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. CMS
Motivation
_ o ! 0.4 /06 /0.8 /10 1.2 1.4 16
R by My Iy I I 12 2023: High Luminosity-LHC
= b I 0 .. * Luminosity of 5 x 10** cm™s™
= [T I ..+ ®_~10" cm™ for the innermost layers
= AT TR w2 of the pixel detector after 3000 fb"
a0 e M Ty ly ly “.. * New material / design is required,
i ot "' F% s planar silicon a viable option?
—— ! ! | 4.0
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* Momentum information to L1 trigger T inep-Fz (800V)
« 2S, PS and pixel modules 20000 -y ;
g : \\\ v SN
Thin sensors: £ 15000 ]
» Smaller signal degradation than thicker ones —é : :
» Small signal even before irradiation —= 10000F o 7S -
— challenge for the readout electronics, &0 i S
low thresholds are required 7 5000F e N, i
— RD 53 collaboration for pixel ROC | '
for the HL-LHC [ sic” e
— characterization with MIP-like signals required 101 5 101 5 101
(I)eq [Cn_l_z] M Moll - 08/2008

Test beam of thin epitaxial strip sensors to determine material characteristics
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UH CMS

s The EPlc test beam |
n
Sensors: | Strips detectors:
* Epitaxial silicon strips of n and p type « Irradiation of sensor without
(p-spray and p-stop isolation) | readout electronics
» Baby additional from HPK campaign » Higher noise — hit reconstruction using
* 100 pm thickness beam telescope
* 80 um pitch
* Irradiation with 800 MeV and 23 GeV protons i
16 -2
) ;I::Jencetz up to 1.3 x 1'(:h znscbcm thick Unbiased charge collection
« A few other sensors wi um thickness A measurement
80 Fake rejection (no threshold involved)
31 | 235
19 | 4 6 | 3
25 mm

512 mm

64 AC coupled strips
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UH
. The EPIc test beam |l

Beam generation at DESY test beam:
* Bremsstrahlung on C fiber

» Conversion in e'e” on a metal target
 Momentum selection using a magnet
* Collimator to define the beam

Converter
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o Setup |
| g |

» Beam telescope to reconstruct tracks

« DATURA and ACONITE 5GeV e'le’
- AIDA pixel telescopes * * —
* Trigger scintillators to define events
 Cooling for irradiated samples
down to -27 C
» Moving stage for different
incidence angles
* Minimize material in the beam
. — Trigger
Se A scintillators

I

Coolant pipes

HV, signal and
temp cables

N, supply

3D rotation stage

06.2014 Beam test of thin epitaxial silicon strip sensors for the CMS phase II pixel upgrade 6



Setup |l

Readout system:

 AliBaVa (A Liverpool Barcelona Valencia)
readout system: mother + daughter boards

» Readout of positive and negative signals

» Based on LHCb strip readout chip

* Triggered readout

* Analog pulse height for 2 x 128 channels

 Maximum event rate ~150 Hz

Pt100 temp
Daughter board read-out
Signal cable
connector
Bias filter
Bias voltage
s s [ — Strip
OF b I e sensor
Beetle = _— .

readout chip
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L CMS
|\ characteristic
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[ | e Epi100P15e+15n " em?
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C —e— Epi100Y0.0e+00n, cm? = [

60__..5. ............. e EpitOOY 150415 omd T e

40 _ ............... ............... ............... ............... ............... e . .....

R T TR N NS S Y A R S
20:? H ' . ‘Test beam prellmmary P-bulk diodes with p spray insulation

: i :||||l||||.|||1|||||||||||||||l||'_l 25 T T T | LI T |
0580280 380 *480 58 6% 700 800 900 1000 & [ . IVattheTCTsetup ]
Bias [V] —' = B
20 R at'ZOC ......................... .
15:_ ..................................................................................................................................... é;ed.’. ..... _:
IV of both diodes and strips - 1.3e16 cm* 3 Oe15 Cm .
show a “soft breakdown” ] L S S s ]
Bl i A— . S— .‘,.,m.v.i.v.w.'..'.'.i.'.f_'__“_ _______ 3
:Jf .......... i e ] 5615 cm 1
O 200 200 600 _ 800 1000

voltage [V]
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. L CMS
Signal definition

Raw PH whole run

— _ O 1000 .45000
O — e -
= 0 Single event = T e
T 510 g S 800— —{35000
S B
500 E B —130000
490 f— M\W’V 0_3_ 600 L ] | 25000
480 z_ 400 C —1{20000
4702_ B —15000
4602— 200~ 10000
450 - 5000
: T (R Oc;' 50 00 150 200 250 °
0 50 100 150 200 250 ch
Channel annel

Pedestal subtraction
Channel selection

g - (D? 10—
% . J\ HMHNHM ? o_—ﬁ "
OE—HHH - CM :
10E subtraction Signal
| ]
- Common mode calculation 30E
-30— -
- 40—
'40__,,..|....|....|....|....| - A N E N B
0 50 100 150 200 250 0 50 100 150 200 250
Channel Channel

eq

Epi100P, 23 GeV p, 3 x 10" n_cm?, -800V, -20 C
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Alignment

CMS

10 » Track based alignment

* Clustering using SNR and seed/neighbor
threshold (5 and 2.5)
* Hit position on the strip sensor using CoG

Seed cut algorithm
2l Neighbor cut . nLlﬁi H 0 HUH .
0': o IUl . JLW r'mw H%“J\ﬂ M
0 20 40 60 80 100
Channel

Residuals Y (strips in X direction)

(alignment and track reco in the telescope SW)

_§ - 12/ ndf 117.9/79
« Alignment only with translations I 500 Const 526.6:+ 6.5
(till now) n Mean  -0.001828 + 0.000534
. 0~ half of the strip pitch 4001~ Sigma  0.04996 + 0.00046
resY -
i : Offset 18.6 £ 0.8
 To b_e_lmproved 300/
« Sufficient for charge -
collection analysis 200
100
in_y results from normal ®5 04 03 02 01 0 01 02 03 04 05
incidence are presented Y atched ~ Yoxrapotated

eq

Epi100P, 23 GeV p, 3 x 10" n_cm?, -800V, -20 C
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UH . .
e Hit selection

Problem:
 Telescope integration time: ~ 150 us Many tracks on the telescope,
» ALiBaVa integration time: 25 ns

Strategy:

CMS

(most probably) one on the strip sensor

The track with the highest charge deposit is the one that passed the strip at the right time

— Geometry cuts to evaluate all the tracks in one event

Charge definition:
Sum of the signal over 5 strips, centered on the hit one

—=<—Track

Clustering threshold [

5 11 13 15

N . ~ | —
Real cluster Fake cluster
Strip number

Signal height

-

5 ° ® l l 52 ¢ ¢ o o

Fig. from T. Maenpaa et al, Track-induced Clustering in Position Sensitive Detector Characterization |IEEE 2009
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UH CMS
i Geometry cuts
n
Beam spot Selection
E 10: 'g' 10_
4;_ — 400 45— C m— —180
2;_ 2:_ F"__I.::....r—- -:
0;— - —1300 OE— L'__.FH'H—-"—_ 160
oF ) c
C -2 ®)
- —200 E —
_45_ _4;_ 40 8'
-65— 100 -6 20 >
8 8F- S
%5 10 5 0 5 0 15 ‘191:5' B T R | R S TR T o
X [mm] X [mm] gc
Y cut: all the tracks of the event must pass through a bonded channel o
« X cut: better volume definition =
,  xi0° " - ™
£ 1201~ £30000[- g
TR L - ®
1001~ Tracks per event 25000/~ Tracks per event O
B before selection - after selection o
80~ 20000F S
- C ‘9
60;_ 150001 5
401 10000
201 50001
%% 015 20 0" e N L
Number of tracks Number of tracks
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_ CMS
AT Time cut
| g |
o Hit charge vs time Time — phase between trigger and chip clock
O E -
(@] E - .
=%0E l‘” Analog part of the chip — asynchronous
= Zzz_ - TR L 100 Sampling and buffering — clocked
e . ¢
200 -
150F- —60
100F- - © PH depends on the sampling time O
S
o;* 20 >
T e e e o A selection in time is needed =
Landau-Gaussian convolution fit o _ £
of each time slice Charge distr in the time cut mcg
3 C x?/ ndf 54.98 / 31 o
= 300 Width 3.082 +0.270 x
Landau MPV vs time - MPV 32.47 +0.59 a
o F 2501 Area 1.309e+04 + 3.190e+02 >
< 350 Fy - GSigma 13.62 + 0.85 ©
> s0b ATy . 200 Sk g
= . " Time cut, - N
205 +++ 10 ns wide 1500 S
o t - Landau MPV to a
E + r .
- . 100 characterize the sensor
-5F - L
020 40 60 80 100 %60 50 100 150 200 250 300 350 400
Time [ns] Hit signal[ADC]
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. CMS
Charge collection

Fitted Landau MPV in the time cut

iot’ P-bulk strips:
>  Collected charge back to pre-irradiation
= A levels at high bias
g e e e e . — Epi1bOP 005200 heq e B
S b — S | —— Epi100P 1.5e+15n_cm?...

BRI N W SO S | Epi100P 3.0e+15 1, ™)

- | —— Epi100Y00e+00n cm?
10;_ _______________ —— EpI100Y 1504151, sz ______

E Test beam prellmtnary

: : : - ow 14r ! ! ! '
O R '_5050' S 1 2_ ______________ ]_'.QT.._w.l_th___lR_._la_s.e.r ...... H.{.“_-
Note: Bias [V] - | Non |r‘rad|ated P }]w*ﬁﬁg
- : L ! I S . A L i
* Irradiated samples at -20 C (chip at ~ 9 C) E 1.5e15 cm? 1l M@H M?; ?‘Mm W s
* Non-irradiated at 20 C (chip at ~ 24 C) 0.8 H,”H}mil}HH@H*‘@*Z‘Q;H;MM *’s ------ 'Hﬂ']'{}'{j'* f =
AR L M YA T E
= i : i =
ik d :%?*?5_-‘991_?9@2wﬂ%?ﬁ_‘15_1._.3@_1.6“0“‘1 ......................... E
Test beam data are in agreement H *i *i*?gé . wﬂﬁf*iﬁ‘ﬁ .
with TCT measurements of diodes 02?!’?4 ﬁihiﬂmfﬁéé ............................................................................................. —
i nay HA : _ ]
0 }ﬁ?**ﬂi?” ....... T S e e E— T
Both show charge multiplication 0 200 200 600 800 1000
voltage [V]
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. CMS
Noise

Signal not associated to a track

Noise distr for one channel ©
— 10g N
$3000F 2/ ndf 38.53/30 Q = !
= r Constant 2868 +17.7 < 9 >
C ean . +0. - = o
|-|J2500 :_ gligma ’ 00443?26(? 23131871 g 8 ;_ . 8
- 2 75 Noise level over the channels -
E 6 5
15001~ == ) c”
10005_ 4;_ .......................... ‘:9
- 3E o
500:— 2;_ s
C 1E >
ol M| - 2
-40 30 -20 -10 0 10 20 30 40 - T T Q)
Signal [ADC] 030 40 50 60 70 80 90 ?
. Channel number -
Mean and RMS of the noise over the channels S
6 F : ; : : : : : : i ~
% 6:— ................................................................................................................................................... La-
(0] — .
5 °F P-bulk strips:
 F . . * Noise levels similar to pre-irradiation
gt— T T T s L SOPSURTI FRSTUUTIE S . .
- = S f f I * Noise mean and RMS strongly increase
- —— Epi100P 0.0e+00 n, cm| : at high bias
B Epi100P 1.50+15 1, crr? = g
N S8 T T S Epi100P 3.0e+15n, cm?| |
= 5 5 5 —— Epi100Y 0.0e+00 n,_ cm? -
] R S S— S —— Epi100Y 1.5e+15n_ cm2 e
- Test beam prellmlnary e ; |
ok 100 200 300 400 500 600 I I7OOI = I800I = I900I = %OO(IJ I
Bias [V]
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Signal-to-noise ratio

SNR — ratio of Landau MPV and noise level

SNR

. Epi100P 0.0e+00 ne'q om?
—— Epi100P 1.5e+15 n, cm'2"§ """

Epi100P 3.0e+15 n,_cm?:--
—— Epi100Y 0.0e+00 n,_ cm:...
—«— Epi100Y 1.5e+15 ., cm? ;

........

1;_Testbeampre“mlnary ............... ............... .............. ......
I: i L1 1 1 1 | I I | I L1 1 1 I L1 1 1 ] L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 i L1
0 100 200 300 400 500 600 700 800 900 1000
Bias [V]
P-bulk strips:

* SNR close to pre-irradiation levels

CMS

06.2014 Beam test of thin epitaxial silicon strip sensors for the CMS phase II pixel upgrade

16




. . CMS
Micro discharges

Signal determination for n-bulk sensors is hard due to micro discharges
— problems in the alignment (trustworthy hits to be defined)

— difficult common mode estimation

— more cuts can improve the situation

Pedestal subtracted PH

o 500 _
D —
< -
— 4001 _
o _ Event without beam
300
200—
100
OF w
;—»W——xLJ'-’JI
-100—
t__ | | | 1 1 | | 1 1 1 I | 1 1 I 1 1 1 I 1 1 1 | 1
0 20 40 60 80 100 120
Channel

Epi100N, 23 GeV p, 1.5 x 10" neqcm'z, 400V, -20 C,
no annealing

See talk from A. NUrnberg at the 23" RD50 workshop
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. CMS, i
. Conclusions and outlook ;
| g |

Conclusions:
 First test beam with highly irradiated epitaxial strip sensors
» Developed tools to analyze telescope and ALiBaVa data
e P-bulk
« Small degradation of charge collection up to CDeq =3x 10" cm?

* Noise compatible with non irradiated device

 SNR close to pre-irradiation levels
« Charge multiplication confirmed by CCE measurement of diodes
* Irradiated n-bulk sensors show micro discharges

Outlook:

* Improve the alignment procedure

* Include the highest irradiation in the analysis

* Improve n-bulk sensors analysis

» Use the calibration runs to get rid of
inhomogeneities / temperature effects
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TB summary table

| Used in the talk

Sensor 0 N (70um) 3el5 P 3el5 N 1.5el5 Y 1.3el6 P 1.3el6 Y oy 1el5 800M P 1lel5 800M N lel5 G00M Y N70 1.3el6 N El6 FTH200Y E16 MCZ200N E16MCZ200Y E16|
Angle Voltage Be Beam 1 Beam Heam Beam 2 Beam 2 /3 Bearm Beam 4 Beam 4 Beam 4 Beam 5
o 1000 skipped skipped
o s00 Scioped
o 600 skipped
[ 500 skipped | skipped | | skipped | skipped | skipped skipped skipped skipped
o 400
o 300 | skipped | | skipped M skipped skipped skipped skipped skipped skipped
(] 200 skipped skipped skipped
o 100 skipped skipped
25 1000 skipped skipped
25 800 skipped i i ed
25 600 skipped
25 400 skipped skipped skipped skipped skipped
25 300 skipped skipped skipped skipped skipped
25 200 skipped skipped skipped skipped skipped skipped skipped skipped skipped skipped skipped skipped skipped
51 100 skipped skipped skipped skipped skipped skipped skipped - - skipped skipped
51 1000 skipped i skipped skipped skipped skipped - - % -
51 800 skipped skipped skipped - - - -
51 600 skipped skipped ﬁ = = E =
51 500 skipped skipped skipped skipped i 2 = E -
51 400 skipped - - - -
51 300 skipped skipped skipped skipped skipped skipped pped - - - -
51 200 skipped - = 5 =
51 100 skipped skipped skipped skipped = - =
31.7 1000 -
31.7 800 =
31.7 600 - - - - - - - - - - - - - - -
31.7 a00 = & - = = = - = = f - ae = - -
36.8 1000 s = = = - = = = 3 = = = = = 22 £ E =
36.8 800 - - - - - - - - - - - - - - - - . -
36.8 600 . 5 . " . - N " - - = . - — . 5 E .
36.8 400 - — . - - . = - . B . - . - = = o -

Much analysis to be done,
stay tuned!
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Special thanks to:
* Test beam shifters
 HIWI students for the TCT measurements

Thank you for your attention

CMS, /|
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Backup
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CMS
Oxygen content

—A— MCz200N
100 - —/\— MCz200P
: - —>—FTH200P
A \ _‘A‘_ﬁ_‘a“ . —— FTH200N
/ A~ / —=— Epi100N
— y / g —o— Epi100P
= O
o & m/] <>_<>’g
©  10- \ 3 /
= oo fo®
© RO\ ¥
=, -\ R =Y '<>"<>~<>_<>\’ S /8/
Ng ’\"”’
N\ e
1 | | | | | | | | | | |

20 0 20 40 60 80 100 120 140 160 180 200 220
Depth (um)
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. Pedestal run analysis |

CMS

All entries Gaussian fit
| Raw PH all channels |
& 1000 TG T ST M Eomant jmakay
(@] - — - 1+63 3 =
= C . T 400 Mean 506.8+0.1 £ 160 Mean 482.9+0.2
= F a0 £ F Sigma 54970057 8 ., F Sigma 13.96:+0.19
§ so0- ~ Pedestal run iy 5 305 5 10p
2 L g 2 300F : 3 120
s — £°VF Single s CF
2 oo ., 0 2505 {100
S — — .t channel sof-
400 I 60
C —150 c aoF-
B 100 r
2001 100 sob- 201 g
- 50 E S L Lx P AN
L. A E R H N SR 200 750 500 550 600 §00 450 500 580 600 !
% 50 100 150 200 250 Pulse height [ADC] Pulse height [ADCT
Channel o
Not bonded Bonded S
Difference: common mode and sensor capacitance £
CO)
=)
©1000F 5 50F ™
= 2 45E 2
= 800 Mean — Pedestal o F Sigma — Raw noise 2
B 35;— ¢ ™
600— 30F 2‘
[ " oo . o e 252— ' 8
400— 20 . =
N o . Channel selection a
: 15;_ ", s .'h-_w' .-
200— 10 “
- 5_ - ..-r-'h-—w--"-—\-
0 P R R S IS T S S NN RO S SN SO NN SO SR SO SR RN ST SO ST S OE N T N e
0 50 100 150 200 250 0 50 100 150 200 250
Channel Channel
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Common mode — all channels are shifted from their base line (event-wise)

Raw pulse height event 3165

Pedestal run analysis |l

CMS

Common mode subtracted pulse height event 3165 |

eq

Epi100P, 23 GeV p, 3 10" n_cm?, -800V, -20 C

| |
o _F ~ 15
2 A
T 540 T 10
5201 e
coof Similar proceduref
L for beam runs of .
480— - Noise
- Raw event 5~
460_— C
0 50 100 50 200 250 10k BT B T B T e
Channel Channel
¢ Pedestal subtraction Common mode *
subtraction
| Pedestal subtracted pulse height event 3165 | [ Pedestal subtracted pulse height good channels event 3165
5) R O 45
2 2w
& ol & 35 H ﬂ”
- 30k il ’“ ;
T
- - Common mode
20 é:: calculation
of Channel  ,E (average)
- selection 5
20 = I T B
0 50 100 150 200 250 % 50 100 150 200 250
Channel Channel
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. CMS
Pedestal run analysis Il

w2/ ndf 82.26 /69
— Constant 187.6+ 3.3
3 450E- 2 220 Mean -0.1407 £ 0.0603
= 4005_ 8 200 Sigma 4.188 + 0.044
= 2 180
350F- 3 160 .
250 120 channel
150F- 80E"
= 60—
100E- 40E-
50=- 20
OZI.L.Ll.-. E Ll P Lo
-150 -100 -50 0 50 100 ) -15 10 -5 0 5 10 15 20
Common mode [ADC] Pulse height [ADC]
Common mode distribution Noise distribution
g 205 o 20
2 185 2 18
g 1oF S 16F
o C . . . el -
z e Unirradiated device 2 Noise
12E U =-300V 12
10 bias 10
8F 8E-
6F 6F-
A5 el e, AE e e Tee e
2 2F-
o I - I | I | 0:....|....|....|....|....|....|
30 40 50 60 70 80 90 40 50 60 70 80 90
Channel Channel

For this bias, pedestal and noise levels similar to unirradiated sensor

eq

Epi100P, 23 GeV p, 310" n_cm™, -800V, -20 C
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