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Trends and Challenges

• Quest for higher data rate
− Clock speed

Feature size

• Designer’s Challenges
− PI (On-chip PDN, SSO noise, …)

SI (3D crosstalk return current− Feature size
− Power supply voltage
− Noise margin

− SI (3D crosstalk, return current 
path, …)

− EMC (In-system EMI, noise 
i it )− Packaging density immunity, …)

− Package design (MCP, SiP, PoP, 
SoC, …)

− Modeling / simulation
− Cost down, short time-to-market, …



Why to Do Chip-Package-Board Co-
Simulation

• Quite often the power and ground noise on the chip are 
computed under the condition that the voltage sources are 
connected directly at chip bumpsconnected directly at chip bumps.

• Sometimes simplistic per-pin RLC models are used that do 
not accurately represent the actual package and boardnot accurately represent the actual package and board 
effect.
Th d d i i ll th d i• The power and ground noise, especially the dynamic 
voltage fluctuation, on the chip is dramatically different from 
that with voltage sources connected directly at chip bumpsthat with voltage sources connected directly at chip bumps, 
and heavily depends on the package and board model 
used.

• Adequate modeling of package and board effect is crucial 
to obtain reliable solution of dynamic voltage fluctuation on y g
the chip.



Why does Chip-System Co-Design? 
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Chip
Highly resistive / High-loss system
Results in localized voltage noise effects

Package
Low impedance / Low-loss system
Results in global voltage noise effects to other IC 
circuits

Th l l di t ib ti t f th kThe low-loss power distribution system of the package
easily transfers voltage noise effects to other on-chip circuits



PDN Impedance Analysis
(At one observation port on metal1 layer)

Mid-frequency
resonance

Die + Pkg+Board

Die only with voltage source at bumps



PDN Impedance Analysis

Mid-frequencyq y
resonance



Coupling Mechanism Among 
Signal/Power/Ground

Signal current

Image current 
(Return current)

? ?
(Return current)

Field Propagation

• Vias coupling in free space is decreased and proportional to 1/r^2
• Via coupling between field domain (waveguide like) may be enhanced and 

attenuated slowly.attenuated slowly.
• Field coupled is strong when field components are in parallel
• For TM/TE like field propagate between power/ground domain, signal via is strongly 

l d ith fi ld b t d d d t fi ld t i ll lcoupled with field between power and ground due to field components are in parallel.
• Chip level P/G grids are formed as domain and interact with signal (RDL)
• From system level perspective, current loops formed by signal to ground and powerFrom system level perspective, current loops formed by signal to ground and power 

to ground will interfere with others



Challenges for System Level SSO Simulation
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• The complex manual task for nodes linkages between circuits.
• No guaranteed for passivity and causality on each circuit block.
• Non-linearity of the whole system circuit network which include transistor 

models of drivers and receivers
• Lost DC accuracy without low frequency data from EM solver especially for SILost DC accuracy without low frequency data from EM solver, especially for SI 

analysis with power aware
• Long run time and non-convergence result are commonly happened.

Cadence solutions are adopted to overcome problems listed as above



Additional Chip-to-Chip Interconnect

• Flip-chips and routable package substrates
– C4 bumps, RDL routing, and package routing (including vias)

• Through silicon via interconnect
TSVs micro bumps and silicon interposers– TSVs, micro bumps, and silicon interposers

Chip

Silicon
Interposer

Package Package



High-Speed IO System-Level SSN Simulation
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High-Speed IO System-Level SSN Simulation
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System Architecture-2.5D IC

• There are 3 daughter dies placed 
on interposer, TC2 and 2 memory 
diesdies.

• Only TC2 and Interposer GDS 
layout are consider during the 
analysis.

• 3rd party LPDDR3 DRAM is used 
and physical gds layout is not p y g y
available. We just consider DDR 
I/Os on interposer directly.



System Architecture-Package

• LPDDR3 interface is• LPDDR3 interface is 
implemented on interposer. 
Package design here is to 
play a role for powerplay a role for power 
delivery for TC2 and 
memory dies.



Power-Aware SI Analysis with Chip-Package 
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• The power is supplied by voltage regulation module (VRM) on package
• Input impedance observed by TC2 or Memory that cause voltage droop 

at driver end and leads to signal quality and timing degradation.
• Traditional chips only analyze that powers the chip at interposer or 

driver end that will obtain over optimistic result and lead to wrong 
judgment on design problem.j g g p

• To overcome the long run time and non-convergence result in TD 
analysis, power-aware IBIS behavior model and passivity guaranteed 
hi d k d l i dchip and package models are required.



I/O Model Extraction with XcitePI-IOME

Packageac age
Connect to package pins through these ports

ports at bumpsports at bumps

Chip Metal Layer Stackup

ports at devices
C t t I/O ll th h th tConnect to I/O cells through these ports

• All ports for I/O signal/power/ground at devices and bump side are set automatically.
• TSVs model and I/O P/G/S are extracted independently and then combined into one 

SPICE netlist for interposer model generation.
• TC2 extracted I/O model will cascade with interposer part later in SystemSIp p y



SSO/SSN Analysis with Cadence Solutions
LEF/DEF GDS MCMTransistors model

S-parameter extraction 

IO Model 
Extraction with 

XcitePI

With
PowerSIIBIS model 

Conversion with 
T2B

BBS model conversion 
with passivity guaranteed

SPICE
Netlist SPICE

Netlist
IBIS v5.0 model

SSN/SSO Analysis in SystemSI



X it PI IO M d l E t tiXcitePI – IO Model Extraction
IOMEIOME



I/O Model Extraction with XcitePI-IOME
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XcitePI - IOME



XcitePI – IOME
EPA



XcitePI – IOME



XcitePI – IOME
Model extraction



Published TSV Circuit Modeling

About TSV modeling:
• We didn’t calculate each via’s partial inductance and mutual 

inductance If we do so that will form a huge circuit matrix thatinductance. If we do so, that will form a huge circuit matrix that 
can’t be simulated in HSPICE

• We adopt loop calculation. For example, we have n vias, then 
h ( 1) l th l l t ( 1) l d idwe have (n-1) loop, then we calculate (n-1) loop and consider 

coupling between loops. But loop coupling will decay very fast, 
then final circuit matrix will be small.



Published TSV Circuit Modeling



XcitePI - IOME



SSO/SSN Analysis with Cadence Solutions

Transistors model LEF/DEF GDS MCMTransistors model

IO Model

S-parameter extraction 
With

PowerSIIBIS model IO Model 
Extraction with 

XcitePI

PowerSIIBIS model 
Conversion with 

T2B

BBS model conversion 
with passivity guaranteed

SPICE
N li SPICEIBIS v5.0 model

with passivity guaranteed

Netlist SPICE
Netlist

SSN/SSO Analysis in SystemSI



Transistor to IBIS v5.0 Conversion with T2B
Signal waveform with 50ohm load

Transistors Model

Current waveform measured at voltage source

IBIS v5.0

• Voltage and current are good correlated between IBIS and HSPICE



Package S-Parameter Extraction with 
PowerSI

Auto-ports 
generationgeneration

FrequencyFrequency
sweep

S-parameter generation



Broadband Model Conversion with BBS

Import S parameter from PowerSIImport S-parameter from PowerSI

Pink: S of BBS circuit
Blue: Original of S
Broadband model generation with passivity guaranteed

• S-parameter (amplitude 
and phase) of BBS circuit 
is almost the same asis almost the same as 
original S- parameter



SSO/SSN Analysis with SystemSI
Chip spice sub-circuits from XcitePI

Micron 
IBIS model

Power aware IBIS model
Converted by T2B

Power apply at BGA 
of the package Package spice sub-

circuit from BBS

• Blocked based topology editor with SPICE sub-circuits 
modeling approach

• I/O modeling flexibility for power-aware IBIS and transistor level 
circuits



Simulation Result-Ideal
PDN for DQ[0:15]

• It is obviously that rise/fall slew rate 
categorizes to 3 groups.
Sl h d di h• Slower charge and dis-charge on 
load that make signal can’t reach to 
full high and low state.

• Will large RC of signals impact jitter 
and eye opening a lots?



Simulation Result-Ideal PDN for DQ[16:30]

• The signal route from TC2 to 
mem2 has more worse signalmem2 has more worse signal 
quality than TC2 to mem1



Simulation Result-RLC Extraction For 
DQ[0:15]

• During the SPICE model extraction by XcitePI RLC values are generated as well• During the SPICE model extraction by XcitePI, RLC values are generated as well.
• Resistance of each net reflects the length and width of RDL route.
• Improper placement of TC2 and mem dies that cause RDL length discrepancy 

i ifi tl d l d t l di i RL lsignificantly and lead to large discrepancy in RL value.
• Large RC values that maps to worse signal quality and timing margin.



Simulation Result-RLC Extraction For 
DQ[16:30]

• Comparing with TC2 to mem1 route, TC2 to mem2 is more worse in RLC
• This also leads to more worse signal and timing quality than TC2 to mem1 

data group.



Simulation Result-Non-Ideal Power 
Comparison DQ[0:15]

Ideal
power

Non-ideal
power

• The trend of signal and 
timing quality are similar as 
ideal power caseideal power case .

• Non-ideal power case that 
cause lower signal 

lit d d i damplitude and induce more 
jitter as expected



Simulation Result--Non-Ideal Power 
Comparison DQ[0:15]
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What If Analysis

DQ5 h l RDL l th th DQ5• DQ5 has longer RDL length than 
DQ6.

• On metal4 both signals have theOn metal4, both signals have the 
same metal width.

• The width of DQ5 on metal3 is 
DQ6just 1/10 of DQ5/DQ6 on metal4

• Change width of DQ5 to get lower 
resistanceresistance

• Capacitance of DQ5 is 
higher than originalhigher than original



What If Analysis

• After changing width for DQ[1,3,5,7,8,12,14,10], we can see g g [ , , , , , , , ],
that the eye opening has great improved.



Cadence Sigrity Products

SystemSI
Serial Link Analysis

Parallel Bus Analysis

Compliance Kits

Via Wizard

General Board and Package Analysis:   SI / 

y

PowerSI
3D EM Full Wave Extraction

Package & board SI / PI / EMC
Frequency domain analysis
Board level S-Parameter extraction

XcitePI

IO P M d l

Chip Analysis

Chip 
A l i

PI / EMISPEED2000 Package & board SI / PI / EMC
Time domain analysis
Comprehensive single-tool environment

Power Planner

IO Power Model

Core Power Model

Analysis:
Power & 
IO Package Physical

Design: Customized Applications for Broadband Extraction

PowerDCXtractIM
DC & ThermalPkg Analysis

IR drop

OptimizePI
AC PDS Analysis

Target impedance

UPDOrbitIO

Pad Ring

Pkg LayoutIO Planning

Power Planner

FD Simulation Flip Chip Autorouter
Design: 
Layout, Autorouting & 
Planning

Board and Package Analysis:
SI / PI / EMI / Thermal

IR drop
Remote sense
Current density
Thermal co-sim
Multi-board

Extraction
Assessment
BGA or SiP
WB or FC

Target impedance
Pre & post layout
Decap optimization

Flip-Chip Feasibility

Wirebond Feasibility

BGA
SiP
Leadframe
WB or FC

TD Simulation

Multi board
Package & PCB

WB or FC 
Leadframes

WB or FC
eDriven flow
Assessment

Broadband SPICE Model Connection Protocol (MCP)Model UtilitiesBroadband SPICE
Model Utilities T2B

Model Connection Protocol (MCP)

Broadband Network Parameter Format (BNP)

Package Model UtilitiesChip AnalysisSystem Level General PCB & Customized PCB & Package 
Physical Design

Model UtilitiesChip AnalysisSystem Level
Die-to-Die

General PCB & 
Package Analysis

Customized PCB & 
Package  Analysis


