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Is 3D (vertical integration) new?

» For decades, semiconductor
manufacturers have been shrinking
transistors sizes in ICs to achieve the
yearly increases in speed and
performance described by Moore’s
Law (chip performance will double
every ~18 months)

- Moore’s Law exists only because
the RC delay has been negligible in
comparison with signal propagation
delay. It turns ou that for submicron
technology, RC delay becomes a
dominant factor! (the change to Cu
interconnects, low-k ILDs and CMP is
not giving answer to the questions:

. how to reduce RCs?)
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» not really... because: STACKED CSP

Top and homtom die  Die attach film paste

1.2 and
1.4 mm
{max.)

VOYO000e

Solder ball Dielectric

Stacked CSP — stacked chip-scale package (example source: Amkor)
FoR Struethre

1. A typical three-chip PoP
solution. n

PoP — PaCkage-On-paCkage (example source: Amkor)
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!S SD (\_/ert:ga! !ntegratugn) VERTICAL SYSTEM INTEGRATION
new? BY Cu-Sn-Cu EUTECTIC BONDING

3D-TSV - 3D Through Silicon Via
TiW seed layer & barrier

Cu electroplated

Sn electroplated

Cu electroplated

TiW seed layer & barrier
Metallization

3D integration is undergoing evolutionary
change from peripheral vertical

connectivity involving bonding pads to the

interconnectivity at the block, gate or even | WorCuCVD,TiN CVD barrier

transitor level L -
Level 2 chip, | 1 0,-TEOS oxide (isolation)

Si 10-50 pm - )
Backside isolation

Cu-3n alloy, soldered
Pad

» reduced interconnect delays,
higher clock rates,
» reduced interconnect capacitance,

lower power dissipation, Bottom Si, level 1

» higher integration density, l |

» high badwidth p-processors llustration TSV with 3D stack

» merging different process technologies, mounting using direct bonding

mixed materials, system integration, technique _
(example source: Fraunhofer-Munich)

» advanced focal planes
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Challenges for 3D-TSV technology:

Q

3D-TSV will be adopted , but to what extend and how quickly depends on:

» Commercial availability of EDA tools and design methodologies,
» Thermal concerns caused by the increased power densities,
» Vendor adoption of TSV technology

- Via first - foundries

- Via last - 3rd party vendors

» Testability methods, known good die are availability
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What 3D-TSV mean for pixel desi :

q::
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Pixel control, CDS,
AD conversion
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M Diode — DlElta]

Analog Analog

clrcuitry | circufry Analog /l 1
e,

\ ‘ A Li—
hod Mhods Semsor f' A 4
= | |
i /-

Analog Analog
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Pixel control

Conventional MAPS 4 Pixel Lavout 3D 4 Pixel Lavout
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When 3D-TSV are inserted in

VIA LAST
approach occurs after wafer fabrication and either before or after wafer bonding

FEOL + BEOL

3) Before
bonding:

FEOL + BEOL

T

4) After
bonding:

N

__Etch
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o

B

__Fill
FSA
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U
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&2
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ey

2 Fermilab

1.1

Zycube, IZM,
Infineon, ASET...

Samsung, IBM,
MITLL, RTT,
RPT...

Notes: Vias take space away from all metal layers. The assembly process
is streamlined if you don't use a carrier wafer.

Basically wafers from different processes/vendors could be used as
via creation is a postprocessing operation.
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When 3D-TSV are inserted in th :

VIA FIRST
formation is done either before or after CMOS devices processing; is part of the
process done on the production line

fom, NeC
e L Elpida, OKT,
%’17\ Tohoku, DALSA....

FEOL--BEOL
HEGL Thinning

|_Etch
‘ \ I ‘ 171 \
_Etch 1 Tezzaron, Ziptronix
2) After I I - == == Chartered, TSMC,
i i RPI, IMEC........
FEOL:

1) Before
FEOL.:

B

—
—
|
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MITLL 3DM2 vertical integration

process flow (VIA LAST):

« 3 tier chip; 3DM2 includes 2 “digital” ~ oXide

Step2: Invert, align, and bond wafer 2 to wafer 1

180-nm FDSOI CMOS tiers and 1 RF bond
180-nm FDSOI CMOS tier
11 metal layers including: 2-um- Step 3: Remove handle silicon from wafer 2,
thick RF backmetal, Tier-2 backmetal g%:h 3D Vias, dposit an CMP tungsten
Via el

Step 1: Fabricate individual tiers

- Step 4: Invert, align and bond wafer 3 to wafer
2/1, remove wafer 3 handle wafer, form
2L 3D vias from tier 2 to tier 3, etch bond pads

In principle wafer 1 could also be bulk
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Description of the MITLL 3DM2 process:

MIT-LL 3D IC Technology (SOI) CFDRC Full 3D Model
- Layer Description with active elements in all

I N -_-_- y
Tars |Cap oelos rinl1] A
Tar-3  [BOX 400 | 3 (2
Tier-3__|s0l lslana S0 wasonm | gg | ] (w]
Ter-3  JLTO over lekand &00 g
[}
a0
CEN T = T 1 _ ~ 1 s
LD 1-2 via nm via o
T&rS eecun TeOS foae | 2
)
I8 e ... | . &
ILD 2.3
Ter3 eecun TEOS faae
T s [ =
Tar-3 |3 overglsss PECVDTEDS | 500 t
Tiar3  |BSG cap oxide 500 2000 iy

Tier2  |BEG cap oxide 00 oxide-oxide bond
Tier2  [PECVD TEOS 500
Tier2  [Back Matal 1 620

[ Ter=_|Cap Omios Al

Tier2_[BOX 400 I (2]
Tiar2_|soiisiang Eil en | E;I;.?D I & N
Tier-2  |LTO over lsland &0 I
¥ = N
Tier2  westal 1 520 Tier-2- M - X}
LD -2 3Dwia  47i0nm =i
Ter2  loecun Te0s o [
-
T340 nm ¥
& 30
T e = . o
LD 23
Ter2 leeeun TEOS Taae
Tier-2  |M3 ovarglass PECVD TEDS 500
Tier2  |65G cap onide 00 ) )
S =r—0xide-oxide bond
Tiar-1 |3 overglass PECYD TEOS | 500
LD 2-3 }
Ter1 lpecup TEOS 1000 w
o
I =] - . U S
ra
LD 1-2
Terl oecun TEOS 1o —
a1 westal 1 &0 Tier-1-M1 _ o
.
Tar-1 |LTO over tstana &0 Y v
TiEr1 IEQ Eland = | | -
Tiar-1_[BOK 400
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A _
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Tezzaron vertical integration
process flow (VIA FIRST):

* multi-tier tier chip; Tezzaron includes
standard CMOS process by Chartered
Semiconductor, Singapore.

Step2: Complete
back end of line
(BEOL) process
by adding Al ™
metal layers and
top Cu metal

2 Fermilab

—inni ginn

Dielectric(SiO2/SiN)
g Gate Foly
e STI (Shallow Trench Isolation)
. W (Tungsten contact & via)

__-“Super-Contact”

(0.7 um) = Wafer-n
Step 1: Fabricate individual tiers;
on all wafers to be stacked:
complete transistor fabrication, Wafer-2 2nd
form super via Fill super via at
same time connections are made
to transistors
Step3:Bond __ LLILEY MLELIL
<« L1 LI L1 LI L] wafer2to ==c====X I X ===
Sicon first wafer-1 & & & T T W& = = — — =
Dielectric(SiO2/SiN) “Super—Contact” 'ﬁ]ue-rsrl:o
Gate Pol -
L sTI (Sha::owTranch Isolation) compression —.I'n' i in'.l
B W (Tungsten contact & via) bon d
mmm Cu (1 -ms) Wafer-n Wafer-1 Ist 1
Cu (M6, Top Metal)
Cu-Cu bond

All wafers are bulk
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Jt
aF
Step 4: Thin the wafer-2 to about 12 um to | I-

expose super via. Add Cu to back of
wafer-2 to bond wafer-2 to wafer-3

OR stop stacking now! add metallization
on back of wafer-2 for bump bond or wire
bond

Metal for
bonding

~ LLILY

Wafer-1

Cu for bonding to wafer-3

ln l'

Step 5: Stack wafer-3, thin wafer-3
(course and fine fine grind to 20 um and
finish with CMP to expose W filled vias)
Add final passivation and metal for bond
pads

1st wafer

12
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3D-Integration activities at FERMILAB

» FERMILAB work on vertical integration technologies started in 2006.

» Efforts include:
- design of 3D integrated circuit exploithg 3D TSV,
- wafer thinning and investigations of interconnectivity RO/detector (low profile,
low material budget, high density, interconnects),
- design of monolithic detector/readout systems in Sol on HR handle wafer.

» 3D - integration related work:
- design of 3D integrated readout circuit with architecure for ILC (VIP vertically
integrated pixel) in 0.18 um MITLL 3DM2 process (Oct. 2006) — tests performed,

- new VIP2, 0.15 um MITLL 3DM3 process (tape out Sept. 30 2008)

- new 3D design exploring commercial 3D integration technology by Tezzaron
built on Chartered Sem. 0.13 um CMOS process
— FERMILAB hosts MPW (reticle shared between interested users)

- wafer thinning and laser annealing for low material budget detectors — underway
with different vendors (IZM, RTI, Ziptronix, MITLL),
- investigation of low mass, high density bonding.

13
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VIP: floorplan

VIP = Vertically Integrated Pixel
64x64 20mm? pixel prototype

» fully functional matrix of 64x64
pixels including zero suppresed
readout,

» single pixel test structures,
placed on corresponding layers
using internal ring of pads,
reduced, or NO ESD protection.

recently

Yield problems faced in
tests — looks like process
problems — problems are
not related to 3D
integration but processing
of individual layers

2.5 mm

2% Fermilab

pads with diode ESD protection for 64x64 pixel matrix

\ mmiﬁﬁim

LIy

g 1 Oy B e Vo gebo e W T T obbat G360 ORE obiez T

front-end test time stamping test

i s R e e e e e

i

g -

% o structures pads structure pads
porern £
Sl oy drivers dataClk and E
e injClk (30 um) Fum
Frir o generator of ahyhy
T | analog readout (60 um) O AHareESaE S
s ramp generator | By
“"_‘_: + 5bit gray counter (60 um) -
rny + test readAll and readAddr0 | o el
E}fn_u%J‘ - + serializer - B
!‘LJ'LJ'L‘ |
Eﬂ 4 . ! &jlﬂﬂ_t
o 2 64x64 20um pitch s
=~ =g | pixel matrix = o
ivthe B o . - iEhediny
e =5 time stamp distrib. & readout e
W'* [ZRT + generator of column ] [P R
P s 2 addresses (40 um) -
o * T e AR
FFom 8 EAFD
oo &y
perer) i e o it T
ne «H} A datalik gt e aricr vreu.dpone il .,‘;gg(?%
Forim F\.T”EFUI '”'"‘ LT I"" Firics FL?EFL: EFLT'C: LA I”' it Fﬁ'ﬁ’u‘ "'\ LT l"”
, B s Sehinabs
P
2.5 mm

VIP floorplan top view
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VIP:

-
-

Metal fill cut
while dicing

‘ 15
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VIP sparsification scheme:

2 Fermilab

=S==2F % LR IR e s - o
+ £
2 =} n
.serialclk DI °| "’l
serializer Itrasmitter serialout . . ﬁ ﬁ ﬁ
NewSerialWord (Log,m+Log,n+5bits,; +syne) /hit
= - H, 7
...... e time stamp bus
l X _address bus
f o
=i
s
2 2 A
analo analo analo Il 1
outpu outpu cutpu
Vi=Vo Vi=-Va Vi-Vo
Veime Veima Veime
Report " — e - & Y el ¥ . C — i
mistarct token} ] 011 [* cell [© : V] cel1 [F
] 101 2:1 tokent V| m:1
#=Log,n v-line - L -1
®"-line y-line
"“7‘@/ — l — T ilined ————— e :
¥ e | nw--"-"1""""-""""" 1 P )
' x- ' e |- H '
| eell [° T Tiin . —— N H 1| cell
o time . . ok .
. 1:2 ~ ® coxen! * — m.token: S T are m:2 -
Il [} - il
#=Log,n 1 y-line ¥-line . ﬁ—linel
-§E= T e I R R R T PP I PR A P P T eeeea-
: tird : i 5 : Tk
v | cell [TT Tiiney * | eell lineg ' o | cell [F
. i i " L
] 1:3 timeg | 2:3 timeg . v | m:3
o N tokens token:.r_ ________ N
=Log,I y-line Y¥-line ' y-line
P52 e e P D N S E =S U S S — e e ]
0 H ‘ ‘ i ‘ ‘
J o ' ' P ' '
- T : T :
- . i . P . -
w
i}
N [ by & I R proesesee I I O :
g |- : |- :
© cell [° 1ine] cime : cell [ 1inel cime ReadDene
e 1:n ' m:n (end token)
"""" — » |
#=Log,n—— y-line* y-line .
e e —= ,

dataClk dataclk - releases new data from a pixel
and let token propagate to a next occupied pixel

static ¥ registers can be replaced by counters

incremented by the last column token
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VIP: distribution
between layers

38 transistors

72 transistors

65 transistors

2 Fermilab

. sample1 | Tier 3
A o
| ~ <
‘ k“ <—I s
I I —
saniple Sar;ple V’r—; in Delay 4|S. Tr‘ng|
Tier 3 =—b | N 3D
analog | _ Toanlogoutputbuses ___ _ — -} ¥ vias
5 Digital time stamp bus Tier 2 /
L¢ L¢ L¢ L - L¢ —JkWri‘re data
Tier 2 = e P P o '
Ti bO |bl |b2 |b3 |b4 Analog T.S.
Ime [P R Ot \ Read data
S‘ramp Analog|ramp bus
Analog time output bus
. In [
Tier 1 m—> Y Inject Tier 1
Data Test lr;puT S'R'T)_ulse
er- . Out
sparsification . . Read
1 all
v % Data clk
X address arac Token out Read data
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2% Fermilab

http://www.micromagic.com/MAX-3D.html

18
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Vertical integration...

tier3
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VIP: time stamping and sparsification layo
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Full array results:

» poor fabrication yield: 1 testable chip among 23 tested
(problem seems to be related to fabrication of individual tiers,
3D TSV and 3D assembly seem to be successful,

» tests performed:
- propagation of readout token,
- threshold scan,
- input test charge scan,
- digital and analog time stamping,
- full sparsified data readout,
- Fixed Pattern Noise and temporal noise measurements (limited due to S/H)

» tests used in definition of guidelines for submission of VIP2 MIT-LL 3DM3 09/30/08.

21
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Vertical integration...

VIP:

readout token propag

token out

disc

release data

read anyway

token_inD—-Dw—l
data_glkl >

-+

2 Fermilab

tion
X_Ane token propagation circuitry is part of
Y line sparsification circuitry; if pixel has data
to send out high level at the token_in is
not transmitted to token_out until the
readout of the pixel address, time

stamp and signal amplitude is not
accomplished.
in case of lack of any hits recorded high level

VsSS . . . .
propagates through all pixels without interruption
1000 . T T T T T T T T T T T ] 1000 F T T T T T T T T T T T ]
900 | —=— chip C4R3| 3 900 | —a— chip C4R3| 3
w0l A2 —e— chip C3R3)| swob ° —e— chip C3R3|
m - —A— chip C4R4| 1 m . \ —A— chip C4R4| 1
g 700F . g 700f 3 E
& s00f in X% At2 ] & e00f \ E
[}] - 1 [}] F ]
'g 500 | ‘ 'I—|L-j '2 500 | \E\ \ 3
2 a0f * ] ) F T \ \ ]
5 T 1 ®§ 40f T s
g 300 F T—i— £ g 300 R
o : —, o : 5
100 £ ] 100 £ At1 E
0 F 1 1 1 1 1 1 0 E 1 " 1 " 1 N 1 i 1 n 1 ]

1.0 1.1 1.2 1.3 1.4 1.5 1.0 1.1 1.2 1.3 1.4 1.5

supply voltage (V) supply voltage (V)

propagation of falling edge:
NMOS transistors work; faster and less spread
between chips

propagation of raising edge:
PMOS transistors work; slower and more spread

between chips 22
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VIP: pixel-to-
pixel threshold
dispersion scan

» normal operation conditions,
sequence: integrator reset and
released, discriminator reset
(autozero), threshold adjusted
(lowering threshold below
baseline), readout based on
sparsification scheme

» operation with integrator kept
reset (inactive),

capacitive divider by 11 at
the dicriminator input

Pixels triggered (#)

Pixels triggered (#)

3¢ Fermilab

4000 AL,
3750 E |—=— FE released reset
3500 fit to derivative

3250 B |Ra2= 0.86327

3000
2750
2500
2250
2000
1750
1500
1250
1000

750

500

250

Xc=0.0483710.00256
0=0.0530+0.0035

!

6y,=4.9
mV
(75 e7)

0.00 .05 010 015 0.20
Threshold voltage (V)
T T T y T T

0 I L 'l L 'l '
015 -0.10 -0.05 0.25

—=— FE kept reset L

fit to derivative
RA2= 0.94071

xc=0.2342+0.0007
5=0.0175+0.00073

!

64=1.6 Mv
(25 e)

f Shift dug to control
signal coypling (?)

0.20 0.25
Threshold voltage (V)

0.30
23
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VIP: pixel-to-

pixel threshold
dispersion scan

: : | | . ... " m L] .I. - |
- - - ..
{ m.. {
" | [ l-l-l - | == " L [

o I R T S Y v P

50 II -

d e A

] - ] 1
. ] P - - T T
- ] e oaclp! B LI RS
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 &0

Maximum threshold Intermediate threshold Negative threshold

Lowering threshold ‘>
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20~ i
|
i |
m
OJ_—\ I T T T T T T T T T T B \—_
0 10 20 30 40 50 60

Preselected pattern of pixels for the injection of
signal to the front-end amplifiers; pattern shifted
into the matrix, than positive voltage step
applied accross the injection capacitance,;
threshold levels for the discriminator adjusted
according to the amplitude of the injected signal

2 Fermilab

2 i
"
i "1
ol H
01_. P S T T T S SO TS N T T S AT SR SR R ‘_7
0 10 20 30 40 50 60

Pattern of pixels from the preselected injection
pattern that after injection of tests charge
reported as hit (grey level represents number of
repetition — 8 times injection)

25



Vertical integration... VERTEX_08 28/07-01/08/2008

VIP: analog signals

after reset of integrator

V0 acquisition
3000
8 2000
] I!!%q’
1000
0 " " " " 1 " " " " 1 " " " " 1 " " " " 1
0 50 100 150 200

pixel number until readdone

 V1-VO acquisition

pixel number until readdone

difference

0 50 100 150 200

2 Fermilab

samples after discriminator trigger

V1 acquisition
3000
B 2000
‘W
1000
0 " L L L 1 L L " " 1 L " " L 1 " " L " 1
0 50 100 150 200
pixel number until readdodne
ts acquisition
4000 f '
3000
-§,2000-
‘W
1000
0 ool i i ! - !
0 50 100 150 200

pixel number until readdone

analog time stamping

26
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- 350 ¢
VIP: analog signals 325 F

200 _ [—=— analog output]|

2715
250:—
225F
200;—
175 F
150
125 il TaT
100 E
sE
50F =
25;—
02....|....|....|....|.. 1 L 1 1 1 1 1 1

00 01 02 0.3 04 )05 06 0.7 08 09 1.0 11 1.2

» scan of test charge injected
through test capacitor placed
between tier3 and tier2

signal after CDS (ADCu)

120 SAARE RARR MRS RAAAS RAY MLMAAAR MM RAAM AR MALRL LALLM
110 f P il
100 E [ —a— hits in the pattern
/\./ total 119 pixels injected
90:- B
80 F =
70F /.
60 | "
50 F
40
Test capacitor value smaller 0= /-.\f
20
than expected, however O \.

. . 10F &
functionality demonstrated E

events (#)

0 -
00 01 02 03 04 05 06 0.7 08 09 1.0 11 1.2

27
injection voltage (V)
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L BL A B B LN =

- - 100.0 M = e e e s A LN DL A
VIP: time stamping
99.5

operation 99.0 |
98.5 |

VARVAAV/ARERVAVAVARVA

A

: —=— VDDD=1.3V] {
98.0 - —e— VDDD=1.4V/| 7
a75 —a— VDDD=1.5V| ]

- —+—VDDD=1.6V
97.0 |-

VA AVE

“k—k—k >k, X =k —k—k—

» digital time stamping
(time stamping coded in
inverted Gray code 5 bits)

correct time stamps (%)

96.0 |- .

95.5 |- ]

95-0 [ Lo b s 1 o 0 o 0 o 0 o 0 o 0 o 0 o 1 o 0 o 0 2 0 a1 s 1 . |
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

. . . . time slot (#

Digital time stamping: 2000FT " T YT T T T 71717 A ™
-1 or 2 time stamps corrupted __1800F [“=—VDDD=1.4vV 3
Analog time stamping: § 1600 _ Mean over 25 measurements - E
- Suffers from strong | in S/H < 1400 £ 3
=] F ' siE

£ 1200 F + s 3

o 3 B 3

E 1000 /H-H | 3

> 800 %/ . :

» analog time stamping § 600 E i PH‘ ’ 3
o _B-m d

(data taken in group of 8 §’ 400 £ E/E E

. mgs 3] L . 3
acquisitions) € 200fuus¥t d E
E NP TP PR TPEE AU BEPEN BEPE BEPU B BN

| I P |
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

28
time slot (#)
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VIP: achievement
» First design of 3D pixel ROIC designed and fabricated,
» Operation demonstrated in ubiased measurement: input signal injection,
amplification, discrimination, hit storage, time stamping, sparisified readout,
VIP: problems
» yield problems related to the fabrication technology (3D TSV seem OK),
» very high leakage currents (I« corrupting stored signal in S/H),
- Current mirror problems due to lack of statistical models,
- Very leaky protection diodes,
» difficulty in selecting pixels for test pulse injection — missfunction of shift register

_due to use of dynamic DFF under big leakage currents,

60_—' . . . 60 u ] ’ - . 60~ -
ol Ik R TR o | ]
40-: ‘ 'y I 40-_. lt.-: . -, i 40

- e = .
o L NN - 5

. " ] . ]

[ . e B . - -'-l-l:.lil‘;l:’:.l:.—d-'-
2 " 2 " - o .-*-5-'-'_,_'-
ToE o T N T

" r 5 - Ly . T
R T T e T i T
VDDD=1.4V VDDD=1.5V VDDD=1.6V

understood and correction under preparation for the Sept. 30 2008 run 29
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3D integration plans with commercial vendors

» deep N-wells, MiM capacitors, single poly up to 8 levels of routing metals,
variety of transistors (VT optimized) nominal, low power, high performance,
low voltage, 8” wafers, reticle 24%x32 mm?;

* Tezzaron vias are very small: ®,;,,=1.2 um, @, 4ing pag=1-7 UM, d,;;=2.5 um

3D MPW run using Tezzaron/Chartered open for collaborators (France, Italy).
Cost-efficient option is considered with only 2 layers of electronics fabricated
in the Chartered 0.13 um process, using only one set of masks

Typical frame
/ effective reticle 16x24 mm?)

Thin backside
of top wafer, use
\cireuit B only
| |

<
Q
/On bottom
wafer, use
\2 B circuit A only

s
N

Top Wafer

B

Make contact to

backside of

Bottom Wafer metal on B circuits.
Note: top and bottom wafers are identical.

Face to Face Bonding
Planned submission Spring 2009 (delivery 12 weeks after ©) 30

T
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3D integration plans with commercial vendors

Metallization for bump
or wire bond

- Advantages of the Tezzaron/Chartered process:

» No extra space allotment in BEOL for 3D TSV, 3rd wafer
LLELY "1L1" 1
» 3D TSVs are very small, and placed close together, e i —

» Minimal material added with bond process,

» 35% coverage with 1.6 um of Cu => X0=0.0056%, 2nd wafer
» No material budget problem associated with wafer LI'LY i LNl
bonding, -—
» Advanced process 0.13 um and below [ (—— : S -
» Good models available for Chartered transistors, ﬁ.i 1.%

» Thinned transistors have been characterized,
» Process supported by commercial tools and vendors, 1st wafer

» Fast assembly + Lower cost (12 3D processed wafers
@ $250k in 12 weeks),
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3D integration plans

» FNAL is exploring 3D Integration technology
for pixel readouts in upgrade of CMS,
development for ILC and imaging,

» Going from 1 layer in 0.25um to 2 layers in
0.13 um can increase circuit density x 7, density
can by traded for smaller pixel size (if needed?).

» the key points of new design(s) are:

- low power consumption (no increase),

- high speed and data throughput, reduction
of data loss (large digital storage — no storage
at the periphery),

- radiation hardness,

- parallel processing in-situ (in pixel A-to-D
conversion triggered by radiation event),
sparsification,

- reduction of peripheral circuitry,

- can pixels have trigger capability?

]
= = Farmjlab
analog tier
Ileak
comp. Veet [ _>—
K Vin
Vref J'
bump Virim
or DEI preamp+shaper
pad for DAC comparator
detector GAIN
adjust ._‘, '
TSV
cenfiguration register :
DAC
+ peak ®
Vref )j detector o c—
Vref F_
y

read
token
out

digital tier

99090

=
w0

current #BC

(Gray code) gh Bbto read

broadcast

E

Event memory
BC )
B%)q posnter (4= roro oty |
wr latch 4 .
wr pointer N
+1 TSV
T —— <
|_ comparator s
wr lateh I ¢ 0=
U — wr pointer
+1
_— r
Event memory )
tok &
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thd (a2 few cells) manager
we pixel qo_l
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B current 15-BC " U read [
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3D integration plans with commercial vendors

* Another demand for 3D assembly comes from
detector/ROIC bonding; Fermilab is working with
Ziptronix to do low mass bonding with DBI to detectors.
(FPIX chips to 50 um thick sensors.);

e Conventional solder bumps or CuSn can pose a problem
for low mass fine pitch assemblies

Ziptronix - uses Direct Bond
Interconnect (oxide bonding)

Silicon

Al BEOL

- @/-

o Ziptronix is located in North
Carolina

* Fermilab has current project with
Ziptronix to bond BTEV FPIX
chips to 50 um thick sensors.

* Orders accepted from
international customers

Silicon 8um Pitch DBI

Ziptronix Direct Bond Interconnect

DBI® js Scaleable to < 8 um Pitch
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2% Fermilab

3D integration plans with commercial vendor

§2 ziptronix DBI® F’wcﬁss Flow.,

I Il (]
CMOS Back End of Line

Bond |
| Interface |

1)

2)

3)

4)

3)

6)

St:rlinn WIIIF

E:pnua:t qud Vias (W or Cu)
Deposit Seed

Pattern / Plate DBI® Metal

Blanket Etch Seed
Option = Pattern Etch for Lateral Routing

Oxide Deposition

Planarization
Dide Bonding Mechanical Spec < 0.5nm

Bond DBI® Surfaces W2ZW or D2W

Convenbonal Fick-&-Place
Room Temperature, Direct Oxide Bonding
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» 3D Integration is very attractive for highly granular detector systems,

» Bonding is low temperature process, adds limited amount of high-Z material,

» 3D-Integration may extend use of certain detector type (MAPS),

» 3D-Integration is starting to be available in industry,

» Commercial vendors like Tezzaron-Charted lead to lower costs, faster fabrication
cycle, high yield,

» The proposal from Fermilab, to use commercial vendors, received considerable
attention and is leading to a collaboration between various groups within HEP to
explore the Tezzaron 3D process,

» Groups in ltaly, France, and the United States will be designing chips in the
Tezzaron 3D process for possible application ILC, SLHC, etc.

» First run exploiting 3D-Integration technology with MIT-LL (SOl based) process
showed feasibility of the design,

» One more submission in MIT-LL is envisaged, however main effort will be allocated
to Tezzaron/Chartered process,

» Dedicated EDA tools required — will our community be able to afford?
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Back up

2-0 PROCESSES

2% Fermilab

Water to waler X X X | X
Chip to water X X X
Chisp to chip X X
501 or bulk wafer S0l Bulik S0l Bulk Bulk
Via size (pm) 2xd 2.5 10 15 4 H |
Via etch process 5F, 5F, SF, 5F, 5, | SF
Peripharal vias X X -
Arga anray Vins X & X X X

" Via dislectric $i0, 510, 50, %0, 50, Polymer s0, | &0, |
Barrier layer TiM TiN Tik TiM TN TiM - TiM
Matal plug Cu Wor Cu Cu Poly-5i or W Cu Cu Cu tu | Cu
Hamdbe waler No Yes ik s Yies Mo . No
Bonding scheme . Polymer Cu-5n Cu-5n InfAw bumps | Sifusion | Cu-Sn-Cu Polymer or Bumps | CuCu

eulectic putRCHEC bumps

www.semiconductor.net
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