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Module: Double-sided PCB with 

LGA pattern (30mm x 40mm 

0.7mm thick)

Module-Carrier Assembly Definitions 

Carrier: Double-sided PCB 

with corresponding LGA 

pattern (1.57mm thick)

Module-Carrier: Assembled 

system

Module Pallet: 6-up array 

of modules as received 

from PCB suppliers



• Solder opens between module and carrier

• 50,000 dppm defect rate (target is 5,000 dppm)

• Module-Carrier assemblies are costly to rework

• Lifted corner was noted on failed units; solder paste never 

made contact with module LGA lands

• Coplanarity problems suspected

Problem Overview:



Module-Carrier Coplanarity

Lifted corner exceeds seating 

plane of 0.18mm

Module

• IPC Warpage allowance: 2.0mm

• Assumption: to ensure module flatness 

within seating plane, pallets should be <0.5mm

6-up Module Pallet

• IPC Warpage allowance: 0.7mm

• Seating plane: 0.18mm

IPC warpage criterion is ~4x too loose!

• LGA solder joints are sensitive 

to coplanarity issues

• Seating plane is defined by 

solder paste thickness: 

approx. 0.18mm

• IPC warpage allowance is 

0.75%



Process Analysis



1. Baking modules with weights provided 

temporary flatness but did not improve 

attachment yield

2. Increased solder paste height & volume DID 

NOT solve defects and resulted in solder 

shorts

3. Reflow profile adjustment had no effect

4. Segregate the most warped pallets at 

incoming inspection

Attempts to Improve Yield

None of 

these 

efforts 

improved 

yield

Screening out the most warped 

pallets improved attachment yield
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Screening Modules for Flatness 6-up module pallet

Need to: (1) confirm warpage as root cause and (2) develop 

long-term solution

Using Group A only, yield improved from 50,000 dppm to ~10,000 dppm 

• Better, but still unacceptable; target is <5,000 dppm

• Also, hand sorting is not a long-term option

• 100% of incoming module pallets 

were hand-sorted for warpage

• Sorted into 3 categories:



2-phase approach:

PHASE 1: Verify a correlation between module warpage and 

attachment yield.

PHASE 2: DoE to isolate the key factors contributing to 

board warpage make changes and verify improvement.

How to Improve Attachment Yield?
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APPROACH

• Process boards from all three warpage groups (A, B 

and C)

• Measure warpage of each board various times in the 

process

• Monitor attachment yield 

PHASE 1: Correlating Warpage and Attachment Yield

Population of samples available per warpage group

Over 6500 samples to be tested



Key Requirements for Success: 

1. Large number of samples needed, due to relatively low 

failure rate

2. Accurate Measurements

3. Quick Acquisition of Data

• Under 3 minutes 

• Within cycle time preferred to reduce delays

4. Automation of data collection

5. Ability to link data to serial numbers for traceability

PHASE 1: Correlating Warpage and Attachment Yield



Measurement options considered:

• Hand measuring with pins and gauges – too slow, not accurate

• Use existing 3D solder paste inspection – not developed

• Utilize a metrology contractor near the Tijuana plant – none 

found

• Develop laser scanner system – too complicated to 

integrate 

• Collaborate with equipment supplier to lease Shadow 

Moiré system

PHASE 1: Correlating Warpage and Attachment Yield



Temporary installation of Shadow Moiré system at 

factory enabled:

1. Ability to take thousands of measurements very 

quickly 

2. Accurate measurements

3. Ability to assess warpage in localized regions of 

PCB

4. Multiple measurements throughout assembly 

process

5. Automated data acquisition to facilitate analysis



Light In

Light Out

Grating

Sample

Example Fringe Intensity Images

A Brief Explanation of the Shadow Moiré Technique 



PHASE 1: Warpage Correlation Results

Greater warpage directly 

correlated to worse 

attachment yield

• Strong apparent correlation between warpage and 

attachment yield



PHASE 1: Warpage Correlation Results (cont.)

Statistically significant failure probability

• 1.08% failure rate at 0.177mm coplanarity

• Degree of warpage of as-received pallets correlates 

to probability of failure increases

Confirming 

statistical 

significance was 

possible only 

because of the 

large number of 

datapoints

enabled by the 

Shadow Moiré 

system 



PHASE 1: Warpage Correlation Results (cont.)

• P-Value is high 

(=0.793)

• NO. Location of a 

module in the pallet is 

NOT significant
2%

2%

1.5%

2.12%

1.37%

1.85%

Was module location in the pallet significant?



PHASE 1: Warpage Correlation Results (cont.)

Warpage distribution of pallets before assembly Warpage distribution of pallets after 1st reflow

These charts show that the overall degree of warpage 

increased after 1 reflow cycle compared with initial 

measurement 

Target coplanarity: 0.17mm

Module Coplanarity at room Temperature



Thermal shadow moiré analysis enables view of module 

and carrier during reflow 

PHASE 1: Warpage over Reflow

Module 

Room 

Temp

Carrier 

Room 

Temp

Carrier 

Peak 

Temp

Module 

Peak 

Temp



Additional Data Point: Warpage over Reflow

• Individual Module and Carrier boards behave very 

similarly over reflow

• Module is significantly more warped at room temp

• During reflow, module board generally  “smiles” while 

carrier board “frowns” – moving away from each other



Additional Data Point: Interface Analysis over Reflow

Peak Reflow 

Temperature

Warpage Overlay 

Plot

• Paste thickness ~165 microns at RT

• Collapses to roughly half that height 

at liquidus

• Gap Pass/Warning/Fail Map

• Pass <50 microns

• Warning >50 but <82 microns

• Fail >82 microns

• High gap values indicative of possible 

open joints - paste is not in contact 

with both surfaces

• Failure locations correlate well with 

actual opens seen in production



Additional Data Point: Interface Analysis over Reflow

Gap values over temperature: indicates temperatures where 

gap between the two surfaces is larger than the paste 

thickness

• For the average case, gap values were below paste 

thickness at all temperatures except RT

• For the maximum cases, gap values were over the limit: 

seen as opens in production



PHASE 2: Factors that Influence PCB Warpage

PCB materials and construction 

Identified as most significant factors



PHASE 2: PCB Materials and Construction DoE

Key variables evaluated

1. Copper balance layer-to-layer

2. Laminate type

3. Palletization tabs between modules

4. Breakoff rail copper

5. Supplier-to-supplier variation

6. Pallet location in supplier working panel



PHASE 2: PCB Materials and Construction DoE

1. Layer-to-layer copper balance

• Layers 1 and 8 were modified to create more 

balanced construction

41.5% 48.7%

73.3% 50.0%



PHASE 2: PCB Materials and Construction DoE

2. Laminate type – 3 different versions were tested: 

• Material A – control (original) 

• Material B – higher Tg, better CTE & dimensional 

stability

• Material C – hybrid (BT resin core, Material A 

elsewhere)



PHASE 2: PCB Materials and Construction DoE

3. Board Breaks                      4. Rail Copper

Original design has one breakoff 

tab in center of module.  (yellow)

Modified design has tabs at each 

corner. (Blue)

Original breakoff rails have nearly 

solid copper content on each layer.

Modified Rails have most of the 

copper removed



PHASE 2: PCB Materials and Construction DoE

5. Supplier variation – 2 different suppliers 

6. Location of pallet in suppliers’ working panel 

Corner vs. non-

corner locations



PHASE 2: PCB Materials and Construction DoE

Group Matrix

20 groups were planed

18 actually tested

Control boards had no copper or 

routing changes.



PHASE 2: PCB Materials and Construction DoE

Variations were all from supplier one, and used the existing material. 

Group K Used the existing material, working panel non corner. 

Group N Used the existing material, with additional board breaks 

Group O Used the existing material, with balanced copper top and bottom. 

Post Top Side Coplanarity Results 



PHASE 2: PCB Materials and Construction DoE



PHASE 2: PCB Materials and Construction DoE

Passing boards had a smaller 

average and standard deviation. 

They also had a significant 

number of points outside the box.

This makes it difficult to point to a 

specific coplanarity as needed to 

produce a passing result. 
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PHASE 2: PCB Materials and Construction DoE

Changing suppliers or laminate types made no statistical 

improvement

• Pass/fail between laminate 

types
• Pass/fail between suppliers
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PHASE 2: PCB Materials and Construction DoE

Changing the copper balance in the module or the rails made no 

statistical improvement

• Pass/fail between Original 

copper and rebalanced design 
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PHASE 2: PCB Materials and Construction DoE

Key findings: (1) additional tabs between modules in the pallet 

improved performance; (2) pallets from the corner locations of the 

suppliers’ working panels worsened performance

• Pass/fail between corner 

boards –vs – non corner 

boards 

• Pass/fail between current

corner tabs and extra tabs in 

corner 



PHASE 2: PCB Materials and Construction DoE

Key variables evaluated

1. Copper balance layer-to-layer

2. Laminate type

3. Palletization tabs between modules

4. Breakoff rail copper

5. Supplier-to-supplier variation

6. Pallet location in supplier working panel

RESULTS

Only these factors 

were found to 

have statistically 

significant effect 

on attachment 

yield



Conclusions

• PHASE 1 - Incoming PCB warpage directly affects 

module-carrier attachment yields

• The “flatter” the pallets as-received, the better probability of 

successful attachment

• Warpage of pallets tends to worsen during reflow

• PHASE 2 – DoE was conducted to understand the 

factors that influence PCB warpage

• A more “rigid” palletization, with additional tabs separating 

individual modules in the assembly pallet, greatly improved 

warpage performance

• The location of the pallet in the suppliers’ working panel is 

significant; pallets that came from corner locations were 

worse 



Thank You!
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• Rafael Maradiaga, Statistical Engineering

• Luis Tornero, Manufacturing Engineer, Tijuana


