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Since the late 1980s, studies at JPL have 
shown the largest contributor of total 
spacecraft dry mass is concentrated in 
two technology areas: structure and 
packaged electronics.

Packaging is a major contributor
to Spacecraft Mass  > 30%

Motivation

Benefits:
• Payload costs are about $10K/lbs – incentive to miniaturize
• Landers/SC relies on our own power – incentive to reduce power usage is significant
• Interconnects i.e., (Shuttle = ~300 miles of wire and MSL  = 60Kg ) – incentive to reduce mass 

National Aeronautics and 
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Miniaturization of GN&C Components

Strategic
Initiative



Initiative Objective

R&TD Heterogeneous Packaging/Device

(3 year Funded Task)

Harold Schone (Technologist)/Doug Sheldon (Initiative Lead)

Shrink
PI-Don Hunter 

Stack
PI-Don Schatzel 

Speed
PI-Adrian Tang 

SHRINK GOAL: Transitioning
Commercial Off-The-Shelf 
(COTS) advanced yet mature 
Packaging Technologies
into mainstream use at JPL 
demonstrate  Size, Weight and 
Power (SWaP) Benefits

STACK GOAL: Infuse COTS 
Stacked Chip Technology 
using a 2.5D packaging 
design approach with IBM 
developed Core EZ substrate 
technology for extreme 
Electronics Miniaturization 

SPEED GOAL: Perform a 
substrate study of highly 
reliable, physically flexible, 
and lightweight interconnects

JPL’s Office of the Chief Scientist and Chief Technologist (OCSCT) coordinates and
identifies a number of strategic areas that are critical to NASA's future success

I3 Electronics
(Material Advances) 
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Shrink

Benefits to NASA and JPL:
 Significantly reduce the contribution of electronic packaging dry spacecraft mass
 Enable new types of missions not possible with JPL’s traditional packaging approach
 Enable more science payload capability for future missions
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Approach:  Demonstrate the reliability, performance and functionality of COTS technology



Approach:  Demonstrate 2.5D stacked bare die for RF application

Version 1 Design
IRIS Radio 4 Board Stack

10cm X 10cm X 5cm

CubeSat Radio Applications 
3U & 6U configurations

Stack
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Test Interface Daughter Board

MCM Tested at 7 GHz



Approach: Develop a gigabit, low power, low cost, EMI capable, easy to integrate WaveCable solution
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Speed

Benefits to NASA and JPL:
• Developed a complete solution for 

Near-Field-Connects  
• EMI study shows only 1/100K of the 

mm-W signal leaves waveguide
• PoC have shown using CMOS chips at 

60, 100 and 150 Ghz operating up to 
Gb/s

• Developed CMOS NFC Rx and Tx 
Chips sets.

• Developed multiple Coupler Interface 
solutions:

- Chip/Antenna Assembly
- Socket Assembly
- Improved Lens Coupler Structure
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HyperBGA®CoreEZ®

Microelectronics 
High Density Interconnect 

MicroFlex Formable/Flexible

 Build Up  
• Cost performance
• Particle filled epoxy
• Thin core (& coreless)
• Laser drilled core, build up
• 25 micron Cu trace
• 25 micron space
• Buried resistors, capacitors
• Flip chip, Wire bond, SMT
• Radiation Hard Capable

 Thin, Flexible   
• Cost performance
• Single Sided 
• Double Sided
• Polyimide+
• 50um Laser drilled vias
• 11 micron Cu trace
• 11 micron space
• Flip chip, SMT

 Thin, Flexible   
 LCP 4,6 Layers
 100um Laser vias
 50 micron Cu trace
 75 micron space
 Flip chip, SMT

 PTFE Substrate
 High Bandwidth/RF 
 Particle filled 

material
 Coreless
 50um Laser Vias
 Fusion Bonding
 25 micron Cu trace
 33 micron space
 Flip chip, WB, SMT
 Radiation Tolerant

Several options available for the miniaturization (shrink) of Microelectronics

Team chose to use CoreEZ® for this project based on design requirements

Enabling Technology



Advanced Build-up Technology:
• Organic material set
• High performance dielectrics
• Lightweight
• Dense wiring
• Thin Layers
• Thin core
• Embedded Passives
• Space (radiation) compatible 

materials

CoreEZ Stack-ups
• 1-4-1 = 2 Full Stripline Signal 

planes, 4 PWR/GND
• 2-4-2 = 4 Dual Stripline Signal 

planes, 4 PWR/GND
• 3-4-3 = 4 Full Stripline Signal 

planes, 6 PWR/GND
• 4-4-4 = 4 Full Stripline Signal 

planes, 8 PWR/GND 

3-4-3 Stack up shown (10 copper 
layers)

Substrate thickness ~0.7 mm
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Substrate features and advanced IC Assembly techniques enable bare die implementation

GND / TOP
S1

PWR / GND
S2

PWR / GND

PWR / GND
S3

S4
PWR / GND

GND / BOT

Soldermask
PSR4000
15 µm thick

Build-up layer 3
Build-up layer 2
Build-up layer 1
Driclad, 35/50 µm thick
Outer core Dielectric
Driclad 35/50 µm thick
Inner core
135 µm thick
Epoxy/P-Aramid
Core Cu 12 µm thick
Build-up Cu 1
Build-up Cu 2
Build-up Cu 3
12 µm thick

Cu-filled stacked microvias
Flip Chip Bumps

Enabling Technology
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3 Build-up Layers

3 Build-up Layers

4 Layer Core Epoxy/P-
Aramid Core

CoreEZ™ 3-4-3 Substrate

4 Build-up 
Layers

4 Build-up 
Layers

4 Layer Core
Epoxy/Glass 
Reinforced Core

Standard 4-4-4 Build-up Substrate 

Substrate Expansion, Combined with PTH Restraint, Creates Z-expansion Stress on Soldermask and Potential Halo Delam

Enabling Technology
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Library of pre-designed resistor elements

Thin film resistor materials
 Ticer TCR®

 10 - 250 ohms per square

Resistor values from 5 ohm to 50 Kohm

Resistor tolerances from 1 – 20%
 Laser Trimmed for <5%

Typical resistor areas
 0.2 – 15 mm2

Embedded Passive Components for increased 
size reduction

Enabling Technology
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Enabling Technology

Ductility performance indicates package performance in thermal cycling
CoreEZ appears to be a good choice for Rad Hard and Strategic apps
CoreEZ Materials show no degradation with radiation level
HyperBGA appears to be best suited for Rad Tolerant applications
Hyper’s PTFE degrades significantly above 300Krad exposure levels
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Material Degradation

CoreEZ Photoresist CoreEZ Buildup layers CoreEZ Thermount
Hyper stiffener adhesive Hyper APPE Hyper PTFE

Rad Tolerant
Strategic Rad Hard

Rad Hard
Rad Tolerant

(~100K)

Rad Hard
(100K-300K)
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 Package Size: 55 x 55mm, 683um thick

 Substrate: Particle filled epoxy ( CoreEZ)
 X-section 3-4-3
 50um vias, 30/35um Line/space
 84 ft HDI wiring
 >39,000 40 micron UV laser drilled vias

 5 Flip Chip FPGA

 4 Xilinx FPGA, 3264 I/O w/190um minimum pitch

 Discrete components: 0201 minimum size

 638 SMT components placed 

 Functional final socket & Bed of Nails topside test

 Custom Peripheral Pin connector & Lid

Benefits i3 Electronics Miniaturization

Enabling Technology

Conclusion

COTS Technology Benefits

Benefits to NASA and JPL:
• Without any special 

retooling we can shrink 
volume and weight by 
50X and power by 2X

Benefits to NASA and JPL:
• Wave Cable increases 

data speed/rate

Benefits to NASA and JPL:
• New substrate 

technology ideal for 
selecting 2.5D integration



BACKUP



Shrink - continued
Results:
• Validation of PWB design 

techniques such as Via-in-Pad. 
This PWB interconnect 
technique provides additional 
route area for designers when 
fine pitch devices are used.

• Fabrication techniques 
incorporating ENEPIG finish. 
This finish simplifies PWB 
fabrication and demonstrates 
mix technology solutions are 
viable.

• When COTS parts 
replacements are not available, 
SWaP solutions are still 
achievable. Validated with the 
development of the new LVDS 
BGA device which incorporated 
chip-on-board technology.

• Parts, Material and Processes 
(PMP) technical challenges can 
be addressed using Sherlock 
reliability software. Work 
illustrates comparison of 
prediction vs testing (which will 
be validated in year 3), 
ultimately saving testing cost 
and schedule. 
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Benefits to NASA and JPL:
• Developed a complete solution for 

Near-Field-Connects  
• EMI study shows only 1/100K of the 

mm-W signal leaves waveguide
• PoC have shown using CMOS chips at 

60, 100 and 150 Ghz operating up to 
Gb/s

• Developed CMOS NFC Rx and Tx 
Chips sets.

• Developed multiple Coupler Interface 
solutions:

- Chip/Antenna Assembly
- Socket Assembly
- Improved Lens Coupler Structure

Speed Continued
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