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key to satisfying the ever-growing demand

for mobile data, because Wi-Fi offloads
traffic from operators’ LTE networks. Trends
in 2017 will include the growing prevalence of
2x2 multiple-input-multiple-output (MIMO)
in handsets, which enables dual simultaneous
data streams. IEEE 802.11ac, which utilizes
the 5 GHz band and offers greater throughput
than its predecessors, will continue to prolifer-
ate, while the industry prepares for the next

In smartphones, high performance Wi-Fi is
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standard, 802.11ax, which will further improve
performance.

The drive to continually increase Wi-Fi
performance creates design engineering chal-
lenges requiring the use of advanced RF filters,
typically incorporated into integrated modules
to maximize performance, simplify design and
save space. One of these challenges is antenna
sharing, which facilitates the addition of 2x2
MIMO Wi-Fi alongside increasingly complex
LTE functionality in the limited space available
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A Fig. 1 Simplified smartphone architecture with 2x2 MIMO Wi-Fi and separate LTE antenna (a) and shared Wi-Fi/LTE antenna (b).
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within the handset. Other challenges:
Designs must avoid interference with
neighboring LTE bands, including
bands that use the new Class 2 stan-
dard for higher output power, and
support simultaneous dual-band Wi-
Fi operation.
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A Fig. 2 A diplexer module enables Wi-Fi and LTE to share a com-

mon antenna (e.g., Qorvo’s 885060).
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ANTENNA SHARING

The number of antennas in smart-
phones has grown to support faster
data services as well as a growing
range of RF technologies Todays
handsets may require as many as six
or seven antennas for primary cel-
lular and diversity
receive (DRx), Wi-
Fi, near-field com-
munications (NFC)
and other technolo-
gies. It becomes
increasingly  diffi-
cult to squeeze still
more antennas into
the limited physi-
cal space available
within a  typical
high  performance
smartphone. An-

tenna sharing alle-
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between 2.4 GHz
Wi-Fi and adjacent
LTE bands (7, 38,
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plexing the LTE and
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A Fig. 4 Response of the Wi-Fi notch filter, including the adjacent
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the LTE path, while
a 2.4 GHz bandpass
filter removes LTE
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802.11n

* MIMO antennas to
enable range, capacity and
performance

* Introduced dual band
operation (2.4 GHz, 5 GHz)
for higher throughput

* Up to 600 Mbit/s data rate

A Fig. 5 Evolving Wi-Fi standards.

802.11ac

* Wider channels in
5 GHz band increasing
total throughput

* Beamforming for signals

 Higher data rate

802.11ax

* Higher order
modulation for faster
throughput

* Greater network
capacity, specifically
for dense environments

use of temperature-compensated bulk
acoustic wave (BAW) filters enables
designs to minimize insertion loss,
meet attenuation requirements for Wi-
Fi and LTE, use the full Wi-Fi spec-
trum and operate across temperature.

One example of a commercial prod-
uct is Qorvo’s 885060 Wi-Fi extractor
filter module (see Figure 2), which
combines the notch and bandpass filter
into a single module and reduces the
need for external matching. The BAW
bandpass filter provides high perfor-
mance Wi-Fi and meets out-of-band
attenuation requirements (see Figure
3). The notch filter meets the Wi-Fi at-
tenuation requirements and achieves
low insertion loss for the adjacent LTE
bands (see Figure 4).

LTE POWER STANDARD

Whether or not the handset uses
antenna sharing, all handsets require
filters to ensure coexistence between
2.4 GHz Wi-Fi and the adjacent LTE
bands. A new coexistence challenge
is presented by Power Class 2, an
emerging standard for higher output
power in TD-LTE band 41 (2.5 GHz)
and potentially other high frequency
bands. Band 41 is increasingly be-
ing used in the United States, China
and other countries. Power Class 2
increases handset output power to 26
dBm, double the previous 23 dBm
maximum defined by power class 3.
The goal of increased output power is
to compensate for greater propagation
losses at higher frequencies. Raising
handset output power enables carri-
ers to maintain cell coverage without
adding expensive infrastructure.

The filtering challenge is to attenu-
ate these higher power LTE signals
sufficiently to protect the neighboring
2.4 GHz Wi-Fi spectrum. The Wi-Fi
filter that is required will depend on
the filter that the handset manufactur-
er chooses for band 41. If a high per-
formance filter is used for band 41, the
Wi-Fi attenuation requirements will be
less stringent; however, if a lower per-
formance filter is used, greater attenu-
ation will be required to avoid interfer-
ence, meaning a higher performance
Wi-Fi filter will be needed.

CONCURRENT DUAL-BAND
OPERATION

Another emerging Wi-Fi filter-
ing challenge is presented by the
trend toward concurrent dual-band
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operation. Today’s handsets support
both 802.11ac (5 GHz) and the older
Wi-Fi standards that use 2.4 GHz
(802.11n, b and g). As Wi-Fi becomes
more prevalent and is incorporated
into more households, wearables and
other devices, it will be valuable for
a handset to simultaneously commu-
nicate on both Wi-Fi bands. The 5
GHz band provides the highest per-
formance, so it may be used for inter-
net access via a local, high bandwidth
access point. The 2.4 GHz band will
be used because it provides greater
range and enables communication
with devices that support only the
2.4 GHz band. Wi-Fi filters need to
support this concurrent usage, ensur-
ing adequate attenuation of 2.4 GHz
signals in the 5 GHz band and vice
versa.

Wi-Fi filters are being incorporat-
ed into integrated front-end modules
(iFEM) with other components in
the Wi-Fi transmission chain, such as
power amplifiers and switches. Mod-
ules provide better performance, re-
ducing matching losses, simplify de-
sign complexity, save space, limit the
number of discrete components and
reduce time to market for the hand-
set manufacturers.

CONCLUSION

Advanced filters and iFEMS are
essential components, needed to en-
able future Wi-Fi performance im-
provements. 2x2 MIMO in handsets
will increase during 2017, particularly
among the fast-growing manufactur-
ers in China. This will drive adoption
of iFEMs and antenna sharing, as

manufacturers seek to add a second
Wi-Fi RF chain within the limited
space available in increasingly com-
plex handsets.

The upcoming 802.11ax standard
will further improve throughput, es-
pecially in dense user environments
such as stadiums and airports (see
Figure 3). Performance improve-
ments will be achieved, in part, by
using more complex modulation cod-
ing (i.e., 1024-QAM compared with
the 256-QAM maximum in 802.11ac),
which will tighten the error vector
magnitude (EVM) specification from
1 percent to 0.5 percent. To support
802.11ax, Wi-Fi iFEMs will need to
improve linearity without sacrificing
filter performance.l



