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Introduction
Xpedition® Package Integrator provides a holistic co-design methodology that 
automates planning and optimization of connectivity from a chip through 
multiple packaging variables, while targeting multiple and different PCB 
platforms. Users can quickly and easily assemble complete cross-domain 
systems (IC, Package & Board) and drive ball map plans and pin optimization 
through a rule-based methodology. This creates an environment where 
smarter decisions can be made for package selection, both in the case of a 
marketing study or the most cost-effective package for the production design.

Incorporated within the Xpedition Package Integrator flow, as shown in Figure 
1, are powerful  tools optimized for the Package Integrator environment. The 
flow comprises the Xpedition Package Integrator rule-based pin optimization 
engine, library management and part development, as well as market-tested 
technology from Xpedition Enterprise for optimizing connectivity, constraint 
management, and physical design.

Optional tools include HyperLynx® for power integrity, signal integrity, and 3D 
full-wave EM analysis, FloTHERM® CFD thermal modeling, visECAD® design 
comparison, and Valor® NPI substrate fabrication checking.

Xpedition Package Integrator ensures ICs, packages, and PCBs are optimized in 
the context of each other. This results in lower cost of the package and PCB 
through layer reduction and tighter control of the design process without 
impacting the cost of the chip. System performance is also optimized though 
more direct interconnect paths.

FEATURES AND BENEFITS: 

 ■ Multi-mode connectivity 
management for cross-domain 
pin/signal mapping/shorting with 
system level logical verification

 ■ User-definable rules for pin and 
ball-out assignments

 ■ Robust support for feasibility 
analysis and rapid prototyping

 ■ Dynamic cell definitions

 ■ Fully automated library 
development

 ■ Multi-mode physical layout

 ■ Direct integration with 2D and  
3D Engines for signal, power,  
and thermal analysis

 ■ EDA vendor-neutral flow

Figure 1: The Xpedition Package Integrator Flow comprises all the tools necessary for efficient 
package/PCB codesign, for a single product, or for incorporating into multiple form factors 
with different physical constraints.
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Multiple Products, Multiple Packages
A company designing mobile products might want to use 
the same SoC in several devices, such as a tablet, a laptop, 
a smart phone, and maybe even a computing blade 
(Figure 2). The physical constraints for each application are 
significantly different. In addition, the electrical constraints 
may be different as well.

A smart phone demands a small package and lower heat 
dissipation. However, the SoC might be able to be run at a 
slower clock speed than, say, the blade, resulting in lower 
heat generation. Conversely, the blade requirements 
demand speed and can sacrifice minimum package 
footprint for better thermal performance.

Using Xpedition Package Integrator, this process is efficient 
and takes just a fraction of the time it would take to do 
manually — if it even could be done manually. Package 

configurations can be rapidly evaluated 
using the particular target PCB, allowing the 
same die to be used in the most efficient 
way given the end product requirements. 
Using optional tools, these package 
configurations and PCB designs can be 
analyzed for power integrity and signal 
integrity, electromagnetic characteristics 
modeled in 3D, thermal characteristics and 
performance, plus manufacturability. Design 
versions can also be compared and verified.

Multi-Mode Connectivity 
Management
Package Integrator’s unique approach to 
cross-domain connectivity management 
allows design teams to capture and manage 
connectivity in the environment they are 

most comfortable with. For example, the package 
designer can use a table- based solution and the board 
designer a graphical schematic together on the same 
project. For early planning and prototyping, the system 
level connectivity can be managed internally and be 
transparent to the end user. See Figure 3.

The solution also manages signal combining (shorting) in 
the case of name changes from domain to domain as well 
as power/ground shorting.

Package Integrator also manages the  complete, 
hierarchical, system-level  logical verification through 
floorplan- in-floorplan technology.

Figure 2: Efficient package/PCB solutions can be quickly evaluated and planned to ensure 
the most efficient packaging for the constraints of the end product, whether it be a tablet, 
a laptop, a smart phone, or anything else.

Figure 3: Users manage connectivity in the environment in which they are most comfortable.
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A convenient and familiar drag and- drop technique can 
also be used for ball-map planning.  Typically, about 75% 
of the signal names change between the IC to package to 
PCB design. Missing even one of tens-of-thousands of 
these changes can mean the package won’t function 
correctly. Connectivity is managed and updated 
automatically.

Package Optimization 
Determining the best package based on cost and 
performance often requires the development of a  
custom package definition. In some cases this can be a 
simple case of ball/pin depopulation. In the CPU and GPU 
market this may require a completely 
asymmetrical array of pins. Shown in 
Figure 4, Package Integrator introduces 
unique capabilities to dynamically add, 
delete, copy, move, and adjust pitch for 
pins on a package to address the needs 
of modern packages.

Cross-Domain Interconnect Visualization
Rather than managing pin assignments in multiple tabs in 
a spreadsheet, Xpedition Package Integrator displays the 
complete system in a single view with flight lines 
indicating connectivity between devices, as seen in  
Figure 5.

From this floor plan view, the rules-based optimization can 
be run from any direction by signal, bus, or interface. 
Escape and breakout routing can easily be included in the 
optimization process. 

Rules Engine
An easy-to-use rules interface facilitates user-defined rules 
for pin planning and optimization. Using the rules engine, 
engineers can define rules that control which pins on the 
package can have which signals or interfaces assigned to 
them. Rules can also be written to ensure that critical nets 
are assigned adjacent to ground nets, or that corner pins 
will only accept the ground signal. As shown in Figure 6, 
rules are reflected visually in colors that designate which 
rule applies to a particular ball. Several types of rules are 
illustrated. For example, if data busses were not allowed 
on inner pins, any attempt to do so would result in an 
error, reflected by pins turning red with the reason 
displayed.

Multi-Mode Layout Tools
Xpedition Package Integrator incorpor-ates the most 
powerful physical layout solution in the industry. By 
combining ease-of-use with advanced functionality, it 
offers designers the leading technology to create today’s 
most complex designs. It includes interactive and 
customizable multipass auto-routing controls for design 
challenges, such as differential pair routing, net tuning, 
manufacturing optimization, and HDI/microvia and 
buildup technology.

Figure 4: Pin pitch can be dynamically adjusted.

Figure 5: Visualization of the entire package-to-PCB system can be 
seen visually and tabular, making routing easy to understand.

Figure 6: Xpedition Package Integrator allows users to easily construct rules based on a  
variety of parameters.
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This allows Xpedition Package Integrator to be a complete, 
single- layout flow for PCB, MCM, SiP, RF, hybrid, and BGA 
designs. The single flow, using familiar user environments, 
reduces design times by orders of magnitude over other 
tools that use proprietary scripting languages.

Dynamic Area Fills
The layout tool automatically clears area fills around traces, 
vias, and pads as the board is edited. Dynamic area fills are 
so fast, they allow users to keep area fills turned on while 
they are doing all necessary edits. 

Moving a via pushes and shoves  other vias, traces, and 
area fills  while automatically maintaining connectivity.   

Rules by Area
The rules-by-area function greatly improves routing 
around BGAs and other fine-pitched parts. Rule areas rep 
resent complete rule sets that are obeyed by online and 
batch DRC and in interactive and automatic routing. Rule 
areas may be defined by layer and can be assigned to any 
polygon, rectangle, or circle. Trace widths and clearances 
automatically change when with in the rule area. 
Designers may also change via sizes and spans in a rule 
area to maximize route completion.

High-Speed Layout
Designers must increasingly manage signal quality to 
achieve system performance and reduce prototype 
iterations. High-speed design with Xpedition Package 
Integrator is an integrated part of the design environment. 
Dynamic DRC of high-speed rules, automated tuning for 
the most complex, high-speed constraint definitions, and 
dynamic tuning keeps nets within tune. Its spacer 
technology helps manage crosstalk.

Net Tuning
While routing interactively, graphic tuning aids are 
displayed for guidance. Nets modified out-of-tune during 
edits are automatically re-tuned. The hazards dialog box 
dynamically updates as users edit nets, providing instant 
feedback to their constraints. Nets can also be tuned 
automatically within an auto-route pass. Tuned nets are 
automatically maintained as the designs are completed.

Differential Pair Routing
Routing and editing differential pairs is accomplished with 
speed and ease that changes the view of high-speed 
design (Figure 7). Impedances can be easily controlled by 
layer and pair spacing rules can be established by both 
layer and net class. If one trace is edited, the other trace in 
the pair automatically moves with it. Adjacent-layer 

differential pair routing capabilities add another valuable 
option for routing critical signals on a dense PCB.

Advanced Interconnect Routing
The challenges and solutions of advanced interconnect 
are prevalent today with BGA, CSP, COB, and DCA 
packages increasing board density. Build-up and  
microvia structures used in these board designs further 
complicate routing.

This is the leading technology for advanced interconnect 
designs. Breakout and escape technology allows rapid 
routing of the highest pin-count packages with very fine 
pitch pins/balls, as shown in Figure 8. Both stacked and 
staggered via definitions can be defined, providing control 
over the via structures that are placed.

Figure 7: Routing and editing differential pairs is accomplished with 
speed and ease.

Figure 8: Complex fanout patterns can be quickly created.
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Moving beyond traditional 
laminate layer pairing 
facilitates the design of 
build-up structures on 
laminate to enable escape 
patterns from dense, high-
pincount devices. Build-up 
areas typically have a smaller 
clearance than the laminate 
beneath them. The tool can 
establish delay values and 
clearances per via span to 
address these issues. 
Additionally, it features true  
45 degree routing and 
advanced any-angle push/
shove for the most 
challenging BGA patterns.

High-Density BGA Fanout
Connecting to today’s advanced packages can be a time-
consuming task for the designer. Industry- unique 
technology enables automatic fanout of high pin-count 
and density BGAs.

Timing and signal integrity issues can be addressed and 
corrected throughout the design process instead of at the 
end when it can be very costly to change the design.

Complex fanout patterns can be created in seconds 
(Figure 8). Following published design guidelines,  the user 
can define the fanout pattern using HDI/microvia layers 
and develop the pattern in seconds. Then, in the  context 
of the other PCB components, define and automatically 
produce a breakout that connects to the rest of the PCB,  
reducing to minutes, what used to take  days of  
designer time.

Microsoft COM Scripting Language
Xpedition Package Integrator  Incorporates the standard  
Microsoft® Component Object Model, which allows scripts 
for automation.

Electrical Model Generation and  Analysis
Power Integrity Analysis
With today’s lower and multiple voltage ICs, power and 
ground are no longer easy to design and analyze. Designs 
can contain hundreds of power distribution networks. 
These networks must be analyzed for DC voltage drop 
(sufficient power to all IC pins), current density (too much 
current through a narrow part of the network), and AC (is 

the power clean). HyperLynx PI (power integrity) provides 
pre- and post-layout analysis of complex power 
distribution networks to ensure proper operation and high 
reliability (Figure 9).

3D Electromagnetic Simulation 
World-class 3D electromagnetic simulation solutions for 
signal integrity, power integrity,  and EMI (electromagnetic 
interference) analysis are used by numerous  leaders in the 
electronics industry to address their enterprise-wide 
challenges for chip-package-board  design (Figure 10). 
Using this technology, you can quickly and accurately 
generate S-parameter models for full system analysis. 

Signal Integrity Analysis
HyperLynx® provides pre- and post-layout signal integrity 
and crosstalk analysis for high-speed interconnects. The 
easy-to-learn  analysis environment makes it an every-
desktop standard.

Figure 9: HyperLynx PI provides fully coupled power delivery system analysis, including DC Drop and AC 
power plane analysis, plus coupled thermal analysis. Signal integrity analysis is simplified by wizards that 
make set up straight forward for even complex interconnects such as SERDES.

Figure 10: 3D electromagnetic solvers enable efficient, accurate, full 
packaging model creation and package/board co-simulation.
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Thermal Analysis
As products get faster and smaller, thermal management 
issues increase. FloTHERM® provides thermal analysis 
capabilities for the package, PCB, as well as the PCB(s) in 
the full product (enclosure, fans, heat sinks, etc.) as 
illustrated in Figure 11. Using these capabilities, designers 
can perform analysis on the PCB to determine the most 
efficient signal assignment in the package as well as the 
best placement of the components on the PCB. The 
mechanical designer can analyze the entire system to see 
if the heat will be dissipated properly. The result is a design 
that has higher reliability and can be manufactured 
without multiple prototypes or re-spins.

Design Comparison
Multiple suppliers create the need to compare design 
parameters for quality control. visECAD provides both 
visual and report-based design data comparisons to 
ensure error-free collaboration. Comparisons can include 
netlist and physical data comparisons (HTML and graphical 
outputs) and allows semiconductor and OSAT 
collaboration (Figure 12).

Manufacturing Validation
Concurrent DFM verification with the Valor NPI option is 
the most efficient way to incorporate manufacturability 
into your system design process. Valor NPI employs an 
ODB++ based DFM process. ODB++ is the de facto 
standard intelligent data format that allows complete 
design intent to be transferred to manufacturing. It is in 
use at leading substrate suppliers. 

Comprehensive Analysis

Verifying your design is optimized for all intended 
production processes, before handing it off to your 
manufacturing partners. Valor NPI delivers the most  
comprehensive DFM analysis verification in the industry, 
with more than 100  advanced rules suitable for the most  
aomplex packaging and PCB interconnects, including: 

 ■ Physical connectivity verification

 ■ Buried and blink via spacing checks in all axes

 ■ Spacing and coverage analysis between interconnects 
and masks

 ■ Maximum stacked vias

 ■ Copper density analysis for mesh optimizations

 ■ Minimum annular ring by construction type

Figure 11: FloTHERM allows thermal simulation and analysis from the 
chip to the completed product.

Figure 12: visECAD allows comparison of design data.
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The Co-Design Flow
The Xpedition Package Integrator Flow enables teams to 
visualize and optimize an entire system containing  
multiple ICs, packages, and boards. using rule-based 
optimization, the  complete system design, based on 
industry standards, can be iterated and optimized.  With 
domain-specific methodology,  teams can control the 
design from  an IC-centric, package-centric, or  board-
centric perspective.

In today’s world of using the same IC in multiple products 
with different form factors, this is a tremendous 
advantage, and allows designers to compress the whole 
design process. This results in higher-quality designs, 
completed in less time, thus meeting critical market 
windows at the lowest cost.

Figure 13: DFM issues are summarized and ranked by severity, based 
on weighting set by the user.


