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FO & 2.5D Design Flow (@Design Cadence Booth, Jan 2019)

~

cadence

Home : Company : Events

DesignCon 2019

29 Jan 2019 - 31 Jan 2019
Santa Clara, CA, USA

Thursday, January 31 Advanced Package Design Sign-off Reference Flow  Sungwook Moon Ph.D. and Max
2:50pm — 3:30pm View Presentation |~ Min Ph.D., Samsung Foundry
Great America 3

000020




2. 3DIC Function Vehicle: SAINT-S
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3D Integration Roadmap in Samsung Foundry
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3DIC Vehicle: SAINT-S (Samsung Advanced Interconnection Technology SRAM)

Node 7LPP
Total Density 64Mb (1stack)

TOP : SRAM Die
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3. 3DIC Cadence Desigh Flow @Samsung
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3DIC MDI™ Reference Flow Coverage

Samsung Foundry MDI™ 3DIC Reference Flow

Face-to-back 3D stacking of two 7LPP (EUV) dies
Advanced BGA packaging

PSl-aware multi-die package design and analysis flow
Cadence® OrbitlO™ for top-level design planning
Cadence® Innovus ™ for die layout

Cadence® SIP Layout® for BGA package
layout
Sigrity™/Clarity ™ for electrical analysis BGA Package

Model extraction by Clarity
Eye Diagram analysis with Spectre ™

Voltus ™ for multi-die IR drop analysis W
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Samsung Foundry MDI"™(Multi-Die Integration) Design Flow".

® MDI design platform includes all design infra to enable HPC/AI products

System-level PSI Analysis & Design PSIl-Aware Design Flow Adv. PKG Solution

* Early-Stage System-level PSI Feasibility Analysis « PI: Ultra-High Density Capacitor (MIM, 1SC) * PSI Performance Estimation
» 2.5D/3D Design Optimization

On-chip Power ]|
Current Supply
Profile Model

Ideal | ~+ .
v - _ " <+/-30% * PKG: Stacking Order, Bonding Method

<+/-10% [2-plateMIM] [3-plateMIM] NG
Parasitic Model T — S —
Reference *‘.

GDS : o] "l

* Thermal: Temp. Distribution in Geometry

Design
Stage

Chip/PKG/B'rd

Decap Model Estimation

Accuracy System-level Voltage Maintenance]

 Reliability: EM-Aware Design Flow !
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3DIC Design Flows

3DIC Design Flow Suggested by CDNS
/ ' LEF or LEF/DEF H\
L
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Sigrity Products (SystemSl, PowerDC, ...) &

3DIC Design Flow Suggested by SF

TS5V Based LVS

PVS/IPegasus
Mask Data Preparation
Mask Data Preparation

PKG/Board Routing
¢ ‘L Allegro Products

Schematic Layout ¥
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Cadence 3DIC Package Design Flow @Samsung

System Planning

Implementation

Sign-off

| Digital SoC Implementation |
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Advanced WLP Option

BGA Package Layout
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4. Flow Evaluation
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Top Level Planning and Design (using Cadence OrbitlO and Innovus)

Chip-Level Floorplan Bump/TSV Automation

MDI™ design planning capabilities
Early-phase floorplanning
- With/without LEF
Bump/TSV automation
BGA pinout planning and optimization
Chip(let) stacking management

OrbitlO manages top-level netlist v ) _ )
d optimizes intedaces’ Hierarchical Design and Chip-to-chip-to-BGA Interconnect

Net Management Planning and Optimization

Innovus supports multi- : /;,: OrbitlO and Innovus support
chip(let) layout == XML stacking file

PVS/Pegasus




Top Level Planning and Design (using Cadence OrbitlO and Innovus)

® Interchangeability between OrbitlO and Innovus when changing the location of TSV Cells
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Stacked Die Design (using Cadence Innovus)

Netlist-driven multi-die flow
Database 3D-aware (ISV, MB, uBump, etc.)
High-capacity implementation
Flow Based on die abstraction and bump files
GUI-based 3D stacking/tiering

Seamless TSV/uBump creation

Specific 3D-IC commands for
TSV/uBump creation, net
assignment and routing

Built-in alignment micro-bond
checks

Advanced 45 degree auto-
routing
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IT

Architected as a package/module design solution
Industry standard BGA/LGA design solution based on )
correct-by-construction architecture with real-time DRC ' s
Support for all multi-chip(let) design styles

Bond wire, flip-chip, stacked, embedded, etc.
Optional support for FOWLP and silicon substrates

Advanced shape degassing, filleting and
metal fill

Mask level DRC and LVS (PVS)
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Physical Verification (using Cadence SiP Layout, PVS,-Pegasus)

Back annotate and cross-probe DRC violations

Automatic pad degassing
Metal density balancing to meet manufacturing needs
Large pads, such as BGA balls, are too big to be solid metal

Rule Selection

Advanced filleting and acute angle identification
with automatic coverage

All required to improve yield

Progressive metal outgassing T
Allows for additional, smaller patterns of holes in regions [ Fillet

where density is still too high after initial degassing 1\. : : i ;_?.: A

Advanced metal fill (balancing) PAD Degassing - Metal il Balancing “\u_Acusé ey
Mask-level (GDSII) output data

Advanced arc vectorization

Bidirectional interface with mask-level
signoff tools

Works across MS Windows and LINUX




Signal Integrity for SRAM Interface (using Cadence Sigrity)

Signal improvement and design flow verification through OrbitlO’s optimization
— Eye diagram analysis of two conditions — With and without crosstalk

'-95'}: Die N D10 Rou D10/M1 Via LB/D10 Via D10/M1 Via
Driver , _

- Measurement Voltage: 0.4V~ 0.8V (V_ref=0.6V +/- 0.2V)
- Measured at receiver 10 model #4 (PAD)
- Frequency: 800MHz / Pattern




Modeling of Die Bonding + TSVs (using Cadence Clarity):-

® Modeling of die bonding area with TSV is the key feature for 3D stacked IC integration

Component
with 24 nodes

Component with
24 nodes
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IR Drop (using Cadence Voltus)

Power Calculation Power Calculation

Current for Diel Current for Die2

Rail Analysis
(PGV, Package Model, Multi-Die Mapping File)

Mapping File

POWER {
<DielnstanceName><NetName><VSRC Name>....
TOP1(topl) VDD VDD_97 BOT1(botll) VDD VDD_97
TOP1(topl) VDD VDD_98 BOT1(bot11) VDD VDD_98
TOP1(topl) VDD VDD_99 BOT1(bot11) VDD VDD_99
TOP1(topl) VDD VDD_100 BOT1(bot11) VDD VDD_100
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Concurrently solves multi-die loading effects,
providing accurate EM/IR results for 3DIC
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Thank you!

max.min@samsung.com

SAMSUNG cadence
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