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1 CAD Research
 Transferring tools to Industry
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3D Technology Impact Forecast

3D-TSV Technologies Impact on Semiconductor business (inwafers to be processed)

2007 Technology Breakdown 2013 Forecast
Breakdown per 3D-TSV Technélogy Platform

Wire Bond
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" interposer
Module

3-D TSV Stack

Flip-Chip
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“More than Moore”
/— Heterogeneous integration
-» Co-integration of RF + logic +
Performance memory + sensors in a reduced space

driven

Electrical performance
-2 Interconnect speed and
reduced parasitic power
consumption

3D vs. “More Moore”
- Can 3D be cheaper =
than going to the next 3DIC i
lithography node? Optimum Market Acce

Conditions
\¥ Cost
Vg driven u Density
o Form factor  ; xchieying the highest
e driven capacity / volume ratio
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3D Roadmap

UUuUuUuUuUuuyu
UUUUUuUUuUyU
[SESACACHCACACACAY
UuUuuuuuuuy

High Density 3D Integration

e
L ——
e e e
\ ’r'
— —
|

[ RF | Sensor

o0uodgududdudud

[ Analog

[UHUNUEUNURUEUEUAL
DRAM

[UNUAUAUAUAUAURY]

[UHUNUAVAUAVEVAVAY/

{ Cache Memory
guuudguuuu
Stacked I Multi-core CPU
Cache
Memory
uuuguuuuyu
guuduuuuyu

| Multi-core CPU
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Memaory stacked on processor

Conventional architecture

More cores per chip will slow

some programs [red] unless

there’s a big boost in memory
bandwidth [yellow]

THE FUTURE: Intel's
experimental chip has
80 cores.

Performance {seconds)

Processor cores

Ref : IEEE Spectrum Nov. 2008
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Electrical-Thermal-Mechanical Multi-physics Design in 3D

Non-uniform heat flux -
Heat Conduction el uqurm CTE Mismatch
Thermal Field
T-Dependent
Electrical
Resistivity

Non-uniform
Heat Sources

Via displacement
Die Warpage

Complex PDN structure
Non-uniform current
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Importance of Joule Heating

Electrostatic

7 — ATH v .‘:k
V=hH(p(T).x,2) Electrical Solving

(formulation, mesh, solving)

Heat Sources Calculation
(Joule Heating)

Thermal Solving
(formulation, mesh, solving)

Resistivity35
(Ohm-m) . .
Update Material Properties

Temperatare C
Output

e Thermal profile causes change in material resistivity which changes DC drop
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Voltage distribution and i
mesh of TSVs at chip location:

2.482

2.478

2.476

2.474 **_I

2.472

]

2.47

2.468

Die 1 (CPU1) Die 2 (RAM1) Die 3 (CPU2) Die 4 (RAM?2)

Interconnect and Packaging Center Georgia Institute of Technology Oct 2009



! -3 )

(P
(1
(G Ky
(P
=
N

SLACKINGIOdEFWHIGCINS

74 4

CPU

opper 711

-::f;f;_':f:/ " CPU

69 1

Memo Memory

68 1

67 1

66 1

65

CPU on Top RAM on Top

Interconnect and Packaging Center Georgia Institute of Technology Oct 2009



Large Buffer
Without TSV

ofn=8/dum

in W out

p/n=8/4um p/n=8/4um

o/n=8/4um

Large buffer consumes area &power

Small Swing Buffer

R=500~1kohm

Driving VC-TSV can corrupt signal

Small swing buffer consumes
less area and less power
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Objective

Developing an efficient method to extract broadband
parasitics of 3-D interconnection structures including
TSVs
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Silleon Vizs (F2Y)
Conductor (10um dia) /Thin oxide layer (<1um)

100um

- Lossy silicon
substrate

10-30um

Number of coupled vias can be large

Commercial EM Tools will have trouble due to the aspect ratio of these structures
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Polarization current in 0
{modeled with PMBF)

xExcess C

Original TSV structure

Total charge
I (modeled with AMBF)

L oo

Series RL model

Conductor curren
(modeled with CMBF)
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Modeling of Current and Charge

PE-d mode

Resultant current

density distribution
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5x5 TSV Array

[ P Py Near-end coupling to the center
conductor at 10 GHz

TSV array
(oxide 10 um)

& parameters (dB)

Maximum coupling
level is about -29 dB
when thin oxide is used.
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Effect of Substrate Bias on TSV
Capaqétance

3.26p
‘ 0. 1 um OXIde Imer

Courtesy : Packaging Research Center

Interconnect and Packaging Center Georgia Institute of Technology

Oct 2009



I
ModieasSyamoael

Port 1 | Ruia § Rvia §
T § Lvia GSi § I—via

SiO—» !

2 (doped) A

R g Cox Cdep 1 Cdep (F\:>0X s

via Cs' via
R i IR i§
. 53 s
Port 2 3 )
I—via —— I—via

Interconnect and Packaging Center Georgia Institute of Technology Oct 2009



Power Delivery with Variable TSV Capacitance

=0.5to 1.7 pF
100 ohm
p =50 pH

e Chip size = 9x9 mm
TSV pitch =120 um
Total TSV = 5625

P/G/S TSV = 1875
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Courtesy : Packaging Research Center
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Thermal Encoding for
Sensor V_bias control
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Static/Dynamic Control for

Thermal variation
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preliminary experiment

Four-corner biasing in the

Thermal map in the preliminary
experiment
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Clock Skew Adjustment with Thermal & Bias
Effect
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 Consortium Model

1 Multiple companies join by paying membership fee

1 Money is pooled to fund a group of projects

d Company members get to mentor projects and help in
defining direction

1 Pre-competitive research

1 Non-exclusive, royalty free license provided to all members
1 Deliverables are design/modeling tools

1 Mixed Signal Design Tools Consortium
1 Joint collaboration between Georgia Tech and
Politechnico di Torino

2 years (2007 — 2009)

d 5 companies

d ~$1M funding
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1 Based on Input from MSDT Members

d Each MSDT Tool has ASCII Input Format

d And ASCII (Standard — Touchstone; Spice) Output Format

4 Input and Output Formats defined and made available to MSD11
Members

d Members can write interfaces to any Physical CAD tool
4 Interfaces developed by MSDT Consortium

1 DXF
] Cadence .mcm and .brd
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RF Layout
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P-Cell Library Specification Completed
- Inductors Design
- Capacitors
- Vias |
- Interconnects S-Para Aug
- Parameterized Date Model ‘
- Various Shapes
- Various Sizes |
- Various Orientations Design || Rapid
- >1M Components Component Compaction EM Solve
- Updated Constantly Optimization 1
- Addition cells of
Reference Designs Synthesized

Sized Layouts

Te_chnolog Components 1

Driven IP

Transparent¥o the « [ —

tool | | Floor Planning| —— Route
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21 Component Embedded High Pass Filter
Automatic Place and Route (MSDT 3.2
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O(N) memory and O(N(logN)) speed
Two-sided Lanczos Algorithm

1. Compute, =b— Ax, andﬂ:||ro||2

K, (v,,A)=span{y,Av,,....A"v }

2. Generatehe biorthogoml Lanczowsectors
3. Computey, =T _,andx =%, +V_ VY,

1. Spice-like tool for full-wave 3D-EM/lumped-element cosimulation

2. Fast memory-efficient iterative solution for large problems

\ 3.  No post-processing steps necessary (for time-to-frequency conversion)

J
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Stacking using Wirebond
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TSWs for die stacking
,

Stacked die [ \" Die 3
¥ Die 2 Die 1

Stacking using TSV crmbedded

passives
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| A
Si substrate TSVs for Si substrate

Ref: R. Chatterjee, R. Tummala, “The 3DASSM ConsortiAn Industry/ Academia Collaboration,” online ante in http://ap.pennnet.com
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Resultant current

density distribution
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Current density distribution (10 MHz — 1 GHz)

0000000 ARRRAAD000000 .................... ....0...00...000....
(J11 1 “0000 sassssss BDdH

)
(D

006G o” ~0000

[ 1 ]

s3ssecss H

H 88

:::;'...' ::

20-by-20 s
via array L1 T s333: 3888

[ ]
0006 . oo.--...--:/ ’0900

®
::::;. .;:::: 0000vvvevowwwwwud@Bl 00090000000000000900
0000000 00000000000000000000 000000056300686660600

0.7 ! ' ' ' ! ! 100 ! o‘_.,043.000(’:ooooo)ooooqwoo P
e, R
060 o L distribution
€ T .
o5 ., 1 = (104 wires)
g S S 0.6 y
204 AAA Aan , = b, AAAAADAAAAAANANAAAAANAAG
1] AAAAAAAADADAAAAAAAAA = A
Bonding wires on stacked ICs g i
303 ] 204 aa 1
E a Class 1 OIZJDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD[] 0 2|:E||:||:|EI|:||:||:|DDDDDDDDDDDDDDDDDDDDDDDDDDEJ
A\ Class 2 01— ‘ ‘ ‘ , , , , , , , ,
— Class 3 5 10 15 20 25 30 5 10 15 20 25 30
2 location index location index
)
=
S 0 : > 0 : : : :
Q\AL
= . d e S-parameters
wires
(@)} -5t
& 0.5 R - from RLC model
9
S = = -10
v E E
e I e
o ]
2 )
£ .15 £
o \ o 20t
2 | -25¢
2.5 : ' : : -30
0 2 4 6 8 10 0

frequency (Hz) <10°

Interconnect and Packaging Center Georgia Institute of Technology Oct 2009



.
SPIMEO]ii
1 No EDA company would join the consortium

1 Support and further development for MSDT tools — major issu

 Led to spin-off company — E-System Design
1 Based on consultation with MSDT members
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