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3D Integrated Circuits: introd
A 3D hi i ll f d t• A 3D chip is generally referred to
layers of active semiconductor de
bonded, and interconnected to for,

• Often the layers (sometimes calle
processes.

• Industry is moving toward 3D to 
(Performance limited by interconnect)
– Reduce R, L, C for higher speedReduce R, L, C for higher speed
– Reduce chip I/O  pads
– Provide increased functionality

R d i t t d t– Reduce interconnect power and crosst
• HEP should watch industry and ta

when applicable.when applicable.
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duction (Ray Yarema’s slides)
hi i d f 2o as a chip comprised of 2 or more 

evices that have been thinned, 
rm a “monolithic” circuit.
ed tiers) are fabricated in different 

improve circuit performance.

lkalk
ake advantage of the technology 

3D R ti ( ll hi )2D R ti (l hi )
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3D Routing (small chip)2D Routing (large chip)
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Key Technologies fo
Vertical Scale Integr

• There are 4 key technologies
– Bonding between layers
– Wafer thinning
– Through wafer via formation and metalli
– High precision alignmentg p g

• Many of these technologies are also
development of SOI detectors
3 ff SO• 3D offers advantages over SOI dete
– Increased circuit density due to multiple 
– Independent control of substrate materialdepe de co o o subs e e
– Ability to mate various 
technologies in a monolithic 
assemblassembly

• DEPFET + CMOS or SOI
• CCD + CMOS or SOI
• MAPS + CMOS or SOI
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r 3 D Electronics or 
ation (Ray Yarema)

ization

o used in the 

ectors
tiers of electronics
ls for each of the tiers.s o e c o e e s.

Opto Electronics
and/or Voltage Regulation

Power In

Optical In Optical Out

Digital Layer

Analog Layer

Sensor Layer

50 um
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A Closer Look at Wafer-Level S

Oxide

Dielectric(SiO2/SiN)

Silicon

“Super C( )
Gate Poly
STI (Shallow Trench Isolation)
W (Tungsten contact & via)

Super-C

Al (M1 – M5)
Cu (M6, Top Metal)

« Super-Contact Via First »« Super-Contact Via First »

Ф=1.2µm, h=6µm, min.pitch <3µm

C ~3fF R <1ΩCp ~3fF, Rs<1Ω
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Stacking (Bob Patti, Tezzaron)

1st wafer

Contact”Contact

2nd wafer

3rd wafer
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O COur approach: Chartered
USA-EU 3D-HEP Consortium

+ XFAB 0.6 P

Bonding padsBonding pads

Bumps
TSV

From CharteredFrom Chartered
(2 tiers)

Wafer view at intermed
(chip-to-XFAB 
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0 13 2 id 0.13 µm 2-tiers process
m (Fermilab, IN2P3, INFN…)
PIN process

plus XFAB and Ziptronixplus XFAB and Ziptronix
(3 tiers)

diate and after final stage

5

wafer bonding)



EUDET-JRA1 Meeting, Strasb

IPHC contribution to 2009 3DIPHC contribution to 2009 3D--CC
reticule for 2reticule for 2--Tiers and one subTiers and one sub--rere

SubSub--reticle sizreticle siz
+/- 0.2mm?
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Consortium submission: one subConsortium submission: one sub--
eticle for 3eticle for 3--Tiers, five sensor chipsTiers, five sensor chips, p, p

ze: 6.3x5.5 mmze: 6.3x5.5 mm22
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1. Self Triggering Pixel S
Collaboration: Stra

If
>1 n

G
Cc

>100 fF

G
x1

Cd
~ 10 fF

Shaperl
front-en
t k ~1

Qmin
~ 200 el

tpeak ~1

XFAB 0.6µm PIN (Tier_0)
Ziptronix

(metal-metal fusion(metal metal fusion
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Strip-like Tracker (STriPSeT)
asbourg-Bergamo-Pavia

f
nA

CCf
~10 fF σoff

<10 mV Dff
~ 40 µm2~ 40 µm

ess
nd
µs

Low offset, 
continuous

Readout logic

µs discriminator

Chartered Tier_1 (analog) and 
Tier_2 (digital)

n)
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Principal argumentsPrincipal arguments
- fully depleted, 14y p ,

- for small pitch, charge cont

f t h ll ti ( 5 )- fast charge collection (~5ns) 

- sufficient (rather good) S/N r

- “charge amplification” ( ~x100) by c

- first experimental results from our firstfirst experimental results from our first
very pro

20x20 µm pixel lay
Version: SF+C
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s for use of XFABs for use of XFAB--0.60.6
4 µm thick epitaxyµ p y

tained in less than two pixels

h ld b di ti t l tshould be radiation tolerant

ratio defined by the first stage

capacitive coupling to the second stage

t pixel sensor in this process (Mimosa25)t pixel sensor in this process (Mimosa25) 
omising! 

yout in XFAB-06.
CAPA (150 fF)
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MimosaMimosa--25 prototypes (XFA25 prototypes (XFA

20um
4x4 STD

30um
11.4x11.4
PIN

20um
5x6.5 SB

30um
5x6.5 SB

20um
5x6.5 STD

30um
4x4 STD

Mimosa 25 A

2 submit

Mimosa 25 A

u m

Wojciech.Dulinski@ires.in2p3.fr

bourg, March 2009

ABAB--0.6 PIN, Aug0.6 PIN, Aug--Dec 2008)Dec 2008)

20um
4x4 um 
STD_TOX

40um
11.4x11.4 um
PIN

20um
5x6.5 um
SB_TOX

40um
11.4x11.4um
STD

20um
5x6.5 um
STD_TOX

40um
5x6.5 um
STD

Mimosa 25 B

tted chips

Mimosa 25 B
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MimosaMimosa--25 on fully depleted epi substra25 on fully depleted epi substra
20 µm pitch, self20 µm pitch, self--bias diode@4.5V bbias diode@4.5V b

Landau MP (Landau MP (

To compare: « standard »
(non-depleted epi substrate)
before and after 1013 n/cm2
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ate (XFAB): first tests results (Ru beta) ate (XFAB): first tests results (Ru beta) 
before and after neutron irradiationbefore and after neutron irradiation

(in electrons) versus cluster size(in electrons) versus cluster size
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i i fi i fPrincipal arguments forPrincipal arguments for

simple (surface efficient?) but very sat- simple (surface efficient?) but very sat
minimum signal charge is of few t

amplific

- shaping time of ~1 µs very convenient: 
irradiation induce

- possible implementation of Time-o

i i i l t th t f- minimum signal at the entrance of
dispersions of fe

l d di d i d il b- structure already studied in details by 
several prototypes in an
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“ f“ f ””r “shaperless frontr “shaperless front--end”end”

tisfactory approach in particular whentisfactory approach, in particular when 
thousand electrons (after “charge 
cation”)

good time resolution, insensitivity to the 
d leakage currentg

ver-Threshold ADC in the future…

f t 100 V th h ldf comparator ~100 mV, so threshold 
ew mV tolerable

P i &B ( i fPavia&Bergamo group (expertise from 
nother 0.13 µm process)

11



EUDET-JRA1 Meeting, Strasb

C i i i AC i i i ACombined simulation XFAB+Combined simulation XFAB+
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C (S S )C (S S )+Charterer (SF+ShaperlessFE)+Charterer (SF+ShaperlessFE)
Simulation:

pulse corresponding 
to 200 electrons 

injected into XFAB j
diode

Results:

Gain: ~500µV/el
ENC ~10 electrons!

E t f SFExtra power from SF: 
<1µW/pixel

IF this is correctIF this is correct,
we should expect:

S/Landau>40
and

Cut99%eff/Noise>10
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S lf T i i Pi l S i lik TSelf Triggering Pixel Strip-like T
(from Lodo
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k l i l (SFE) lracker: analog pixel (SFE) layout 
ovico Ratti)

SuperViasp
(Input and GND)

Input
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Principal arguments foPrincipal arguments fop gp g

- excellent separation of analog and digi
layers for b

- flexibility of the readout architectury
process (<60nm) for this layer to incre

lower pow
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or “only digital” Tier_2or “only digital” Tier_2y g _y g _

ital (no common substrate, several metal 
blinding…)

re, possible use of “front-line” CMOS , p
ease complexity of digital processing at 
wer budget
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STriPSeT: Data driven (selfSTriPSeT: Data driven (self--triggetrigge
X and Y projection X and Y projection 

TrigOutSR

TrigIn

D

SR: hot pixel disable register 
g

Readout compatible with existing IPHC-digital DAQ…
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ering), sparsified binary readout.ering), sparsified binary readout.
of hit pixels pattern of hit pixels pattern 

Example:

readout clock : 160 MHz

2 output lines ≡Array readout 
ti 2

DELAY

SR Readout or Reset time: ~2µs

Programmable Active Area 
(through pixel disable SR)

SR Readout or Reset
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STriPSeT: example of SPICE STriPSeT: example of SPICE 
(parasitics correspond(parasitics correspond

Data driven data flow, clock : 160 MH
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simulation of 5x5 pixel array simulation of 5x5 pixel array 
ding to 250x250 pixels)ding to 250x250 pixels)

16Hz. Total readout time of one event: ~2µs
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2. Rolling Shutter Mode M
based on M26 app

Collaboratio

Pixel electrPixel electr

Vclp
RD

MiM

CS

PWRON Di i

MiM

CS

PWRON Di i

Clamp1

Vth

Clamp2 Clam
RD 

MIMOSA22-like 
pixel core
(without SF)

PWRON_Discri PWRON_Discri

Discriminator

- Common threshold voltage
- Only NMOS transistors in Tier 1
- 20x20 µm pitch, 32x256 pixel array

Tier 1

- Low power operation (rolling shutter)
Examp
-100 µW
-To be c
-Factor o
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MAPS: power efficient solution 
proach for processing
on: IRFU-IPHC

ronicsronics

Vclp

M

Latch

mpN Digital Memory

or 

Time Stamping logic
LATCH

p g g

Clamp2 

td

Tier 2
ClampN 

Clamp1 

ple of power budget:
W/pixel for 50ns processing

ompared with 500µW/pixel for 200 ns processing (Mimosa26)
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of 20 saving in analog power! This is due to 3D electronics…
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Rolling Shutter Mode MAPS: 
analog is based on NMOS trans

Tier 1
Amplifier ch

20 µm20 µm
First stage
amplifier

la

Will be replaced by TSV (S
in case of 3-Tiersdiode
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analog and digital blocks. The 
istors only (from Yavuz Degerli)

Tier 2
hain 

atch

uperContact)
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33--Tiers Project status Tiers Project status 
-Schematics and siSchematics and si

-Layout of most of bu

- Assemblin

-Submission (Ch

-Submission (X

Reception of w-Reception of w

-2 Tiers testing:

-XFAB Tier bonding (at

-Final tests (and beam te(

My personal conclusion: a new class of 
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and expected scheduleand expected schedule
imulation finishedimulation finished

uilding blocs finished

ng: ~March

artered): ~April

XFAB): ~May

wafers: Julywafers: ~July

: ~July/August

t Ziptronix): September

sts): October/November) O /N

f “monolithic hybrid” sensors is emerging.
A l f k b l f f ll

19

A lot of work, but a lot of fan as well…



EUDET-JRA1 Meeting, Strasb

STriPSeT as part oSTriPSeT as part o
-

-Sensitive area: 5x5 sq.mm not ve
precision 

-Expected (binary) resolution:

Bu

-Time resolut

C t t 1- Can accept up to ~1

-Excellent noise performance: cut on S/
ith 100% ffi iwith ~100% efficiency v

- Programmable pa

Good candidate for a (Good candidate for a (

Wojciech.Dulinski@ires.in2p3.fr
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of a beam telescopeof a beam telescope
-
ery big, but fit well Mimosa18 (high 
tracker)

: ~5 µm not very attractive

ut:

tion of ~1 µs

100 kH ti l t100 kHz particle rate

/N ratio of 10 should still be compatible 
l f k ti tvery low fake counting rate

ttern of active area

(tracking) trigger layer?
20

(tracking) trigger layer?



EUDET-JRA1 Meeting, Strasb

New step in telescope miniatuNew step in telescope miniatu
speed and keepingspeed and keepingspeed  and keepingspeed  and keeping

L = 30 mm, 5x5 mm,

Mimosa18 DU
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urization, still increasing the urization, still increasing the 
g high precision…g high precision…g high precision…g high precision…

m active area

UT STriPSeT

Thanks for your attention!Thanks for your attention!
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