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INTRODUCTION

Multilayer Ceramic Capacitors

T. Tsurumi & T. Hoshina, .Handbook of Advanced Ceramic, 2013, 415-427

MJ Pan & CA Randall, IEEE Electrical Insularion Magazine, 26 (3), 2010, 44-50.

▪Ceramic capacitors are the most 

widely used passive component in 

electronic circuit . 

▪MLCCs are composed of dielectric 

layers, inner electrodes, and outer 

terminal electrodes.

▪Some MCLL designs add Flexible 

Terminations to improve the 

performance of the device.

J. Prymark et al., CARTS USE Proceedings, 29 Passive

Components Symposium, 2009.



INTRODUCTION

Fracture failure on assembled Multilayer Ceramic Capacitors

Cracking is related mostly to the

thermal or mechanical stress caused

during:

• Handling

• Assembly

• Testing

Some factors that influence on the 

appearance of cracks during the 

assembly process are:

• Excessive volume of solder

• Impact by mounting machine

• Incorrect heating and cooling 

process

• Deflexion of sustrate
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A. Teverovsky, NASA Technical report, ID.20190001592, 2019.

B. J.AlAhmar, E. Wiss, S. Wiese, IEEE, EurosimE, 2018. 



INTRODUCTION

Verification Procedure
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▪The soldering verification is performed 

according to ECSS-Q-ST-70-38C Rev.1, 

10C, -12C, -08C, -60C.

▪The standards defines the technical

requirements and quality assurance 

provisions

▪To carry out the microsection the lab 

have to be certify by the ESA



INTRODUCTION

Verification Procedure
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GOALS
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The aim of this study is to asses the 

susceptibility to cracking of soldered MLCC 

capacitors, as a function of:

• Manufacturer

• Assembly method

• Dielectric Type

• Thermal cycling conditions



EXPERIMENTAL PROCEDURE
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52 Ceramic Capacitor Size 1210

Due to the large number 

of possible combinations 

this study will be 

performed on 52 devices



EXPERIMENTAL PROCEDURE
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TEST FLOW

Visual Inspection
& Photos

Vibration
Visual Inspection

& Photos

135 Thermal
Cycles -55C/100C 

Ramp2

Visual inspection
& Photos

365 Thermal
Cycles -55C/100C

•Ramp1

•Ramp2 

Visual Inspection
& Photos

Microsections



EXPERIMENTAL PROCEDURE

Test Flow
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EXPERIMENTAL PROCEDURE

10 EMPS-10 - 10th Workshop on Electronics Materials & Processes for Space, May 15-16, 2019

Test Flow



EXPERIMENTAL PROCEDURE

Test Flow
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Temperature cycling test is defined by the following

parameters:

▪ Baked-out temperature

▪ Number of cycles

▪ Max/Min temperature

▪ Dwell time

▪ Temperature ramp



EXPERIMENTAL PROCEDURE

Test Flow
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The temperature profile was monitoring in order to

record any deviation:

Control software

Ramp Temperature Condition:

Ramp 1 > Ramp 2



EXPERIMENTAL PROCEDURE

Test Flow
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EXPERIMENTAL RESULTS
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Mounting Process
VP: Vapor Phase

HS1: Hand Soldering Process I

HS2: Hand Soldering Process II

Dielectric Type I Dielectric Type II



EXPERIMENTAL RESULTS

VP Process

15 EMPS-10 - 10th Workshop on Electronics Materials & Processes for Space, May 15-16, 2019

Type I Type II

• Type I:  No cracks.

• Type II: Some capacitors present cracks in the upper corner.



EXPERIMENTAL RESULTS

VP Process
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Type I Type II

Type I:  OK

Type II: Results are linked to 

manufacturer.

- MFR 1: 6 out of 10 capacitors 

with micro cracks on the top of 

the component

- MFR 4 ( with polymer protection 

layer): 3 out of 5 with micro 

crack on the top



EXPERIMENTAL RESULTS

VP Process
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Type I:  OK

Type II: Results are linked to 

manufacturer.

- MFR 1: 6 out of 10 capacitors 

with micro cracks on the top of 

the component

- MFR 4 ( with polymer protection 

layer): 3 out of 5 with micro 

crack on the top

- No significant differences 

between ramp 1 and ramp 2.

Type I Type II

Ramp 1

Ramp 2



Type I Type II

EXPERIMENTAL RESULTS
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HAVPHS

HS Process I

• Type I: Some capacitors present cracks.

• Type II: Some capacitors present cracks.



EXPERIMENTAL RESULTS

HS Process I Type I
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HA

Type I: results are linked to 

manufacturer.

- MFR 2: OK.

- MFR 3: 2 out of 3 capacitors 

with crack in the ceramic.

- MFR 1: 3 out of 3 with crack in 

the ceramic.

- No significant differences 

between ramp 1 and ramp 2.

Ramp 1 Ramp 2



EXPERIMENTAL RESULTS

HS Process I Type II
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HA

Ramp 1 Ramp 2

Type II: results are linked to 

manufacturer.

No satisfactory results

- MFR 2: 1 out of 5 with crack 

in the ceramic.

- MFR 3: 2 out of 5 with crack 

in the ceramic.

- MFR 1: 5 out 5 failed.

- No differences between 

ramp 1 and ramp 2.



EXPERIMENTAL RESULTS

HS Process II MFR 3
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Hand Soldering process II: 

satisfactory results

Comparison between type I and 

type II HS1 and HS2 for the same 

manufacturer MFR3

HS1 HS2
HA



VP configuration: 

Type I OK

Type II Results are linked to manufacturer. Micro cracks on the top in

some manufacturers. Others OK.

HS1 configuration:

Type I and Type II Results are linked to manufacturer. Cracks in

ceramic bigger than in VP.

HS2 configuration:

The results for Hand soldering process II have been satisfactory.
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CONCLUSIONS
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