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Å Introduction

ïAdvanced face-to-face (F2F) wafer-level bonding

ï Issues the state-of-the-art flow for F2F-bonded 3D ICs has

ÅCompact-2D flow

ïArea-optimal, low-power, timing-reliable, high-quality F2F-bonded 3D IC 

physical design flow

ïWe use commercial 2D P&R engines

ÅExperiment results

ïThe impact of Compact-2D flow step-by-step

ÅSummary

Contents
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3D IC Commercialization in Full Swing

Source: AMD, IMEC, Hynix
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ÅHBM2 outperforms GDDR5 with only a 55ɜm pitch of 3D contact

Bandwidth: 800%Ÿ

Power consumption: 52%ź

Scalable memory density solution: # of stacks

Splendid form factor savings
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ÅHybrid wafer-to-wafer (W2W) bonding technology

ïDirect Cu-to-Cu / Oxide-to-Oxide bonding enables a 1ɜm pitch of 3D contact

ïClose to commercialization for logic applications

Advanced Face-to-Face (F2F) Integration

(d): A.Jouveet al., 1ɜm Pitch direct hybrid bonding with <300nm wafer-to-wafer overlay accuracy, IEEE S3S, 2017.



Issues with State-of-the-Art
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ÅGoal

ïConduct placement for two-tier F2F-bonded 3D IC

ïFootprint is 50% as small as that of 2D IC counterpart

ïHow can 2D placer handle the overlaps between the cells?

ÅShrunk-2D

ïShrink the cells and interconnects by 50%

ïCommercial 2D placer can give high quality 3D placement

Shrunk-2D:
How to Use 2D Placer for 3D Placement?

Shrunk 2D Cell Expansion
Placement-driven FM min-cut

Tier partitioning

Original 2D Std. Cells

Shrunk 2D Std. Cells

(50% area)

S.Panthet. al. òPlacement-driven partitioning for congestion mitigation in monolithic 3D IC designsó, ISPD 2014



7/26

ÅGoal

ïFor inter-tier 3D route, how can 2D router decide the F2F via locations?

ÅShrunk-2D

ïRouting with 3D tech / macro LEFand extracting the F2F viasas I/O ports

Shrunk-2D:
How to Use 2D Router for 3D Routing?

Create separate

Verilog/DEF for each tier

3D tech LEF

M1:Die1

M6:Die1

M6:Die2

M1:Die2

F2F via

3D macro LEF

Bottom

Cell

Top

Cell

F2F via planning

Die1

Die2



8/26

ÅShrinkingcell & interconnect geometries

ïShrunk-2D requires P&R engines and design rule checkers that target one 

node smaller technology, which is both challenging and costly

Å InaccurateRC parasiticsof shrunk interconnect

ïThe original parasitic database causes inaccurateparasitics

FourIssues with Shrunk-2D

7nm Tech.

Cell / Interconnect

5nm Tech.-sized

Cell / Interconnect

Shrinking
5nm P&R with 7nm engines? 

Restoring
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Shrunk-2D

R = 0.125ɠ

F2F

R = 0.0875ɠ(x0.7)
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Å Ignoreinter-tier 3D routing overhead

ïAny inter-tier 3D routes require the full metal stacks for both tiers

ïNevertheless, there is no optimization step after Shrunk-2D design

ÅDiscardearlier 3D routing

ïRouting from scratch might cause redundant detour and timing violations

FourIssues with Shrunk-2D

Shrunk-2D F2F via planning

F2F via planning step

Length = 242.805um

Resistance = 1300ohm

Final Die0 step

Length = 300.347um

Resistance = 2176ohm



Our New Solution: Compact-2D
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ÅWhen using a 2D commercial P&R engine for F2F-bonded 3D IC

ïAvoid shrinking, Contract the entire placement 

ïDo not ignore 3D routing overhead, Supports post tier-partitioning opt.

ïDo not discard the routing result at post-TPopt., Recycle it

Our Winning Formula

Compact-2D Design

Interconnect RC Scaling

Memory Preplacement

Memory Expansion

Memory Flattening

Tier Partitioning

Compact F2F Via Planning

Incremental Routing

Placement Row Splitting

Post-Tier-Partitioning
Optimization

Conventional P&R steps 3D Timing & Power Analysis

Placement Contraction
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ÅCompact-2Dõs solution

ïAfter conventional 2D design steps are done using the originallayout objects, 

contracting the placement solution linearlyto fit into F2F design footprint

ÅNew need for Interconnect RC scaling

ïDelay with 0.707x scaled RC in Compact-2D = Delay with 1.0x RC in F2F design

Compact-2D:
How to Avoid Geometry Shrinking?

W

H

(A,B) Contracting

0.707W

0.707H
(0.707A,0.707B)

Compact-2D Placement Contraction F2F-bonded 3D IC

X

Y

HPWL = X+Y

Delay = L HPWL = 0.707(X+Y)

Delay = L

HPWL = 0.707(X+Y)

Delay = L

Top Bottom

Interconnect

With Scaled RC



13/26

Compact-2D:
How to Handle Memory Macros?

ÅCompact-2Dõs solution

ïMemory macro boundaries should be expanded to 1.414x

Contracting with the original macro pin location Contracting with the expanded macro pin location

Memory Expansion &

Preplacement

Memory Flattening Compact-2D design
Placement

Contraction


