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Advanced IC Package/SiP and 
PCB Co-Design Solution
Enables Miniaturization & Increase 

Functional Density

Jun wu( 94�A)
Senior Service AE
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Agenda

• SiP Demand and Design Trend

• SiP Digital Design Flow

• Demo
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End Markets Drive Package Functional Density

MiniaturizationDigital Convergence
and Mobility

Vast amounts 
of logic

FUNCTIONALITY, PERFORMANCE, POWER, COST
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Projected Growth for SiP

• CAGR=> 80% of SiPs are for Handheld Market

• Does not include silicon cost Source: ETP and CIR Estimate
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Design Challenges…

• High-level system integration on silicon driving pin count over 1,000 pins.
• Complexities with managing, placing and optimizing I/O’s.
• Pad Limited Die leading to Staggered I/O and Area Array I/O placement
• Flip-Chip Design Requirements

– Bump Placement and Assignment 
– Complex RDL routing.
– Escape/Break-out routing on package

• High speed digital I/O’s (SerDes, PCIe, etc.).
• Package and PCB interconnect needs to be accurately modeled and simulated.
• Power Delivery planning across IC, Package and PCB
• Die attachment choices need to be considered

• Minimizing Package cost.
• Optimizing signal assignment to reduce layer count.
• Custom designed packages driving overall product cost up.
• Package requirements can no longer be an afterthought.

MUST evaluate product concepts early and accurately !
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• SiP Digital Design Flow
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SiP Co-design Flow Overview

• IC/Package Co-design
• PCB/Package Co-design
• Multiple die in a package 

– Side by side
– Stacked die System Connectivity Manager

PCB Package IC

OA/MPS

IO File/MPS/TCL
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Package / PCB Co-design with SCM

SiP SCM

6. Import XML for 
package interface

7. Connect package 
to PCB design

8. Export to Allegro

9. Optimize 
package using 
swaps

4. Import SiP
5. Export co-design 

XML 10. Import Allegro 
board to update 
package to net 
assignment

11. Export XML

12. Import XML
13. Verify Physical 

Ball Assignments
14. Export to SiP 

Layout

1. Create Design
2. Export to Sip 

Layout

PCB SCM(ASA) AllegroSiP Layout

3. Build Physical 
SiP

15. Fix DRCs created 
by reassignment.

16. Address 
reassignments in 
IOP if desired

17. Import SiP
18. Continue co-

design process
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Flow by Functions: System Connectivity Management

SiP Design building blocks
editor

Natively integrated Constraint Manager

Component & signals in tables 
and spreadsheet like editors
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Graphical schematics for analog/RF 
(Virtuoso)

editor

Integrated Constraint Management

Verilog Language support

Table based design entry

Auto generated graphical schematics

Bi-directional link
to SiP Layout

VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing

System
Connectivity
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Flow by Functions: System Level Interconnect Modeling

Virtual Systems InterConnect Model (VSIC)

SigXplorer

VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing
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Flow by Functions: Pre-Layout Analysis

Driver Models

Package Interconnect 
Model

PCB Interconnect 
Model

Transistor Level
(HSPICE, Spectre)

Behavior Level 
(IBIS)

Macro Model
Custom Stimulus

Lossy T-Lines
(Based on Substrate)
Spice Elements
N-Terminal Black Box
Ideal T-Lines
Termination Models 
Receiver Models
Parameterized

Waveform View

Time Domain
Bus Mode

Frequency Domain
(FFT)

Eye Diagram
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Flow by Functions: IO Floor Planning Optimization

Flip chip 
(standard)

SiP Substrate (Primary UI)

• Substrate editor is the primary UI

• I/O Planning windows (Secondary UIs) are spawned from 
the primary UI as each co-design die is manipulated

– I/O planner will be FE based technology

Flip chip with drivers, 
RDL and Bumps

IO Planner UI

Die-in-
processing

VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing
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FE-I/O Planner Data Flow

.v .lef.fp

IC Floorplan &
Implementation

R/W “lite”
DEF file .def I/O Planning OA &

MPS
I/O Planning

First Encounter

I/O Planner Layout Env

SiP Layout

OA
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Flow by Functions: Substrate Floor Planning 

VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing
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Flow by Functions: Electrical Verification

S-parameter t-line extraction and simulation
High capacity simulation (Channel Analysis) for BER prediction
Integrated 3D package modeling Interface for RLC and S-param
Chip/package power analysis with VoltageStorm
Links to 3rd party: Owave, HFSS, MoMentum, CST for full wave 
model extraction

h
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VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing
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Automated 3D Model Extraction for SI analysis

3D Field Solver invoked in the 
background to extract a

nets topology

3D engine
run in 

Background
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Flow by Functions: Substrate Routing

� 3D physical design: die stacks, wirebond, complex v ia structures
� Substrate routing: Iterative BGA breakouts, route f easibility
� RF circuit layout: pcell macro’s for embedded passiv e elements, static 

rulers
� DFM: soldermask, etchback, degassing, etch spreadin g

VSIC Model

IO Floorplan

SiP Substrate
Floor Plan

System
Connectivity

Electrical
Verification

Substrate 
Routing
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Demo Storyboard

2 fixed off-shelf devices, 1 assembled  CSP package

Creation, import, authoring and validation of a top-level 
SiP netlist
Rapid SiP prototyping 
Co-design between SiP and PCB

17x17mm PBGA- Full Array

CSP BGA(IO-Bridge)Controller-Wbond

SDRAM-Wbond
Spacer_top

Spacer_bot R/C




