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(57) ABSTRACT 
Power amplifier interface compatible with inputs separated 
by mode or frequency. In some embodiments, a power ampli 
fier (PA) system can include a first block having a first PA 
configured to operate in a first mode, and a second block 
having a second PA configured to operate in a second mode. 
The PA system can further include an interface implemented 
in the first block. The interface can be configured to be 
capable of routing a radio-frequency (RF) signal from a trans 
ceiver to the first PA, and also be capable of routing the RF 
signal to the second PA. 
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212 IMPLEMENT A FIRST PA BLOCK ON A FIRST DEVICE 

214 
INCLUDE AN INTERFACE IN THE FIRST PA BLOCK, 

WHERE THE INTERFACE IS CAPABLE OF RECEIVING AND 
ROUTING A SIGNAL TO THE FIRST PA BLOCK OR A 

SECOND PA BLOCK ON A SECOND DEVICE 

222 MOUNT A FIRST PA DEVICE ON A CIRCUIT BOARD 

224 MOUNT A SECOND PA DEVICE ON THE CIRCUIT BOARD 

226 FORMAN ELECTRICAL CONNECTION TO ALLOW A SIGNAL TO BE 
PROVIDED TO THE FIRST PA DEVICE FROM A TRANSCEIVER 

228 FORMAN ELECTRICAL CONNECTION BETWEEN THE FIRST AND 
SECOND PA DEVICES TO ALLOW THE SIGNAL TO BE ROUTED 
FROM THE FIRST PA DEVICE TO THE SECOND PA DEVICE 

  



Patent Application Publication Jun. 30, 2016 Sheet 13 of 13 US 2016/O190995 A1 

400 

WIRELESS DEVICE 

ANT. 
SWITCH 

POWER 
MANAGEMENT 

  



US 2016/O190995 A1 

POWER AMPLIFER INTERFACE 
COMPATIBLE WITH INPUTS SEPARATED 

BY MODE OR FREQUENCY 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application claims priority to U.S. Provisional 
Application Nos. 62/038.323 filed Aug. 17, 2014, entitled 
POWER AMPLIFIER INTERFACE COMPATIBLE WITH 
INPUTS SEPARATED BY MODE OR FREQUENCY, and 
62/038,322 filed Aug. 17, 2014, entitled CIRCUITS AND 
METHODS FOR 2G AMPLIFICATION USING 3G/4G 
LINEAR PATH COMBINATION, the disclosure of each of 
which is hereby expressly incorporated by reference herein in 
its entirety. 

BACKGROUND 

0002 1. Field 
0003. The present disclosure generally relates to radio 
frequency (RF) power amplifier systems. 
0004 2. Description of the Related Art 
0005. In many radio-frequency (RF) applications, a wire 
less device can amplify and transmit an RF signal. Such a 
transmission can be achieved in a given operating mode. Such 
an RF signal can be in a given frequency band. 

SUMMARY 

0006. In some implementations, the present disclosure 
relates to a power amplifier (PA) system having a first block 
including a first PA configured to operate in a first mode, and 
a second block including a second PA configured to operate in 
a second mode. The PA system further includes an interface 
implemented in the first block. The interface is configured to 
be capable of routing a radio-frequency (RF) signal from a 
transceiver to the first PA, and to be capable of routing the RF 
signal to the second PA. 
0007. In some embodiments, the RF signal can be a mode 
separated signal. The interface can be configured to route the 
mode-separated signal to the first PA. 
0008. In some embodiments, the RF signal can be a fre 
quency-separated signal. The interface can be configured to 
route the frequency-separated signal to the second PA. The 
PA system can further include an electrical connection 
between the interface of the first block and the second block 
to facilitate the routing of the frequency-separated signal to 
the second PA. 
0009. In some embodiments, the interface can include a 
Switch having a pole connected to an input port, a first throw 
and a second throw. The first throw can be connected to the 
first PA, and the second throw can be connected to an interface 
port to allow the routing of the RF signal to the second PA. 
0010. In some embodiments, the first and second modes 
can include 2G and 3G modes. In some embodiments, the first 
block can be configured for the 2G mode, and the second 
block can be configured for the 3G mode. The PA system can 
be substantially the same when implemented for mode-sepa 
rated or frequency-separated operation. In some embodi 
ments, the first block can be configured for the 3G mode, and 
the second block can be configured for the 2G mode. 
0011. In some embodiments, each of the first block and the 
second block can further include a plurality of amplification 
paths. The plurality of amplification paths can include a 2G 
low band (LB) and a 2G high band (HB) for the correspond 
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ing block. The plurality of amplification paths can include a 
3G low band (LB) and a 3G mid band (MB) for the corre 
sponding block. 
0012. According to a number of implementations, the 
present disclosure relates to a power amplifier (PA) block that 
includes a PA configured to operate in a first mode, and an 
interface configured to be capable of routing a radio-fre 
quency (RF) signal from a transceiver to the PA, and also to be 
capable of routing the RF signal to another PA block config 
ured operate in a second mode. 
0013. In some embodiments, the first mode can include a 
2G mode or a 3G mode. The second mode can include a 3G 
mode if the first mode is the 2G mode, and a 2G mode if the 
first mode is the 3G mode. 

0014. In some embodiments, the interface can include a 
routing circuit. In some embodiments, the routing circuit can 
include a Switch having a pole connected to an input port, a 
first throw and a second throw. The first throw can be con 
nected to the PA, and the second throw can be connected to an 
interface port to allow the routing of the RF signal to the other 
PA block. 

0015. In some teachings, the present disclosure relates to a 
method for amplifying radio-frequency (RF) signals. The 
method includes receiving a radio-frequency (RF) signal 
from a transceiver into an interface implemented in a first 
power amplifier (PA) block configured to operate in a first 
mode. The method further includes routing the RF signal to a 
second PA block configured to operate in a second mode. 
0016. According to a number of teachings, the present 
disclosure relates to a method for fabricating a power ampli 
fier (PA) device. The method includes forming a PA circuit on 
a substrate, with the PA circuit being configured to operate in 
a first mode. The method further includes forming a routing 
circuit on the Substrate, with the routing circuit being config 
ured to be capable of receiving a radio-frequency (RF) signal, 
and to be capable of routing the RF signal to the PA circuit or 
another PA circuit configured operate in a second mode. 
0017. In accordance with a number of implementations, 
the present disclosure relates to a method for implementing a 
power amplifier (PA) system on a circuit board. The method 
includes mounting a first block on the circuitboard, where the 
first block includes a first PA configured to operate in a first 
mode, and an interface. The method further includes mount 
ing a second block on the circuit board, where the second 
block includes a second PA configured to operate in a second 
mode. The method further includes forming a plurality of 
electrical connections for the interface to allow the first and 
second PAS to amplify mode-separated radio-frequency (RF) 
signals or frequency-separated RF signals. 
0018. In some implementations, the present disclosure 
relates to a wireless device that includes a transceiver config 
ured to generate a radio-frequency (RF) signal, and a power 
amplifier (PA) system in communication with the transceiver. 
The PA system is configured to amplify the RF signal, and 
includes a first block having a first PA configured to operate in 
a first mode, and a second block having a second PA config 
ured to operate in a second mode. The PA system further 
includes an interface implemented in the first block. The 
interface is configured to be capable of routing the RF signal 
to the first PA, and to be capable of routing the RF signal to the 
second PA. The wireless device further includes an antenna in 
communication with the PA system and configured to facili 
tate transmission of the amplified RF signal. In some embodi 
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ments, the wireless device can be a cellular phone capable of 
operating in 2G and 3G modes. 
0019 For purposes of summarizing the disclosure, certain 
aspects, advantages and novel features of the inventions have 
been described herein. It is to be understood that not neces 
sarily all such advantages may be achieved in accordance 
with any particular embodiment of the invention. Thus, the 
invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other advan 
tages as may be taught or Suggested herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG.1 depicts a power amplifier (PA) system having 
an interface. 

0021 FIG. 2 shows an example of an interface that can be 
implemented for a PA system having a first PA block and a 
second PA block. 

0022 FIG. 3 shows a PA system having first and second 
PA blocks implemented such that sources of RF signals are 
separated by mode. 
0023 FIG. 4 shows a PA system having first and second 
PA blocks implemented such that sources of RF signals are 
separated by frequency. 
0024 FIG. 5 shows an example of a conventional PA sys 
tem configured to process 2G and 3G signals separated by 
mode. 

0025 FIG. 6 shows an example of a conventional PA sys 
tem configured to process 2G and 3G signals separated by 
frequency. 
0026 FIG. 7 shows an example PA system that can be 
configured to receive RF signals that are separated by mode at 
a transceiver, and including a 2G PA block and a 3GPA block. 
0027 FIG. 8 shows an example PA system that can be 
configured to receive RF signals that are separated by fre 
quency at a transceiver, and including a 2G PA block and a 3G 
PA block. 

0028 FIG. 9 shows another example PA system that can 
be configured to receive RF signals that are separated by 
mode at a transceiver, and including a 2G PA block and a 3G 
PA block. 

0029 FIG. 10 shows another example PA system that can 
be configured to receive RF signals that are separated by 
frequency at a transceiver, and including a 2G PA block and a 
3GPA block. 

0030 FIG. 11 shows an example PA system that can be 
configured to accommodate two separate 2G transceivers. 
0031 FIG. 12 shows that in some embodiments, one or 
more features of the present disclosure can be utilized to 
facilitate processing of 2G signals through a plurality of 
3G/4G amplification paths. 
0032 FIG. 13 shows a process that can be implemented to 
operate a PA system. 
0033 FIG. 14 shows a process that can be implemented to 
fabricate a device having a PA system. 

ShOWS a proceSS that can be ut11Zed to 0034 FIG. 15 sh p h be utilized 
implement a chipset in a wireless device such as a cellular 
phone. 
0035 FIG. 16 depicts an example wireless device having 
one or more advantageous features described herein. 
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DETAILED DESCRIPTION OF SOME 
EMBODIMENTS 

0036. The headings provided herein, if any, are for conve 
nience only and do not necessarily affect the scope or mean 
ing of the claimed invention. 
0037 FIG. 1 depicts a power amplifier (PA) system 102 
having an interface 100. As described herein, such an inter 
face can be configured to provide advantageous functional 
ities in how the PA system 102 receives and processes radio 
frequency (RF) signals from a transceiver 104. 
0038 FIG.2 shows an example of an interface 100 that can 
be implemented for a PA system 102 having a first PA block 
110 and a second PAblock 120. In some embodiments, the PA 
blocks 110, 120 can be implemented as, for example, PA die, 
PA modules, parts of other die or modules, chips, or any 
combination thereof. In some embodiments, the PA blocks 
can also be implemented as generally separate blocks on a 
common die, module, etc. Although various examples are 
described herein in the context of two PA blocks, it will be 
understood that one or more features of the present disclosure 
can also be utilized for PA systems having different numbers 
of PA blocks. 
0039. In the example of FIG. 2, each of the first and second 
PA blocks 110, 120 is shown to include a plurality of PAS 112, 
122. For the purpose of description, such PAS are indicated as 
“1” and “2 in each PA block; however, it will be understood 
that amplification path “1” of the first PA block 110 typically 
differs in mode and/or frequency from amplification path “1” 
of the second PA block 120. In some situations, there may be 
overlap or similarity in frequency ranges of among Such 
amplification paths the first and second PA blocks 110, 120. 
Similar features can apply to amplification paths “2 of the 
first and second PA blocks 110, 120. Further, although various 
examples are described herein in the context of two amplifi 
cation paths per PA block, it will be understood that one or 
more features of the present disclosure can also be utilized for 
PA blocks having different numbers of amplification paths. 
0040 FIG. 2 shows that in some embodiments, the inter 
face 100 can be a routing circuit 106 implemented in the first 
PA block 110. Various examples of such a routing circuit are 
described herein in greater detail. As described herein, such a 
routing circuit can allow the first and second PA blocks 110. 
120 to be interfaced separately with a transceiver (not shown), 
together, or any combination thereof. In some applications, 
Such a feature can provide significant flexibility in chipset 
designs using Substantially same PA blocks. 
0041 FIGS. 3 and 4 show an example of such design 
flexibility utilizing the same PA blocks 110, 120. In FIG.3, a 
PA system 102 having the first and second PA blocks 110, 120 
is implemented Such that sources of RF signals are separated 
by mode (e.g., at a transceiver). Accordingly, the first PA 
block 110 can receive one or more first modesignals through 
an input 130. Similarly, the second PA block 120 can receive 
one or more second mode signals through an input 140. 
Examples of such first and second modes are described herein 
in greater detail. 
0042. In the example of FIG.3, a routing circuit 106 of the 

first PA block 110 can be configured such that the one or more 
first modesignals received through the input 130 is/are routed 
to its/their respective PA(s). For example, a first RF signal 
(first mode) to be amplified can be routed to the first PA 
through path 132a. Similarly, a second RF signal (first mode) 
to be amplified can be routed to the second PA through path 
132b. 
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0043 Referring to FIG. 3, the one or more second mode 
signals received through the input 140 is/are routed to its/their 
respective PA(s). For example, a first RF signal (second 
mode) to be amplified can be routed to the first PA through 
path 142a. Similarly, a second RF signal (second mode) to be 
amplified can be routed to the second PA through path 142b. 
Accordingly, one can see that the inputs of the first and second 
PA blocks 110, 120 remain generally separated in the 
example of FIG. 3. 
0044. In FIG. 4, a PA system 102 having the first and 
second PA blocks 110, 120 is implemented such that sources 
of RF signals are separated by frequency. Accordingly, the 
first PA block 110 can receive a plurality of frequency-sepa 
rated RF signals from a transceiver (not shown). For the 
purpose of description herein, Such frequency separation and 
related frequencies can be based on frequency values, fre 
quency ranges (e.g., as in frequency bands), or any combina 
tion thereof. 

0045. In the example of FIG. 4, a first RF signal having a 
first frequency is shown to be received by the routing circuit 
106 through a first input 134. Similarly, a second RF signal 
having a second frequency is shown to be received by the 
routing circuit 106 through a second input 136. Examples of 
Such first and second frequencies are described herein in 
greater detail. 
0046. If the PA system 102 of FIG. 4 is to be operated with 
the first PA block 110, the routing circuit 106 can be config 
ured such that the RF signal(s) received through the input(s) 
(134 or/and 136) is/are routed to its/their respective PA(s) in 
the first PA block 110. For example, the first RF signal (first 
frequency) to be amplified can be routed to the first PA 
through path 132a. Similarly, the second RF signal (second 
frequency) to be amplified can be routed to the second PA 
through path 132b. 
0047. If the PA system 102 of FIG. 4 is to be operated with 
the second PA block 120, the routing circuit 106 can be 
configured such that the RF signal(s) received through the 
input(s) (134 or/and 136) is/are routed to its/their respective 
PA(s) in the second PA block 120. Such routing of RF signals 
between the two PAblocks is shown to be facilitated by signal 
paths 138 implemented in the first PA block 110, and signal 
paths 144 implemented between the first and second PA 
blocks 110, 120. Accordingly, the first RF signal (first fre 
quency) to be amplified can be routed to the first PA of the 
second PA block 120 through one of the signal paths 138, one 
of the signal paths 144, and path 142a. Similarly, the second 
RF signal (second frequency) to be amplified can be routed to 
the second PA of the second PA block 120 through one of the 
signal paths 138, one of the signal paths 144, and path 142b. 
0048 Based on the foregoing example described in refer 
ence to FIGS. 3 and 4, one can see that substantially the same 
PA blocks 110, 120 can be utilized for both of the band 
separated (FIG. 3) and frequency-separated (FIG. 4) configu 
rations. As described herein, such an advantageous flexibility 
can be facilitated by one or more features of the routing circuit 
106. 

0049. In some RF applications, the foregoing advanta 
geous features provided by the routing circuit implemented 
on a PA block (e.g., the first PA block 110 of FIGS. 3 and 4) 
can be useful in PA systems involving 2G and 3G modes. In 
the context of 2G and 3G applications, FIGS. 5 and 6 show 
examples of conventional PA systems for comparison with 
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various examples of PA systems of FIGS. 7-12, where routing 
functionalities as described herein can be implemented in at 
least one PA block. 
0050 Although various examples are described in the con 
text of 2G and 3G applications, it will be understood that one 
or more features of the present disclosure can also be imple 
mented in other combinations of modes used in the past, 
currently in use, to be used in the future, or any combination 
thereof. It will also be understood that one or more features 
implemented for 3G bands can also be implemented for 4G 
bands. 
0051 FIG. 5 shows an example of a conventional PA sys 
tem 10 configured to process 2G and 3G signals from a 
transceiver (not shown). Such signals are separated by mode 
(e.g., 2G and 3G) from the transceiver. Accordingly, one or 
more 2G signals can be provided directly to a 2G PA block 12. 
and one or more 3G signals can be provided directly to a 3G 
PA block 14. For example, the 2G PA block 12 is shown to 
include dual-band PAs (2G low band (LB), 2G high band 
(HB)) receiving their respective signals (2GLB/2GHB) 
through a single input. Similarly, the 3GPA block 14 is shown 
to include dual-band PAS (3G LB), 3G mid band (MB)) 
receiving their respective signals (3GLB/3GMB) through a 
single input. 
0.052 FIG. 6 shows an example of a conventional PA sys 
tem 20 configured to process 2G and 3G signals from a 
transceiver (not shown). Such signals are separated by fre 
quency (e.g., 2GLB/3GLB and 2GHB/3GMB) from the 
transceiver. To route such input signals to appropriate PAS in 
2G PA block 22 and 3GPA block 24, a switching circuit 26 is 
typically provided, where the switching circuit 26 is external 
to both of the 2G PA and 3G PA blocks 22, 24. 
0053. The switching circuit 26 is depicted as having a pole 
for each of the two inputs, and two throws for each pole. More 
particularly, the first pole is shown to receive a 2GLB signal or 
a 3GLB signal from the transceiver, and the second pole is 
shown to receive a 2GHB signal or a 3GMB signal from the 
transceiver. When operating in 2G mode, the first pole can be 
connected to the first throw to thereby route the 2GLB signal 
to a 2G LBPA in the 2G PA block 22, and second pole can be 
connected to the first throw to thereby route the 2GHB signal 
to a 2G HB PA also in the 2G PA block 22. Similarly, when 
operating in 3G mode, the first pole can be connected to the 
second throw to thereby route the 3GLB signal to a 3G LBPA 
in the 3G PA block 24, and second pole can be connected to 
the second throw to thereby route the 3GMB signal to a 3G 
MB PA also in the 3G PA block 24. 
0054. In the foregoing examples described in reference to 
FIGS.5 and 6, one can see that the input configurations for the 
PA blocks are significantly different between the mode-sepa 
rated configuration and the frequency-separated configura 
tion. For example, in each of the 2G PA block 12 and 3G PA 
block 14 of FIG. 5, a single input is shown to split into two 
input paths within the corresponding PA block. In contrast, in 
each of the 2G PA block 22 and 3GPA block 24 of FIG. 6, two 
separate input paths are shown to be provided for the two PAs. 
Accordingly, the 2G PA block 12 of FIG. 5 and the 2G PA 
block 22 of FIG. 6 generally cannot be interchanged. Simi 
larly, the 3G PA block 14 of FIG.5 and the 3GPA block 24 of 
FIG. 6 generally also cannot be interchanged. 
0055 FIGS. 7-12 show non-limiting examples of a PA 
system where a routing circuit 100 can be implemented in at 
least one PA block. FIGS. 7 and 8 show examples of mode 
separated and frequency-separated source configurations, 
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respectively, where a 2G PA block includes such a routing 
circuit. FIGS.9 and 10 show examples of mode-separated and 
frequency-separated Source configurations, respectively, 
where a 3GPA block includes such a routing circuit. FIGS. 11 
and 12 show additional examples where one of the 2G PA and 
3GPA blocks includes such a routing circuit. 
0056. In FIG. 7, a PA system 150 is shown to be configured 
to receive RF signals that are separated by mode at a trans 
ceiver (not shown). The PA system 150 is shown to include a 
2G PA block 110 and a 3G PA block 120. The 2G PA block 
110 is shown to include a routing circuit 100 configured to 
receive 2GLB/2GHB signals from a single source. More par 
ticularly, the routing circuit 100 can include two input ports 
(113a, 113b) and two corresponding switches (S1, S2), with 
each input port being connected to apole of the corresponding 
switch. For example, the first input port 113a can be con 
nected to the pole of the first switch S1, and the second input 
port 113b can be connected to the pole of the second switch 
S2. 
0057. In the example of FIG.7, each of the switches S1, S2 

is shown to include two throws. For the first Switch S1, the 
first throw is shown to be connected to an input of a 2G LBPA. 
Similarly, the first throw of the second switch S2 is shown to 
be connected to an input of a 2G HB PA. 
0.058. The second throw of each of the first and second 
switches S1, S2 is shown to be connected to an interface port 
(114a or 114b) that is unused in the example configuration of 
FIG. 7. When implemented in a frequency-separated configu 
ration (e.g., FIG. 8), such interface ports can provide desired 
connectivity between the 2G PA and 3G PA blocks. 
0059 Referring to FIG.7, the 3GPA block 120 is shownto 
include two input ports 123a, 123b that are connected to 3G 
LBPA and 3G MB PA, respectively. Accordingly, the 3GLB/ 
3GMB signals from the single frequency-separated Source is 
shown to be split into the two input ports 123a, 123b of the 3G 
PA block 120. Thus, the 3G PA block 120 can process 3G 
signals generally independently from the 2G PA block 110. 
0060 Similarly, the 2GLB/2GHB signals from the single 
frequency-separated Source is shown to be split into the two 
input ports 113a, 113b of the 2G PA block 110. Accordingly, 
with the two switches S1, S2 having the poles connected to 
the first throws (as shown in FIG. 7), the 2G PA block can 
process 2G signals generally independently from the 3G PA 
block 120. 
0061. In FIG.8, a PA system 152 is shown to be configured 
to receive RF signals that are separated by frequency at a 
transceiver (not shown). The PA system 152 is shown to 
include a 2G PA block 110 and a 3G PA block 120. In some 
embodiments, the 2G PA and 3GPA blocks 110, 120 of FIG. 
8 can be substantially same as the 2G PA and 3G PA blocks 
110, 120 of FIG. 7. As described herein, input configurations 
can be adjusted from the examples of FIG. 7 to accommodate 
the frequency-separated system of FIG. 8. 
0062. In FIG. 8, 2GLB/3GLB signals from a frequency 
separated source are shown to be provided to the first input 
port 113a. With the first switch S1 having its pole connected 
to the second throw as shown in FIG. 8, the 2GLB/3GLB 
signals can be routed to the 3G LBPA of the 3GPA block 120 
for amplification, through the first interface port 114a of the 
2GPA block 110, one of inter-block connections 115, and the 
first input port 123a of the 3G PA block 120. 
0063. Similarly, 2GHB/3GMB signals from the fre 
quency-separated Source are shown to be provided to the 
second input port 113b. With the second switch S2 having its 
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pole connected to the second throw as shown in FIG. 8, the 
2GHB/3GMB signals can be routed to the 3G MB PA of the 
3GPA block 120 for amplification, through the second inter 
face port 114b of the 2G PA block 110, one of the inter-block 
connections 115, and the second input port 123b of the 3G PA 
block 120. 

0064. In the example of FIG. 8, all of the input signals are 
shown to be routed to the 3GPA block 120 for amplification. 
However, it will be understood that some or all of such input 
signals can also be amplified by the 2G PA block 110. 
0065 FIGS. 9 and 10 show examples of mode-separated 
and frequency-separated Source configurations, respectively, 
where a 3G PA block includes such a routing circuit. In FIG. 
9, a PA system 154 is shown to be configured to receive RF 
signals that are separated by mode at a transceiver (not 
shown). The PA system 154 is shown to include a 2G PA 
block 110 and a 3G PA block 120. The 3G PA block 120 is 
shown to include a routing circuit 100. Other than the routing 
circuit 100 being implemented in the 3GPA block 120 instead 
of the 2G PA block 110, the PA system 154 of FIG.9 can be 
similar to the example of FIG. 7. 
0066. Accordingly, 2GLB/2GHB signals from a single 
frequency-separated source are shown to be split into the two 
input ports of the 2G PA block 110. Thus, the 2G PA block 
110 can process 2G signals generally independently from the 
3G PA block 120. Similarly, 3GLB/3GMB signals from the 
single frequency-separated Source are shown to be split into 
the two input ports of the 3GPA block 120. Accordingly, with 
the two switches S1, S2 having the poles connected to the first 
throws (as shown in FIG.9), the 3GPA block can process 3G 
signals generally independently from the 2G PA block 110. 
0067. In FIG. 10, a PA system 156 is shown to be config 
ured to receive RF signals that are separated by frequency at 
a transceiver (not shown). The PA system 156 is shown to 
include a 2G PAblock 110 and a 3GPA block 120. The 3GPA 
block 120 is shown to include a routing circuit 100. Other than 
the routing circuit 100 being implemented in the 3GPA block 
120 instead of the 2G PA block 110, the PA system 156 of 
FIG. 10 can be similar to the example of FIG. 8. 
0068 Accordingly, 2GLB/3GLB signals from a fre 
quency-separated Source are shown to be provided to the first 
input port of the 3GPA block 120, and can be routed to the 2G 
LBPA of the 2G PA block 110 as described herein. Similarly, 
2GHB/3GMB signals from the frequency-separated source 
are shown to be provided to the second input port of the 3G PA 
block 120, and can be routed to the 2G HB PA of the 2G PA 
block 110. In the example of FIG. 10, all of the input signals 
are shown to be routed to the 2G PA block 110 for amplifi 
cation. However, it will be understood that some or all of such 
input signals can also be amplified by the 3G PA block 120. 
0069. In the example conventional PA systems of FIGS. 5 
and 6, as well as the example PA systems of FIGS. 7-12, the 
output of the 2G LBPA (in the 2G PA blocks) is shown to be 
routed to an antenna Switch through a low-pass filter. Simi 
larly, the output of the 2G HBPA is shown to be routed to the 
antenna Switch through a low-pass filter. For the 3G signals, 
the amplified signals are show to be routed from the outputs of 
the 3G LB and 3G MB PAS to the antenna switch through a 
band selection Switch and a duplexer bank. The antenna 
Switch is shown to be connected to an antenna port to facilitate 
transmission of the amplified 2G/3G signals. 
0070. In some embodiments, the same antenna port and 
the antenna Switch can also facilitate receive (RX) operations. 
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In Such a case, the received signals can be routed from the 
antenna port to “RX Outputs' through the antenna switch and 
the duplexer bank. 
(0071. In the various example PA systems of FIGS. 7-12. 
the 2G PA block 110 is depicted as a front-end module 
(FEM). However, it will be understood that 2G PA blocks 
having one or more features as described herein can also be 
implemented as other types of devices. 
0072. In some embodiments, the 3GPA block 120 having 
one or more features as described herein can be implemented 
in, for example, a die (e.g., a PA die) or a packaged module 
(e.g., a PA module or a front-end module). In some embodi 
ments, the 2G PA block 110 and 3GPA block 120 having one 
or more features as described herein do not necessarily need 
to be implemented in separate devices, and some orall of such 
PA blocks can be implemented in a common device. 
0073. In the various examples described herein in refer 
ence to FIGS. 7-12, one can see that the same PA blocks can 
be used for both mode-separated and frequency-separated 
applications. More particularly, minor changes in connec 
tions to the input ports and connections between the PA 
blocks allows the same PAblocks to be utilized for both of the 
mode-separated and frequency-separated applications. Fur 
ther, the need for an external switch (in the conventional PA 
system for frequency-separated operation (e.g., FIG. 6)) can 
be eliminated. 

0074 FIGS. 11 and 12 show examples of variations that 
can be implemented from the various configurations 
described in reference to FIGS. 7-10. It will be understood 
that other design variations are also possible. 
0075. In FIG. 11, a PA system 160 can be configured to, for 
example, accommodate situations involving two separate 2G 
transceivers. For example, one transceiver can provide a low 
band signal 2GLB, and another transceiver can provide a high 
band signal 2GHB to the PA system 160. In such a situation, 
the 2GLB and 2GHB signals can be provided to the first and 
second input ports of a 2G PA block 110 similar to the 
example of FIG. 7. Accordingly, either or both of the 2GLB 
and 2GHB signals can be amplified by the corresponding PAs 
in the 2G PA block 110 as described herein. 

0.076 FIG. 12 shows that in some embodiments, one or 
more features of the present disclosure can be utilized to 
facilitate, for example, processing 2G signals through a plu 
rality of 3G/4G amplification paths. In a PA system 162 of 
FIG. 12, a low band 2G signal (2GLB) is shown to be pro 
vided to a 3G/4G low band PA and a 3G/4G very low band PA. 
Additional details concerning Such a technique are described 
in U.S. Provisional Application No. 62/038,322 filed Aug. 17, 
2014, entitled CIRCUITS AND METHODS FOR 2G 
AMPLIFICATIONUSING 3G/4G LINEARPATH COMBI 
NATION, and its corresponding U.S. Application entitled 
CIRCUITS AND METHODS FOR 2G AMPLIFICATION 
USING 3G/4G LINEAR PATH COMBINATION, each of 
which is expressly incorporated by reference in its entirely, 
and which is to be considered part of the specification of the 
present application. As further shown in FIG. 12, such a 
feature can eliminate the 2G HB PA from the 2G PA block 
120. 

0077. In some embodiments, the input configuration that 
facilitates the foregoing functionality can be part of a routing 
circuit 100 implemented in the 3G/4G PA block 110. As 
shown in the example of FIG. 12. Such a routing circuit can 
also include a switch S3 that allows routing of 2G/3G4GMB 
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signals to the 3G/4G MB PA (of the 3G/4G PA block 110), or 
to the 2G HB PA (of the 2G PA block 120) through an 
inter-block connection 115. 
(0078 FIG. 13 shows a process 200 that can be imple 
mented to operate a PA system. In block 202, an RF signal can 
be received at an interface in a first PA. In block 204, the 
interface can be operated to route the RF signal to a second 
PA. 
(0079 FIG. 14 shows a process 210 that can be imple 
mented to fabricate a device having a PA system. In block 
212, a first PA block can be implemented on a first device. In 
block 214, an interface Such as a routing circuit can be 
included in the first PA block. Such an interface can be con 
figured to be capable of receiving and routing an RF signal to 
the first PA block or a second PA block on a second device. 
0080 FIG. 15 shows a process 220 that can be utilized to 
implement a chipset in a wireless device such as a cellular 
phone. In block 222, a first PA device can be mounted on a 
circuit board. In block 224, a second PA device can be 
mounted on the circuit board. In block 226, an electrical 
connection can be formed to allow a signal to be provided to 
the first PA device from a transceiver. In block 228, an elec 
trical connection can be made between the first and second PA 
devices to allow the signal to be routed from the first PA 
device to the second PA device. 
I0081. In some implementations, a device and/or a circuit 
having one or more features described herein can be included 
in an RF device such as a wireless device. Such a device 
and/or a circuit can be implemented directly in the wireless 
device, in a modular form as described herein, or in some 
combination thereof. In some embodiments, such a wireless 
device can include, for example, a cellular phone, a Smart 
phone, a hand-held wireless device with or without phone 
functionality, a wireless tablet, etc. 
I0082 FIG. 16 depicts an example wireless device 400 
having one or more advantageous features described herein. 
In the context of a PA system having one or more features as 
described herein, Such a PA system can be generally depicted 
by a dashed box 102. As described herein, such a PA system 
can include first and second PA blocks 110, 120, and at least 
one of such PA blocks can include an interface 100 (e.g., a 
routing circuit). Such an interface can receive one or more RF 
signals from a transceiver 410, and be routed as described 
herein. Other RF signals 420 can also be provided to the RF 
system 102 from the transceiver 410. In some embodiments 
(e.g., if the transceiver 410 provides frequency-separated sig 
nals), the PA system 102 can include one or more electrical 
connections 115 between the first and second PA blocks 110, 
120. 
I0083. As further shown in FIG. 16, amplified signals from 
either or both of the PA blocks 110, 120 can be provided to an 
assembly of duplexers 430. Such amplified signals can then 
be routed to an antenna 416 through an antenna switch 432 for 
transmission. 
I0084. In the example wireless device 400, RF signals 
received through the antenna 416 can be routed to one or more 
low-noise amplifiers (LNAs) 418 through the antenna switch 
432 and the duplexers 430. The output(s) from the LNA(s) 
418 can be routed to the transceiver 410 for further process 
1ng. 

0085. The transceiver 410 is shown to interact with a base 
band sub-system 408 that is configured to provide conversion 
between data and/or voice signals suitable for a user and RF 
signals suitable for the transceiver 410. The transceiver 410 is 
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also shown to be connected to a power management compo 
nent 406 that is configured to manage powerfor the operation 
of the wireless device. Such power management can also 
control operations of the baseband sub-system 408 and the PA 
system 102. 
I0086. The baseband sub-system 408 is shown to be con 
nected to a user interface 402 to facilitate various input and 
output of voice and/or data provided to and received from the 
user. The baseband sub-system 408 can also be connected to 
a memory 404 that is configured to store data and/or instruc 
tions to facilitate the operation of the wireless device, and/or 
to provide storage of information for the user. 
0087. A number of other wireless device configurations 
can utilize one or more features described herein. For 
example, a wireless device does not need to be a multi-band 
device. In another example, a wireless device can include 
additional antennas Such as diversity antenna, and additional 
connectivity features such as Wi-Fi, Bluetooth, and GPS. 
0088. Unless the context clearly requires otherwise, 
throughout the description and the claims, the words "com 
prise.” “comprising.” and the like are to be construed in an 
inclusive sense, as opposed to an exclusive or exhaustive 
sense; that is to say, in the sense of “including, but not limited 
to. The word “coupled, as generally used herein, refers to 
two or more elements that may be either directly connected, 
or connected by way of one or more intermediate elements. 
Additionally, the words “herein.” “above,” “below,” and 
words of similar import, when used in this application, shall 
refer to this application as a whole and not to any particular 
portions of this application. Where the context permits, words 
in the above Description using the singular or plural number 
may also include the plural or singular number respectively. 
The word 'or' in reference to a list of two or more items, that 
word covers all of the following interpretations of the word: 
any of the items in the list, all of the items in the list, and any 
combination of the items in the list. 
0089. The above detailed description of embodiments of 
the invention is not intended to be exhaustive or to limit the 
invention to the precise form disclosed above. While specific 
embodiments of, and examples for, the invention are 
described above for illustrative purposes, various equivalent 
modifications are possible within the scope of the invention, 
as those skilled in the relevant art will recognize. For 
example, while processes or blocks are presented in a given 
order, alternative embodiments may perform routines having 
steps, or employ systems having blocks, in a different order, 
and some processes or blocks may be deleted, moved, added, 
subdivided, combined, and/or modified. Each of these pro 
cesses or blocks may be implemented in a variety of different 
ways. Also, while processes or blocks are at times shown as 
being performed in series, these processes or blocks may 
instead be performed in parallel, or may be performed at 
different times. 
0090 The teachings of the invention provided herein can 
be applied to other systems, not necessarily the system 
described above. The elements and acts of the various 
embodiments described above can be combined to provide 
further embodiments. 

0.091 While some embodiments of the inventions have 
been described, these embodiments have been presented by 
way of example only, and are not intended to limit the scope 
of the disclosure. Indeed, the novel methods and systems 
described herein may be embodied in a variety of other forms: 
furthermore, various omissions, Substitutions and changes in 
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the form of the methods and systems described herein may be 
made without departing from the spirit of the disclosure. The 
accompanying claims and their equivalents are intended to 
cover such forms or modifications as would fall within the 
Scope and spirit of the disclosure. 
What is claimed is: 
1. A power amplifier (PA) system comprising: 
a first block including a first PA configured to operate in a 

first mode; 
a second block including a second PA configured to operate 

in a second mode; and 
an interface implemented in the first block, the interface 

configured to be capable of routing a radio-frequency 
(RF) signal from a transceiver to the first PA, the inter 
face further configured to be capable of routing the RF 
signal to the second PA. 

2. The PA system of claim 1 wherein the RF signal is a 
mode-separated signal. 

3. The PA system of claim 2 wherein the interface is con 
figured to route the mode-separated signal to the first PA. 

4. The PA system of claim 1 wherein the RF signal is a 
frequency-separated signal. 

5. The PA system of claim 4 wherein the interface is con 
figured to route the frequency-separated signal to the second 
PA. 

6. The PA system of claim 5 further comprising an electri 
cal connection between the interface of the first block and the 
second block to facilitate the routing of the frequency-sepa 
rated signal to the second PA. 

7. The PA system of claim 1 wherein the interface includes 
a Switch having a pole connected to an input port, the Switch 
further including a first throw and a second throw, the first 
throw connected to the first PA, the second throw connected to 
an interface port to allow the routing of the RF signal to the 
second PA. 

8. The PA system of claim 1 wherein the first and second 
modes include 2G and 3G modes. 

9. The PA system of claim 8 wherein the first block is 
configured for the 2G mode, and the second block is config 
ured for the 3G mode. 

10. The PA system of claim 8 wherein the PA system is 
Substantially the same when implemented for mode-sepa 
rated or frequency-separated operation. 

11. The PA system of claim 8 wherein the first block is 
configured for the 3G mode, and the second block is config 
ured for the 2G mode. 

12. The PA system of claim 8 wherein each of the first block 
and the second block further includes a plurality of amplifi 
cation paths. 

13. The PA system of claim 12 wherein the plurality of 
amplification paths includes a 2G low band (LB) and a 2G 
high band (HB) for the corresponding block. 

14. The PA system of claim 13 wherein the plurality of 
amplification paths includes a 3G low band (LB) and a 3G 
mid band (MB) for the corresponding block. 

15. A power amplifier (PA) block comprising: 
a PA configured to operate in a first mode; and 
an interface configured to be capable of routing a radio 

frequency (RF) signal from a transceiver to the PA, the 
interface further configured to be capable of routing the 
RF signal to another PA block configured operate in a 
second mode. 

16. The PA block of claim 15 wherein the first mode 
includes a 2G mode or a 3G mode. 
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17. The PA block of claim 16 wherein the second mode 
includes a 3G mode if the first mode is the 2G mode, and a 2G 
mode if the first mode is the 3G mode. 

18. The PA block of claim 15 wherein the interface 
includes a Switch having a pole connected to an input port, the 
switch further including a first throw and a second throw, the 
first throw connected to the PA, the second throw connected to 
an interface port to allow the routing of the RF signal to the 
other PA block. 

19. A wireless device comprising: 
a transceiver configured to generate a radio-frequency (RF) 

signal; 
a power amplifier (PA) system in communication with the 

transceiver, the PA system configured to amplify the RF 
signal, the PA system including a first block having a 
first PA configured to operate in a first mode, the PA 
system further including a second block having a second 
PA configured to operate in a second mode, the PA 
system further including an interface implemented in the 
first block, the interface configured to be capable of 
routing the RF signal to the first PA, the interface further 
configured to be capable of routing the RF signal to the 
second PA; and 

an antenna in communication with the PA system, the 
antenna configured to facilitate transmission of the 
amplified RF signal. 

20. The wireless device of claim 19 wherein the wireless 
device is a cellular phone capable of operating in 2G and 3G 
modes. 


