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Motivations
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Study the main properties of
highly irradiated microstrip
silicon sensors: SLHC.

Particularly the collected
charge: detector performance.

Difficulty for obtaining this type
of measurements:
— Required equipment is
expensive.
— A large number of
channels has to be
measured.

— There is _min_imum
standardization.

Testing with an electronic
system as similar as possible
to those used at LHC
experiments: a LHC front end
readout chip should be used.

Analogue readout is preferred
for accurate pulse shape
reconstruction.
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Main system characteristics

A compact and portable system.
The system can be used with two different laboratory setups:
— Radioactive source: external trigger input from one or two photomultipliers.

— Laser system: synchronized trigger output generated internally for pulsing an
external excitation source.

The system contains two front-end readout chips (Beetle chip used in LHCDb) to
acquire the detector signals.

USB communication with a PC which will store and will process the data acquired.

System control from a PC software application in communication with a FPGA which
will interpret and will execute the orders.

Own supply system from AC mains.

The main goal is T
reconstructing the S T

analogue pulse shape from

the readout chip front -end

with the highest fidelity S
from the acquired data. b e

Delay (ns)
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System architecture

«  Software part (PC) and hardware part
connected by USB. socusiON

* Hardware part : a dual board based system Gl
connected by flat cable.

— Mother board intended:

« To process the analogue data that
comes from the readout chips.

» To process the trigger input signal
in case of radioactive source setup <3l T
or to generate a trigger signal if a . e ) 3l
laser setup is used. ' L&

* To control the hardware part.

« To communicate with a PC via
USB.

— Daughter board
* Itis a small board.
* It contains two Beetle readout
chips
« It has fan-ins and detector support
to interface the sensors.
«  Software part :

— It controls the whole system
(configuration, calibration and
acquisition).

— It generates an output file for further
data processing.
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Daughter board

. Two Beetle readout chips in parallel mode.
— 256 input channels.

— Analogue front-end with 25 ns of peaking time.
—  Analogue multiplexed readout of each chip. Buffer | Analogue Sig@
—  Output dynamic range ~ +110000 electrons. @ BEETLE
. Buffer stage for sending the analogue output signals 2
to the mother board. Microstrip g Temperature
. Control signals provided by the mother board and N ) Fandns %
shared by both Beetle chips. Silicon , =
«  Athermistor (NTC) for sensing the temperature close Sensor(s) ' @ BEETLEZ
the Beetle chips. ’ T
«  Low voltage DC level (5 V) for Beetle chips (2.5 V) <,ILVE System
and buffer stage power supply (3 V): provided by the o oe
motherboard. Hvpe | TCROWPASS
. High voltage DC level for silicon detector(s) bias: | L

external power supply.

*  Fan-ins and detector board: multiple wire bonding and
two different sensor sizes.
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Analogue signal conditioning:

—  Amplification and filtering: minimization of noise.

— Buffering: two copies of the Beetle multiplexed
analogue outputs for spying with a scope

ADC: digitalization at 40 MSps of the Beelte
analogue multiplexed signals.

Digital converter: temperature analogue signal
digitalization.

Generation of control signals for Beetle chips
by FPGA: DAQ sequences and configuration.

Trigger conditioning and TDC for obtaining a
time stamp of each trigger with radioactive
source setup.

Generation of a trigger output with
programmable delay for the laser source.

USB controller.
SDRAM (512 Mb) for temporal storage of
acquired data.
FEGA (40 MHz): custom logic and embedded
MP.
—  Control of the hardware.
—  Synchronization of DAQ sequences.
—  Generation of Beetle control signals.
—  Communication with the software.
Supply system: from AC/DC desktop power
supply (5V).
—  Generation of MB and DB supply levels.

adons>
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PC software

Functions:

— Control the whole system (configuration,
calibration and acquisition).

— Processing and monitoring of acquired
data.

— User interface with the system (GUI).
— Generation of information (output files).
*  Two software levels:

—  Low level:

« Software/mother board communication by
USB: VCP (virtual com port) driver (2.4
Mb/s) used.

* Processing of acquired data.
— High level:

* GUI: control of the system and data
monitoring.

+ Output file generation for further
processing and analysis.

*  Programmed in C++.

*  QOperating system compatibility:
— Linux version fully operational.
— Maybe Windows in the future.

«  There are also macros for ROOT in order to
process the data acquired with the software.
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Processing of the acquired data

Raw Dat nd 512, . .
ls {T = a(mu, = e el Gjgnal is computed as the sum of Time
g strips in a cluster. g Ty T e e e T
e >Feed S/N > 6. £ R e
= >Neighbours S/N > 2.5. S0l
o We can obtain different o T
- representations of acquired data zu:;---:;- S
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Measurements with non

Carried out with both non-
irradiated P*N and N*P
detectors.

At T = 20 °C with both laser setup
and radioactive source setup.

Calibration datais ok at T = 20
°C: we calculate the ADC
counts/electrons rate for each
input channel (figure 1).

Measurements with 3 source
(°0Sr) as expected.

— We can calculate the noise from
the signal spectum (figure 2): o ~
1200 electrons.

— Also the charge corresponding to
a mip from the signal spectrum
with a time cut (figure 3): peak of
the distribution 26940 electrons

— SNR as mip charge divided by
noise: ~ 22.

Measurements with laser setup
as expected as well.

— We can obtain the pulse shape
reconstruction (figure 4 and
figure 5).

— Also the spectrum of the signal
acquired.
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-irradiated detectors
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Measurements with irradiated detectors (I)

« Carried out with both irradiated
P*N and N*P detectors.

* We operate the system inside
a fridge (DB) @ -30 °C. With
both laser setup and
radioactive source setup.

* Due to a input common mode
range limitation in the DB
buffer at low T: gain changes
are not tracked by calibration.

« To overcome this limitation:

— We used calibration data
at 20 °C.

— We calculated a gain
correction factor with a
non-irradiated detector
and the source:

Rcal = Qoutside /Qinside
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Measurements with irradiated detectors (Il)

Non-irradiated, 300 mm thick, n-in-p FZ sensor

Temperature

20 °C

Gain (Unbended chip)

118 e-/ADC

Gain (bonded chip)

141 e-/ADC

-20 °C

102 e-/ADC

119 e-/ADC

*  Finally, we have increased the common mode limit of the DB buffer by changing the buffer
supply level from 3.3 Vto 5 V.
*  With this modification:
— Calibration data is ok at -30 °C.
— Gain changes with T are accurately tracked by calibration.
— There is no need to use a gain correction factor.
*  Therefore, measurements at low T with irradiated sensors can be carried out without any

problem.
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Charge collection measurements

*  We measure on ADCs and we use the calibration data to obtain the charge in electrons: Q_,,

*  We scan the voltages with laser and measure with B source for a few voltages (low activity source)
- We Co_mpUte Rsrc = Qsource/QIaser . . . .

*  We normalize so that the peak of the source in non-irradiated sensors is at 24000 electrons.
o R24ke

« Allin all, for the laser data:

Q = R24ke X Rsrc X Qcal

30

25 T
11
W0 (VLG b3) 20 = : ¥

- 2e14 (VLC, b2)
¥ 5e14 (VLC, b2)
¥ 1e15 (VLC, b3)

Collected Charge (ke-)
n

—0e0 (LIV, not annealed) T
—0 (LJUB, not annealed) i “x 3 )
5e14 (LIV, not annealed) 5 5 g
—5e14 (LJUB, not annealed) 10 e 3 bl
1el5 (LJUB, not annealed) = ] . 5 & 524 (Non-irradiated)
—1e15 (LIV, not annealed) o
1e15 (LIV, not annealed) o +_SD1_[l1I_Elx}_nfcm2].

e— 502 (3E14 nfcm2)
@503 (1E15 nfcm2)
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0 200 400 600 800 1000 1200

Bias (V)
Measurements of collected charge carried out with Measurements of collected charge carried out with
ALIBAVA system in Valencia. ATLASO7 sensors ALIBAVA system in Valencia. 300 um n-on-n FZ
irradiated with neutrons. Presented by C. Lacasta in sensors irradiated with neutrons. Presented by U.
ATLAS Tracker Upgrade Workshop, Soldevilla in 14th RD50 Workshop, Freiburg,June

NIIKHEF,November 2008. 20009.
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The readout system has been developed and is fully operational.

The system can operate with different types and different sizes of microstrip detectors:
—  n-type.
- p-type.
— Irradiated and non-irradiated.
— Up to 256 input channels.
— Two flavours of detector boards to accommodate detectors of different sizes (1 cm? or 3 cm?).
The system is designed to work with a radioactive source setup and laser setup:
— Useful for comparing results with the same detector.
— Data can be acquired faster by combining a source setup and a laser setup
The system has been tested with laser setup and a 3 source:
— It works correctly: already used for carrying out measurements.
—  With p-type and n-type detectors.
— SNR with the source is enough for irradiated and non-irradiated detectors.

- Cal(ijbfr_atcijon factor had to be calculated for measurements at low T (-30 °C) but this have been
modified.

Data acquired with the system can be easily processed using ROOT framework: some
macros already developed.

The system has been distributed among RD50 Collaboration members and other
research groups.

Future work:
— Upgrade of the system for testbeam acquisition by synchronizing various ALIBAVAs.
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Backup: correction factors

0 Correction factors:

~ Comparison between collected charge Collected Charge (source Setup)  (on-ivadiated

Rsrc =

by radiation source and laser Collected Charge (laser setup) sensor)
(. : . 24 (Non-irradiated
~ Normalization of the radioactive Ry = sensor)
Qmean (SOUrce setup)
source’s peak at 24.000 electrons
_ _ Qnulside (source setup) (Non-irradiated
- Temperature dependence: Use calibration Rcal = sensor)

Qinside (source setup)
at 20°C and gain correction factor

(only applied to irradiated sensors)

0 For laser data with irradiated detectors:  Qcorected = R24 ¥ RCal X Rsrc x Q,

~ Q_, is the collected charge in electrons with the calibration (ADC/electrons
conversion)
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Backup: Beetle chip

. Readout chip developed at ASIC
laboratory of the University of
Heildelberg.

. 128 input channels:

—  Front-end (preamplifier +
shaper). Vp = kQ. Tp ~ 25 ns.
Total pulse length about 65-70
ns.

—  Front-end output signal is
sampled into the analogue
pipeline (128x187 cells) with the
frequency of the Beetle chip
clock (40 MHz).

90%

10%

tp " 25ns

Single Readout

— Analogue pipeline
programmable latency fixed to o [] LI L1 l L1 LI L L L
128 CLK cycles (3.2 ps). _ N
. Togger
. Slow Control (12C) signals for e e B ———
configuration. AnalogOutsd= HO © |  'H15{0 1 © 126 127 |—
. Fast Control (LVDS) signals: Trigger, DataVaid 1
Clock, TestPulse and Reset. 100 ns 25 ns! ~
. Output format: n 143x25ns=3575ns
— Analogue output format: single R ———— =
readout onto one port. pri e e W /,-4:‘:
— Readout: 16 bits header + 128 § | ___ external signal 7
analogue multiplexed channels. a1t = i
—  Channel width of 25 ns (40 MHz Y | P e e
Clock) Iﬂ 3 ~ SUT V, i' gt o e i - z ,’/Yn. -
— DataValid (LVDS) signal for | : i g
readout detection. |- —— header Afﬁ' -
—  Output dynamic range: linear up i E |
to ~ 110000 e". m ] .
ToOmw i3 M 1. 00ps Aux 7 Z ATV «charge [&]
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Backup: Mother board (1)

Signal conditioning block transforms the

differential voltage analogue input signal from

each Beetle to:
Drive an oscilloscope: single ended

signal.

signal.

CONN

ADC (one for each Beetle):

MHz (MAX1448).

Ricardo Marco -Hernandez IEIC(CSIc-Universidad de Valencia)

Drive ADC.: differential input shifted

10 bit flash type with a sample rate of 40

Nominal resolution of 1 mV (output
signed code, 9 bits plus 1 sign bit).

Dynamic range will be £1024 mV.

5Tv -5Tv 5Tv -,rerv 3.3VA 33VD
nAO(0)
Voh Ain
DIFF-SE - SE-DIFF RC LOW
1000 VNV VIV TJAI\FSFS ADC
Vol
(AD8130) (ADB139) — FILTER nAin
A0(0) com
47 47 Vcom (1.65 V) 47 47
-5Ve—  BUFFER Vout
CONN | SCOPE >
5y o—| (LMH6559)

w
o
(=]

[

®
. 50 Q TRIC ou-rl
og data. | _ Signal ADC SDRAM i
Andog data/ Conditioning [-C22 Ll
=] [w] O g
B

Temperature

Fast Control

Digital
Converter

cM

LVDS
Chokes 2212 ¢ Buffer <:Daf5 p

/Slow Control (I12C Protocol)

]

Supply
System

LV DC >

|

FPGA

Programmable
Delay

PC

USBE

Trigger
Conditioning

TRIG PULSE IN
TRIG IN1 |
TRIG IN2 |

e
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Backup: Mother board (I1)

. In case of radioactive source setup for obtaining a
time stamp of each trigger. | ~ S— 500 |TRiG ourl
Analog data “| conditioning Cata Driver

adons>

. e ADC SDRAM
. Trigger con.dltlonlng. - TEErTr = TET
— Leading-edge discrimination for two — ELTJ E‘E T=T s
photomultiplier analogue input signals. [ Temperatwre "> converter [ SFL o Programmabe
a elay
— Level conversion for an auxiliary signal (current I =
or voltage). y signal ( Fast Control y CM /\@j Lvos = FPGA oh
— Two dual LVPECL high speed comparators <<s.ow Control (I2C Protocol) > ;Zl use E>
(MAX9601). S =or ol
— Four programmable voltage thresholds: | supply | o SoL PL L5 TRIG PULSE IN
generated with a quad 12 bits DAC (DAC7614). | system Fvee TDC Conditoning (i it I
TRIG IN2
«  TDC: measurement of t between input trigger and a g

reference signal.
— ATDC integrated circuit (TDC-GP1).
— Nominal resolution: 600 ps.
— 100 ns dynamic range.

MSETART +y MISTOP+)

20850500XWN

150ns Z00ns 280ns 3oons asons

S0ns 1
WVSTOP1+) = WVISTART+) S
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Backup: Mother board (I11)

g
 Incase of laser setup. H .
« A synchronised trigger signal (TRIG OUT) will CO:;ar:,:i,,g &) Ape soram | | oriver | RS0
be generated to drive a laser source to RERENCS TgT
reconstruct the Beetle front-end pulse shape. [ Temperatzs | 2 L T ) programmabre

hata Delay

 Programmable delay circuit (3D7428):

— Resolution: 1 ns.

ast Contro cM LVDS
Fast Control FPGA
Chokes /l\,@j Buffer <@> Ctrl LEDs

— Range: up to 255 ns. - Slow Contro (G Prctasal) | > % use (PS>
— Programmed by FPGA by serial - iﬁi@ﬁi@ e UL
interface. wee| PPV [Lvec> oe orsamer | e |
«  Following this block a 50 Q driver will be g
incorporated for driving a pulse generator

input.
1.00V/ 1.00V/ 100w/ 3.2808 1.008/ Trig'd £ 2 1.30V
L2

B et i o e

AX = 3.88996us | 1/AX = 256.41kHz ] AY(2) = 500.0mV ]
- Mode -  Source X Y X1 D X2 X1 X2
Normal 2 v 40ps 3.900us
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Backup: Mother board (1V)

. FPGA hardware: Xilinx Spartan-3 (XS3400-PQ208) clocked at 40

MHz. “FPea I 2 fmeser e T T
. H . 1 1
Custom FPGA logic blocks: 12 | soram LD Use | oac 5|
— Radioactive source: the DAC CONTROL, TRIGGER IN and TDC : 40 | CONTROL el S CONTROL :
CONTROL for processing the trigger inputs and obtaining a time stamp of 1 \ ” - / -
each trigger. I 13 ADC I I !
: i : “I | coNTRoL 27 4 i TRIGGER 9l
—  Laser setup: the TRIGGER OUT block for generating the output trigger : e IN T
signal and controlling the programmable delay circuit. I CENTRAL FINITE :
— ADC CONTROL: for reading out the digitized data frames from input 's TEMP 14 STATE MACHINE 38 !
. . . “+— conTROL ] 1
DataValid (fast control) signal leading edge. 1 V & COEEOL 16,
1
—  BEETLE FAST CONTROL: generation of fast control signals (CIk, . - ls |2 :
Trigger, Testpulse and Reset). : — BEETLE RIGGER (it -I- SISES -:
—  BEETLE SLOW CONTROL: I2C master controller. | sLow FAST our |1 . i
i 1 CONTROL CONTROL I CLOCK 3)
— SDRAM CONTROL and USB CONTROL: for external interface. 1 1 | GENERATOR [
. . . 1 14 4 4 I
. A CFSM for controlling the custom blocks: implemented withan  ======= 2 j— - === 'J —==bemmm -

embedded system.
—  Soft processor: Microblaze (32 bits RISC) at 40 MHz.
—  SDRAM controller included as standard peripheral for the Microblaze.

— ARBITRER: custom block of registers for communication between the
embedded processor and the custom logic blocks.

SDRAM_CLE_FB

1

1

1
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1

1

. EMBEDDED CSLE4n RST <_.II|<—l—>
! SvE e Dram_crx|| SEN
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1

1

1

Tisiisis
i
i

RES ET

EFELO ADCO_TH TDC
SFSL1 ADC1_IN

SFsLz USE_IN

12 N
= -
g MFSLZ2 UsE_OUT DAC 1
R > = SFSL3 DATA_IN o

MMFELL

; I D | ZEilfil . - T T Al fe
U FSL n

E ARBITRER -—ﬂ_i_,

= /1 [\ : .

1 1

E FPGA ) | - | o | | o | = | i www.farnellir
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