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A Method of the Measurement of Moisture
In IC Packages Using Microwaves

Yang Ju, Masumi Saka, and Hiroyuki Abé

Abstract—A new method to measure the moisture content of the study of moisture that affects the reliability of IC packages,
integrated circuit (IC) packages is demonstrated. The moisture the basic issue is the measurement of the moisture content
contained in the encapsulant resin was determined by using in the encapsulant resin. In the present paper, a new method

microwaves. The microwave signal was transmitted into the t th ist bsorbed in IC K b .
encapsulant resin and reflected at the surface of the chip pad. The 0 Measureé th€ moisture absorbed In 1L packages Dy using

amplitude and phase of the reflection coefficient of the microwave Microwaves is studied.

signal, which varied with the moisture content of the encapsulant ~ Most standard methods of determining moisture content
resin, were measure_d in order to de_termine the moisture_ con_tent. requires weighing a sample, in some cases drying it for several
A preliminary experiment was carried out, and the calibration — yays (up to several weeks), and reweighing. Moreover, in the
equation was developed. The present technique indicates the = ": f weighi thod t’h . aht i I ! | d
possibility of determining the moisture content directly without using of weighing m_e od, the resin We'g_ IS usually rep' ace
drying and weighing IC packages. by the package weight because the weights of the chip and
lead frame are commonly not known; therefore the measured
moisture content is affected by the weights of the chip and lead
frame. The primary advantage of the microwave method over
the standard weighing method is that the moisture content can
. INTRODUCTION be determined directly from a wet material without drying and

ITH THE development of integrated circuit (|C)Weighing it. Microwave has previously been used to determine
technology, IC chips are constantly growing in size the moisture content of grains [6], [7]. However, conventional
increase the level of integration, and the plastic encapsulanfliErowave moisture measurement, which is based on a trans-
required to be as small as possible in order to raise the denéftigsion technique using two sensors, cannot be used for IC
of surface mount components. Therefore, delaminations ti@ckages containing a chip pad made of metallic material.
mostly occur at the interface of chip pad and encapsulant re§gcently, the authors have developed a microwave imaging
have become one of the most important factors to affect tfRchnique by using an open-ended coaxial line sensor to detect
reliability of IC packages. During the soldering process, a higielamination in IC packages [8]. A sensor the same as that
stress is caused within the package as a result of the |akwd above is used in the present experiment. It can eﬁ:ectively
thermal expansion mismatch between the dissimilar materifi@nsmit and receive microwave with a relatively high spatial
within the package. At the same time, the evaporation of tf@solution [9]. The amplitude and phase of the reflection
moisture absorbed from the ambient by the encapsulant regg¢fficient are used to determine the moisture content.
causes a pressure between the resin and the chip pad. These
two factors sometimes cause delamination in IC packages Il. BASIC DEFINITIONS AND PRINCIPLES
[1]-[3]. The delamination will grow until the interface is fully ~ The moisture contenfy/, of an encapsulant resin expressed
delaminated and then leads to cracks at the sides of the chipa percentage, is defined as
pad. In addition, moisture diffusion within IC packages can
lead to their catastrophic failure due to corrosion. Therefore, it M=—"T""" %100 Q)
is important to understand the diffusion behavior of moisture M +Md
in the encapsulant resin, and the contribution of moistutleat is, as the ratio of the weight of the contained watgy, to
content to the delamination of IC packages. As examples, tthe weight of the wet resin, where, is the weight of the resin
level of moisture absorption in the molding compound washen dry.
determined for various environmental conditions [4] and the The principle of the technique described here is based on the
speed of moisture diffusion was also evaluated [5]. Concerniimgeraction of a microwave signal with IC packages. An open-
ended coaxial line sensor is used as a source of microwave signal
Manuscript received August 1, 2003; revised October 1, 2003. This work wglat is transmitted into the package, where the backside of the
supported in part by The Ministry of Education, Culture, Sports, Science, ap@ckage is placed against the sensor. Then, the microwave signal
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TABLE |
Network »| Ccomputer PACKAGE SAMPLES EXPOSED TO THESAME ENVIRONMENTAL
analyzer g P
CONDITIONS FORDIFFERENT EXPOSED TIME
Sample pair
Sensor null)‘nbgr 1 2 3 4
/ Environmental _ 303K/ 303K/ 303K/
L amele conditions 60% RH | 60%RH | 60% RH
y Exposure
X 0 48 96 144
time, hours
Sensor —
fixture X-Y-Z Stage Dry ]}‘lNe‘gh" 67.5788 | 67.5534 | 67.3348 | 67.5269
‘Wet weight, - 67.5730 | 67.3603 ! 67.5622
mN
Fig. 1. Configuration of the microwave measurement system. MOiS‘“ff; 0 0.0526 0.0688 0.0947
content, % ) o

2c

2b

TABLE 1
PACKAGE SAMPLES EXPOSED TODIFFERENT ENVIRONMENTAL
CONDITIONS FOR THESAME EXPOSEDTIME

Sample pair 5 6 7
number
IN N| Envirormental 303K/ 358K/ 358K/
conditions 60% RH 60% RH 85% RH
Exposure time, 168 168 168
hours
Dry weight, <
N 67.5592 67.3799 67.4750
Wet weight, 67.5867 67.4485 67.5955
mN
Moisture :
/ Poly tetra fluoro content, % 0.0737 0.1846 0.3229
Flange Center conductor ethylene
Fig. 2. Configuration of the open-ended coaxial line sensor. where®; and®, are functions ofn,, andmy. It may generally

be possible from (1) to (3) to express the moisture content as a

Resi Chip pad .
i es\: v function, ¥, of the two measured parametexst andA¢ as
A /.
/
g of = M = W(AA,Ap). (4)
o x =3 The moisture content can therefore be determined experimen-
20 tally from only the measured microwave reflection parameters.
Dimensions in mm - [ll. EXPERIMENTAL PROCEDURE
Ve ———— Y The configuration of the microwave measurement system is
(=)

shown in Fig. 1. A network analyzer (HP8510) was used to gen-
erate a continuous wave signal fed to the coaxial line sensor
Fig. 3. Geometry of the package sample. and to measure the amplitude and phase of the reflection co-
efficient at the sensor aperture. A computer was used to record
water differs significantly from that of the encapsulant resin, fhe data output from the network analyzer and synchronize the
is possible to separate the effects on the microwave signaIS@,ﬁge translation in the—, y— and z-directions. Fig. 2 shows
water and the dry material in the moist resin. Therefore, wheRe configuration of the open-ended coaxial sensor having inner
the standoff distance and operating frequency are fixed, agd outer radii o = 0.46 andb = 1.50 mm, respectively. A
changes in the amplitude and phase of the reflection coefficiefi4t metallic flange with radius = 14.50 mm is attached to the
which are also known as insertion loss and phase shift respggd of the coaxial line. In the experiment, the sample was placed
tively, are only due to the dry basis encapsulant resin and thghe near field of the aperture, and the backside of the package
moisture in the wet resin. Relative to the amplitude and phagged toward the sensor.
measured in the absence of the test resin, the presence of the teséven pairs of samples of 14 IC packages were prepared.
resin introduces an insertion loss in decih&ll, and a phase They were formed by epoxy resin filled with 79.9 wt% of silica
shift in degrees)\¢. These two quantities may be expressed ggwder and then cured for 2 h at 448 K, and post-baked for 8 h
at 448 K. The dimensions of the sample are shown in Fig. 3.
AA = @1 (1M, ma) 2) The size of the chip pad is 9:69.5 mm with resin 0.7 mm
and thick above the chip pad. To introduce moisture into the resin,
Ap = Doy(my, ma) (3) six pairs of the packages were exposed to a range of different
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0.68 0.35
— .
0.66 030 | |7 - Weighing
— ¢ : determination :
0.64 * ~ o2 —8— Microwave
T 062 2 0.25 determination
e . .
5 =
- 2 -
< 060 g 020
8 . §
— 0.58 ; 0.15 |
S o
2 056 ¢ 3
£ 2 010 }
0.54 & Experimental
0.52 — Approximated by Eq. (5) 0.05
0.50 : : 0.00
0.1 0.2 0.3 0.4 1 2 3 4 5 6 7
Moisture content, M (%) Sample pair number
Fig. 4. Relationship of measured insertion loss with the moisture content. Fig. 6. Measured moisture content for different samples.
9.4 _ .
with a standoff distanc@.9(= 0.7 + 0.2) mm. In other words,
9.3 the same distance between the sensor aperture and the chip pad
9.2 was held in both cases of the encapsulant resin being absent and
9.1 present.
>
g 90 IV. RESULTS
=
3 89 The experimental results from the microwave moisture mea-
< 88 surement are shown in Figs. 4 and 5, respectively. In Figs. 4 and
2 g7 5, the average value of the data measured from a pair of packages
g * is shown as a single data point. Fig. 4 shows the relationship be-
8.6 & Experimental tween the measured insertion loss and the moisture content, and
8.5 the relationship between the phase shift and the moisture con-
— Approximated by Eq. (5) : P . . i
8.4 tentis shown in Fig. 5. The insertion loss and the phase shift are
' observed to be approximately in logarithmic relationships with
8.3 J :

0.1 0.2 0.3

Moisture content, M (%)

0.4

the moisture content in the examined range. For determining the
moisture content from the microwave measurements, a calibra-
tion equation is needed. Based on the experimental results, the
relationship of the moisture content with the measured insertion

Fig. 5. Relationship of measured phase shift with the moisture content.  |oss and phase shift can be expressed as
environmental conditions as shown in Tables | and Il. Table |
shows the samples exposed to the same environmental condi-
tions but for different times and Table |l lists those with the same The moisture contents determined by microwave and the
exposure time but with different environmental conditions. Theeighing method are shown in Fig. 6 for different samples,
moisture contents were tested in advance using the standatwre pairs 1 to 5 experienced different moisture absorption
weighing method. In the calculation of resin weights, the totéime with the same environmental conditions and pairs 5to 7 the
weight, 30.2771 mN, of the chip and lead frame was deductedme absorption times for different environmental conditions.
from the weights of packages. Another pair of packages wakhe moisture content determined by the microwave method
kept free of moisture. The encapsulant resin is assumed todmgees with that based on the standard weighing method.
homogeneous, isotropic and nhonmagnetic. It is noted that even if the conditions of moisture absorp-

For the microwave measurements, the operating frequenmn are different from those examined in the present paper, (5)
was 20 GHz. The standoff distance, from the sensor to the soould be used for measuring the moisture content, provided the
face of the sample, was 0.2 mm. Here, all the samples were cpresent package is concerned and the moisture content is in the
sidered to have the same thickness of resin above the chip padmined range. For a kind of encapsulant resin, once a calibra-
For calculating the insertion loss and phase shift, the measuien equation is made as demonstrated in the present paper, it
ment for the case of the absence of the encapsulate resin laggrossible to determine the moisture content directly by using
was carried out by placing a lead frame without encapsulamjcrowaves.

M =13 x 1078244 1 2.1 x 10724984, (5)
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A method to determine the moisture content in IC packag
by using microwaves was demonstrated. It offers the possibil
of measuring the moisture content directly without drying an
weighing of IC packages. Therefore, the technique may be us
in an on-line environment.
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