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Introduction

e Signal delay, high power consumption are
the problems associated with long, thin,
dense interconnects

Solutions under investigation

e 3D-IC _ _
Interstratal interconnect (via)

Long interconnects

/\ "~ Stratum 2
‘ =

«— Stratum 1
2D-IC
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Interconnection issues in 3D-IC #1
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Interconnection issues in 3D-IC #H2

Example of state-of-the-art die-to-die via dimensions
Via diameter: ~5um
Via height: ~50um
Via pitch:~10um

45-nm CMOS cell size: ~1.5um x 1.5um
Vertical routing in a 3D-IC at 45-nm node is limited

What are the consequences on 3D-IC performance
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Method for system-level performance
evaluation _
e 45-nm Interconnect

A5-nm CMOS compact model

CompaCt mOdel Interconnect e 3D Wire Iength
i distributions

IVEE Inverter 2 Inverter 3 Inverter 100

Step input Output signal

J’ - ... — f
Interconnect 2

Interconnect 99

Interconnect 1

Interconnect X

« 100 ivx1x critical path
 Delay, dynamic
switching energy

1000 trials

Philips Research Leuven




PHILIPS

Example of a wire-length distribution
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2D wire-length distribution — Davis model

| = 13 gate pitch

fZD(I):rMZD(I)IZD(I)
\

Number of gate pairs Expected number of

ted by dist | interconnects between
separated by distance two gates

Block A — gates
Block B — gates

I Block C — N, gates

. J.A. Davis, V.K.De and J.D.Meindl, IEEE Transactions on
PhlllpS Research Leuven Electron Devices, Vol. 45, No. 3, p. 580, (1998)
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3D wire-length distribution — Rahman model
Stratum 1 Stratum 2 Stratum 3

Block A — N,3p gates
Block B — Ng3p gates |
I Block C — Ncap gates u —) |_’[S

I'ZtS

. A. Rahman and R. Reif, IEEE Transactions on VLSI Systems, Vol. 8, No. 6, p. 671, (2000)
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3D wire-length distribution — Rahman model
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A. Rahman and R. Reif, IEEE Transactions on VLSI Systems, Vol. 8, No. 6, p. 671, (2000)
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Observations
Observation 1: Transformation of Rahman model

S-1

NBSD(I) NBZD(I)+%Z[2(S - i)NBZD(I - its)u(l _ its)]

=1

NC3D(I) cho(')"'%sz_i[z(s - i)NCZD(I - its)u(l _ its)]

=1

Contribution of the 3™ dimension

Observation 2: In reality

Limited number of interstratal interconnects

Contribution of the 3@ dimension will be much less

|
Concept of probability of connection to other strata
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Observation 2: Example
Stratum 1 Stratum 2 Stratum 3

Reality

(limited
number of
interstratal

interconnects) .
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3D wire-length distribution — New model

N 1 Remote stratum has remote
A3D — Interconnection chance

l
NBBD(I) _Z[Z(S B i)N BZD(I B its )U(I B its)Pdiensity]

NCSD (I) [2(8 B i)NCZD(I B its )u(l B its)Pdiensity]
' T

Examples Chance to have a direct
connection to the next stratum.
This depends on the interstratal
interconnect density

Pgensity = 1 --- Ideal case, back to Rahman model
Pgensiy = 0.5 --- Semi-ideal case

Pgensity = 0-1 --- Realistic case '
Pgensity = 1 --- Pitch ~ 1.5 um

CMOS045 dimensions = Interstratal interconnect pitch < Pensiy = 0.5 - Pitch ~ 3 um
Pgensity = 0.1 --- Pitch ~ 15um
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Wire-length distributions of 2D, ideal,

semi-ldeal and realistic 3D-ICs
Wire-length distributions - 3,500,000 gates

*p=0.66, k=3
e t; = 1 gate pitch
o 2 strata (3D)

e CMOS045
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Decreasing Increasing
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Method for system-level performance
evaluation _
e 45-nm Interconnect

A5-nm CMOS compact model

CompaCt mOdel Interconnect e 3D Wire Iength
i distributions

IVEE Inverter 2 Inverter 3 Inverter 100

Step input Output signal

J’ - ... — f
Interconnect 2

Interconnect 99 a)

Interconnect 1

Interconnect X

« 100 ivx1x critical path
 Delay, dynamic
switching energy

1000 trials
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Delay versus architectures

» |deal 3D interconnect
architecture only shows a
modest performance
Improvement (approx. 10%)

Delay (ns)
e s
- N

[N

| _ o | Realistic 3D interconnect
2D-IC 3D-IC ideal 2S 3D-IC semi- 3D-IC realistic %D-ICldeaI 4S .

ideal 25 25 : architecture does not

Dynamic switching energy versus architect'.lres

Architectures . . improve performance

Increase number of strata
does not significantly
Improve performance

= e
© O K

P N W H 1O N

Recently proposed
2D-IC 3D-IC ideal 2S  3D-IC semi- 3D-IC reaIisticiSD-IC ideaI4S! dlmenS|onS & propertles

ideal 2S 2S

Architectures for 45'nm CMOS
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Recently published data on 3D-IC

Performance of 3D 1A32 microprocessor

2D floor plan of a deeply 3D floor plan of a deeply
pipelined IA32 core pipelined IA32 core

. D. Nelson et al, IEEE International Conference of Computer Design ICCD2004, Oct 2004, San Jose, CA
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Recent published data on 3D-IC #H2

Performance of 3D 1A32 microprocessor

Performance improvement

Qoosss [
O13.3-175 Speed: 15%

m17.5-21.2 Power: 15%

m21.8-26.0 |

Required die-to-die via pitch
(1um) density in 90nm process

. D. Nelson et al, IEEE International Conference of Computer Design ICCD2004, Oct 2004, San Jose, CA
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Benchmarking

Technology node
Circuit type

Number of device
layers

Via pitch density

Performance
Improvement

Philips Research Leuven

Our analysis

45-nm

Random logic network

1.5-pm; 3-pm; 15-um

1.5-um via pitch:10%
3-um via pitch : - 0%
15-um via pitch: -15%

Published data

90-nm

Deeply pipelined
microprocessor

2

Minimum: 9 um

15%




PHILIPS

Conclusions

 |nterstratal interconnect density plays a crucial
role in determining the performance of 3D
random logic networks

It IS iIndicated that serious efforts need to be

spent on realizing high density interstratal
Interconnect for CMOS045 and smaller nodes In
order to benefit from 3D architecture

Increasing the number of strata does not
significantly increase the performance of a 3D-IC
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PHILIPS 3D wire-length distributions

7))
D
—
=
Yy—
O
-
D
@)
=
-
Z

Ideal 3D-IC with 2 strata
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PHILIPS 3D wire-length distributions

— lIdeal 3D-IC with 2 strata (P density = 1)
===+ Semi-ideal 3D-IC with 2 strata (P density = 0.5) |]
mmm Realistic 3D-IC with 2 strata (P density = 0.1)
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PHILIPS 3D wire-length distributions

— lIdeal 3D-IC with 2 strata (P density = 1) :
===+ Semi-ideal 3D-IC with 2 strata (P density = 0.5) |]
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