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Note
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e The content of this presentation is the collected effort of the

entire SIP team in SPB division at Cadence.
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* SIP Overview
— What is SiP?
— Why is SIP Important?
— SIP applications

 SIP Design Challenges
* Requirements of EDA tools for SIP design and analysi s

— Co-Design methodologies
— Design management

— Sl and PI analysis

e SUMMary

3 FDIP Workshop, EPEP 2006



Topics cadence|

e SIP Overview
— What is SiP?
— Why is SIP Important?
— SIP applications

 SIP Design Challenges
* Requirements of EDA tools for SIP design and analysi s

— Co-Design methodologies
— Design management

— Sl and PI analysis

e SUMMary

4 FDIP Workshop, EPEP 2006



What i1s SIP? e .

* SIP (System-in-Package)

— 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.

 Applications
— Cellular
— Bluetooth
— 802.11 WLAN
— CMOS Sensors

Courtesy of Philips
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Why Is SIP important?

Increased functional density

— Miniaturization due to fewer packages and
3D stacked die

— Multiple technologies in a SiP

— Faster design cycles (over SoC)

— Reduce system board complexity and layer
count

Performance through interconnect
elimination

— Low power

— High speed
Optimization of complexity, cost,
and time to market

Reduced time-to-new product concepts

[cadence]|

| Courtesy of ASAT

12%

13%

26%

Source: Renesas

O Miniaturization

B EMI Noise Reduction
O Low Power

O Cost Reduction

® High-Speed Bus
simplification
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SIP applications in wireless devices

SiP Functions

RF/IF
(WLAN, Bluetooth, GPS)

Camera
(A-FEP,DSP,VDr)

Baseband
(DSP,memory)

Application
(GPU,CPU,memory)

cadence
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Multi-Die package i i I
forecast Warn Won T 0 R e e

Courtesy of ASAT

Courtesy;lg?eam ll'flr

SiP and Stacked-package designs increase 21% yearly
Designs move from experts to majority of designers

(Sour ce: Electronic Trend Publications)
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Multiple die connections cadence

Die stacking Package-on-package

3D IC RF module
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Complex die stack design

Rename... |

Substrate Location: SUBSTRATE TOP

Outputs
I~ Repart
I~ Launch 30 Viewer

roife [ ]

Execute |

Actual Stack

DISCLAIMERS: Die stacks are always displayed
= stack-up in both the Side and 30 views. The Side
D eS I g n Wiew may be auto-zcaled along the z-axiz to allow
fior annotation and dimenzioning of die-stack.
graphics.

ak I Apply Cancel

WB2

54 13 82 51

IPOSER_1
FC1

SUBSTRATE TOP

Yiew Orientation: ISDUTH 'l

cadence

3D Stack
Viewer

Help |

3D Stack

Design

11 FDIP Workshop, EPEP 2006




Complex die stack design cadence|

e Interposer

wirebond die

TERPOSER

flip-chip die

substrate

‘._—__,_JNTERPOSER (top view)

—
1
L
L
C—O
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Systems interconnect
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ARENE /0 buffer
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Driving BEEE
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buffer Tl ;;;;b
on chip T ALLLL
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Bump TS

chip
package

PCB to PCB
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e SUMMary
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Modeling and analysis challenges cadence

» Optimization requires design automation

e 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 IO designers to simulate entire signal path

— Data passing and property mapping
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Modeling and analysis challenges cadence|

 Fundamental requirements for SIP tools

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

— To provide engineers with Signal Integrity (SI) and Power Integrity
(P1) solutions

— Concurrent pre-route analysis and post-route verification
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Current methodologies must change

* |solated IC, Package, and PCB design
tools increases costs and design cycle
times

— Many problems not discovered until integration
(costly iterations)

 New methodology requires full system
Interconnect planning

— IC package interconnect and its influence must
be fully understood and modeled

— Must arbitrate connection scheme across chip,
package and board

e Timing, signal integrity and power
delivery intertwined

— Full analysis of system interconnect from buffer
to buffer required

« Constraints have to be established
based on accurate pre-route analysis

cadence
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Opening Up the Solution Space [cadence]

e ——

I/O Pad <& Bump Array I/O Pad to Package Package Footprint Creation
Placement and Optimization Pin Physical Design

: Schematic Symbol Creation
RDL Routing and Modeling

I/O Pad to Package Pin Delays

/O Pad to Bump Delays Package Pin Optimization

System Level I/O Buffer
Characterization
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SIP digital design flow

System Design Hlerarchv

» Concurrent designs & independent teams
* Unique IC processes
» Design chain geographically diverse

pr— S— ®

cadence

Sub-assembly is the SiP

7 .y
| M2 |

3DIC

eeeT ThostT
o TRRRTTITITIT co0oo

Resulting SiP
Complex 3D Structures & Technologies
— U1 flip chip, 90nm digital
— 3DIC:

— U2: wire bond 130nm
— M1 & M2: wire bond 90nm memory
— U3: fixed die, flip chip 130nm digital
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SIP digital design methodology adence

Co-design
Environment vsic

System Arch
Partition into
Components
Concept Design Planning
Planning -
Interconnect Planning

Architect

Feasibility - Test Concept
& Analysis

Manufacturability
Multi-domain
Multi-technology
Implementation

IMaodeling & Verification

System

Integration &
Verification

Manufacturing
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Digital SIP connectivity hierarchy

cadence

Board
FaB,C Fp
greveereeed s ;
SIiP (SoC, FB) SIiP (Fp)
Balls | 4 Int E Balls | 4 Int E
P i
SIiP (SoC, FB) Logical Interface SiP Logical Interface
; SoC Function [- _| Function |~
1 Block B = - D =
- Block | —| Block |
v v ¢
SoC Function B Function D
Bumps | Int |= Bumps | Int | Bumps | Int |
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Co-design dies cadence

‘Q;msign @ggl nglsis P;Irmiug umlﬁlan MPug EI‘: k lél ging Sl Verify Tools
[ /1] 4] 518 @] 3] 3] 308 ) o s 0o/
it5|| « IC tool based die abstract
HHHHH editor
. | * Co-design die are
7 hierarchical design elements

on substrate

Attributes Valug

Die abstracts management

Data Import/Export

2B76.830, 4B823.25E )

ook \
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Concurrent design to enable optimization
of DIE abstracts

Wire bond chip (standard)

SIP 10 Planner

SiP Substrate Editor

W M ip chi
&\ f/// (standard)

-----------

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

-

-----------
. ------

S
. —

,;'zm\un\\

Bumps
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Route feasibility analysis: IC-RDL and cadence

SIP substrate

 Flip Chip or Wirebond Attachment

— Automatic optimization strategies via node
swapping

 Based on Package Pin Assignment
 Flip Chip Escape Patterns

 Feasibility Routing for RDL

— IOP mask ready RDL routing

— |1/O Buffer to Bump/Die Pad in IOP
 |C-Pkg routability analysis

— All angle, Orthogonal, Diagonal

— Support for Differential Signaling

— Materials and Standard Package trade-offs

— Full mask ready substrate routing
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¥ hwto Wirebond - Specify Tiers |,
Cusrent ber |Nosth 1

e R SR rroera— —
GF Auto Wirebond - Specify Tiers |

Package Physical Layout T iy
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of Package b S e
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Optional Information
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* All angle auto-routing A A e
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» Unique routers for wire-bond and flip- % === —
chip routing styles

— DRC correct

— Electrical constraints and Physical
rules

i
‘II|

i
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3D Visualization

« Support for Die Stacks

 Bond Wire Clearance
Checking

— Reverse Bonding

» Micro-Via Checking
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Co-design methodologies in high-speed
design

* Problem1: Signal path
from silicon to board
through package

— Reflections, xtalk,
timing
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Co-design methodologies in high-speed
design (cont’)

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

cadence]
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Co-design methodologies in high-speed
design (cont’)

* Problem 3: Effects between signal and power supply

Silicon

Problem 3: Interference of signal and power

roblem 1: signal _.-""

=

Y ———

Package

D

e

Problem 2: power

cadence|

Board
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Signal analysis: Establishing constraints cadence

¥ Cadence SiP Digital SI XL: 8815522new.sip Project: D:.../PCRs/873903/Testcase4
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Signal analysis: Establishing constraints

 Early
exploration
on multi-die
connection

caden

ce

# Cadence SiP Digital SI XL: 8815522new.sip Project: D:.../PCRs/873903/Testcase4
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Signal analysis: Establishing constraints cadence

File Wiew Edit Set Analyze Help

e Extracted ol alafalal] ol Lozl ellsl] slu2m=E]] 2]
circuit for
space
simulation

Three dies

last pick: 5519.00 423500 ﬂ
last pick: 5516.00 4235.00

last pick: 553350 4234 50

last pick: 553350 4234 K0

Beginning Autoplacement

Finished dutoplacement j

N <[ [\ Farameters £ Measurements £ Results y Command /
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Signal analysis: interconnect modeling

cadence

File Edt WView Add Display Setup Logic Place Route  Analyze Reports Tools Help

° Detalled :,: }"T|\1}~1|\1|\q.\‘d.|| ‘:\-.||1l1\“‘|i‘--fn‘l|h\‘-| |§\F'I|“|H|
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Command »
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Signal analysis: assistant to analysis cadence

e 3D view e

Ed ek SGREB s 2z T A08 P s e s

i B & FH

/ f f
R S S
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Signal analysis: wirebond constraints cadence

« Perform what/if analysis by
changing wirebond profiles

— Work with existing design
and/or start new design

— Edit the parameters

— Update (or extract) constraints

# 3-D Modeling Par: P i

General Bond'Wire | Ball I Bump I Esternal Ground | 51 lanore La_l,.lelsl

h
¢ alpha
i
x1.¥1)  Die |m
L beta
(x2, y2)
Substrate
‘wéire bond connection IDie2Substrate ;I
wiire bond direction ILI|:| ;I
Diameter |25.4um
Conductivity | 37500mho.mm
Die Compaonent I ;I
Diie elevation (k1] Infa... | IEDBum
Qther Die Component I ;I
/mﬁmup I
Loap height [h] | 254um
Alpha [degree) IEX
il
Set Diameter to 0 bond wires are not to be modeled

Ok I Cancel | Help |
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Signal analysis: stackup design

e Crossection details

Layout Cross Secti

Cross Section I

cadence

_l | Subclass Name Tupe Material Thickness (UM Conductivity Dielectric Loss Tangent Megative Shield “Width [LIM] Impedance |
[mbasenn) Constant Arbwark. [ohm]
SURFACE AlR -
2 WEOND_TOP_STK BONDING_WIRE ©
3 SPACERT DIELECTRIC @
4 WBOND_BOT_STK BOMDING_WIRE @
5 SPACERZ DIELECTRIC @
E TOP_COND CONDUCTOR @ COFPER B 3048 535500|  1.000000 0 jm] 50.00
7 DIELECTRIC = FR-4 z E0 0] 4500000 0.035
g METALZ CONDUCTOR 2 COFPER = 3048 535500|  1.000000 0.021 jm] 50.00
& DIELECTRIC © FR-4 B 125 0] 4500000 0.035
10 WSS © COFFER B 3048 £35900|  1.000000 0.021 [m] 2]
11 DIELECTRIC = FR-4 @ 200 0] 4500000 0.035
12 VDD @ COPPER © 3048 595900| 1.000000 0.021 jm] 3]
13 DIELECTRIC @ FR-4 © 125 0] 4500000 0.035
14 METALS CONDUCTOR @ COFPER B 3048 535500|  1.000000 0.021 jm] 75.00
15 DIELECTRIC = FR-4 z E0 0] 4500000 0.035
18 BOT_COMD CONDUCTOR 2 COFPER ] 3048 535500|  1.000000 0 jm] 75.00
17 SURFACE AlR
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Signal analysis: wirebond modeling

 Interested
wirebonds

cadencel
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Signal analysis: wirebond model re-use cadence

[ ] E t t. g File Edit Wiew Add Display Setup Logic Place Route Analyze Reports Tools Help
Xtractn Dlw|wl| alalalalae| &l el || sl
models from
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design

s -
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_P| &|354500, 213500

13 nor-encrvpted models saved to fis 0 /5P _sim/PCH /87 3903/ T sstoased sigep.dml
13 models saved in sigep.dml

Pick 15t Comer OF New Window,

Dpening existing drawing... Sl
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Signal analysis: wirebond model re-use

e The

cadence

File Edit Wiew Add Display Setup Logic Place Route Analyze Reports Tools Help

corresponding
design with only
wirebonds

j‘upnm \ [ Fnd Y visbiy

Agtive Class and $ubclass
Conductor -
8 [ Metal 6 =

diawing...
ids are wan 1B00.00, 1600.00 apart for enhanced viewabilty,
wany 400.00, 400.00 apart for enhanced viewabilty,

- | Oemd: 1
_P| 4345000, 191000

o Stop
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Signal analysis: wirebond model re-use

cadencel

o 3D VieW Of File Wiew Camera Tools DRC Help :
. . Shdoeh SERE ES+: ARARAA HmEE 6°Y X AE
the multi-die
design

''''''
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Signal analysis: wirebond model reuse cadence|

R.NEU - OView _[=]x]

* View geometry
mesh

— Original net (in
full)

43 FDIP Workshop, EPEP 2006



Signal analysis: reflections, crosstalks,

timing

» Building o A X ] g™
simulation -
circuits

— 3D modeling

cadence

Optiors Visibilty
iews: -
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Signal analysis: reflections, crosstalks,
timing

Fle  Wiew BT et Analyze Heip

e Simulation circuit ol Rl 27l

[ el ol ] 2l 2]

%

SDefoul 110 1ps

1| CD3Defoult10 IpG D Faul 1101 p8v

pled_1_net

cadence

Hame ‘ Deseription
El

|
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[

[

HE H
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Power analysis: power delivery cadence|

e Power delivery
to multiple dies
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Power analysis: power delivery

* Power delivery
to multiple dies

cadencel
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Power analysis: power delivery cadence

File ‘Wiew Help

e Power delivery
to multiple dies

— Decoupling
capacitor
selection and
placement
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Power analysis: IR-Drop analysis at IC level cadence
with package effects included (cont’)

* VVoltagestorm output using multi-port DC net model of package

Wlthout package effects Wlth N- port DC net model in package
Worst IR-drop : 155mV Worst IR-drop : 253mV
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Power analysis: stability study cadence|

e Estimate SSO/SSN
imp_aCtS at early Data preparation
design stage
— This methodology
helps decide the
ratio of signal I/O SSO Simulation

pads to power &
ground pads before
starting chip design

Start to design chip’s floor-plan and
export design spec. to package house
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Co-simulation in SIP: final verification

e Final verification for solutions 1-3

— Consider entire signal path

— Silicon to board through package

— Examine signal quality and timing budget

— Consider power stability

— Key is SSN analysis

Silicon

Problem 3: Interference of signal and power

roblem 1: signal _.-""

G

Y ———

Package

D

Y ——

Problem 2: power

cadence

Board
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Co-simulation in SiP: final verification cadence

* Design example:
finished package
design

e L BENEN RN RN TN T ) e B B S =3 1
=
H|

w1 | )
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— Many diff. pairs

— Multi-GHz
signaling

Oemd:  Idle

Grids are draven 400.00, 400.00 apart for enhanced viswability -

Opening eisting diawing.

Pick 1t Corner O New Wwindaw P & |15785.00, 442000

Pick 15t Comer Of New Window,

Command » - 4
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Co-simulation in SIP: final verification cadence

e Design example

[ o= |

Cancel |

. .
— Finished TR
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Enter selection pairt

Command

= | Ocmd  signal 3dmodel

P &|-zeepa3 277 e

i)
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Co-simulation in SiP: final verification

* Design example

— Mesh view of a pair
of critical differential
signals

cadencel
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Co-simulation in SiP: final verification cadence

* Design
example

— Driver/receiver
model

— Transistor
level model
wrapped in
Spectre
format

— Macromodel

— Long trace
representing
board

— Run Spectre
directly in SIP
environment

# Analysis Preferences I il 9 e e | D

Simulation Hodes 1 Heasurenent Modes | EMI |
Pulse Stimulus Simulation Parameters

[T Fized Duration: ’25,137

Waveform Resolution: 0. 02ns v

Cutoff Fregquency ’W

Buffer Delay=:

[T Save Sveep Cases

Sinulator [Soemes

Set Sinulator Freferences. |

Fast-Typical<Slow Definitions. . . |

Cancel

last pick: 545650 4225.00
last pick: 5593.00 420600
last pick: 5609.50 421850

Lellr]

|Eummand b

«['v I\ Parameters { Measurements { Results s Command /
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Co-simulation in SIP

e Large package
model

. final verification

cadence

File Edit “iew Insert Format Help

Dl|E| S sl ool | =

|("pkg_vader_pds "
("CircuitModels"™
("SFingleLineCircuits"
(ri-34"
["EubCircuitName™ "pkg single™)

"CoupledLineCircuits"™

("Terminals" "1.in" "l.out™ "2Z.in "Z.ouc™
"3.in"™ "3I.out™ "4.in"™ "4.out™ "7.in"
T.ouc” "S.in"™ "S.ouc” "ll.in"™ "ll.ouc™
M1z .in™ "lZ.ouc’” T15.in" "15.ouc™ Tl6.in"

fle.outf™ "21.4in™ "21.out™ "22.1in" "22.out™
"Z5.1in"™ "Z5.out™ "Ze.in” "Z6.out”™ "Z9.in"
"Z9.out” "30.4in"™ "30.out™ "33 .in" "I3.out”™
"34.in" "I4.ouc"

i

["EubCircuitName™ "vader pds™)

1
("SubCircuits"™

-subckt pkg single in out

#*# Thi= i= a simple =ingle-line circuit.
rl in 1 Zm

tl 1 0 2 0O =z0=50 i

rz

-ends pkg single

(ri-4, 7-8, 11-12, 15-16, 21-22, 25-26, 29-30, 33-34"

-subckt wvader pds
+ I11 ©11 I12 ©Qlz
+ Iz1 021 Izz 022
+ I33 033 I34 034
*

* Convergence alds
rgel I1 I2 100p

=
Mnn

I1 o1 I& Q2 IS O3 I4 04 I7 o7 IS O3
I15 015 Il6e 16
I=z5 025 T&26 OzZ6 I29 029 I30 O30

For Help, press F1
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RoconwvergeI3 I3 0 100meg

RoonvergeId I4 0 100meg

RoonwvergeI? IT7 0 100med

FoconvergelIS IS 0 100meg

RoonvergeIll I11 0O 100med
RoconvergeIlz I1Z2 0 100meg
RoconwvergeIlS I15 0 100meg
RoconwvergeIls Il6 0O 100meg
RoonvergeIzZl I21 0 100medg
RoonvergeIzZz2 I22 0 100meg
RoonvergeIzZ5 I25 0 100medg
RoonvergeIzZo IZ26 0 100medg
RoonvergeIZ9 IZ9 0 100meg
RoconwvergeI30 I30 0 100meg
RoconwvergeI33 I33 0 100meg
RoonvergeI3d I34 0 100medg




Co-simulation in SIP: final verification

» Assign package
model and
power/ground
buses

File View

w2

Hodel Infor

Model Hame

Manufacturser

Package Hodsl

IBIS Fin Data
Pin Signal

YDD12
NES]
I3 LN11_TEP
I4 LN11_TEN

I7 LN10 TEP
I3 LN10_TEN

I11 LN3_TIP
I12 LH9_TEN

I15 LNB_TXP
I16 LN&_TEN

Edit Pins |Assign PowersGround Fins

vader_ni_pg
Cadence
- [pka_vader_pds

IoCell

Rockfish Tx
Rockfish Tx

HC
Rockfish Tz
Rockiish Tz
HC

HC
Rockfish Tx
Rockfish_ Tx

HC
Rockfish Tx
Rockfish_Tx

CDSDefaultProbe
CDSDefaultProbe

Assiqn Signal Pins

Add Pin Data

Estimated Pin Parasitics

typ

cadence

Rezistance [

Capacitance : |

Inductance [

Heasure Delays -»

14
13

18
17

I12
I11

I16
115

Set WireNunbsrs —>

||

OK Cancel DHL Check
1 ple =
2 vader ni pg IbizDevice
3 vader_ni_pg_crig IbisDevice
Library cds_nodels ndz
4dd Wodel =5 | Delste |
Edit | TestEair | View

Help

Help

[+ ]

Ready

Stop
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Co-simulation in SIP: final verification

e Results of

I B Spectre Transistor T Full Coupled Package into Standard Compliance Loads
detailed Spectre L o e L s

simulation

— 8 Lane SSO
analysis results

t<1_out
<o _out

—  wid_vss

cadence

l— ™r T TTrT - ]

t<2_out <3 _out - - t=<4_out
t<6_out =7 _out t<6_out
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Summary cadence

» 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)

* Design tools are evolving to meet the needs of designers

— IC-Package-Board co-design and co-simulation enable designs to be
optimized to meet design requirements

 SIP Digital tool

— Providing a co-design environment for SiP interconnect including embedded
ICs and the target printed circuit board

— Including integrated signal integrity, parasitic extraction/modeling and
substrate interconnect editing, power delivery, and signal/power
interference analyses
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Thank you

cadencel
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