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Abstract—A cost-effective isolation technique using laser treat-
ment is proposed to suppress the undesired crosstalk between
dual power amplifiers (PAs), which are essential to multiple-input
multiple-output communications system. Laser treatment not only
reduces the small-signal coupling between dual PAs but also en-
hances the linearity of the PA under dual-PA operation mode. The
figure of merit for the small-signal coupling has an improvement
of 4.55 dB at 2.45 GHz, and the output power at 3% ( 30 dB)
error vector magnitude (EVM) has a linearity improvement of 6.1
dB under 0-dB interference.

Index Terms—Coupling, crosstalk, isolation, laser treatment,
multiple input multiple output (MIMO), power amplifiers (PAs).

I. INTRODUCTION

T HE trend of wireless communications is moving toward
the era of high data-throughput transmission. Various de-

veloped and developing wireless communications standards in-
corporate the multiple-input multiple-output (MIMO) technique
to meet the demanding high-data-rate requirement. To achieve
the goal, dual or multiple power amplifiers (PAs) are indispens-
able in MIMO radio frequency (RF) front-end circuits. How-
ever, several PAs operating at the same time inevitably pose
crosstalk problems [1]. Compounding the problem is the adop-
tion of the orthogonal frequency-division multiplexing (OFDM)
modulation scheme because of the inherently high peak-to-av-
erage power ratio (PAPR). The PA needs a wide linear range to
deal with the highly varying envelope of the signal.

As reported in [2], substrate coupling resulting from the low
resistivity ( . cm) of bulk Si substrate is the primary cause
for the existence of crosstalk. A number of effective techniques
have been proposed to suppress the undesired coupling by using
the silicon-on-insulator (SOI) substrate [3], [6]–[8], high resis-
tivity p-substrate [2]–[5], guard ring shielding [1], [3]–[7], and
porous Si trench [9]. Most of the studies proceed from a device
standpoint. At the circuit level, the deep trench and guard rings
were used to reduce the coupling between PAs [1]. In this letter,
the laser treatment (L.T.) is utilized in a more efficient fashion
to reduce the crosstalk.
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Fig. 1. Power performance of the single PA, where P is 25.3 dBm, linear
gain is 18.6 dB, and PAE at P is 16.7%. The gain expansion is shown to be
less than 1 dB (dashed lines).

II. CIRCUIT PERFORMANCE EVALUATION

A. Single PA Performance

The dual PAs are fabricated with a symmetrical layout on the
same chip using the TSMC SiGe BiCMOS process. The size of
the die is 1680 m 1680 m, and the distance between two
power amplifiers is 150 m. The emitter width of the transistors
in dual PAs is 0.9 m. Fig. 1 indicates the power performance of
the single PA, where the 1-dB compression point of the output
power is 25.3 dBm, linear power gain is 18.6 dB, and
power-added efficiency (PAE) is 16.7%. The mismatch of power
characteristics between dual PAs is negligible. The transistor
sizes of the bias circuit are optimally selected to minimize the
undesired gain expansion to less than 1 dB. However, the earned
gain flatness is traded off by the efficiency degradation due to
the increase of dc biasing current. The circuit schematic can be
found in our previous work [1].

B. Figure of Merit for Coupling

Fig. 2 shows the schematic of the printed-circuit board (PCB)
layout. The first PA (PA#1) and the second PA (PA#2) are on the
same die with bondwires connecting to the input- and output-
matching networks. Offchip matching is used due to the flexi-
bility in tuning the matching components.

A four-port -parameter experiment is involved in the per-
formance characterization of dual PAs. Ports 1 to 4 are the outer
ports directly connected to the HP8753D network analyzer
while port 1 to port 4 are the inner ports excluding the input-
and output-matching networks. The inner ports are of interest
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Fig. 2. Schematic of the PCB layout and illustration of the coupling signal flow
from port 1 to port 4 in the four-port S-parameter measurement.

for extracting the coupling signal. Fig. 2 shows one of the
coupling signal flows from port 1 to port 4 by arrows, where
the size of the arrows implies the amplification and attenuation
of the traveling signal. The similar coupling signal flow from
ports 3 to 2 also exists, but is not shown for clearness. Note that
the input- and output-matching networks induce 2–3-dB signal
loss in the signal traveling path.

To determine the amount of the crosstalk, the figure of merit
for the small-signal coupling proposed in [1] is adopted. With
the PA#1 and the PA#2 both turned on, the input signal from
port 1 can be measured at output port 2 and output port 4, where
the former is the desired amplified signal and the latter is the un-
wanted coupling signal. The equivalent coupling can be defined
as

(1)

where because of the symmetrical layout [1].
Note that and can be directly obtained by the network
analyzer and, thus, the equivalent coupling is obtained in
decibels. In the four-port measurement, the nonmeasured ports
are matched with the 50- load as shown in Fig. 2.

III. ISOLATION TECHNIQUE AND EXPERIMENTAL RESULTS

The L.T. area between two PAs is 1470 m 150 m (Fig.
2). The L.T. is utilized to impair the smooth layer structure of
the chip and induce scattered holes in the substrate. This struc-
ture causes the equivalent resistance of the L.T. area to be effec-
tively higher, thus suppressing the coupling between dual PAs.
The qualitative effect of the resistive coupling can be simulated
by ISE TCAD software, and the result is shown as in Fig. 3(a).
The simulation scenario is that there are three rows of L.T.-in-
duced holes closely arranged in the silicon substrate with 10-nm
hole spacing. The equivalent resistance of the L.T. area is three
times larger than that without L.T. Also, the equivalent capaci-
tance is 2.6 times lower than that without L.T. Fig. 3(b) shows
the SEM image of the top-view L.T. area, and the inset shows
the photographs of the entire area after one and two L.T. im-
plementations. For one L.T. implementation, a series of laser
shots is applied to the L.T. area, creating a row of scattered
holes. The equivalent power density of one L.T. implementa-
tion is W/ m . For two implementations, about twice as

Fig. 3. (a) Simulation of the L.T. structure with three rows of L.T.-induced
holes (10-nm hole spacing). The equivalent resistance of the L.T. area is three
times larger than that without L.T. (b) Top-view SEM image which demonstrates
the impact of one L.T. implementation. The inset shows the photograph of the
entire L.T. area (1470 �m � 150 �m) after one and two L.T. implementations.

many laser shots are applied to the previous L.T. area, making
the overlap of scattered holes more uniform. The applied laser
pulses are adjustable in power levels and spot sizes. In our exper-
iment, laser pulses are applied in the burst mode at the intensity
of 80 W/shot. The L.T.-induced holes are m in diameter
and m in depth inside the 150- m-thick die.

Fig. 4 shows the reduction of the equivalent coupling after
L.T. implementation around the 2.45-GHz band. At the oper-
ating frequency (2.45 GHz) of the PAs, a 2.05-dB improvement
is achieved after one L.T. implementation, and a 4.55-dB im-
provement is achieved after two L.T. implementations. Fig. 5
shows the L.T. effect on the large signal output-power perfor-
mance. To judge the linearity of the PA under digitally mod-
ulated signal operation, error vector magnitude (EVM) can be
readily measured rather than the tedious bit-error rate (BER)
test.

To meet the wireless local-area network (WLAN) communi-
cations specification, EVM is required to be 3% ( dB) or
less for a sufficiently linear PA. Thus, the output power at 3%
EVM can serve as a good indicator to judge the linearity of the
PA. The impact of different interference levels is also demon-
strated in Fig. 5. For an MIMO system using a digital modula-
tion scheme, such as OFDM, it is very likely that different power
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Fig. 4. Measured equivalent coupling (S ) between dual PAs as the laser
power density increases. The S shows a 4.55-dB reduction at 2.45 GHz after
two L.T. implementations (power density �5:0 �W/�m ).

Fig. 5. Measured P at 3% EVM versus laser power density under different
interference levels. The linearity shows a maximum 6.1-dB improvement under
0-dB interference.

levels are sent into each PA, which sees the other PA as an inter-
ference source. In Fig. 5, the definition of the 0-dB interference
is that the main PA (PA#1) and the interfering PA (PA#2) are
operating at the same power levels. Similarly, the 10-dB inter-
ference means that the interfering PA is operating at a power
level 10 dB higher than the main PA.

The crosstalk signal from the interfering PA is resistively cou-
pled to the main PA, and intermodulates with the main signal
to yield AM–AM and AM–PM nonlinearities. These nonlinear-
ities degrade EVM in the constellation plot. Thus, the reduc-
tion of crosstalk facilitates the EVM performance of the PA.
The maximum linearity improvement after two L.T. implemen-
tations is 6.1 dB under 0-dB interference, and is 3.3 dB under

10-dB interference. Though larger interferences will worsen the
linearity of the PA, the isolation between dual PAs still benefits
from the L.T. technique even under 10-dB interference.

IV. CONCLUSION

Laser treatment at different power densities effectively re-
duces the crosstalk between dual PAs. The cost-effective tech-
nique not only provides good isolation for small-signal coupling
but also enhances the linearity of the PA under dual-PA op-
eration mode. The figure of merit for equivalent coupling has
a reduction of 4.55 dB after two L.T. implementations with a
laser power density of W/ m . Furthermore, the large-
signal output-power performance shows a maximum linearity
improvement of 6.1 dB under the 0-dB interference condition.
A maximum linearity improvement of 3.3 dB is achieved even
under the 10-dB interference condition. As far as the process
compatibility is concerned, the L.T. technique serves as a good
candidate for further integration into the back-end manufac-
turing.
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