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1. Introduction

3D-stacked System in a Package (SiP) has been investigated for
high-performance and high-density packaging in recent years. A
wireless interconnect technology utilizing inductive coupling has
been reported in [1] to achieve high-speed and low-power in-
ter-chip communication in SiP. Fig. 1 illustrates this scheme. The
inductive coupling channel is modeled by an equivalent circuit
shown in Fig. 2 and it behaves as a band-pass filter. This equiva-
lent circuit is very simple and does not consider chip stacking. In
stacked-chip communication, semiconductive substrate exists
between inductors which induces eddy current and reflection at
the boundary, as a result, it may degrade signal. However, there is
no report on measurement of the effect. In this paper, mutual in-
ductance of inductive coupling is measured and evaluated in ac-
tual stacked chips including polishing and thinning effect. In addi-
tion, power grid is also measured.

2. Frequency Analysis

In inductive inter-chip wireless communication, communication
efficiency strongly depends on vertical communication distance, X,
which is given by the sum of the thickness of stacked upper chip
and glue layer. The inductor has to be designed considering the
chip and glue layer thickness. With given X and layout parameters
of inductor, coupling coefficient, %, is calculated by using simple
yet accurate model based on the Biot-Savart law [2]. Frequency
characteristics of the inductive coupling including parasitic effect
are analyzed by the equivalent circuit model in Fig. 2.

3. Experimental Setup

In this paper, measurement results in actual stacked chips are
compared with calculations by the model. A test chip was fabri-
cated for measurement. The test chip integrates 150, 200,
250pm-diameter inductors with and without locating power grid
(Fig. 1). Fig. 3 shows cross section of stacked test chip. Commu-
nication distance X is changed and S21 is measured to verify the
proposed coupling coefficient calculation scheme.

The bulk thickness 7' is changed while keeping X constant to
observe the bulk’s eddy current effect. In addition, ground mesh
effect is measured using a pattern that has ground mesh under the
inductor in upper chip. Figure 5 depicts stacked test chips. GND
in each chip is connected by silver paste.

4. Measurement Result

The measurement result of communication distance efficiency
to S21 is shown in Fig. 5. Figure 5 shows S21 frequency charac-
teristics of each inductor for D=150pum, D=200pm and D=250pum.
In each figure, X is changed in steps of 25um from 50um to

-670-

100um with the calculated result from model in Fig. 2. Measure-
ment result and calculated result shows good agreement in differ-
ent conditions. From this result, the accuracy of proposed cou-
pling coefficient calculating scheme is confirmed.

Figure 6 shows measurement result of bulk effect evaluation
with constant X. In this measurement setup, it is difficult to keep
same X under different thick ness of insulator. So, actual X is var-
ied in every stacked chip. In Fig.6, X'is 141pum, 125pum and
129um. The measurement result contains eddy current effect and
calculated result does not contain that effect. But, difference be-
tween measured result and calculated result is very small under 3
GHz. Eddy current effect does not become a problem for the ap-
plication of inductive inter-chip communication that its target
frequency is currently about 1GHz.

Figure 7 shows ground mesh effect in inductive inter-chip com-
munication. The ground mesh has 30um pitch, 3um width. It is
rough mesh, but S21 becomes about 10% lower than without the
mesh. This result shows that power grid should be removed near
the inductive inter-chip communication channel.

5. Conclusions

In this work, measurement of inductive coupling between actual
stacked chips is reported. 3 measurement results are reported. The
first result shows that proposed coupling coefficient estimation
scheme has good accuracy. Next measurement result shows that
when we measure S21 by changing bulk thickness 7' and with
constant value of X, we find that the effect of eddy current is very
small for inductive inter-chip wireless communication. Finally,
ground mesh effect is measured. From this result, we conclude
that power grid should be removed near the inductive inter-chip
communication channel.
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Table 1 Layout parameters of metal inductors.
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Fig. 4. Microphotograph of stacked test chips with Ag paste for ground
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Fig.5 Measured and calculated S21 depending on X.

Fig.7 Measured S21 with and without ground mesh
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Fig.6 Measured and calculated S21 with eddy current effect depending on substrate thickness, (a) 7=20um, (b) 7=35um, (c) 7=60um.
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