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Modern Integrated Systems

• Silicon is king for integrating intelligence
• Lots of sensors and physical world interfaces
• Energy needs strongly impact form factor
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Discussion Topic 1

What are the constraints impacting packaging of systems containing the following:
• Display / Touch Screen

• Battery

• Microprocessors

• Memory



MICRO-301  /  V. Subramanian 4

INTEGRATION OF INTELLIGENCE
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Hierarchical Assembly – what and why?

• Building systems by combining components with varying complexity to 
produce a highly integrated system

• Why?

Silicon wafer cost: ~$10,000 for a 
300mm diameter wafer
Area: ~70,000 mm2

Cost: ~$150,000 per m2

Precision hierarchy:
On-wafer (transistors): 2nm
On-wafer (wiring): 100nm
Wafer-to-package: 1µm
Package: 10µm
Board: 100µm

It is expensive to build a robot that can 
move large distances at high-precision.  
Therefore, it is better to do things in a 
hierarchy of assembly
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The hierarchy in microelectronics

The Board Level
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The hierarchy in microelectronics

Inside the chip package



MICRO-301  /  V. Subramanian 8

The hierarchy in microelectronics

The semiconductor Die
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Packaging of silicon integrated circuits – why?
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Cross-section of a microprocessor
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Questions to consider

• What is the peak process temperature that such a wafer can be subjected 
to?   Why?

– HINT: Consider the materials inside the fully fabricated chip
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Die singulation Technologies – Scribing / Cleaving

• A “scratch” is made along a crystal plan, and upon application of mechanical 
pressure, the wafer cleaves along the plane
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Discussion: Advantages and disadvantages of cleaving
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Singulation Technology: Sawing
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Singulation Technology: Laser and Plasma cutting
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General Considerations during singulation

• Size of kerf

• Chipping

• Die sidewall damage

• Surface contamination

• ESD

• Delamination

• Intra-die defects
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Solder Choices
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What is a solder

• Fundamentally, a solder is a low-melting-temperature conductive material 
(typically a metal alloy)

– Low temperature to ensure package and PCB compatibility
– Conductive to deliver low interconnection resistance
– Wettability to ensure good contact to pads on both sides
– Chemical and thermal stability (including dissolution of pads) for reliability

• Most important solders are based on tin alloys
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The classic solder: Pb-Sn

• How do we choose the alloy ratio?

Eutectic 
Solder

Plumber’s 
Solder

High-T 
Solder

L + β L + α

α + β
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How to consider solidification of solder

Consider a 40 wt% Sn-60 wt% Pb alloy on the phase diagram.

Part 1:
• At 183.1 degrees C, just above the eutectic line, what phase(s) is 

(are) present? 

Find the point corresponding to 40 wt% Sn and 183.1 degrees C on 
the diagram. It lies in an alpha + liquid region. Therefore both the 
alpha phase and the liquid phase are present.

• what is (are) the compositions of the phase(s)?

Extend a horizontal line from this point to the closest phase 
boundaries. The composition of the liquid phase is 61.9 wt% Sn and 
the composition of the alpha phase is 19.2 wt% Sn.

Part 2:

• Now, the temperature is lowered slightly to right below the eutectic 
line at 182.9%. What is the composition of each phase?

Drop the lines from the intersections as before to discover that the 
composition of the alpha phase is 19.2 wt% Sn and the composition 
of the beta phase is 97.5% wt% Sn.
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General choices for adding to Tin
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Pb-Free Solders
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Cu solubility

Darken-Gerry plot… atoms with similar electonegativity and radius 
will typically show higher solid solubility



MICRO-301  /  V. Subramanian 31

Sn-Ag

• What are the key advantages / disadvantages?
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The Sn-Ag-Cu system

• Why?
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Summary of Solder Choices
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Chip Packaging Process Flow Major Steps
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Chip Packaging Process Flow Major Steps
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Packaging Trends over time?

Question: What was the major technology platform during each transition?
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Packaging Wave 1: 1960s to today
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Packaging Wave 1: 1960s to today
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What are the advantages / disadvantages of through-hole packaging?
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Packaging Wave 2: 1980s to today
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Packaging Wave 2: 1980s to today
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What are the advantages / disadvantages of surface mounting?
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Solder deposition processes for surface mount components

• General configurations
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Solder deposition processes for surface mount components
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Major Chip Interconnection Types
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Comparison Flip-chip vs wirebond
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Solder Pastes
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Dimensions in packaging

Question: Why do we need solder bumps?
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Non-planarity and solders
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Preview: Exercise

• Develop a framework to estimate the amount of nonplanarity allowed as a 
function of pad density
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Some defect types in solder ball packaging
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Bump vs. Pillar
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Packaging Wave 3: 2000s to today
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Packaging Wave 3: 2000s to today
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Packaging of Silicon Wafers
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Density trends in packaging
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Chip Stacking: Enabling Wearables and Mobile
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Chip Stacking
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Review Thought Exercise

• Design a wearable device for monitoring your sweat, focusing on component 
choices and impact on packaging
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