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Introduction N "
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STAR ALICE-LHC e ATLAS

Requirements for inner pixel layers

ATLAS-LHC | ATLAS-HL-LHC

Timing [ns] 25 25
Particle Rate

(KHz/mm?] 1000 10000
Fluence [n./cm?] 2x10%° 2x1016- 2x10%°
lon. Dose [Mrad] 80 >500 - 100
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ATLAS HL-Upgrade o "
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= T LI L L DL R R LN B g ot g s s B PO |
E 1000~ ATLAS Smumtmqlgﬂ Detector: Silicon area | Channels
S ™ [m?] [10°]
L [ 1 A S - -
800~ i1 (1 HE 5 S P]r}liﬂl barrel 5.1 445
] | e - | | E c>), Pixel end-cap 3.1 193
N | §’e c Pixel total 8.2 638
6001 C Hios S
K L] ] :'—- (01— : (| ]| f ) g— Strip barrel 122 47
aole ! H (11111 HEo4 g Strip end-cap 71 27
- | outer ’ 1403 O Strip total 193 74
200 | | | k l —_— ’ “ | | 0.2 ATLAS Phase Il Letter of Intent
B 0.1
T el e
-gDDD -2000 -1000 0 1000 2000 3000
Z [mm)]

Inner layer (1 Grad, 10%6/cm?) Outer layer (50 Mrad, 10%5/cm?)

1. Low power 1. Low cost
2. Low material 2. Low power
3. Occupancy 3. Low material
4. Resolution 4. Resolution
hybrid pixels (65nm + sensor?) low cost hybrid pixels or monolithic?
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Possible scenarios for Active Sensors - "
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= Depleted Monolithic Active Pixel Sensor

— HR- material (charge collection by drift) = Fully * 'D' -D-

depleted MAPS (DMAPS)
Diode + Amp + Digital

= Hybrid Pixels with “smart” diodes:

- HR- or HV-CMOS as a sensor (8”) *.D_ .D. .D.
- Standard FE chip

- CCPD (HVCMOS) on FE-14 Diode + FE chip
preamp
= CMOS Active Sensor + Digital R/O chip
- HR- or HV-CMOS sensor + CSA *'D‘ 'D'
(+Discriminator)
- Dedicated "digital only" FE chip Diode + full Digital only FE chip

analog Wafer to wafer
processing bonding

= Passive CMOS Sensor + R/O chip
- HR- or HV-CMOS sensor * -D- -[l
- Dedicated FE chip
- Low cost C4 bumping and flip-chip

Diode FE chip
C4 bumps
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Important parameters - substrate . '1
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18um (epi)

20um

Charge_Collection

10 Ohm-cm

no radiation, 10 Ohm cm NW: 1V

Te+13, 10 Ohm cm A
no radiation, 2k Ohm cm POV

Te+13, 2k Ohm cm

o o200 300
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Important parameters — HV Bias N "
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Charge collection (fluence: 104 -10*> n. /cm?, substrate: 2k Ohm-cm)

> NW@20V

1500

10004
A,
5
<=
“ sop4
1 ' Tex14 W@ TV
T 1 Te+15 MWW@1y
I le+14 NW@20V
0 le+15 NW@20Y
o 5 o 15 20
Time [ns]
PW: 0V
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Bulk process options (simple options, n-on-p) . "
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Charge signal Charge signal

Electronics (full CMOS) Electronics (full CMOS)

nw

Deep n-well deep p-well

p-substrate

p-substrate

Electronics inside charge collection well Electronics outside charge collection well
=Collection node with large fill factor - rad. hard » Very small sensor capacitance - low power
=Large sensor capacitance (DNW/PW junction!) = x-talk, = Potentially less rad. hard (longer drift lengths)
noise & speed (power) penalties »  Full CMOS with additional deep-p implant

=Full CMOS with isolation between NW and DNW

larger capacitance makes it more difficult for the readout
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Important parameters — Fill Factor
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20um

17um

Charge_Collection

o0
_1oop4 FRE7%
A, I
% I
I =159
£ S0l FF=15%
ff=15%
ff=75%
0 I
—+—+——t—+—++—+f+—++++—+—+—+—+ NW: 20V
; 1 ; 3 > pw:ov
Time [ns] Substrate:2k Ohm cm

How important is backside implant?
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Technology Overview o "
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e AMS 350 nm
e AMS 180 nm

+
* i

0

* LFoundry 150 nm* LFoundry (.)
* Global Foundry 130 nm

* ESPROS 150 nm

* Toshiba 130 nm TOSHIBA "7_’

* Towerlazz 180 nm %FAB
e STM 160 nm Za\ an
. IBM 130nm . o

e XFAB 180 nm*
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AMS H18 180 nm
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Substrate: 10 Ohm-cm
Bias: 60 — 100 V
depletion depth: 10 um or more

-

Q (theoretical) ~1000 e- by drift

R/O via ATLAS pixel chip FE-14

Karlsruhe (design&test) Geneva, ;

CCPM, CERN, Bonn (char&tests)

particle track " G
(~80 e-fum) s |
¥

-

i

2ARETARRER J

Aretepon

g 30 \5""
| 5 v .
‘ %.n,w TV : 9':\, ___________
’l“x SRR §|?'l}',“,;’]_'}e_n_,1____; ] ]
| , ;1 i 4 versions since 2011
ai;;, = demonstrator 10/2015
}.;”; 115)
(% CCPDv2 ™ cceovs [l [T ccppva &
? (| I S RS { gtﬁ”-‘i}m ' .
Bl= small pix
..; ” NNNY ::::
s t(mll!rlTliI:i'iiili LLLL] m,
&

FEI4's readout pixel
Size: 50 pm x 250 um

F sub pixel address

CCPD_AMS readout pixel
Size: 33 ym x 125 ym
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H35DEMO . "
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Technology: AMS H35 HVCMOS technology (350 nm)
Substrates: 20, 80 (50-100), 200 (200-400) and 1000 (600-2000) Ohm-cm
University of Bern, IFAE Barcelona, CERN, University of Geneva, University of Liverpool and KIT

Energy Spectra

e o
R 200

244 mm

Fraction of all Hits in the Spectrum
= =]
& E

0 0,1 u:z :}:3 u,lq
Signal Height (in V)

I. Peric et al.
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CCPD_LF

18V

o

24 x 114 pixels

e e SO D SR s

Matrix :
24 x:114 pixels

50-300um

w
r
-]
L
7]
a,
B
i
o

=10

L-Foundry 150 nm process (deep N-

Resistivity of wafer: >2000 Q-cm
Pixel size: 33um x 125 um (6 pix

CCPD_LF:

well/P-well)

2 pix of FEI4)

Chip size: 5 mm x5 mm (24 x 114 pix)
Bonn + CCPM +KIT

13
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CCPD LF N "
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3.2 GeV spectrum

Energy [ke]
16 6.1 16.5

Spectrum of 55Fe (Bias=-101.8V) =k U [— 1ov]

5 10} Depletion length: ~160um)

10.2mV |
(cf simulation=13mV)

=
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3. g | . o P
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* !
{
B \'v"j ‘
A4 Z . -
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o
(o))

o
FS

Intensity [a.u.]
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[¥]

0.2

T. Hirono et al.

Intensity [a.u.]

Il |-|,..,.. 1

0 B B
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Realative delay of Monitor [ns]

Time Walk
Energy [ke]

16 6.1 16.5
200~ - :

.: o TH=2mU{19|]E]'

. » + TH=2Tm\(2600=)
150 ¢,

? 3.2 GeV e- beam

100+

30}

0

.00 005 010 015 020 025 0.20 0.35
Ampout [Vpp]
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Total lonizing Effects

1.2
1.1}
L0t
0.9|
0.8} -
0.7}
0.6}
0.5

Normalized gain

2.5

2.0}

L5}

1.0}

Normalized noise

0.5 - - -
10°* 107} 10° 10° 10°

TID [Mrad] T. Hirono et al.
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CCPD_LF - Issues - "
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CCPD_LF configuration SE
SROUT \ ;
MONOUT " |
D Q OAC_TRIM=2:0 \‘J
EM_PREA MFP ALz |
N [P o offf BT e |
G
LA

0 [ R

SRIN  SE CK L OkE 0> | A -
| L]
/ AMPOUT L2

T. Hirono et al.
This is general issues for mixed signal designs with integrated charge collection!
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LF-CPIX Demonstrator + Fully Monolithic o "
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9.49mm

LF-CPIX:

h

1.18 mm

150nm CMOS (Avezzano, ltaly)
2kQcm p-type bulk

Deep N-Well/P-Well available
HV process

CPPM + IRFU/CEA + Bonn

9.84mmfor V1 /9.525mmfor V2

submitted 03/2016

hemperek@uni-bonn.de

10mm 10mm 5.84mm

LURLARE B LA ER LML R AL IR LR )

._..__databus_______}

submission 05/2016
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XFAB — XTBO1 - "
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| XTBO1 prototype

PW Nw N NW
HWP HWP
Si0,
N

particle track .',"G) T — /‘

{~80 e-fum) ',"
\* P-substrate

Parameters:
180nm CMOS

100 Ohm-cm bulk handling wafer

100x100um 50 x 50 um? and 25 x 25um? pixels
Roiling shutter

No back process at this point (side bias)
Design: Bonn, Testing: Bonn, CERN
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HV-SOI - TID effects on transistors
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S. Fernandez-Pereza et al.

up to 700MRad changes within process variation , no dependence on HV
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Current [uA/cm2]
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- 14 2
XTBO1 -1V Source spectra (5x10'* n . /cm?)
103 XTF!OI (2|5C)
5000
®%%00ee,, L =—a “Srat 250V (3x3)
............ o I B +—4 "Srat 300V (3x3)
......... 4000F " M :I'-IFE at 250V
102} ..00. = Baseline at 250V
@
@ .....
"':::'00000.. 3000} |
10t} +
2000| | & 1
- &
109 °° 213 1000 NJ[
Fle @ e
e o 5el3 L After 5 x10'" n, Jem’
e o leld o [l s
0 200 400 600 800 1000 1200 1400 1600
1 ° * Seld ADU Counts (arbitrary units)
10' | | | | | | | 1
-450 -400 -350 -300 -250 -200 -150 -100 =50 0

ins (1 Pixel size: 25x25 pm?
Temperature:- 20°C
Fluence: 5x10'*n,,/cm?
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Current [A]

XT02
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10°

10°

107

10}

10°

T T T T T T T 'I

1 1 1 | 'l

T T | T

—u— Leakage XTBO1 - HVring

—u— Leakage XTBO2 - HVring

T T | T T T T

1 1 | /| | L

10—1ﬂ-|||| b

0 50 100

S. Fernandez-Pereza et al.

150
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200

250 300
Bias Voltage [V]

Xfab (preliminary)

180
160 +Before Irradiation . -
L]
-""E" 140 u 2.0‘DE+14 - ) .
3 = 5.00E+14 R
— 120 -
- 1.00E+15 " =
2 100 = a"
= ="
] - L

E &0 L -
]
i'-'_, 60 . al”® —
=] C f____.___+__
'] 40 . - - n ____‘_____._____

20 S I

ﬂ -,,,-’l'
50 100 150 200 250 300 350
Bias (V)
TCT, I. Mandi¢, B. Hiti et al.,
JoZef Stefan Institute, Ljubljana, Slovenia
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Substrate comparison N "
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c'.lu_' 102 =L ] N — T 1 T T T =
g ~  Preliminary! .
il : CHESS HV2FEl4 :
e 10 NN ~ 1 ~ NYN, ~0.97 |
e c~03610"em?  C~057*10"em2 =
e : —
Z .

107, U XFab CLF -
g /N, ~ 0.7 NN, ~ 0 g
i c~1.8*10"cm2 g, =(0.03+0.01)cm’
—2 1 | | | | 1 | | | | I 1 | | | | | |
10% 5 10 15 20 25

®, [10' cm?]
Bojan Hiti et al.

Jozef Stefan Institute, Experimental Particle Physics Department
ITK Week, CERN, 15 February 2016
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Passive LFCMOS sensor prototype - "
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 LFoundry 150 nm CMOS technology

e 2 kQ-cm p-type bulk, 8

300 um thick, backside processed
 Bump bonded to the ATLAS FE-14

* Pixel size: 50 pm x 250 um

* Matrix size: 16 x 36 pixels (1.8 mm x 4 mm)
* Bonn+ MPI

n-implant widths:
[30, 25, 20, 15] um

L) 30 um
AC-coupled pixels DC-coupled pixels

Resistive bias Punch through bias 55
] pum

30 pum-implants 30 um implants
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LF CMOS Passive — Efficiency
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Measured in a test beam with unirradiated sample

Efficiency of LFoundry passive CMOS sensor on ATLAS FE-14 100.0 100.0000 N
99.9950
35 — /
87.5 X
= 99.9900
30 g /
175.0 S 99.9850 /
2 e 99.9800
/
2 20 > 99.9750 ; ; ; |
2 1900 ¢ 50 100 150 200
15 (e Bias voltage [V]
1375 i 100.0000
10 99.8000
17° K 99.6000 PP am
5 >
125 £ 99.4000 /
0 a-; 99.2000
0.0 /
0 5 10 15 99.0000
Column
98.8000 ; ; |
e AC pixel: >99.99 % mean efficiency at 80 V bias *° Biasvoltagelv] 0 200
e DCpixel: 99.72 % mean efficiency at 160 V bias D. Pohl et al.
* |IBL sensors: 98.8 —99.9 % mean efficiency
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Conclusions - "
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* Lot of encouraging results (large momentum in R&D)

 Mainly low cost alternative to conventional hybrid sensors and strips
for outer layers (complexity?)

* Smaller pixels for inner layers (position decoding -> double pulse
resolution)

* To do:
— Large (fully monolithic) devices
— More radiation studies
— Better timing
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AMS H18 180 nm (CCPD_v4) i ers'téitbon'nl
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= capacitive coupling works in principle

g
]
|

Sr-90

= chips withstand TIDs up to 1 Grad . S
proton irradiation 10%° neq/cm2 performed “MM\\ before

= efficiency (time integrated): 99% -> 96% : HISIO isen 101 ) == irradiation
= in-time efficiency not yet met (t,,,,~100 ns) =5 T
B ~1660e
= signal ~1500 e ; SNR ~25 -1 Fe-35
Srgo at 1GRad (Pixel 20X1, HV=-60V) ":CLIE 2000 4reo Econ anon woan 12008 14oen
£ Constant 448.1+ 4.148
§ 450 MPV 1462 £ 28.45 . . s
- ' Soma 70,8+ 1398 time integrated efficiency Need to
version 4 — 100 & reach the
350 N - ’\ ® plateau
300 S~ gp : N
250 1462 e- (bias =60 V) O . __unirr .
200 fter 1 Grad ) - /{ —— 402 (unirradiated)
150 arter ra ::’ m; \ —e— 404 (Irradiated)
100 Sr-90 O o v AN :
50 - ) version 4
50 .
00 5000 10(;.00“ 15(;00 IZU(IJOd = éﬁ(;od = IEOOOD E 96% after Irr-
Charge [e] 40
1% to 10%> n.,/cm?
301 ; i i . . ! ST
e e e e e e e e Ly

. Q 5 10 15 20 25 30 35
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LF CMOS Passive — IV and noise o "
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Room temperature, ATLAS FE-14 on,
configured and idle, not irradiated

IV curve

10*

10° |

Current [ud)
-

1n?

1
m—lED =160 =140 =120 =100 =80 =60 -40 =20 0

Voltage [V]
Break down: > 160 V

Leakage: 28 uA / cm? (200 um depletion depth
assumed)

IBL planar sensor design: 15 uA / cm? (200 um
depletion depth assumed)

IBL CNM 3D sensor design: 45 uA / cm? (230 um
depletion depth assumed)
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Moise of LFoundry passive CMOS sensor on ATLAS FE-14

B AC coupled
B OC coupled

100 120 140 160 180 200
MNoise [g]

* Measured with a threshold scan, IBL
like tuning: ,, 1500 e“ threshold

 ACcouples pixels: (133t1)e
* DCcouples pixels: (117 t1)e

* IBL n-in-n planar pixel: (125 +5) e,
117 fF

 |BL 3D pixel: ~ 150 e, 180 fF
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