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Silicon Interposer Design

= Today'’s interposer serves as a bridge between the higher
density of today’s die, and the IC package

= |s interposer design an IC design challenge, ora IC
packaging design challenge?
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Interposer: Bridges IC and Package design

Metal Line/Space
Provider

RDL Metal

RDL Thickness
Passive Devices
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Application
Design Rules
Design Tool

> 5um/5um

Package house, using
RDL manufacturing

Cu

3-5um

Yes

Lower

Low I/O Count
Package-Like
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“Classic” Interposer: Virtex-7 2000T

= “Stacked Silicon Interconnect”
= 6.8 Billion transistors
= Four 28nm die on a “fine” Interposer

High-Bandwidth,
Low-Latency Connections ® -_ ¥ - ! X B ? KN R ! _._ % .

|

Microbumps

Through-Silicon Vias (TSV)

C4 Bumps

Package Substrate

Source: Xilinx
BGA Solder Balls
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|IC-Based 2.5D vs PKG-Based 2.5D

*|C Technology-Based Solution *PKG/PCB Technology-Based Solution
Analysis include Core logic «System Interconnect Analysis
Design for TEST «System Optimization thru all domains
*Timing Analysis (STA) *Package Routing Technology
Manufacturing ready DRC «Core areas could be Black box
TSV implementation TSV proposal
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Perfect World: Interposer Design

|C-Tool-Based

PKG-Tool-Based
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Reality

» Who “owns” the design (IC team,
PKG team)? What tools are
available?

 What design process node? Course
or fine width? What geometry design
rules? What IC design structures are
needed (power stripes, redundant
via)? What layer materials for metal
and dielectric?

 Who is making the silicon? (in
house, external)

« What is required for IC
Implementation/mask generation ?

Course PCB Rules

A

)

Fine IC Design Rules

'
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Why use Packaging tools for Si Interposer Planning?

Sorting out the optimization

When considering fixed components on the board, the system
(chip-interposer-package-board) can be optimized from the
board up

Preliminary system analysis

— When System route planning validates the route-ability of
the system
— System Signal and Power Integrity can be analyzed early

Hand off the Interposer plan to IC tools

|C Packaging tools can create a representation of a silicon
interposer that includes die placement, TSV locations, and
feasibility routing that can be transferred to an IC tool for final
detailed implementation using IC Design rules
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Possible Interposer Flows

= Design completely in IC Design Tool

= Prototype in IC PKG design tool, Complete in IC Design

— Use separate databases for interposer and package
— Use one unified “substrates” database *

cadence



Common Database: Design Overview

Abstract#1:
Front-side die pin

Abstract#2:
Front-side die pin

C4 bump

Abstract#3:
Back-side die pin

package substrate

® ® ® & & -
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Interposer/Package Co-design Planning Flow

‘ PKG Tool
(distributed codesign)

Connectivity Manager

N
7

L

(Auto assign Net...)

*C4-bump to Ball connectivity

T

*Die to C4-bump Route
*C4-bump to Ball Route

i

e
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Co-Design and System Feasibility Planning

2.5D & 3D Planning

Bump Pattern Development

255 O

O SY5_DDRADS is not mapped above DeviceTemnplate Pk,

O Device:Si_Interposer

Methlame SYE_DORADS AK18

Device:Die_Slice
Mettame:DDRADS

"‘ Device:DDR
"W ethame:DDRADS

Device:DDRADS
Mettame:DORDGMO

©

Multi-Die Support

Net Management

o 4 e II'.Ilu I.‘t I". II' X
System Connection Planning

Single Canvas Optimization of Chip-Interposer-Package-Board
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Die Abstract i1s Self-contained with ...

|C technology information
Library

/O drivers

/O pins
Netlist

IC Net name inherited from
Verilog

Flight line between bumps
and 1/O drivers

Physical
Bumps
|IC Cells/Pins
Die boundary
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Connectivity Management
Net management over multiple domains
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Automatic Die micro-bump => Interposer C4-bump

Package Ball Connection Optimization

ﬂ Cadence SiP Layout XL: interposer_pkg.sip Project: D:.../Product/3DIC
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Bump and Micro-Bump Assignment Optimization

Before auto-assign net

After auto-assign net
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Export Modified Bump Assignment back to IC Tool

While optimizing bump to bump connection, micro-bump
assignments in logic and memory die and C4-bump
assignments in the interposer could change.

Updated die abstract file and IO location file can be written to
update floor planning in IC tool.

¥ Die Abstract Write [ B[

Die to wnte abstract for:

[ INTERFPOSER [interpozer]

Die abstract [.dia or .xda) file:

|interpnser.dia
Encoun ter 1/0 update [LExt] file:

|inter|:-|:lser_up-:|ate. k=t

Hog b

[ WASTibE ] [ Cloge ] Help
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Export GDSII to combine RDL routing data in IC tool
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Extend Co-design into a “Single-Canvas View”
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Chip Scale Review Article on System
Interconnect Path Optimization
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Volume 15, Number 2
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IC-IPSR-PKG-PCB Optimization

Rats based Pin Assignment
Throughout

Define routing path and sequencing

- et o Route Instantiation

IO PKG PCB PKG 10

e (v 82l
¥ : al
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UnLaA | |
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1]
Lo ﬂ__lumw%&qu)mm ;,._.:u_.m._l
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System Planning & Single Canvas:
Complementary Solutions
Co-Design and System Feasibility Planning P I anner
| » Lightweight, rapid prototyping
environment for chip,
package, board planning

Single Canvas Optim n of Chip-Interposer-Package-Board
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Single-Canvas Extraction and Analysis

Leverage Sl analysis tools with common view

Co-simulation of chip-package-board system view
n-fabrics
n-layers
Board routing, package routing, RDL routing, vias
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Package-Driven Si Interposer Benefits

» Lack of optimization between the Silicon Interposer and adjacent
fabrics adds cost to the overall system and reduces system

Problem performance

» A comprehensive system view and pin assignment optimization
function will reduce the number of signal crossovers in the overall
system

» System route feasibility and system Sl and Pl analysis validates that
the Interposer will meet design specifications

Interposer
planning

\

» A system optimized Silicon Interposer plan that can be handed off to IC
Implementation tools for final manufacturing prep
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