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Introduction

In today’s high speed electronics landscape, the boundary between digital and analog is increasingly blurred.
Integrated mixed signal systems—those that combine powerful digital processing with precise analog front ends—
drive modern communications, automotive, industrial, and consumer devices. As these systems grow in complexity,
the traditional approach of designing the silicon and the package in isolation no longer delivers the performance,
yield, or cost targets required by market leaders. The emerging discipline of chip package co design of integrated
mixed signal systemaddresses this challenge by aligning silicon floorplanning, analog front end layout, and
package architecture from the earliest stages of development.

Why Co Design Matters for Mixed Signal Platforms

Mixed signal designs involve components that operate on very different electrical domains: high frequency digital
logic, low noise analog front ends, power management circuits, and RF front ends. Each domain imposes unique
constraints on routing, shielding, power delivery, and thermal management. When the package is designed
independently, designers often discover incompatibilities late in the process—such as excessive signal to noise ratio
(SNR) degradation, thermal hotspots, or electromagnetic interference (EMI) that cannot be mitigated without costly
redesign.

Co design mitigates these risks by:

¢ Optimizing trace lengths and impedance control for both high speed digital buses and sensitive analog paths.

¢ Ensuring thermal symmetry so that heat generated in high power digital blocks does not bias analog front ends.

e Providing EMI friendly routing and shielding options that reduce crosstalk and radiated emissions.

« Facilitating design for testability (DFT) and design for manufacturability (DFM) by aligning pad placement with
silicon 1/O footprints.

» Enabling rapid prototyping through flexible package options such as wafer level packaging or fan out packages
that support high pin counts.

Key Principles of Chip Package Co Design

1. Early Integration of Design Teams

Successful co design starts with a cross disciplinary team that includes silicon layout engineers, package designers,
thermal analysts, and system architects. By collaborating early—ideally during the concept and architecture phase
—teams can share constraints and trade offs that influence both the silicon and the package. For instance, a
decision to place a high speed ADC on the chip’s edge can dictate the placement of corresponding package pads
and the routing of differential pairs.

2. Floorplanning with Package Constraints in Mind

Floorplanning is the process of arranging functional blocks on the silicon die to minimize routing congestion and
meet timing, power, and thermal objectives. In a co design context, floorplanning must also respect package pin
assignments, pad density, and mechanical constraints. A common practice is to use a pin aware floorplathat

maps each silicon 1/O to a specific package pad, ensuring that high speed signals receive the best possible routing



path while analog signals are shielded from digital noise.

3. Impedance Controlled Routing for Mixed Signal Integrity

Signal integrity (Sl) is paramount for both digital and analog signals. In mixed signal systems, the S| requirements
for digital buses (e.g., DDR, PCle) differ significantly from those for analog front ends (e.g., sensor interfaces, RF
front ends). Co design enables the use afatched impedance routingon the silicon and the package, with
controlled transition points. This approach reduces reflections, minimizes jitter, and preserves the integrity of
low amplitude analog signals.

4. Thermal Management Across Domains

Digital logic often consumes the majority of power in a mixed signal chip, generating heat that can shift analog bias
points and degrade noise performance. Co design integrateshermal modelinginto the silicon layout and package
design, enabling the placement of heat sinks, thermal vias, and high conductivity materials. By aligning the heat
flow paths with the package’s thermal interface, designers can keep temperature gradients within acceptable limits
for both analog and digital blocks.

5. EMI and Crosstalk Mitigation

Mixed signal systems are particularly sensitive to EMI. Digital switching noise can couple into analog front ends,
causing distortion or increased noise floor. Co design allows the use oshielding layers, guard rings, and
differential pair routing that are coordinated between the silicon and the package. Additionally, the package can
incorporate ground planes, dielectric layers, and shielding meshesthat reduce radiated emissions and improve
overall electromagnetic compatibility (EMC).

6. Design for Testability and Manufacturability

Co design facilitates the implementation of built in self test (BIST) structures and scan chains that are aligned with
package pinouts. By ensuring that test pads are accessible and that the package provides sufficient test fixtures,
teams can reduce test time and cost. Moreover, aligning pad placement with standard package footprints (e.g.,
QFN, BGA, or fan out) enhances manufacturability, lowers yield risk, and simplifies assembly.

Common Package Technologies for Mixed Signal Co Design

1. Ball Grid Array (BGA)

BGAs provide high pin density, excellent thermal performance, and good Sl characteristics. They are ideal for
high speed digital interfaces and RF applications. In co design, BGA pads can be strategically placed to support
differential pairs and analog input pads with minimal trace length.

2. Quad Flat No Lead (QFN)

QFNs offer low profile and low inductance, making them suitable for power management and analog front ends.
Their open underside allows efficient heat dissipation, which is advantageous when combined with silicon thermal
modeling.

3. Fan Out Wafer Level Packaging (FOWLP)

FOWLP eliminates the need for a substrate, reducing package height and improving signal integrity. It also allows
for high pin density and flexible routing, which is beneficial for mixed signal designs that require many analog inputs
and outputs.

4. Hybrid Packages



Hybrid packages combine two or more package technologies, such as a BGA for high speed digital signals and a
QFN for analog signals. Co design enables seamless integration of these components, ensuring that the overall
package meets thermal, mechanical, and electrical requirements.

Co Design Workflow: From Concept to Production

Step 1: System Architecture Definition

Define the functional blocks, 1/O requirements, power budgets, and performance targets. Document the analog and
digital interfaces, including bandwidth, voltage levels, and noise specifications.

Step 2: Package Conceptualization
Select potential package technologies based on pin count, thermal requirements, and mechanical constraints.
Generate preliminary pad layouts and identify critical routing paths.

Step 3: Silicon Floorplanning with Package Constraints

Incorporate package pad locations into the floorplan. Use automated floorplanning tools that support pin aware
placement. Validate that critical analog and digital signals have optimal routing distances.

Step 4: Co Simulated Electrical and Thermal Analysis

Perform integrated simulations that couple silicon electrical behavior with package thermal models. Verify that
signal integrity, EMI, and thermal budgets meet specifications.

Step 5: Prototype Fabrication and Validation

Fabricate a prototype wafer and assemble it into the selected package. Conduct functional testing, Sl
measurements, and thermal profiling to confirm that the design meets targets.

Step 6: Design Refinement and Production Enablement

Iterate on the design based on prototype results. Finalize mask data, DFM, and DFT plans. Prepare for volume
production with robust manufacturing and testing processes.

Case Study: Co Designin a5G RF SoC

Consider a 5G RF System on Chip (SoC) that integrates a high speed digital baseband processor, a low noise RF
transceiver, and a power management unit. The design team faced the following challenges:

« Digital baseband required 2 /Gbps DDR interfaces with strict eye diagram criteria.
e RF front end needed 1 /uV noise figure and 20 /dB isolation between transmit and receive paths.
* Power management consumed 1.5 /W and generated localized hotspots.

By adopting a co design methodology, the team aligned the digital I/O pads with BGA pins dedicated to high speed
differential pairs, while placing the RF analog pads on a separate QFN area with dedicated shielding. Thermal vias
were routed beneath the power management block, and a copper heat spreader was integrated into the package.
The result was a SoC that met all performance targets while maintaining a yield of 98 /% in the first production run.

Tools and Resources for Chip Package Co Design

EDA Platforms

e Cadence Virtuoso and Allegro for analog layout and package design.
e Synopsys IC Compiler and IC Compiler Il for mixed signal floorplanning.



e Mentor Graphics Calibre for DFM/DFT integration.

Co Simulation Suites
¢ ANSYS HFSS and Maxwell for RF and EMI analysis.
e Cadence Sigrity for signal integrity and power integrity.
¢ Synopsys PrimeTime and IC Compiler for timing analysis.

Package Fabrication Partners

¢ ASE Group for BGA and QFN packages.
¢ Amkor Technology for FOWLP solutions.
e Micron Technology for hybrid package development.

Future Trends in Mixed Signal Co Design

1. 3D Integration and Heterogeneous Stacking

Vertical integration—stacking analog and digital dies with through silicon vias (TSVs)—offers unprecedented
performance. Co design becomes even more critical as TSV placement, thermal gradients, and inter die signal
integrity must be jointly optimized.

2. Advanced Materials and Thermal Interface Solutions

Emerging materials such as graphene and carbon nanotube composites promise higher thermal conductivity.
Co design teams will need to incorporate these materials into package design to manage the heat generated by
increasingly dense digital logic.

3. Al Driven Design Automation

Machine learning algorithms can predict SI, EMI, and thermal behavior from early design data, enabling rapid
iteration and optimization in mixed signal co design workflows.

Conclusion

The evolution of electronics demands that silicon and package designers work hand in hand. The discipline chip
package co design of integrated mixed signal systenss no longer optional; it is essential for delivering
high performance, low noise, and cost effective solutions in the modern market. By aligning floorplanning, routing,
thermal management, and EMI mitigation from the outset, designers can reduce risk, accelerate time to market, and
achieve superior product quality. As technology continues to push the boundaries of speed, power,
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