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— Motivations for the R&D.
— A 2D position sensitive microstrip sensor.

— Improving the design

— Summary
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R&D Motivation

— Charge division in microstrips:
Long microstrips ladders (several tens of centimeters)
proposed for the ILC tracking detectors.

Getting the particle hit coordinate along the strip using
the charge division method.

Avoid the complexity of double sided sensors and the
additional material of a second layer of sensors.

— Low gain segmented p-type pixels (strips)
Implementing a small gain in the segmented diode so

we can reduce the thickness of the sensors without
reducing the signal amplitude

Smaller contribution to the material budget.
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Simple single-side AC-coupled microstrip detectors
with resistive coupling electrodes.
X-coordinate: cluster-finding algorithms for strip detectors.

Y-coordinate: Resistive charge division method.

[ 1 Resistive material

B Aluminium
** Electrode resistance >> preamplifier
impedance.
S 1=f (Y) y A
S,=f(L =13
~H(L-y) L A+A,

Resistive material: high doped polysilicon

** V. Radeka, IEEE Transaction on Nuclear Science NS-21 (1974) 51
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cnmi:
ALIBAVA DAQ s ] Strip:
ystem for ‘ length =20 mm
microstrip detectors, based on width =20 um
the Beetle analogue — Pitches:
readout ASIC ~ | ™ Implant=80 um
o ’@Qﬁ } " ‘ readout= 80 um
\ l o Electrode:
iy — 0 R/um = 2.8 Ohms/um
s ; - = R/um = 12.2
W 000 0 Ohms/um

3D axis stage with displacement

accuracy = 10 um detector board
Pulsed DFB laser
A=1060nm
* 256 channels e Gaussian beam spot
e peaking time =25ns width = 15 ym
e S/N=20 for standard * pulse duration 2ns

no irradiated detectors

Clean room laboratory at IFCA, Santander
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E [
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>0
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» Test beam at CERN SPS Pion Beam, Nov 2012 I
» First successful integration and synchronization witt -4
AIDA MIMOSA pixel telescope ol
¢&~ :

=) AlIDA
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Trans. Coordinate X ~ 25 um  (pitch/v12= 23 um)
Long. Coordinate Y ~ 1.7 mm ( 8.5% strip length)
= Entri 8373 C ) Entries 2393
200 = X Resolution Kzn},r:]? 14.08/ 1 120:_ Y Resolution 12 [ ndf 36.12 /32
180 Constant 191.8+59 | | 100/ e o otan
128 f: Mean 0.001751+ 0.000843 E_ Sig?a' 708+ 0.042
- Sigma 0.02577 + 0.00118 801
120 E
100 E 601
80 E- F
60 E- 40E
40 = 20~
20E F
-8. 5-02-0.15-01-005 0 0.05 0.1 0.15 0.2 0.25 -010 -8 6 4 4 6 8 10
X_Telescope - X_PolyA (mm) Y_Telescope - Y_PolyA (mm)
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Defined as SNR = (S1 + 52)/Vol + o2 (drives the spatial resolution)
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— The charge-division concept on microstrips has S@
been confirmed experimentally, two limitations:

— Proposed solutions:
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[ =Aluminum
Pad 100x250 um? (bias)

‘j

cnmi:’

Centre Nacional de Microelectronica  IMB

dc pad

ac pad (68 pads):
Area=50x100 um?

Readout pitch= 80 um

P20 Strip width = 20 um
P40 Strip width = 40 um
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— Induced signal on metallic vias superposed to

“direct signal” propagated through polysilicon
electrode.

I Fractional Position II *Error bars are multiplied by 100
Impact points. Strip Center g
¥ 09 po 0.2004 + 0.009953
<
= }?gli?sﬁil:%n § 0.8 p1 0.7934 + 0.01411

Strip 211. 0.7
Aluminum
0.6

0.5

0.4

0.3

IIII|II|I|IIII|II|I|IIII|IIII|IIII|IIII

imulated fractional position

x/L

Measured Fractional position shows a clear bias
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Poly-Si Al Poly-Si Al
pt+ - pt+
OLD
DESIGN
R 0 b ot ol
Al Poly-Si Al
Poly-Si Al Poly-Si Al Poly-Si NEW
n+ P n+ P n+ DESIGN
Common
D- P-stop
and field
plates
Pt

Spin-off of FOSTER sensors proposed by KIT at CMS
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Crosstalk suppression (common stop) ‘3
Enmle

Centre Nacional de Microelectronica  IMB

— Time Resolved Readout IR-laser induced (e-TCT like measurement)

SERRR R R R AR R RN

~REEER SRR S U TR U RN T
:

No grid Al. Implant — Al routing — Implant
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Scan W8S8, Vbias 100V, IR source, NO PAD, pos = 85 um

Infrared pico second laser
(fast, 1GHz readout channel) A

Al Poly-Si ‘

Channel 1 - !
Channel 2 R
Channel 3

. 0 1 2 3 4 5
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Charge

é

Flat charge pedestal for Al routing track, suppressed by calibration GnMl:
Scan W8S8, Vbias 100V, IR source, NO PAD ! ;
I I | I I I g g 2
% Z Z
z z a
-50 7 7 7RAL)
2 i sc.«x:
. g .
-100 S—1 B |5
. AC
% %z pads
z /
-150 g g
I
_200 1 1

0 50 100 15 200
Displacement, um

Poly-Si

Strip Aluminum

Strip

Poly-Si
Strip

. Vila, XIth FLC Workshop 15th January, Barcelona

17




o
caml=

Time-resolved

Laser longitudinal scan study of the
(42 points, 500um steps pulse Shape and

charge

o

Scan WESE,Longitudinal por CH3,Vblas 100V, IR Tune - B0, Step 500un can WaSE,Longiudinal por CH3,Vblas 100V, IR Tune - B0, Step S00um, p :an WESE Longitudinal por CHZ,Vibtas 100V, IR Tune = B0, Step S00um, pos - 10000 um
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0 mm from r/o pad 5 mm from r/o pad 10 mm from r/o pad
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cnml:
Charge and
. m;rms&unmlmmm1m IR Tune = &0, SEp S00um
amplitude vs. | I =
distance : B
2
I S Reduced

ﬂmw“f‘”“’“-"ﬁ““m-'}m'ﬁ-mm \ Amplitude

ﬁmnmss,mmmlmmﬂmammu IR Tune = &2, S‘Epsﬂhm

i (1K 1 1.5 2
Displacement, um €10

Constant charge
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Implanting an n++/p+/p- junction along the centre of the
electrodes. Under reverse bias conditions, a high electric
field region is created at this localised region, which can lead

to a multiplication mechanism (impact lonization).
Advantages = Thinning while keeping same S/N as standard detectors.

High Electric Field B
region leading to | "B P .

multiplication

P 21E+05

1.7E+05

| 1.3E+05
e

8.5E+04

4.3E+04
1400 .
1.0E+03

P. Fernandez et al, “Simulation of new p-type strip detectors with trench to enhance the charge multiplication effect in the n-type
electrodes”, Nuclear InstrumentsandMethodsinPhysicsResearchA658(2011) 98-102.
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_ Bottom injection cnml:
Standard diode n on p P-type diffusion diode

04— 1 1 1 1 1 1 1 04—

V Bias = 1000 V
VBias =950V
V Bias =900V
0_2_...: .......... ......... .......... ......... .......... ............ ........... ........... ........... ............ | 02f - frr R . . . - [ V Bias = 850V
V Bias =800V

VBias=750V

VBias =700V

V Bias =650V

V Bias =600V

V Bias =550V

r |VBias=500V

Voltage

: : : E dvBias-as0v
7Y E SO SR
; E HvBias=d00v
B v Bias =350V
Y OO SRR SR E 4 vBias =300V

= -VBias=250V

- -V Bias =200V

_09_ VBias =150V

-1

- L L L 1 L 1 1 1 1 1
3120 3176 3231 3287 3342 3398 3453 3509 356.4 3620 3120 376 3231 328.7 3342 339.8 53 350.9 356.4 362.0
Time (ns) Time (ns)

" h+ 285
e- u
S|
I Red laser
(1060 nm)

.
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- To obtain the manufacture parameters (doping profiles) Cnml:’

Y [um]

- - - - -
Standard Strip Strip with P-type diffusion
v ]
o,
10 10 '
20 — 20 —:
E
3‘ u
30 [ ¥ 7
3.1E+05 ] 3.1E406
5. 2E+04 an 4 5.7 404
0] 8RE+03 7 6.7E 403
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Strip with P-type diffusion: 2D and 1D doping profiles
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m Very preliminary test do
not show signal
amplification.

m New run in progress
and new concept to
implement: p-on-p
sensor (holes readout
with electron
amplification in a non-

RD50 LGAD GROUP structured anode (pad-
(CERN, CNM, Barcelona, , :
Torino, Ljbljiana, Santander, like) to ensure uniform
SCIPP, Freiburg, Glasgow, amplification

Liverpool)
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A novel 2D position-sensitive semiconductor detector concept b%el‘g“a"@?
on the resistive charge-division readout method and manufactured
using standard semiconductor planar techniques has been

introduced.

A full testing cycle of this technology has been successfully
completed: laser, RS and test beam source.

To be used as a tracking sensor suitable:

The first issue has been tackled integrating isolation structures
(preliminary results are positive).

New detector designs aim to fabricate detectors with moderate gain
(RD50) and p-on-p strip LGAD.
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Pulse injected in the detector network (nA)

Detector (p*-on-n) model ***

400 s—r—

80 cells 250 pm lopng

350:
300;
250;
200:
150:
100:

50 4

° rise time 2ns
* Q~4fC ]

0

20

—
40

T ¥ T ) T . T ¥ T L T 5 T ]
60 80 100 120 140 160 180 200
Time (ns)

Riy Peaking time 25ns (Beetle chip
m ALIBAVA DAQ system).
C
7
input & R,
o
Rd
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At V=>Vdep (for instance 980V) the RC tails are short. Check it with simulation:

G Gain(V=980)=Q(holes)/Q(electrons)=3

L IdEI A
Tima [ns]

=
[
-
=
=
£
)
=
ral
-
Lk
1.
La
=

¥2 I ndf B26.5 &1
1 po -393.5 = 0.9049
\ pl 01848 + 0.001463

=

Gain at lower voltages, extracted from
CCE curve:

s
=
=]

A
=
=]

g

K CCE(980)/CCE(140)=Gain(980)(Gain(140)

\\ Then Gain(140)=2.2

L L PRI PRI |
i] 200 400 B BOO 1000
VElRR

[Tvalt-Blinedean) {Eme=5.763 &4 lime<3s])
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Sums|
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Simulated Fractional Position

S1(V)
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_ Charge collection efficiency Cnml:’
Standard diode P-type diffusion diode

J w,
PE) h+ 285
e- gn
P’ 4
Red laser
(1060 nm)

. "
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