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Some High School Physics
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Layer Planning

Two pitch options considered:
- Mx for intracluster (local) wires
- My for intercluster (global) wires
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Resistance

trench  pitch Wr =055 x pitch

Hoy=2xWr =T, AT,

dy=Wr Weu  da

barrier

Ciofi et al,, “Impact of Wire Geometry on Interconnect RC and Circuit Delay”, T-ED, 2016
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Resistance: Mx-Wires
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Resistance: My-Wires

F16 F7 F5 F4 F3a F3b
pitch[nm] 80 76 72 50 48 80

90 Extra thick laye: 12
—e— Simplified Ciofi et al. (14.5x pmh)
80 80 %/lp: 1.68e - 08 7.3% pitch D D
70 70
7.3x pitch
60
60
O
€ g0
3
£.50 3 D D N
)
40 3.6x pitch D D M7
30 T e
My® og M5
30 20 225 piteh T e
1.4 pitch oo M3
—— il M2
2 e 10 Mx < oo M1
0 Heu 1 pitch oo Mo

F16 F7 F5 F4 F3a F3b F16 F7 F5 F4 F3a F3b N3 10



Resistance: My-Wires
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Resistance: My-Wires
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e Capacitance is less sensitive to scaling than resistance
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Capacitance

Wong et al,, “Modeling of interconnect capacitance, delay, and crosstalk in VLSI”,
T-SM, 2000

Predictive I NTERCONNECT

T echnology
Model Structure 2

Coupling lines between two metal ground planes (for local and intermediate layers)

Introduction

Latest Models

W
s
Nano-CMOS t —1

Post-Silicon Th

Interconnect

Predictive Technology Model (PTM), Nanoscale Integration and Modeling Group,
Arizona State University (ptm.asu.edu)
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Good area and length models are necessary for

- Delay measurement
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Good area and length models are necessary for

- Delay measurement
- Determining the maximum number of tracks in the routing channels

Typical models based on transistor counting
are insufficient for scaled technologies

Khan and Ye, “An Evaluation on the Accuracy of the Minimum Width Transistor
Area Models in Ranking the Actual Layout Area of FPGA", FPL'16
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Floorplan
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Multiplexers

space for tracing vertical tracks, N
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space for tracing vertical tracks, N
created by the routing multiplexers
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Multiplexers

space for tracing vertical tracks, N
created by the routing multiplexers
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Local Connections: Cluster Feedback Delays
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Local Connections: Cluster Feedback Delays
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Local Connections: Cluster Feedback Delays
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Local Connections: Cluster Feedback Delays
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Thick Local Connections: Thick Metal is Scarce
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Thick Local Connections: Thick Metal is Scarce
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Thick Local Connections: Small Clusters to the Rescue
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Thick Local Connections: Small Clusters to the Rescue
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Exploring Cluster Sizes across
Technology Nodes




Experimental Setup

- Clusters of 2, 4, 8, and 16 6-LUTs
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Cluster Sizes: Routed Delay Results
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Cluster Sizes: Routed Delay Results
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Performance Scaling
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2.2
2.0 A
= 1.8 A
=0 My pitCh = 48 nm
1.4 ~
1.2 A
__—_—_

F3b
Technology node

26



Performance Scaling
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Performance Scaling

Table 8: Areas and channels in the various technologies. Area A,, is used by
the channels and area A, is the active area. Each column corresponds to the
median-area architecture of the three that were chosen for K6N8 for the par-
ticular technology. All architectures are slightly metal-area bound.

2.2 - Fi6  F7 F5 F4 F3a F3b
An [pm?] 393 239 203 154 136 149
A -39% -15% -24% -12% -3%
Ag [pm?] 374 230 186 144 124 123
2.0 A -38% -19% -23% -14% -15% _9QO
H-tracks 320 288 272 38 /0

V-tracks 192 144 144 176 176 112 3 6%
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Thank you for attention

https://github.com/EPFL-LAP/fpga21-scaled-tech


https://github.com/EPFL-LAP/fpga21-scaled-tech
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