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Abstract

Due to the high-volume production of mobile phones and computer tablets, the demand for
MLCCs (Multilayer Ceramic Chip capacitors) has started to outstrip supply, especially for custom
MLCCs. This is particularly true for Class | MLCCs with special specifications such as high voltage
and frequency stability, and for such stringent applications as automotive, military and
aerospace. Under these conditions, the opportunity for counterfeit OEM and replacement
capacitors to enter the supply chain continues to grow. This is especially true as the majority of
MLCCs have no marking and cannot easily be distinguished from their package, which gives
unscrupulous vendors opportunities for fraud.

This paper introduces several test methods for MLCC compliance verification, namely 1) The
effect of DC bias on capacitance, 2 ) Capacitance temperature characteristics, 3) High voltage
testing of DCW (Dielectric withstand voltage) and IR (Insulation Resistance), 4) Cross section
(Dielectric layer and terminal comparison for flex types), and 5) electron microscopy (EDS)
material analysis to match with known good device chemical composition.

1. Introduction

Capacitors are passive electronic components that are used in high quantity in modern
electronic circuits. In order to reduce printed circuit board (PCB) size and cost, these ‘chip
capacitors’ have been scaled down to the sub-mm dimension and are surface mounted to the
PCB. Figure 1. shows an example of a MLCC mounted on an iPhone-7 PCB which demonstrates
the challenges of easily identifying counterfeit parts during production.

There is one important step we must perform before testing Class Il capacitors. This is referred
to as the ‘capacitor Precondition test’. The standard way to do this, according to Murata, is to
perform a heat treatment at 150+0/-10°C for 1hour and then let the part sit for 24+2 hours at
room temperature, then measure its electrical characteristics.

The reason to perform this precondition test is due to the characteristics of BaTiO3, which is a
typical metal-oxide dielectric used in MLCCs and is the base material of Class Il MLCCs. A decay in
dielectric permittivity has been observed over time with these formulations whereby the
molecular structure of BaTiO3 changed with time. Initially it displays a galvanic molecular
structure which gradually transitions to a chaotic couple structure. The chaotic couple structure
of the dielectric molecules has a lower ability to store charge than the galvanic molecular
structure thus causing the capacitance value to decrease. In general, we refer to this
phenomenon as the aging process.



Figl iPhone 7 PCB showing numerous MLCCs and a higher magnification of a typical Class | MLCC
(right inset). Note these are surface-mounted parts and, due to their very small dimensions, have
no manufacturers markings ruling out inspection as an easy means to determine MLCC
authenticity.
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Fig2 Material characteristics inside MLCC devices. (a) initial electric dipole orientation, which
explains how capacitors store charge, with galvanic molecular structure while (b) shows the
chaotic couple structure. The rotation of the dipoles is how capacitors lose charge storage over
time. (c) Structure when temperature is above the curie point.
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Figure 4 Measurement of MLCC capacitance using the 4TP measurement method.

The Hp and Hc terminals are often referred to as the CMH (Capacitance Meter High) terminal,
and the Lp and Lc terminals are commonly referred to as the CML (Capacitance Meter Low)
terminals.

There are some residual inductance and resistance in the cables, along with parasitic capacitance
between the cables, or between the DUT and ground. When we perform the measurement, we
must perform parasitic compensation and calibration to eliminate these parasitic elements
otherwise the accuracy of the measurement will be greatly reduced.

Fig. 5 Photograph of the Keysight E4A990A and test fixture 16034G used to make the capacitance
test.

Compensation and Calibration:

There are 4 types of compensation and calibration steps we usually perform:

1) Open correction, 2) Short Correction, 3) Cable length calibration, and 4) Load correction.
The Open/Short Correction (Figure 6) is used to compensate for stray admittance and residual
impedance due to the test fixture.






