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3D-IC Advantages and Challenges

Modern IC size explosively increases
« Technology node meets bottleneck
» 2D-ICs have problems with area, power and cost

3D-IC promises many advantages
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3D-IC Technologies
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3D-IC varies in technologies
* Die-to-die, multi-die, chiplet, ...

« Through-silicon via, monolithic inter-tier via, hybrid bonding terminal
Advantages of die-to-die bonded 3D-IC

* High interconnection density

 Flexibility

» Cost-effective
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3D-IC Technologies

3D-IC design methodologies
* There exists a gap between placement

and partitioning Partitioning first /To'pme | /
« Chicken and egg problem w w AR
* Partitioning first solution: /W
« Lacks physical information w o
« Placement first solution __
op Dic

Placement first
. Cannot d pl t yz r
: 3;:13 preserve good placemen - .ﬁ

Bot Die

Algorithms that strongly couple the placer and partitioner is needed |



B15E]

Problem Formulation

Partition and place the original netlist to minimize the cross-die HPWL

« Partition the original circuit ¢ = (V,E)
Into 2 sub-circuits

« Maximum utilization constraint Uy,

A cut net must have one hybrid
bonding terminal

« HPW.L is calculated separately on each / Bonding Layer o
p y A = ———— = —— I 4
» Hybrid bonding terminal spacing | '
constraint
5 Bonding Terminal E Cell
Net ] = — = Net 2 = — —o Net 3
5
o=,
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Analytical Placement Algorithm :

Relaxed Objective Function

win HPWL(p) =1min ), HFWL:(s) gy 0N D WLe(p) +AD(p)

ecE ecE
st. Dy < D;,VbeB \ ' ] | ' J

Wirelength  Density

* Net wirelength  Cell density
« Weighted average (WA) HPWL » Electrostatic system model
Dice ;e Dice zie” "7 Av V(. y) = —p(e,y),
Wike(r) = D ice evi/v Dice e~Ti/Y n: vw(x’ y) =0, (:U’ y) € OR,

[[ ro(z,y) = [[ rY(z,y) =0,
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Proposed Framework :

Overall Flow [ oworgmainin /
Coherent Global Placement h
Coherent placement stages oD Placement
« Compact 2D global placement [ Compnct2D global placement |
* Initial solution 3DPlatement
» 3D placement on expanded z-dimension [ Layoubavate prtioning using 3D ]
* Layout-aware partitioning T Walengthdiven P\ partioning
« 2.5D multi-layer placement Sl e L. '
 Remove overlaps 25D Placement
« Wirelength-driven FM partitioning | D sl pacement ot
* Refinement b I g
* Legalization and detailed placement Legalization and Detatled Placement
Matching-based terminal LG
= Coherent placement stages [ Rowbasedeell LG&DP
Ilrl_] 7 = Unified placement engine Y —
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Proposed Framework :

Compact 2D global placement

Serves as an Initial solution
 Less displacement — correct utilization estimation

 Establish enough vertical connection — 2 dies are well-aligned
— balanced utilization for 2 dies

0 1
. UO — U]_ — A X A .
(A0+A1)x Adie

Normalized cell size
es=1xs'+(1—-1) x5!

uoxadie .
- T = ——— IS the percentage of cells
A
ondie O
Ih'.l (a) Balanced utilization (b) Unbalanced utilization
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Proposed Framework ﬁ

3D Global Placement on z-direction

Serves as layout aware partitioning
* Preserve initial placement quality - local density is balanced
 Establish enough vertical connection - proper nets are cut

Expand placement space into 3D

z /o .
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h R !
I_'| 54 ! (x}, yi (a) Layout aware (b) Cutsize driven
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Proposed Framework :

3D placement engine

« 3D spatial density p(x,y, z)

VA Vlb(i‘ay?z) — —p(ﬂ:,y,z),
n-yY(x,y,z) =0,(x,y,2) € OR,
I re(2,y,2) = [[[ rip(@,y,2) =0

* 3D electrostatic fields distribution
(

Aj k1 Wi

&EZ i S wi +wg + wf cos(wjz) cos(wiy) sinCic)
Jik,

* 3D electrostatic fields distribution
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« 3D weighted wirelength sHPW L
« prob(D) =1 — 0.5771, the probability
that a D-degree net is cut
o step(D) = a if D < T; 1 otherwise
* SHPWL = prob(D) X step(D) x HPWL,,,

« Small nets are more preferred to cut

prob(D) step(D) w(D) = prob(D) % step(D)

1 1 _J

0 0 0

I 20 1 20 I 20
D D D

* min), ez SHPWL,(z) + AD(2)
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Proposed Framework :

Wirelength-driven FM Partitioning

Refine the partitioning to remove

HPWL overhead =2 o cell Cel,
° 1 . 1 Die 1
Hybrid gain fungtlon - i £
« Reduction in wirelength ===
. . Cell
* [ncreasement In cutsize Cell, el Cell, el ] Teminal
* Impact on area balance: 4AR¢
Wirelength-driven FM Partitioning 0 $ :
« Swap the cell with the largest gain B = Srapped
- Update the status efficiently with 2 @
bbox data structure '
h o L..(:T..f.f’...?; foss
I'-1 1
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Proposed Framework 5

2.5D multi-layer placement

Remove overlaps after partitioning TN
vV Die0 . .
« 2 cell layers U _
: : : : ! ! Netlist O
* |Instantiate bonding terminal layer with b . N )
. » V7 1 Terminal
spacing o )
Non-overlapping constraint € Spacing constraint . [ _ J} | Netlist 1 ]
* Place 3 layers simultaneously U Die 1
Minimize the precise cross-die HPWL L Density Wirelength
Gradient Gradient

min Z HPWL (v¢ U v?) + (A D)
v ce{0,1}




Proposed Framework

Row-based legalization and detailed
placement

 Legalize cells

Matching-based legalization

 Legalize terminals

 Limit the solution to region of
Interest

« Solve the bipartite matching

* 1% Improvement over row-
based method

13
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Experimental Results :

Experimental Setup

» Tested on ICCAD 2022 Contest benchmark
 Overall of 3% improvement compared to the 1st place team
* 1% improvement compared to the SOTA placer

avg. HPWL / difference
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L | I El—. [3] Y.-J. Chen, eta, and Y.-W. Chang, “Late Breaking Results: Analytical Placement for 3D ICs with Multiple Manufacturing Technologies,” in Proc. DAC, 2023




Experimental Results

#Terminals

1.5
1.4
1.3
1.2
1.1

0.9
0.8
0.7
0.6

15

avg. #Terminal / ratio

DAC23-Chen

Qurs

Runtime breakdown

GP2D

GP3D

27.6%

15.0%

10

2.5%

18.9%

DP

B15H]




Experimental Results 'EJE

varying terminal size
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Experimental Results :

History curves of wirelength-driven FM
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Conclusion ﬁ

 Coherent framework

— Preserves placement quality

 Unified placement engine

— Easy development

« Efficient algorithms
— Low runtime overhead
 Flexibility

—Works for other objectives

lh'zl18
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