SAND2011- 3358C

Microelectronics Packaging of a Micro
Gas Analyzer

Jay Johnson
Microsystems Integration
Sandia National Laboratories

jiohns2@sandia.qgov

Team
Dahwey Chu, Matt Moorman, R.J. Simonson, Greg Bogart

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States
Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. This work was
supported by the Defense Advanced Research Projects Agency under DOE WFO contract number 017040518-08.

Jay Johnson 5/18/2011 Slide 1/23 117! Sandia National Laboratories



mailto:jjohns2@sandia.gov

Outline

Micro Gas Analyzer Objectives
MGA Description
Design Requirements
Design Process

- Design for Manufacture/Assembly/Reliability
= Packaging Reliability Improvements
m Conclusions

@ D

Jay Johnson

5/18/2011

Slide 2/23

m

Sandia National Laboratories



- MGA Goals

m Current commercial systems are slow, bulky, and expensive
1700 L per sample, 20 minutes/analysis, $200K
= MGA is a miniature, field-deployable, chemical analysis system
- Small sample sizes, <1 minute/analysis
- Applications:
- Military — Protection from chemical warfare agents
+ Anti-terrorism — Detection of toxins and explosives

+ Environmental monitoring — Environmental contaminants
« Industrial process monitoring — Spills, toxic cleanup
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- P MGA Features
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- Design Requirements

MGA Requirements

Packaging Design Requirements

Maximize chemical analysis speed

* Minimize the dead volume in the fluid connections

Device must be portable

* Minimize size and weight

Chemical sensing must be accurate

* No metallic components on wetted surfaces
* Minimize outgassing of adhesives in sample path

* Create a robust and consistent assembly process which
minimizes mistakes and human error
* Allow for rework in the assembly

Testing
Configuration
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Initial Conceptual

) Remove posts and solder
Design -

connections. Make wire bond pads
coplanar and add connectors.

) V. S V‘ .
- Condense design to a multi- hiD

<, module onone PCB. | =«

Optimize board spacing for GC
heaters, wire bond lengths,
and epoxy bond lines.

—

Replace the capillary connections between the
VM and PC with donut connections. Add
mechanical wire bond protection.

S Final Design
Decreasing System Complexity
" Increasing Manufacturing Reliability/Assembly Repeatability @&mﬁa National Laboratories




MGA Orientation
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1. Bond Donuts to VM 4. Wire Bond 7. Connect GCs
2. Bond PC to Donuts 5. Solder Connectors 8. Bond Connectors
3. Bond VM to PCB 6. Wire Bond Protection




ssembly Process

1. Bond Donuts to VM 4. Wire Bond 7. Connect GCs
. Bond PC to Donuts 5. Solder Connectors 8. Bond Connectors
3. Bond VM to PCB 6. Wire Bond Protection

Top View Bottom View
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Assembly Process

1. Bond Donuts to VM
2. Bond PC to Donuts
3. Bond VM to PCB

Top View Bottom View
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~ P Assembly Process

1. Bond Donuts to VM 4. Wire Bond
2. Bond PC to Donuts
3. Bond VM to PCB

Top View Bottom View
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~ P Assembly Process

1. Bond Donuts to VM 4. Wire Bond
2. Bond PC to Donuts 5. Solder Connectors
3. Bond VM to PCB

Top View Bottom View
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1. Bond Donuts to VM
2. Bond PC to Donuts
3. Bond VM to PCB

Assembly Process

4. Wire Bond
5. Solder Connectors
6. Wire Bond Protection

Top View
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~ P Assembly Process

L >
1. Bond Donuts to VM 4. Wire Bond 7. Connect GCs
2. Bond PC to Donuts 5. Solder Connectors
3. Bond VM to PCB 6. Wire Bond Protection

Top View Bottom View
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- ¢ Assembly Process

1. Bond Donuts to VM 4. Wire Bond 7. Connect GCs
2. Bond PC to Donuts 5. Solder Connectors 8. Bond Connectors
3. Bond VM to PCB 6. Wire Bond Protection

Top View Bottom View
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Design Emphasis on Reliability

1. Fluid connections - - 2. Board Design
between the PC and VM Wire Bonding
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- Board Design

--------------‘
= Traded PCB complexity for assembly ease! I Alternative design: PCB
I subcomponents epoxied to
polycarbonate carrier.

Initial Design

Easier bonding -
Created coplanar
pads by changing
board thickness.

2

Large tolerances on
the milled board

Pad fan-out adds bonding
complexity. Need better -
Through vias to

spacing between pads. ) i
1:1 a good rule of thumb. centralize connections -
— / Unnecessary -

Posts in design because
of the PC offset - Extra

complexity and a : Connectors for
reliability issue Multiple coplanar multiple testing

bonds sessions.
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VM to PC Connections

% Wire Bond Posts
O - PC offset requires posts or very tall wire bonds
Sz - Requires additional assembly steps

Capillary Connections

- PC bond pad height variability

- Potential clogging issues during assembly

- Assembly is very difficult because of the orientation
of the capillaries after the first bond is not uniform

= Multiple concepts proposed
- Direct Bonding - Glass bead spacers in epoxy - Gaskets
- Anodic Bonding - Melt in glass frit capillaries - Si spacers
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VM to PC Connections

——

e

VM Pyrex VM Pyrex

PC Pyrex

T

Chemical Sample Flow Spacing allows overflow —

meniscus doesn’t reach
pyrex hole

Jay Johnson 5/18/2011 Slide 21/23 117! Sandia National Laboratories




- Wire Bonding

4
15 1-mil Al wedge 9 high-voltage 1-mil Al wedge |
bonds carry 1.5 amps  bonds control the electrostatically- #¢
to the PC heater. activated valves in the VM. ’

Deep access bond head
required to avoid the upper
pyrex on the VM.

Lower bonds protected in
this cavity while upper wire
bonding is completed.
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Conclusions

= MGA required high reliability packaging
- Limited number of functional parts
= MGA designed for manufacture ease and accuracy
- Develop multiple design concepts and optimize the best techniques
- Practice with dead components
= Design optimized based on
- MGA requirements
- Reducing complexity
- Improving packaging repeatability and consistency
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Questions?
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