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Mechanical and Thermomechanical Properties       
of Solder ball and Solder Columns                  

in BGA and CGA Components.

27 October 2025 - א

How they affect System Reliability.

By Martin Hart

Soldering Technologies Seminar
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Do you see the difference?
Solder Balls on BGA packages and

 

Solder Columns on CGA packages.

?אתם רואים את ההב דל 

Column
Ball
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• Vulnerable to fracture-strain, especially because of    
large CTE mismatch between the BGA and PCB.

• BGA are less reliable than CGA

• Easy to reflow.

Disadvantages

• Low cost.

BGA Solder Balls
Advantages
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• Solder Columns are difficult to attach.
• Solder Columns cost more than Balls. 

• Solder columns absorb CTE mismatch. 
Advantages

Disadvantages

CGA Solder Columns
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But, solder balls have already won the economic war.
Solder columns are heroes fighting to protect against CTE mismatch.

יתאֲבָל כַּ דוּרֵי רֶתֶ˂ כְּבָר נִצְ חוּ בַמִּלְּחָמָה  הַ כַּ לְ כָּלִ 

(CTE).ימוּת בְּהַתְפָּרְקוּת תֶּרְמִיתעַמּוּדֵי רֶתֶ˂ הֵם הַגִּבּ וֹרִים הַנִלְּ חָמִים נֶגֶ ד  אִי־תְאִּ

כְּמוֹ  שֶׁאוֹ מְרִי ם

As they say:

CGA Vs. BGA
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Re-balling BGA Service
• The Re-balling Service can remove SAC305 Lead Free Balls and 

replace them with SnPb Tin-Lead Balls for Military and Space.

• It is not so simple as you might think.

Let’s learn why.

 BGAשירות להחלפת  כדורי בדיל במארזי•

.ההחלפה של כדורי בדיל יכולה להיות קצ ת מאתגרת•
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Reasons for poor results 
during BGA re-balling.

• Tacky Flux Paste or Solder (Metal) Paste

Depends on:
• Package Pitch

• Diameter of the Ball
• Solder Mask Opening (SRO)
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Tacky Flux Paste or

 

Solder Paste?

• Tacky Flux does not increase the size of the solder ball.

Caution: The volume of the solder ball will grow                
if you use Solder

 

paste during ball attachment to the BGA.

The answer:

 

Use Tacky Flux Paste for package ball attach.

• Tacky Flux paste does not contain solder (no metal).

What is better for Ball Attach                              
on the BGA Package?

•This process relies on the metal inside the solder ball itself.

• The metal in the solder paste combines with the solder ball.:
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Using Tacky Flux + solder paste                             
limits Ball Volume growth to 18%.

V paste

 

= 0 mm3
Ball 1st

 

Reflow
Vball

 

= 0.13 mm3 Vball

 

= 0.13 mm3
Before 1st

 

ReflowTack Flux PasteAfter 2nd Reflow
Vball

 

= 0.154 mm3

BGA

PCB

~ 0.75mm

V paste

 

= 0.024mm3

r1 = 0.25mm                                        
H = 0.15mm

Solder Paste PCB

Start

0.70mm

BGA

0.63mm

=

12345

End

למשל
ס ו ף  התחלה 

18% -מ שחת הל חמה  מגביל א ת  גידול  נ פ ח הכדור ל  +  שי מ ו ש ב פלק ס ד ביק 
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Ball 1st

 

Reflow
Vball

 

= 0.154 mm3 Vball

 

= 0.13 mm3
Before 1st

 

ReflowAfter 2nd Reflow
Vball

 

= 0.178 mm3

BGA

PCB

~ 0.80mm

V paste

 

= 0.024mm3

r1 = 0,25mm                                        
H = 0,15mm

Solder Paste PCB

Start

0,75mm

BGA

0.63mm

=

1345

End

Using Solder Paste twice                                    
Causes the Ball Volume to grow 37%.

37%נפח הכדור גדל בכ־,  כשמש ת מ ש ים במ שחת  הלחמ ה  פעמ י ים
2

V paste

 

= 0.024mm3

r1 = 0.25mm                                        
H = 0.15mm

Solder Paste BGA
ס ו ף  התחלה 



11

Comparison BGA Solder Ball growth                       
Method 1 compared to Method 2 Reflow

Vball

 

= 0.154 mm3

BGA

PCB

1st

 

Reflow to BGA with Tacky Flux

 

2nd

 

Reflow to PCB with Solder Paste

BGA

PCB

1st

 

Reflow to BGA with Solder Paste

 

2nd

 

Reflow to PCB with Solder Paste

Vball

 

= 0.178 mm3

?למה זה חשוב 12
הש יטה  השנ י יה הש יטה  הראשונ ה

גִדּּוּל בְּנֶפַ ח הַכַדּוּר

0.85mm 0.75mm

: הש ני Reflow - אחרי  ה  BGAבוא נש ו ו ה את גו דל כד ורי  ההלח מ ה ש ל  
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Chance of Solder Bridging 
Between Major Diameters

0.70 0.950.900.75 0.80 0.85

Major Diameter (mm)

H
 (m

m
)

0.60
0.62
0.64
0.66

0.68

0.70

0.59

PCB

1.0mm
BGA

H Solder

PCB

BGA

Bridge
Major 
Diameter

יש   ס יכו י  לה י ו וצרו ת גשר הלחמה  בי ן  הקטרים הגדולי ם
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There is a chance of bridging or                                   
disconnection during Reflow of BGA to PCB

BGA

PCB

גשרי הלחמה בין  כדורי  בדיל

BGA

PCB

ני ת וק חש מל י 

Gap 0.15mmP=1.0mm

  יתנתק BGA  –יש   ס יכ וי   שכדור ההלחמה  של ה  
 או  א ח ריו Reflow  – במהלך ה  PCB  –מה  

Warp 
Frown

Warp 
Smile
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SMD vs

 

NSMD ?
• SMD = Solder Mask Defined Pad

Benefits: Better +/-

 

solder mask registration. Ball shape is more spherical

Which is better for BGA Package?

2 Engineers = 3 Opinions

Solder 
Mask

Solder Ball

NSMD -

 

Non Solder 
Mask Defined Pad

SMD -

 

Solder Mask Defined

• NSMD = Non-Solder Mask Defined Pad
Disadvantage: Exposed tracings pull the solder away from the ball. 
Causing the ball to be non-spherical.

BGA or PCB Tracing
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Copper
Pad Dia

SRO
Opening

Mask  
Type

Ball Size              
(Before Reflow)

0.40mm 0.33mm
SMD

0.40mm
0.50mm 0.35mm 0.45mm
0.56mm 0.40mm 0.50mm
0.35mm 0.50mm

NSMD
0.40mm

0.40mm 0.53mm 0.45mm
0.45mm 0,58mm 0.50mm

It is not always possible to exactly follow the design rules !

Best Practice Rule:

 

PCB Pad Diameter should be same as BGA Pad

and NSMD PCB (Pitch 0.8mm)

NSMD PCB

Cu

Ball

Solder Mask

SIDE VIEW

Example of SMD BGA

PCB

BGA

SIDE VIEW

SMD BGA Ball

Cu

Solder Mask
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CTE Mismatch can rip balls off your packages. 

Example Solder Ball Fracture

CTE mismatch >10ppm/oC

Strain -

 

Movement over 
Temperature Change

Package 
Size

Temp Range
300oC

-55oC +245oC

27x27mm
DNP 19mm

57 um
2.2 mil

45x45mm
DNP 32mm

96 um
3.8 mil

70x70mm
DNP 50mm

150 um
6.0 mil

דוגמה  ל שבר בכדור הלח מ ה 
DNP

DNP =                                                
Distance from Neutral Point 
from the center of the package        

מרחק מ נקוד ת ה מרכז

BGA

 לִ שְׁבּוֹר כַּדּוּרֵי הַלְחָמָ ה שֶׁ ל  הַ מַאֲּרָזחוסר תְּ אִי מָה  בֵּי ן   מִקְדָּ מֵ י  הִתְ פַשְּטּׁוּת  תֶּרְמִ י ת  יְכ וֹל 

between Package and PCB
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BGA Summary
• BGA packages are generally low cost

• There is a chance of Solder Bridging during reflow.
• Attaching solder balls to BGA packages is relatively easy

• BGA might not the best solution for Mission Critical applications.

• CTE mismatch between the BGA & PCB causes                      
mechanical stress during temperature changes.

 בְּדֶרֶ˂  כְּלָל זוֹ לִים BGA מַאֲרָזֵי •

BGAקַל יַחֲסִ ית לְחַבֵּר כַּדּוּרֵי הַלְחָמָה לְמַאֲרְזֵ י •

יֵשׁ סִיכּוּי לְגִשְׁרֵי הַלְחָמָה אִם הַכַּדּוּר גָּדוֹל מִדַּי •

PCB - ל BGA -לַחַץ מְכָנִי בֵּין ה יֵשׁ תְּאָמָה בֵּין מִ קְדָּמֵי  הִתְפַּשְּׁטוּת תֶּרְמִית וּבֵין •

חָ לָ ל לאֹ תָּמִיד  מַתְאִים לְ יַי שּׂוּמִים קְרִיטִיִּים כְּמוֹ צָבָא וָ•
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Discovering CGA                  
(Column Grid Array)

Let’s apply what we learned about BGA technology and 
discover if another type of package known as the CGA is 

more reliable for applications requiring the highest 
reliability for Military and Space systems.

ונ גלה אם ס וג  BGAבואו  נ י י שם את  מ ה ש ל מ דנו  על ט כנול וגי י ת 

אמ י ן  י ו ת ר לי יש ו מ ים הד ורשים  ,   CGA-ה יד וע כ, אחר של  מארז

את הא מ ינ ו ת  הגבוה ה בי ו תר ל מערכות צבאי ו ת  וחל ל י ות 



19

CGA Solder Columns replace balls                
to reduce stress & breaking solder joints.

Columns absorb CTE mismatch.

Cu Wrap Pb80/Sn20

עמ וד י ה לחמה   מ חליפ ים  את הכד ו רים כדי  להפח ית   •

. שבירת  חיבורי ה הלחמ ה

העמ וד ים ס ו פגים את א י ה התא מה   במקדם ההת פש טו ת  •

התרמ י ת  על  יד י  ס פ יגת ה מ אמצ ים ה נוצרים
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Solder Column 
relative size

Shown before               
Solder Coating

16x BeCu wire braid.                   
Non-collapsible

Shown After              
Solder Coating

Fillet

Length 
1.0mm 

~2.2mm

Pitch: 0.65mm ~ 1.27mm

New type of CGA Braided Solder Column.

• Pb80/Sn20                  
• Pb90/Sn10                  
• Sn92/Sb8                 
• In50/Pb50                 

Solder Core:                



21Solder Fillet 
Sn63/Pb37

High Temp Solder Column 
Pb80/Sn20 or Pb90/Sn10

Flat End Zero 
Coplanarity

Braided Solder Columns - Ceramic Package

Ceramic 
Package
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Finite Element Analysis Comparison Bend Strain Ball vs Column

Applied 
Force

Applied 
Force

Applied 
Force

Applied 
Force

Observation: Braided Columns absorb stress 
and distribute the load more evenly than balls.

Darker Blue        
is Better
כָּחוֹל כֶּהֶה 
י וֹ תֵר טוֹב 

עמ וד י ה לחמה  קל ועים ס ו פגים מ ת חים ו מ פ זרים את 
העו מ ס ב צורה ש ו ו ה  י ותר  מאשר ה כדורים
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Comparative Stress found in Different 
Column Types
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Solder Column Materials

Construction
Data Centers

 

-55oC to +125oC
Military

 

-55oC to +125oC

Solder Core Sn91.5 / Sb8.5  Pb80 / Sn20

Coating Sn90/Ag3.5/Bi.5/In6 Sn63 / Pb37 
Braid Be-Cu C172 C172
PKG Fillet Sn90/Ag3.5/Bi.5/In6 Sn63 / Pb37 

Braided                
Solder         

Column

Also Pb90/Sn10

חומר ים הנ מצאי ם בעמ וד י  הלח מה 
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Design Rules: Column Length

Pitch
“D”
mm

Aspect Ratio (D x L)

3:1 4:1 5:1
0.65mm 0.20mm 0.6mm 0.8mm 1.0mm

0.8mm
0.25mm 0.8mm 1.0mm 1.25mm
0.30mm 0.9mm 1.2mm 1.5mm

0.92mm 0.35mm 1.0mm 1.4mm 1.7mm

1.0mm
0.40mm 1.3mm 1.6mm 2.2mm
0.50mm 1.5mm 2.2mm 2.5mm

D

L

Longer Columns absorb more CTE mismatch

כל לי עיצו ב אורך עמודות
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Design Rules: Column Diameter

Column diameter “D” should be 66% to 75% of the package pad diameter.

“D”

 

Column
Diameter

Pad 
Diameter Min

Pad 
Diameter Max

300um 0.40mm 0.50mm

350um 0.45mm 0.60mm

400um 0.60mm 0.80mm

450um 0.70um 0.80mm

500um 0.75um 0.86mm

D

L

Pad

כל לי עיצו ב קוטר עמודות
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Bend Test Fixture

Thermal cycle testing scheduled at JPL.

Cu Wrap Pb80/Sn20

Cu Wrap Pb90/Sn10

Cu Braided Pb90/Sn10

Cu Braided Pb80/Sn20

Fo
rc

e 
(G

ra
m

s)

בדיקת כיפוף בעמודים

Number of Bend Cycles

Column Bend Test
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Column Attachment Tooling System                       
Holds Columns 90o

 

Vertical During Reflow
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CGA Summary
•

 

Solder columns reduce CTE mismatch (Coefficient of 
Thermal Expansion) by absorbing stresses.

•

 

Solder columns increase the operating life of components 
used in mission critical applications for Military and Space.

• Columns can be used on ceramic and

 

organic packages.

• Columns (>70mm PKG) are available for AI data centers.
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Contact: Sassi Graffi

Let’s Explore 

Tel: +972-54-329-9300
sassi@gsuit.co.il

www.TopLine.tv/CCGA.html

hart@TopLine.tv
Contact: Martin Hart
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