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Packaging Wafer Fab

Tezzaron

3D-ICs

94 100-1,000 ,000/sgmm
1000-10M Interconnects/device

(_A)

1s/sgmm - 100,000,000s/sgmm

Peripheral 1/0 | " Transistor to Transistor
= Flash, DRAM | Ultimate goal
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Yielded Die Cost

Node N-1

Node N+1

The next node may
not crossover
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Gate Costs for Bulk CMOS and FinFET

"0

$1.78

1.5 -

Gate Cost per 100M Gates (5)

0 v .
Q42015 Q42016 Q42017

Source: Intemational Business Strategies, Inc.
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DRAM Layers

Logic
controller substrate

DRAM Stack
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Gend “Dis-Integrated” 3D Memory
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4xnm node
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2 million vertical
connections per layer
per die

Controller layer
contains: sense amps,

I/O layer contains: 1/O,

interface logicand —— CAMs, row/column
R&R control CPU. decodes and test
65nm node s : engines. 40nm node

Better yielding than 2D equivalent!

lezaron Tezzaron Semiconductor 09/04/2014



SuperContact™
|
200mm
Via First, FEOL

SuperContact™
v
200mm
Via First, FEOL

Size 12uX12p 0.6 uX0.6pn
LXWXD X 6.0u X 2u
Material W in Bulk W in SOI
Minimum <25u 1.2 u
Pitch
Feedthrough 2fF 0.2fF
Capacitance
Series <150 <1.75Q
Resistance

Interposer

Bond Points

TSV Wafer
WOpuX10p [ 12pX12p | 25uX25p
X100 p Cu Cu
Cu
30 u 2.4 1 5u
150fF << <25fF
<0.5Q < <
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Tiny, Common, Cheap., Fast and...

One

e~°°

10pu Diameter
Copper TSV Tungsten SuperContact

1u Diameter
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Oxide

Silicon

IANAN

Dielectric(SiO2/SiN)

Gate Poly

STI (Shallow Trench Isolation)
W (Tungsten contact & via)
Al (M1 - M5)

Cu (M6, Top Metal)
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Two Wafer Alian & Bond — Coarse Ground —* Fine Ground
P L ~N J—

D AN

High Precision Alignment

Misalignment=0.3um
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3rd wafer
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1st wafer: controller
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1st wafer: controller

This Is the
completed stack!

B
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PCL#140528001 W#3110402BH-12C 1.2um TSV (Ink/PUFIB/BOE) PCL#140612008 W#3110402BFA-11 Cloudy 1.2um TSV (PYFIB/BOE)

LD-4800 5.0kV. 2.4mm x5.00k SE(U) 5/30/2014 "' 40.0um LD-4800 5.0kV 2 4mm x5.00k SE(M) 6/17/2014 ' 10.0um

>

PCL#140819004 Wi#3110402BF-07A 1.2um TSV (Pt/FIB/BOE).
3 ! | T PR

EM-4800 5.0k\ 2 4mm x5.00Kk SE(U) 6/24/2014 | = = 10.0um
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SRR A

TSVis1l.2u
Wide and ~10u deep
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Mem controler layer in bottom

Capillar Al pad
underfill 3DMem TSV rad <lum
~50um C2W cu2Cu bond
~Sum pitch
p~150um;
TSITSV HR sum
100/10um

RDL|

3DMem|ft section 3DMem # section N

conTH2

Tezzaron

TSI (~2ML BEOL w/s=2/2um )
Collaboration
0 C4 bonds
~150um pitch
H™80 um

l
=

=
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IME A-Star / Tezzaron Collaboration

|
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HBumps Die to Wafer Cu Thermal Diffusion Bond

L C4 Bumps

2 Layer Processor

level#4

level#3

level#1
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Optical Coupler

Optical Coupler

« 2.5pJ/bit power

« Bare metal protocol
— Ultra low latency
— Protocol agnostic

e 8 core Fiber L s o P
« 25Gb SERDES or 3.125Gb mterface
Self-calibrating self-tuning

FEEEE
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Johnson Figure of Merit (GHz*Volt)

* GaN
« 3D CMOS/InP/GaN
» Graphene

104 R

10° 8

102

ABCS
HEMT

L — ——

10° 10* 10?2 10° 10* 105 10° 107 10%® 10° 10
Number of Transistors
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View from outlet side | T Nl
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Aluminum plate TR

View from side

T

Metal/Lexan Gas Bypass Cut
Cover
ﬂ Chip Seal ? :
qumd Girdle Gasket
. Manifold . el .
Aluminum plate

Gas Bypass Cut

— Chip Seal
Liquid Girdle Gasket
Manifold

— -

Metal/Ceramic

PCL#140312007 W#4030402EA-01C Block#4  Pillars

AC-4800 5.0kV 2.5mm x300 SE(M) 3/12/2014 100um
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— Power Conversion
— Cooling

— Photonics

« Optimization

— Extending to power ST

° M ixed PC B/ I C M etap h O r :zozt?(nli‘cslgtbelinicse\ 4TByte/s Bandwidth

Tileswith MHUB,

Power supply chips
SERDES, and Memblocks

=7
—

Complete
system
20TFlops
200G packets/s
16 x 10Tb links

Full reticle
footprint
(28x24 mm)
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http://www.fnal.gov/pub/today/archive/archive_2014/images/3dchip-14-0054-06D.jpg
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“Volume” 2.5D and 3D
Interposers

Cu-Cu, DBI®, Oxide, IM 3D
assembly

193nm, 248nm, I-Line Litho
— 70nm PS
— 35nm DP

90nm CMOS
200/300mm
Avalanche, SPM
Fabl Class 10 68K sf
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5.4%6.5/hm? VIPIC .

.with 22 %38 pixels det_ectorf .
byfMp bonded

Grzegorz Deptuch

Fermi National Accelerator
Laboratory
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100

104¢) 4

1
noise ENC values

Gaussian fit
37.7¢e,0=3.1¢

(mean=42.2 €', rms
total 4086 entries
70

X

[=]
©

100

(#) sjunop

32uA, 1, =21uA, | =26LA

50

Gaussian Fit

70.2, 6=9.5
fit for pixels
with b-bonds

30

entries 60e-85e”

7”7 noise ENC valtfes | oo
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200

175

150
2

(#) syunop

ENC Values (e)
Bump-bonded VIPIC

ENC Values (e)

Fusion bonded VIPIC

Grzegorz Deptuch
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Counts (#)

30
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signal amplitudes
for *°Fe (5.89 and 6.49 keV)
Gaussian fit

x,=83.8 mV, 6=12.5 mV .

7 —
(mean=80.7 mV, rms=15A Vr£<
total 1188 entries Z_ &
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Sighal amplitude (mV)

@/ Tezaron

SEMICOINCIUEC TR

140 150

Counts (#)

700

600

500

=
o
o

w
o
o

200

100

Tezzaron Semiconductor

|77 signal amplitudes i

Gaussian fit
x0=1 14.5 mV, c=4.5 mV

(mean=113.3 mV, rms=12.1 mV)
total 4011 entries

for *°Fe (5.89 and 6.49 keV) é

.

30 40 SBm 60 70 80 90 100 110 120 130 140 150

Signal amplitude (mV)
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“One stop” 2.5/3D solution provider
Open technology platform

Volume 2.5D Si interposer production
Volume 3D assembly

TSV Insertion

Silicon, 3/5 materials, carbon nanotubes

Sensors
Computing
MEMS
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