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IWhat 1S SIP?

« SIP
— Single package that combines all of the electronic
components (digital ICs, analog ICs, RF ICs, passive

components or other elements) needed to provide a
system or sub-system.

Courtesy hilips
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Multiple die connections

Die stacking Package-on-package
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Complex die stack design

Rename... |

Substiate Location:  SUBSTRATE TOP 3 D StaC k

54 3 82 51

- Viewer
I~ Launch 30 Viewer
IPOSER_1
- — | ot
FC1

Execute |

SUBSTRATE TOP
DISCLAIMERS: Die stacks are always displaped
stack-up in both the Side and 30 views. The Side
Wiew may be auto-scaled along the z-axis to allow
far annatation and dirensioning of die-stack.

graphics.
Wiew Orientation: I SOUTH - I Help
Ok I Apply Cancel _I

cadence

© 2007 Cadence Design Systems, Inc. All rights reserved worldwide.



Topics

 Design Challenges of System in Package (SiP)

« Modeling and analysis solutions
— Co-Design methodologies
— Sl and Pl analysis

© 2007 Cadence Design Systems, Inc. All rights reserved worldwide. I c a d e n C e



Modeling and analysis challenges

o Optimization requires design automation

* Recongnicing the differences between SiP design and
classic single package and PCB designs

e |ssues

— Multiple stacked dies are placed vertically or horizontally

— Connection between multiple dies are realized by wirebonding,
Interposer, interconnect, or flip-chip technology

— IC design needs to consider package design, while package design
needs to consider IC requirements

 How to make die information available to package designers, and how
to pass package models back to 10 designers to simulate entire signal
path

— Data passing and property mapping
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Modeling and analysis challenges (cont’)

 Fundamental requirements for SIP tools

— An environment with IC/package/board co-design and co-
simulation capabillities

— To provide engineers with Signal Integrity (SI) and Power
Integrity (PI) solutions

» Concurrent pre-route analysis and post-route verification
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Co-design methodologies in high-speed
design

e Probleml: Signal E== Silicon
path from silicon to
board through
package .
— Reflections, xtalk, Package ;

timing

Board(s)

The interconnect from Package to Board and IO buffers
are modeled
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Co-design methodologies in high-speed
design (cont’)

 Problem 2: Power delivery
path from board to silicon
through package

Silicon

Board(s)

Power is delivered from PCB to Silicon
through Package
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Co-design methodologies in high-speed
design (cont’)

* Problem 3: Effects between signal and power supply

roblem 1: signgl .

Silicon o Package .'z Board

— —

Problem 2: power
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Co-design methodologies in high-speed

design (cont’)

e A general flow

~ |Extract requirements on Sl and Pl
~ [for chip/package/board design

for co-design

— Not only to
include
silicon/package/
board co-
design, but also

/

S| design[* ]

!

S| and PI co- S| verification

\

Pl design| *

|

design and co-
simulation

Falil
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Problem 1 - Signal analysis: stackup design

e Crossection detalls
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Problem 1 - Signal analysis: establishing

constraints

e Early

exploration
on multi-
die
connection
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Problem 1 - Signal analysis: establishing
constraints
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Problem 1 - Signal analysis: interconnect
modeling

Place Route Analyze Reports Toals Help cadence
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Problem 1 - Signal analysis: assistant to
analysis

e Detailed R I L -l
Interconnect
modeling

— 3D view
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Problem 1 - Signal analysis: wirebond
constraints

o Perform what/if analysis by
changing wirebond profiles

— Work with existing design  |egrrmsrmrmr=m
and/or start new design | e s

Active Profile: h Add o] Welete
1 Master Definitions: !—__—— Load... Save..
— Edit the parameters '
_ Update (Or extract) m M aterial: r[m :)lameter: ﬁDUM— Riefresh from M aster I
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ak, I Cancel Apply Help
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Problem 1 - Signal analysis: coupled wirebond
modeling

cadence
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Problem 1 - Signal analysis: coupled wirebond
modeling (cont’)

e [nterested
wirebonds
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Problem 1 - Signal analysis: coupled wirebond
modeling (cont’)
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Problem 1 - Signal analysis: reflections,
crosstalks, timing

« Building
simulation
CIrcults

— Simulating
routed nets

— Using 3D
models

Tools Help cadence
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Problem 1 - Signal analysis: reflections,
crosstalks, timing (cont’)
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I Problem 2 - Power analysis: power delivery on
SIP

 Power delivered to multiple chips through substrate

ectr Cerami
Bulk cramic Power/GND
: High-Freq
Capacit . Pla
Capac
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Problem 2 - Power analysis: power delivery

o 2 TN NN RSN IC P = 0 =

« Power
delivery to
multiple
dies
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Problem 2 - Power analysis: power delivery

« Power
delivery to
multiple dies

cadence
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Problem 2 - Power analysis: power delivery

File ‘Wiew Help

 Power
delivery to
multiple
dies
— Decoupling
capacitor
selection

and
placement

Ready

cadence
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Problem 2 - Power analysis: decoupling

analysis on SIP

o Select power and

ground nets that
deliver power to
multiple dies

* Create coupled
3D models of
power/ground
nets

 Performa
frequency
domain analysis
on the extracted
power/ground
model

* Place decoupling
capacitors at die
pins or at BGA
pins, if needed
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Problem 2 - Power analysis: decoupling
analysis on SIP (cont’)

e This is the | 2 output tosismoSgwae RO
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Problem 2 - Power analysis: decoupling
analysis on SIP (cont’)

e Observe the
. . File Edit Zoom Graph Tools Wiew Help cadence
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Problem 2 - Power analysis: time domain
simulation on SIP

e QObserve time
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Problem 2 - Power analysis: DC resistance
extraction on SIP

When frequency is set to
zero, DC resistance can
be obtained
— Using port grouping
function, the resistance

between any two pins on
any net can be extracted

— Then, current drop of the
entire path on a DC net
can be easily derived
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Summary

o System-in-Package is the right integration solution for

wireless and consumer products

— It posts great challenges to designs and analyses (differences between
single package and PCB designs)

» |C-Package-Board co-design and co-simulation
methodologies are key to successful SIP designs

e (Cadence provides a design and analysis environment to

meet digital SIP design requirements
— Sl and PI solutions need to support multiple die designs
» Interconnect designs, stacked die configurations, etc...

— Sl and PI solutions are implemented in Cadence’s Digital SiP
environment

cadence
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