTeV experiment:
— Pixel cell 50x400 nm
— Analog readout with 1 flash ADC/cell

— Peaking times of the order of 100 ns (P we can assume
full charge collection)

— Collected charge carriers are e ectrons (n*np* sensors)
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What we did not include so far

Non-Gaussian taills due to d rays
Effects of possible lateral E field distortion

Time dependent effects due to the electron
current pulse shape

Capacitive coupling effects between pixels
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Charge spreading due to diffusion

 Thediffusion coefficient is associated to the
carrier mobility through:

_ KT

o q

D

e

» We assumed m,= 1450cm?/Vsp
/Dr?) =-/2DDt » 12
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Charge spreading due to diffusion and

Its m’cergla¥ with the magnetic ﬁelg
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Simulation of front end electronics

o Key elements

— Intrinsic noise (expected to be very small
throughout the detector lifetime for fpix2)

— discriminator threshold
— digitization accuracy for analog readout
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Advantages of analog readout

* Anaog readout improves spatial resolution
using charge weighting, and allows more

effective monitoring of sensor and readout
chip performance.

» Effectiveness depends upon electronic
noise, thresnold and digitization accuracy.

 Interplay between these effects will be
discussed
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Sensitivity to different front end
electronics thresholds

Qtrack:300 mr

* Noise and digitization
resolution effects neglected

« Slow degradation of the

resolution for relatively low
thresholds and analog readout

a(pm)

Frac. of N pix cluster
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Optimization of position
reconstruction alqorithm-small c

Reconstruction Method A nal Og | nf OrmaII On
B=16T E)Pixel size gor:d400 pm? Can be u%d to

T‘r(weshold 1000 e

Interpol ate between

e pixel centers
Non-linear nature of
Y diffusion requires a
X gl PR SRR correction factor
i I I » non linear cortection factor f(xrec, q)
T C
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Optimization of the position
resolution — medium 0

Reconstruction Method * When angle spreads
s T the charge among
several pixels, charge

af division becomes
= linear and effect of
3 e correction negligible
" e @ Limitations of binary
el readout more evident
Ximpact (M)
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Sensitivity to digitization resolution

—— 2bitADC

___ 8bitADC (FPIXO readout
—  3bitADC (logarithmic)

angle (deg)
June 7, 2000

o 3bit ADC with
thresholds scaling in
Inratio has a
performance
comparable to an 8 bit
ADC

P Our front end
electronicsis
optimized for BTeV
needs
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Magnetic field effects

L — e S thickness assumed
o W 280 nm
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Reality check: 3 comparison with test
beam data

« TheBTeV pixe group has recently collected an
Impressive amount of beam test data on n*np*
sensors bump bonded to two different front end

devices (see G. Chiodini’s talk)

* We can perform adirect comparison of the
resolution predicted from this ssmulation and
experimental data with various experimental
parameters (bias, track angle, digitization
resolution..)
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A quick reminder on our test beam

set-up
Strips Strips
X-Y-X Pixels X-Y-X
227 GeV/c
||| 1111
{.------ﬁglﬂ_!:_!!_l_ _______ -

e 5pixe planestested (n*np* sensors, with p-stop and p-
spray insulation)

 Welearned alot of things, here | will focus on the
measured resolution for two different front end electronics
devices. FPIXO0 (analog output connected to external 8 bit
ADC) and FPIX1 (2 bit on chip FADC).
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a(umy)

Comparison of FPIXO data with the
redicted spatial resolution

E 8 bit ADC data
A  binary data

»  Input parameters:

— 280 mm thick detector
(n*np*) with p-stop
interpixel implantation

— Averagethreshold 2.5 Ke

— 8 bhit ADC external to the
chip

»  Same data analyzed with
only binary interpolation
and with analog
Interpolation with non-
linear correction

binary readout

Track Angle (deg)
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Comparison of FPIX1 data with
simulation

——  threshold = 3.78 Ke
threshold = 2.5 Ke

e |nput parameters:

FPIX1 (2 bit ADC) — 280 mm thick detector
(n*np*) with p-stop
interpixel insulation

— Averagethreshold 3.78 Ke

— 2 biton chip FADC

 Weshow alsothe
predictionswith 2.5 Ke
threshold to disentangle

_ effect of higher threshold

) S N S S from effects of coarser

digitization

Track Angle (deq)
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Conclusions

 The smulation tool developed givesresultsin
good agreement with test beam data and allow us
to tune the sensor and front end electronics
parameters for optimum performance

e |tisquite general: can be used for other
applications

* A more detailed study of the effects neglected (d
rays, imperfect knowledge of s-curve correction
etc.) and may lead to a more complete
understanding of the test beam data.
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