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TABLE 5 Evolution of the amount of material expected in the ATLAS and CMS trackers
from 1994 to 2006

ATLAS CMS
Date n=0 n~ 1.7 n=0 n ~ 1.7
1994 (Technical Proposals) 0.20 0.70 0.15 0.60
1997 (Technical Design Reports) 0.25 1.50 0.25 0.85
2006 (End of construction) 0.35 1.35 0.35 1.50
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Leakage current . Depletion voltage - Trapping, CCE ¢ Enhanced generation

Increase of Creation of charged defectsf Shallow levels 1 —>leakage current
generation current upper band: donor . trap e — space charge
Levels close to m_idgap‘ lower band: acceptors . trap h 1 P 9
are most effective : :>Neﬁ; VFD : = lower CCE .

SR & :
\ f donor \ electrons

: N

Shockley-Read Hall statistics Inter-center charge

(standard theory) transfer model

(inside clusters only)
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n-type silicon after high fluences: p-type silicon after high fluences:
(type inverted) (still p-type)
p-i n-n p strips n-in- p n'strips

Undepleted region / Active region

Electron drift
Hole drift

Hole drift l
Active region

Undepleted region
p layer
Traversing particle Traversing particle
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high voltage pad

M ETERK1100 um - Eh
« [RIFH (600 um ) : BBWEEEH
FRRESEER N

guard rings

o - Z2PEE (500 um) : MR EBIE
b s ——F 55 . e LI B PRI LS M B

e e (BB A HREIRA RN
s ZAEX REXEEBREIRPHS N

<200pm

2020F984H CEPCEIIXN 21T 4A Page 47



REE R

« XAITFELZ  BWREEF

WREREE - BE(

 EAR[EIEEZERE - DIREBTTINEE -

/N R e 2k

R —
-

ERIF IR

nazkElR - BRESE

REN5S

Fluence [p/cm?]

N 3DEENES

First proposed in 1994, NIMA 395 (1997), p328
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GlobalFoundries

CMOS 6SF

Legacy segns

A\

250nm CMOS J

CMOS 8RF-DM

Mainstream
technology for
Mixed-Signal
designs

_1300m CMOS iy

CMOS 130nm

Cost efficient
technology for
Mixed-Signal
designs

CMOS 65nm

High performance

technology for
dense designs

JJ/
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*Currently not for distribution to HEP institutes.
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Radiation hard
processes

Hardness By Design (HBD)
in commercial-grade processes

(some) tracker
upgrades: 65nm

Production for LHC: CMOS
0.25um CMOS Upgrades: 130nm CMOS

ca. 1998-2000 ca. 2006 ca. 2011 time
: : £ TID: 100Mrad to
1 H E1Grad
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« Radiation-Induced Narrow Channel Effect (RINCE)
« Radiation-Induced Short Channel Effect (RISCE)

CEPCEImZEN T4

=3 |UE§?5‘ZF_ ( Total Ionization Dose, TID ) &{biEESBEEN
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« 3DER — "more than Moore”

- THBE - BRETE  SEINE

o SRS - MUME (BRER - 2

PARRES ~ WFEES ... )

1st MPW Run for HEP

3D-IC at Fermilab

+ Design approach

Test chips:
X1 —> + Two tiers with a single mask set
2.0x6.3mm . .
+ Top tiers on left side and bottom
tiers on right side of frame
+ More than 25 two tier designs
(circuits and test devices)
iugregcgesE: « ATLAS pixels (FE-TC4)
FGHILY Y + CMS strip ROIC for track trigger
5.5x6.3 mm « X-ray imaging (VIPIC)
+ B-factory (VIPIX) and Linear
Eull frame CoIIidgr (3D MAPS) pixels
0.13 um + Test circuits
Chartered
+ Plenty of issues and lessons
learned by the HEP community (see
next slide)
2020%9H4H CEPCE IR N2 7T 48

150 -200 pum pitch

Standard flip chip bump  Fine-pitch bump  Solder microbump  Cu pillar bump

3D IC DRAM 3D Pixel Detector

= e § Digital
o o
RankO 4 § | - e 9_
wee FERRRONT SI Analog
_EEEEEEEEEEE
Package substrate .
Pixel Sensor

Key elements: Through-Silicon
Via (TSV), micro bump-bonding

100 pm

100 pm pitch

20 - 30 pm

30 - 60 um pitch 15 - 20 pm
20 — 40 pm pitch
10 pm 5pum
20 um pitch 10 um pitch

SLID

T-Micro

2.5 um diameter micro-bump
provided by T-Micro
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Resistive AC-Coupled Silicon Detectors - RSD
A new readout paradigm
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Phys. Status Solidi RRL 5(5-6), 187-189 (2011).
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IR,

NIMA 557(2), 479-489 (2006)

Table 1
Material properties of major semiconductors for use as ionising radiation detectors

Property Diamond  Si a-Si(H) 4H-SiC 6H-SiC  GaN GaAs Cd(Zn)Te TIBr Hgl,
Z 6 14 14 14/6 14/6 31/7 31/33 48/52 81/35 80/53
E, (eV) 5.5 1.12 1.7 3.3 3.03 3.39 1.4 1.4-1.6 2.7 2.1
tte (cm?/Vs) 1800-2200 1450 1-10 800-1000 370 1000 <8500 1000 40 100
un (cm?/Vs) 1200-1600 450 0.01-0.005 50-115 50 30 <400 12 4
Saturated electron drift velocity (cm/s) 2.7 x 107 1.0 x 107 20x 107 2.0x 107 1.2 x 107
e—h pair creation (eV) 13 3.6 4438 7.8 8.9 43 4.4-4.7 5.9 4.2
eV/um for MIPs 36 81 51
Displacement (eV) 43 13-20 21.8 Ga-20 10

N-10
Density (g/cm?) 3.5 2.3 23 32 6.2 5.3 5.9-6.0 7.5 6.4
ER 5.5 9.7 10 ~0.4 8.8
Breakdown voltage, (MV/cm) 10 0.5 4t 2.4

40Other data has 2.2M V/cm.

2020F984H CEPCEIIXN 21T 4A Page 60



B E LA
. TILISRHES IS 1A
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all thickness = um a T
Cover thickness = 30 um N 6 2 G K

30 + 30 pm Silicon
(above and below channels)

=0.0064 % X, 30 +30 + 70 um Silicon = 0.0139 % X,
(between channels)

e 70 um C6F14 = 0.0037 % X, 30 um epoxy = 0.0008 % X,
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Liquid cooling (mono-phase CsF,, @ -20°C)
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LHCb VELO Upgrade
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Glue 50um 5 mm overhang
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CO, evaporative cooling (high pressure!)
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Fig. 1.37 Thermal runaway. 3
For T > Tgyitical, the system

will “thermally run away”,

while for temperatures below 25
the critical one T < Tgstical»

the system stabilizes at
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