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SPEED / PERFORMANCE ISSUE The Technical Problem
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* Ziptronix
» Xan3D
 Vertical Circuits

Amkor : 45 CSP (MCP)

« Stanford

- Besang

Matrix: Vertical TFT
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Infineon : W deep via

VS| Stak (Schematic)

IBM : SOI wafer
thinning

RPI : Dielectric bonding
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Parameter # 1 Parameter # 2

Stacked Cell Phones Memory density High packing
NAND Flash Hard Drives denSity

Flash Drives
Micro- Workstations Latency Power Execution time
processor + bandwidth
Memory
Memory Multiple Density Latency Varies
Image Cell Phones Quantum Number of pixels | Image Quality
Sensor Cameras Efficiency

Automotive
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Samsung

16Gb NAND flash (2Gx8 chips),
Wide Bus DRAM

Micron

Wide Bus DRAM

Intel w

CPU + memory

OKI

CMOS Sensor

Xilinx
e 4 die 65nm interposer

TSV

[ comectons Raytheon/Ziptronix

PIN Detector Device

Tezzaron Semiconductor 02/07/2012 6

lezaron

SEMICOINCIUEC TR
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* Via Last o
. Viaat Frontend (FEOL) | 4-
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Packaging Wafer Fab

" |__DRAM o PR b '
ubm.;- " .; \ BD- I CS .
, : CHhi =& 100-1,000,000/sgmm CMOS3D
IBM/Samsting 1000-10M Interconnects/device 'BM
1s/sgmm e 100,000,000s/sgmm

Transistor to Transistor

Peripheral 1/0
Ultimate goal

= Flash, DRAM
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I Il v TSV Wafer
200mm 200mm 200mm
Via First, FEOL Via First, FEOL Via First, FEOL
Size 12uX12pu 0.85u1 X0.85u 0.60 n X 0.60 n 10puX10p 17uX17p 3uX3u
LXWXD X 6.0 X 10u X2u X100 p Cu Cu
Material W in Bulk W in Bulk W in SOI Cu
Minimum <25n 1.75 n 0.8 1t 30/120 p 241 5
Pitch
Feedthrough 2-3fF 3fF 0.2fF 250fF << <25fF
Capacitance
Series <150 <3Q <150 <050 < <
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« TSV pitc
— 1024 bit

ISSUE €Xamplie
busses require a lot of space with larger TSVs

— They connect to the heart and most dense area of processing
elements

— The 45nm bus pitch is ~100nm; TSV pitch is >100x greater
— The big TSV pitch means TOF errors and at least 3 repeater

stages

10um TSV —9

20um Pitch

000000000000000000000000000000000000000

elelelelelslelelelelelale oo lelelelolee]elelalele (e lolole[o]e s le I e [0 10
000000000000000000000000000000000000000 1024 bit bus
elelelelelslelelelelelaleleeleleleloleo]elelalele (o] o lole[o]e e le [ e [0 10

Single layer
/ interconnect
elelelelelelololeleloleloleoTolele o Te]

-
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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)

Tezzaron Semiconductor
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Two wafer Alian & Bond —> Course G

rinded— Fine Grinded

\\\\ ¢ 7 / p

7

High Precision Alignment

Misalign=0.3um

Ap———

KU *Béitm Wafe
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3rd wafer
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1st wafer: controller

B
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1st wafer: controller

This Is the
completed stack!

_ BN
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5KV, 800X, Tezzaron

375pm
|

15t Si bottom supporting wafer
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MADRID S.8 kV X4.49K 6.67pm
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a)

Bit cells Low leakage High Vt Devices
-slow refresh Vneg Well
-low power Thick Oxide
-low GIDL
Sense Amps High speed Low V1t Devices
Word line drivers -better sensitivity Copper interconnect
Device 1/0 -better bandwidth Thin Oxides
-lower voltage

lezaron
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Memory iy

Cells
Layers
Power,Ground,
Wordlines S[EEAARR
Bitlines
Wordline Drivers
CO ntrO I I e I Senseamps &Y&
L aye r I/0 Driver/s 2

/N
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2 Layer Stacked Device
(SEM)
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16 Ports x 128bits (each way)

@1GHz
— CWL=0 CRL=2 SDR format
— 5ns closed page access to first data (aligned)
— 12ns full cycle memory time
— 288GB/s data transfer rate

Max clk=1.6GHz

Internally ECC protected, Dynamic self-repair, Post attach repair
115C die full function operating temperature

JTAG/Mailbox test&configuration

Power -40%
Density x4++
Performance +300%
Cost -50%
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h;n'l_‘

DDR3 ~40mW per pin

1024 Data pins —-40W

4096 Data pins —-160W

Die on Wafer ~24uW per pin

-
S ¢
SEREs

:"li-’l;

a)
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performance, exponential
bandwidth growth required.

»More than 200 CPU cycles of
delay to memory results in cycle
for cycle CPU stalls.

»>16 to 64 Mbytes per thread
required to hide CPU memory
system accesses.

»No current extension of existing
IC technology can address
requirements.
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Tezzaron 3D DRAM > 110nm DRAM node has better

(lﬂlz

g density than 45nm embedded
DRAM.

> 1000x reduction in 1/0O power.

wer Host Device /

1/O Pad area : Bumping or wire bonding

a)
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gq' RPI Effort
‘ under Dr.

*KGD
«2um alignment / 5um pitch limit

*Cu-Cu thermo compression bonding
*Multilayer capabilit
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92 pads

(528 total pads at edge, stagger
250um pad, 125um pitch
~1500 available pads)

8 DRAM ports

N 1x21ad array

TREETA
inteAsHSer

>10uf bypass caps
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2-4 layer

logic device

Face to Fac

Bond \ Bond pads

5x5 mm 528 available

I Stagger
125um pitch
. =

Octopus :I Controller I DRAM controller layer
memory |
device I Memory I\ \
21.8x12.3 mm — 1/0 pads
(2 -5 layer) Memory TSVs

7

Poly
Copper Wire 21 (25)
Al/W Wire 7

Trans. Count 3B

32 (38) 34 (42)
7 13
3.1B 5.58

Five-Layer 3-D IC
Two-layer logic device

@/ lezaron
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“extra TSVs”
~100,000 In the core area
~50,000 in gap

- Customer circuits

o “extra TSVs”
~40,000 In the core area
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R8051/Memory

5X Performance
1/10t Power

7N |
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pMBumps

Die to Wafer Cu Thermal Diffusion Bond

C4 Bumps

3 Layer 3D Memory 2 Layer Processor

FPGA (4Xnm) level#4

level#3

Active Silicon Circuit Board I I level#2

level#l

P00 PO0P0DDOO0 DOV
Solder Bumps
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— GF 130nm

— Calibre, Synopsis, Hspice, Cadence
— MicroMagic 3D physical editor
— Magma 3D DRC/LVS

« Complete 3D PDK 8t Release

— Artisan standard cell libraries

. MOSIS, CMP, and CMC MPW support

— 90nm, 150nm SOl
— Silicon Workbench

e >70 In process
« >400 users

@ lezaron
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TSVis 1.2u
Wide and ~10u deep
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a)

SuperContact™ is 500f * (including spacing)
Face to face is 350f° (including spacing)
Chip on wafer 1/0 pitch is 35,000f°
Standard cell gate is 200 to 1000f

— 3 connections

Standard cell flip-flop is 5000f

— 5 connections

16 bit sync-counter is 125,000f °
— 20 connections

Opamp is 300,000f °

lezaron Tezzaron Semiconductor
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Sensors

— CMOS cameras

— POI image processors — very high frame rates
— High Energy Physics

Bio Assay

— SOC++

Logic Memory

Logic - Logic

@ Tezaron Tezzaron Semiconductor
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Dual PPC 64x ARM SOC

FPGA (CPU Augmentation)
DRAM

Flash
CAM
CAM

FPGA (Packet Cracker)
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routing nodes
Stack Manager tbus tbus tbus
Processor0 TBS TBU > TBC >
% routing nodes
Stack Manager tbus tbus TBC tbus
Processorl TBS TBU > ~
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Slab N+1

vvyYyY

3D-Routing

A AA

YWV N /

Slab N

Node Clock, Data, Frame

3D-Routing

VVYY

Clock, Data, Frame Node
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30nm Implemented Node
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3D LVS using QuartzLVS from Magma

 Key features ﬂ

Lot aheay pdiodrlar AL

— LVS each of the 2D designs as well as the 3D ad
Interconnections between them in a single run

— Driven by a 3D “tech file” that specifies the number and
order of layers, interconnect material, etc

— TSV aware LVS extraction
— Full debug environment to analyze any LVS mismatch

# 3D LVS Tech file

Titan : basoc SEDFCNQD1 lay 1 (read) Quartz DRC 7 LVS I DFM — A fojave_build2/jewhitefdacib _top/lvshtitan/runLVSDir WAFER . 1

E:ra?:z/basnanp/\va\an Bl Seinge Y Seol sl Edt Shape Quer B E:i ]QF;.:I SL.,S ] LAYOUT TOP BLOCK: lvslayerl 1

s SCHEMATIC TOP BLOCK: lvslayerl
GDSII FILE: lvslayerl 1.gds

Cangors SCHEMATIC NETLIST: lvslayerl.sp

NN INTERFACE UP METAL: 1;0

ol 1o INTERFACE UP TEXT: 1;101

$dvialz_13R1_116TX1s

$3vial2_13ns

Fvia1Z_1aX1_117Tx1s | | ||
$9vialz_16X2_1d7TZs A '
$3vial2_1X2_110Ths
$dvial2_1%2_112Ths

INTERFACE:
LAYOUT TOP BLOCK: lvstop

Quartz LYS — Schematic

e 06 &

o “ SCHEMATIC TOP BLOCK: lvstop
s s GDSII FILE: lvstop ALL.gds

it | s seorci || SCHEMATIC NETLIST: lvstop.sp

P By o e BT TR = BOND OUT METAL: 5;0

i 7% 2 | BOND OUT TEXT: 5;101

lezaron Tezzaron Semiconductor 02/07/2012



* Tools
— Partitioning tools
— 3D P&R

e AcCCcess

 Heat

« Testing
— |EEE 1500
— |EEE 1149

« Standards
— Die level
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3D has numerous and vast opportunities!!
— New design approaches
— New ways of thinking

— Best of class integration of
 Memory
« Logic
« RF
+ MEMS

Sensors

a)
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