i }

5

10

15

20

25

WO 97/48181 ' L . S  PCT/US97/06163

POWER DELIVERY SYSTEM AND METHOD OF :
CONTROLLING THE POWER DELIVERY SYSTEM FOR USE IN.
A :
" RADIO FREQUENCY SYSTEM

Fie'ld of the Invention
The present mventmn relates generally to radro | .
frequency systems and, more particularly, to a power dehvery -
system for use in a radio frequency system
Background 'of the Invention
Extended lmear power amplrfler systems have been

proposed for use in cellular base stations. These systems
1nclude a: number of linear power amplifier modules producing -

. a correspondrng number of output signals that need to be
combined into a single high power signal before transmission.
~Such systems are typically used in communication ‘systems
~such as- in a base site of a radiotelephone system In such
" systems, 'it is desirable ‘that the number of linear power

amphfler modules may - be - any - number from a minimum _
number up to a maximum number of allowable amphfrers In

this manner, the amount of power output by the transmission -
" unit of the base station may be adjusted. In addition, it is
_ " desirable that the system provides adequate power -
- amplification efficiency across the entire range of selected

amph_flers, l.e. _from the minimum number to the_ maximum
number - of amplifiers.

Another reason for. provrdmg multiple amphflers is to. - _
prov1de continued operatron if one of the amplifiers fails. A
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conventional method  of continuing operation is a method

. known as load shedding. In the load shedding method after a

fault is detected all new calls that would be handled by the
affected sector associated with the faulty amplifier are -~
blocked and a predetermmed percentage of the ex1st1ng '

~ channels are taken out of service. ‘After the fault has cleared,
traffic_is then returned to normal capacity. Although the load
‘shedding procedure allows for continued operation after a '

failure condltlon, it would be- desrrable if the system. could -

.mamtam the - traffic level prior to the failure and - reduce the
-1mpact resultmg from the fa1lure to call processmg :

Accordingly, ‘there is a need for an improved power
delivery system and a method of controlling the power =
delivery.- system for use in a RF system, such as a cellular
system. '

Summar&'_ of the Invention

The, present invention - addresses thlS need by provrdmg a
power delivery system for use in a radxo frequency system '
The power delivery system 1ncludes a power splltter a
plurahty of power amplifier modules responsrve to the power
splitter, a power combmer and a gateway controller Each of

the plurality of power amphfler modules include an input
. switch, a variable attenuator, an RF power amphfler _responsive

to the vanable_ attenuator and the input’ switch, an _output '

~_switch responsive to the RF power amplifier, and an alarm

detector for indicating an alarm condition of the RF . power

~ amplifier. The power combiner is responsive to the pliirality
- of power amphfler modules, and the gateway controller is in-

communication with each of the plurality of power ampllfler

modules. In accordance with another aspect of the ‘present
_-'mventlon each of the plurahty of power ampllfrer modules
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includes an input switch, a variable attenuator, an RF power
amphfler, an output switch, and a power detector for |
determmmg a power leve] assoc1ated with the RF power
amphfler '

-In accordance with another aspect of the ~present

_invention, an alternative power delivery system for use in a

radio frequency communication system is provided. The -
system includes a power splitter, a variable attenuator, a first

input switch, a first power amphﬁer, a first output switch, a
'second - input switch, a second power amplifier, a second -

output sw1tch and a power . combiner. The variable -

- attenuator is in commumcauon ‘with the power sphtter and the-_

first input switch 1s respons1ve to the power splitter. = The first

power amplifier is responswe to the first input- switch, and: the

first output switch is responsive to the first power amplifier.
Similarly, the second input switch is responsive to the power

splitter, the second power amplifier is respomsive to the
second input switch, ‘and the -second output switch is.
- responsive to the second power amplifier. The power

combiner is responswe to the first and second output
swﬂches '

Accordmg to another aspect of the invention, a method

~of controlling a plurahty of power amplifier modules in a
power delivery system ‘is provided. ‘The method includes the

steps of detecting an ‘alarm condition in a first of the plurality

of power amplifier modules, determining a gain reduction

level, reducing the power gain in each of the other power

~ amplifier modules by the determined gam reductlon level, and

takmg the first power amphfler module out of serv:ce

According to a further aspect of the' invention, a method
of controlling a power delivery system with a power splitter, a __

_plurality of power amplifier modules, and a power combiner is
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provided. . The " method includes the steps of determining |
whether a s]eep criteria has been met, and placing one of the
plurality of power amphfier modules in a sleep mode during  a
sleep time interval. The method also includes the: step of '

placing the power ampllfler module in the sleep mode into arr L

active mode.

The invention itself, together with its attendant
advantages, will best be understood by refer'ehce to. the _
followmg detailed descnptron, taken in conjunctlon w1th the
accompanymg drawmgs

~ Brief Description of the Drawings.
FIG. 1 is a block 'diagram of a radio. frequency ci'rcu'it"' of
a power delivery system with a splitter, a power comblner, and'_

a plurahty of power amphfler modules

FIG 2 is a schematlc dlagram of a preferred embodrment

of the power combiner of FIG. 1.

- FIG. 3 is a schematic diagram of a preferred embodlment
of a four input power comblner '

FIG. 4 is'a schematic -diagram of another preferred '

: embodrment of the power combmer of FIG. 1.

FIG Sis a block dlagram of an embodlment of a power B

_ dehvery system

FIG. 6 is a ﬂow chart of a method of controllmg the
power dehvery system of FIG. 5 according to an embodrment
of the present 1nvent10n ' '
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FIG. 7 is a flow chart of a method of controlling the -
power delivery system FIG. 5 accordmg to another '
embod1ment of the present “invention.

FIG. 8 is a schematlc dlagram of the power detector of
FIG. 5 '

FIG. 9 is a schematlc dlagram of the vanable attenuator
of FIG. 5. ' -

FIG 10 is a block. dlagram of the alarm detector of FIG S.

FIG 11 is a block dlagram of the controller and the

i fgateway controller of FIG 5

'FIG. 12A and 12B is a flow chart of a method of
controlling the power delivery system Of FIG. 5. :

FIG 13 is a block dlagram of another embodrment of a
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Detailed Descriptioh- of the- Preferred Embodiments

Referrmg now to FIG. 1, a radio frequency (the "RE")
circuit including a power splitter and power combiner 100 is

* illustrated. The power splitter and power combiner - circuit

100 includes a power splitter circuit 102, a set of amplifiers |
104, and a power combiner 106.  The power splitter 102 )
receives an input signal 108 that is to be split into a 'plurality .

-'of output signals. The plurahty of output signals from the
power splitter 102 are fed into individual power amplifiers

within the set of power amplifiers 104. The output. of the .

'power amplifiers 104 are each fed into the. power combmer

106. The combiner 106 receives each of the outputs. from ‘the B
set of amplifiers 104 and produces an output s1gnal 110 In

| the preferred embodiment, the power. splitter 102 is coupled
: to the set of amphflers 104, which in ‘turn are- coupled to the

power combiner 106. A c1rcu1t for performmg either “of the
functions of the power splltter 102 or the power combmer .
106 according to a preferred embodiment will now “be

illustrated with respect to FIG. 2. For convenience, such a

circuit will be referred to as a power combiner even though
the _circuit may also be c()nfigur_ed as a power splitter.

Referring to FIG. 2, a power combiner 120 accordmg to a

_'preferred embodiment is illustrated. - The power combmer 120
~includes a plurality of phasmg transmission lmes 122, a

plurality of matching transmission- lines 124, ‘a common node
126, an output load 128, and a set of input nodes 130. The set
of input nodes 130 are. each coupled to an amphfxer within the
set of amphflers 104. Each of the phasmg ‘transmission lines

122 is connected to one of the input nodes 130 at one end and _
is connected to one of the matching transmlsswn lines 124 at
‘the other end. Each of the phasing transmission lines 122 has

~a characteristic lmpedance Wthh 1s substantlally equlvalent to
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the output load 128. In this example, since the output ll'oad
has an impedance of 50 Ohms, each of the phasing

transmission lines has a. characteristic impedance of about 50

Ohms. - Also, each of the phasing transmission lines 122 has a
length . whlch is equal to a quarter Wavelength or an odd
multiple thereof - :

Each of the matching transmission lines 124 is connected o

to the common node 126. In addition, each of the matching

transmission lines 124 has a length wh1ch is equal to a quarter

_wavelength or an odd multlple thereof. Further, each

matching transm1ss10n line 124 has a characteristic 1mpedance -
determined accordmg to a- function of the minimum and '
maximum number of amphflers in the set of amphﬁers 104 .

In the preferred embod1ment the function is a nonlinear

functlon Most preferably, the function is the fourth root of -
the product of the minimum number of amplifiers and the
maximum number of ampllflers, which is then multlphed by

. the load 1mpedance '128. However, other nonlinear functions,
such as a cube root function -although not as optimal as the.
~ fourth root function will also provide suitable performance. .

This formula is 1llustrated in FIG. 2 adjacent to the matching:

- transmission lines 124. The common node 126 is connected ,
o each of the matchmg transmission lmes 124 ‘and is also

connected to a load, typlcally a 50 Ohm resistance 128.

Although the above description with reference to FIG. 2

illustrates a power combiner 106, the circuit 120 is also

' 'sultable for use as the power splitter 102.

Refemng to FIG 3 an example of a power combmer 140
having ‘a minimum of one amplifier and a maximum of four

-amphflers is' illustrated. The combmer 140 1ncludes four
- phasing transmission lines 142, four matching transmlssmn ;

lines 144, and a common node 146. ‘Each of the phasmg

'transmlssmn lines 142 has an 1mpedance of 50 Ohms and a
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length equal to 4 quarter wavelength. Each of the matching -
transmission lines has a length of a quarter wavelength and
has ‘a characteristic impedance of about 70.71 Ohms. The
impedance of the matching transmission lines 144 is

determined according to the preferred fourth root formula

: descnbed above. Those skilled in the art will appreciate that
" the poW_er combiner circuit 140 has many advantages. For
example, the power combiner circuit 140 provides for
'-impro_ved power and efficiency across a range of amplifiers

that may be. connected to the combiner 140. Further, the.

-preferred circuit 140 provides improved eff1C1ency w1thout

degradmg the useful bandw1dth of the combiner.

- Referring noW to FIG. 4, a second 'preferred " embodim'ent-
of a power combiner 200 is illustrated. The .combiner 200 -

_ includes phasing lines 202 and a transformmg line 204 which

o s connected to an output node 206. The output node 206 is

20

25

30

connected to a load resistor 208. The phasing lines 202 are

each connected to one of ‘a set of input- nodes 210 whlch

support and are coupled to a set of amplifiers 104. The"

phasing transmission lines 202 each have a length of one-half

wavelength and each have a characteristic 1mpe_dance. ‘of about
50 Ohms. The transforming line 204 is coupled to each of the
phasing lines 202 at one end and is coupled to the output node
206 at the other end. The transforming line 204 has a length

of one-quarter wavelength. In the preferred embodiment, the o

~ transforming line 204 has a characteristic 1mpedance

determined in accordance with the formula shown in FIG. 4.
The characteristic impedance of the transforming line is
calculated by d1v1d1ng the load resistor impedance by the -
fourth root of the product of the minimum . number of
amphflers connectable to the set of inputs 210 and the

_-max1mum number of amphﬁers connectable to the 1nputs 210_'
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Those skilled in the art will appreciate that some 3
applications will be more suitable for using the combiner 120, -
and other applications will be more suitable to the combiner
200. One factor in determining whether to use the combiner
120 or the combmer 200 will be the calculated length and the

characteristic 1mpedance of the transforming line 204. In
-some applications the charactenstlc impedance . of the -

transformmg line 204 may be too small to be implemented |
with exlstmg transmission line technology. In this case, the -
combiner 120 1llustrated in FIG. 2 should be used instead.

-Also, those skxlled in the art will appreciate that any of the

transm1ss1on lines described - herein may be produced

‘according to well known transmission line technology, such asJ

strip line technology. Preferably, considering practical size
constraints, the transmission line technology chosen should be
sultable for applications w1th a frequency greater than 200 |
me gahertz ' :

Referring to FIG. 5, an embodiment of a power delivery
system 500 is shown The power delivery system 500 includes |
a sphtter 502, a plurality of power amplifier modules 508- 514 .

~a gateway controller 506, and a power combiner 504. - Each of
“the power amplifier modules 508-514 are coupled to the -

splitter 502, the combiner 504 and the gateway controller

506. In the preferred embodiment, the splitter 502 is a power-:.

splitter, such as the sphtter of FIGs. 1-4. Similarly, the

B comb_m_er 504 is preferably a power combiner, such as the -

combiner of FIG_s. 1-4. The gateway controller 506 is

- -preferably implemented as an embedded ‘microprocessor -
30

cOntrolIer such_ as a Motorola 68360 or '68HC11.

Each of the amphfler modules 508-514 is preferably

N 'substantlal y the same so only module 508 will be described in
- detail. The power amplifier module 508 includes an /input

switch 520 a power detector 522 a vanable attenuator . 524 a |
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power amplifier.'526-, an -output'sWitch 530, an alarm detector . |
532, and a control module 528.  The control module 528 is
coupled to the gateway controller 506 via a data interface 516.
The control module 528 is ‘also coupled to each of the other

'components in the power amplifier module. 508.

In ‘the presently preferred embodiment, the 5input_. s.'w,itch.
520 is a SHS-080AG switch from . Hitachi. Metals . America, Ltd,
Arlington Heights, Illinois, and the output switch 530 is a RSS-

SR001 relay from' RelComm Technologies, Inc., Sahsbury, .
-Maryland. ‘The amplifier 526 is preferably a feedforward type
- of amplifier, such as the feedforward amphﬁer in a Motorola

SCT™9600 base station or. as described in U.S. Pat. No.
5,307,022. The local control module 528 is . preferably

implemented as an embedded mlcroprocessor controller, such
as .a Motorola 68360 or 68HC11. The power detector 522 is

~ any suitable circuit that can detect a power level as_soc_lated_

with the power amplifier 526, such as a power detection
circuit- for detecting the input power level of the power

amplifier. A detailed schematic of an example of such a power
detector 522 is shown for illustration purposes in FIG. 8.

Although the power detector 522 is shown w1th1n module 508,
the power detector 522 may be located at many alternative

positions in the system 500, such as at the RF mput 544 or at
the RF output 546. -

" The Va'riable attenuator 524 may also be implemented

 with suitable. circuit elements and an example of such a c1rcu1t |

is shown in FIG 9. It should be understood that the var1able
attenuator may be- placed at ‘any position in the system 500
that is pnor to the power ampl1f1er 526 such as at. the RF
mput 544, : '

| Refemng to FIG. 10, a preferred embodlment of . the :
alarm ‘detector- 532 is shown -The alarm detector includes a
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,plurality of alarm sensors 1002, a plurality of digital to analog_l
‘converters (D/A) 1004, a plurality of comparitors 1006, and a .

digital logic component, such as OR gate 1008. The alarm
detector 532 receives “alarm sensor 1nputs 1010, and alarm
thresholds 1012 and produces an alarm interrupt 1014
indicating that an alarm condition has occurred. The alarm

" interrupt 1014 is fed to module controller 528, which sends

10

15

an alarm message to the gateway controller ‘506 to inform the"
gateway 506 of _the alarm. -

The alarm detector 532 is designed to detect faults that
may - be severe enough to remove a module from service.’ The

~sensors. 1002 may be of ‘various types depending on the type -

of fault to be detected - and vary dependmg upon the partlcular |

.'appllcatlon and ‘implementation. The following list of “suitable

sensors is not exhaustive and is for illustrative purposes only:
temperature ‘alarm - Analog Devices TMP-01E, PT suppression a

.alarm - RSSI voltage from Signetics SA604 receiver IC,
. . .overdrive or reflected power alarms - voltages from power
20

detector of FIG. 8, synthesizer lock alarm - Motorola
MC145200, and current alarm - current sensing resistor on
each  power amplifier stage. In addition to physical hardware

- alarms, there. may also be software alarm conditions, such as

25

30

~ invalid convergence data (e g ‘bad checksum, invalid date,

variables outsrde of ‘approved range), 1mproper software
download time-outs on varrous expected messages, Or tunmg
alarm (i.e. control out of range or other v1olatron based on:

_ expected performance)

 Referring to FIG. 11, a preferred embodiment of the
controller module 528 and the gateway controller 506 is
shown. The controller 528 includes a mlcroprocessor 1100

~an analog to d1g1ta1 converter (A/D) 1102, a bank of A/D .

converters 1104 a bank of D/A converters 1106, and a bank

of data latches 1108 The microprocessor 1100 receives an
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alarm mterrupt 1nput 1112 and commumcates with the
gateway controller 506 via a data bus, such as the HDLC bus

1110 and communicates with the alarm detector 532 via
control bus 1132.  A/D converter 1102 receives a ‘voltage level

" from power detector 1nput 1114 and the bank of A/D

. converters 1104 receives a tuning sensor input 1116. The

~ microprocessor 1100 communicates with the A/D" converter
1102, the bank of A/D converters. 1104, the bank of D/A '

converters 1106 and the bank of data latches 1108 over the
mternal bus ‘1118. The bank of data latches produces an

- -output 1122 which is combined with the output of the ‘bank " of -' ._; '.

DI/A converters 1106 to produce analog output ‘lines -1130.
The analog output : lmes control the gain of the variable -

_attenuator 524, the input switch 520, and the output ‘switch '-

530 for each of the modules 508. An example of a sultable o

" AD converter 1104 is an Analog Devices AD7891 eight

channel 12 bit- A/D converter. A surtable D/A . converter 1106
is an Analog Devices AD7804 four channel 10 bit DAC or an
Analog Devices AD8403 four channel 8 bit RDAC for the D/A
where an alarm threshold settmg is needed. An example of a
suitable bank of data latches 1108 is a Motorola 74HCT273A.

' The controller 528 also includes the conventional- supportmg' '

circuits described below with reference to -the gateway
controller 506. | -

" The controller 528 performs many functions. Fo'r'
example, the controller 528 tracks its operatlon state and
communicates with the gateway controller 506 - to- inform the

_. ' gateway 506 of state transitions. The controller- 506 also may
30

be used to tune the power amphfrers 526, to momtor alarm
sensors, and to control alarm thresholds. " The controller 528,

 typically in response to the gateway controller 506, may open

or close the input swrtch 520 or the output switch 330 and

- may adjust the gain of the variable attenuator 524_ 3
35 - o |
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~ The ga_teway controller 506 includes a microprocessor'

1150 and communicates with the controller 528 via HDLC bus "
1110. The gateway controller 506 also communicates with a

systemn controller via a data link 1152, such as an Ethernet
_connectlon. The system controller may be a mobile switching

center in a cellular system. The gateway controller 506 |

coordinates operation of the other controllers 528 in each of.
the amplifier modules 508 by tracking operating states, "
calculating amplifier gain values and offsets, and determmmg

what actions each controller 528 should take. Most of the
'acuons for the sleep mode and module shed - methods take

place in the gateway controller 506. Although not shown, '

. those skilled in the art will understand that the gateway

controller 506 mcludes conventional supporting circuitry,

such as mernory, a clock, a reset switch, various input/output

port interfaces, such as the HDLC bus and the Etheme_t
interface, and other digital support logic to- buffer and
otherwise handle the various s1gna1s and components of the

--.system

Referrmg again to FIG 5 during  operation, an RF mput
signal 544 is spht by sphtter 502 into a plurahty of signals 518

* which are input to each of the plurality of power ampllfxer

modules 508, 510, 512, 514 ‘The split signals 518 are each-
amplified by the reSpectlve power amplifier- module 508-514 .

~ and output as amplified signals 540. The amplified signals 540

are then combined by combiner 504 into an RF output signal o

'546. By using a splitter and combiner as described in FIG. 1 -4,

the number of active power ampllflers may be modified with -
an acceptable level of change in the overall power gain of the
system 500. An alternative would be to use conventlonal |
1solat1ng sphtters and combiners, if the increased gain |

variation due to module. changes is acceptable for the spec1flc

apphcatxon
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Referring now to FIG. 6, a method of cont_rolliug the
power delivery system 500 is described. At step 602, one of
the ‘power amphﬁer modules 508-514 detects an alarm

- condition, such as via alarm detector 532 in module 508, that .

affects the service of that module. The control module 528

" may detect an alarm condition either by routinely polling the |
“alarm detectors 532 or by an mterrupt input from the alarm _'

detectors 532.

The affected module sends an alarm message tothe

' -gateway controller 506, at step 604. The ‘gateway -controller ” _
606 sends a message to the other modules mstructmg them to -

reduce their power: gain by a level determined by the
controller 606. The following formula may ‘be used to

determme the amount of gain reduction:

10 * LOG (ongmal number. of modules m service /

.~ number of modules remammg in serv1ce after faulty

25

30

35

] module(s) removed)
20

, Although the above formula gives the 1deal power gam
due to inherent 1mperfectlons in circuit elements, it may be
desirable to offset the ideal calculated value. For example
where there are four modules . and one is to be. removed the
ideal level of gain reduction is 1.25 dB, but an offset, sach as -
an offset of .25 dB may be applied so that the total gain’ '

: reduction of each of the other modules is at least about 1.25
dB and preferably about 15 dB. o

The n_o:i-affected _modul‘es respond' to the gateway"506"
after they have successfully reduced their gain, at step 608.

 The modules -508-514 may reduce their gain-_-by changing the -

attenuation level at the variable attenuator 524. The gateway .

'.'controller 506 sends a message to the faulty module to open
- its 1nput and output SW1tches 520, 530 to remove. that module o
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from service. The faulty module then informs the gateway
controller 506 that it has shut down, at step 612, performs
diagnostic testing to determine the cause of the fault, and
stores the results of the - diagnostic testing in a non-volatile
memory for future use, such as by factory persomnel, at step
614. Finally, at- step 616, - the gateWay controller 506 sends a
message to a system controller, such as a mobijle switching
center or a mobrlxty manager in a cellular system, of the alarm' o
condmon - | : -

The above alarm ‘control strategy ‘permits
1mplementat10n of a power amplifier system that perfonns at a

high power gain level under at least three different conditions. -

In the first condition, ‘an alarm is not active and the system

~maximum traffic load is less than the maximum capability - of
| the system. This is normal operation, and a sleep mode

method, described in further detail below, can be used to
improve efficiency. Under the second condition, an alarm

exists but the system maximum traffic load is less than the

maximum . capability of the system with the alarmed module.

~ removed from service. When the fault. is detected, the

alarmed module is removed from service. The above alarm -

.control strategy allows the" power dehvery system to remain in .

~ service with negligible effect to ‘the power gain of the power

25

30

dehvery system. In addition, the sleep mode  method can still - )

be used to 1mprove efficiency even when the ‘alarmed module _

is remove from service. In the third condition, an alarm is -

‘active’ and the system maximum traffic load is greater than the
- maximum capability of the syst'em with the alarmed module

removed from Service When the fault is detected the

. alarmed module is removed from service ‘and the gain of the

power amplifier system 500 is reduced to prevent the

remaining in-service. “amplifier modules 'from bemg overdriven'.

|  Under this thlrd condmon, sleep mode operation is usually
35 :

suspended
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Referring to FIG. 7, another embodiment of a method. of

_cohtfolling a power delivery system, such as ‘the power
_delivery system 500 of FIG. 5, is illustrated. .The method

includes the steps of determining whether to place a given

- module into a sleep mode. In sleep mode. one or more: power
‘amplifiers are taken out of service temporarily to allow the

power amplifier_ system 500 to operate more efficiently with
lower operating costs. - The sleep mod_e may be used in off =
times when traffic- re'qu'irements ‘are low. In sleep mode, the
module is removed ‘from service by opening the input ‘switch

520 and the output switch’ 530 In addition, to- further

improve efﬂclency,, at least some of the DC power d1ss1patihg |
circuits in the amplifier 526 are shut off. The control module
528 typlcally remains’ active so that tuning parameters of the

: ampllﬁer 526 are qulckly avallable after the module is

aw akened

Begmnmg at step 702 and assuming a startmg condmon
that all modules are awake, there are no alarms and there is

- no downloadmg in progress, the gateway checks to. determine )
if any of the modules are ‘in a sleep time interval. One method

of providing a sleep time interval is to store general traffic
loadmg conditions based on time of day into the gateway In

‘this case, a sleep interval would occur at times during the day
‘when traffic is lightest, such as during the early morning hours -

(e.g. 1-4 AM.).  If the sleep window condition passes, the
status of alarms is checked, at step 704. If there are alarms,

_then processing proceeds as described in FIG. 6. Otherwise,
~ the gateway sends a message to the modules to enable a sleep.
 mode interrupt to allow for sleep mode. At step 708, each of

the modules monitor traffic levels, such by momtonng mput

‘power readings from the power detector compare the

readings to a threshold, and send messages back to the

_'-:'gateway when thresholds are exceeded The gateway -



WO 9748181 I o . PCT/US97/06163

:

15
20
25

30

35

17

determines the number of m'o_dﬁles ‘to put to sleep and the
number to wake up based on sleep messages and wakeup
messages from the modules. In the particular example of FIG.

- 7, steps 7'1_0-72.0, the gateway puts -twb_ of the four modules to

sleep and then wakes up both modules if any wakeup message

is received. However, It is contemplated that many other

combinations of modules put to sleep or woken up based on

-the thresholds and messages received by the gateway are -
- possible depending on the particular applleatlon Contmumg
‘at step 722, if the sleep window has ended or any alarm

conditions are detected all modules are woken up, at step-
724, and the gateway sends a message to all modules to
disable sleep interrupts. -Otherwise, processmg for steps 710--_' -
720 is repeated. ' : :

B '.Although' the meth_pd of controlling the power delivery
system 500 has been described separately with respect to a

-spec1f1c module shedding method in FIG. 6 and a spec1f1c sleep
.- mode method in FIG. 7, it is poss1ble, and in some applications
- preferable, to use a combmatmn of both of the methods. In
- addition, although certam crltena such as power level or |

alarm conditions may be used to determine when- to enter and |

" leave the sleep mode, many other sleep criteria may be used
" For example, the number of modules in sleep mode, whether

the module is below a sleep low threshold or above a sleep

 high threshold, and whether a particular module. is in service |

or out of service. A detailed flow chart of an’ example of a
method of controlling a power delivery system using a
combination of both module .shedding and sleep mode as well
as a vanety of sleep mode criteria is shown in FIG. 12A and '
FIG. 12B.

Referrmg to FIG 13, another embodlment of a power
delivery  system is illustrated. The power dehvery system

‘includes an input splitter 1318, a gateway controller 1300, an
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alarm detector 1302, 'p.ower amplifiers 1312, and an output

'combmer 1320. The input splitter 1318 includes a variable

attenuator 1304, a power detector 1306, a power spl1tter
1308, and a first and a second input switch 1310. ' The variable .

attenuator 1304 receives an RF input signal 1322 The ‘power o
. detector 1306 is in communication with the gateway ,
“controller 1300, and the input switches 1310 are each coupled
to a respectlve power amplifier 1312. The output combtner -

1320 includes first and second output switches 1314 and a
power combmer 1316 The output switches 1314 are ‘each

coupled to a respectlve power amplifier 1312. The combiner

1316 outputs an RF output signal 1324. The alarm detector

1302 is coupled to the power ampllﬁers 1312 and the gateway

controller 1300. In this embodlment a smgle vanable :

attenuator, such as variable attenuator 1304, may be used to -

adjust the gain of more than one power amphfler 1312. In -

- addition, the input switches 1310 are located at the mput

20
25

30

splitter 1318, instead of in power amphﬁer modules By -
placing the input switches 1310 and the variable attenuator |
1304 in the input splitter 1318 instead of in the various power_'
amplifier modules, a local module controller, such as

controller 528 of FIG. 5, is not needed. Instead, all of the -

control functions are performed in the common gateway _
controller 1300 ' -

' Although different reference numbers have been used

between FIG. 5. and. FIG. 13, each of the individual components

disclosed in FIG 13 is preferably the same as those described
in further detall above in reference to FIG. 5. For example the
power detector 1306 of FIG. 13 is preferably the same . as the -
power detector 522 of. FIG. 5 and FIG. 8. Also, the method of

- controlling a power delivery system as ‘described with

reference to FIGs 6, 7, and 12 may be used with the system of

 FIG. 13 as well as with the system of FIG 5.
s .
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The above descnbed embodlments have many beneflts

For example, by adjusting the gain ‘of other modules after an
alarm is detected in a first module, the same number of traffic

channels may be mamtamed (although at reduced power). By
: usmg the sleep mode approach, modules. may ‘be 1nact1vated
'durmg times when full power is not needed, such as during
 low traffic times during the day.” In this manner, the useful 11_fe

of each module can be extended, improving efficiency and
reducmg costs' of operation. Another potential benefit is . that .
the system has great flexibility since modules may be

‘physically added to the system, or an extra module could be" |
added for hlgh traffic periods or for redundancy purposes. .In T
- this case, the extra module would normally be in the sleep |

mode, i.e. inactive, but could be quickly activated. if another :
module failed or if the trafflc level exceeded the capacity of _
the other modules '

In addition, further advantages and modifications will

readily occur to those skilled in the art. The invention, in its

broader aspects, is therefore not limited to the specific details, -

- representative apparatus, and illustrative examples shown and

described herein. Various modifications and variations can be

‘made to the above specification without varying from the -
- scope or spirit of the invention, and it is intended that the

present invention cove'r" all such modifications and variations -

- provided they come. within the: scope ‘of the following clarms

and their equivalents.
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Claims
What is claimed is:

5 1. A .power"d'elive'ry system for use in a radio -
frequency system comprising: -

a power sphtter, .
‘a plurality of power amplifier modules respons1ve to the
10 power splitter, each of the plurahty of power amplrfrer
- -modules compnsmg :
an input sw1tch
a variable attenuator; N _
~an RF power amplifier responsrve to the varrable -
15 attenuator and the input sw1tch o
an output sw1tch responsrve to the RF power
amphfler, and- . . :
B ' S an- alarm detector for mdrcatmg an alarm condmon“_
_ of - the RF power amphfrer, :
20 - . a power combiner responsxve to each of the pluralrty of
power amplifier modules; and ‘.
'a gateway controller in communication wrth each of the
pluralrty of power amp11f1er modules.

25 2. The power dellvery system of clalm 1, wherem at
‘least one of the followmg the gateway controller is in -
commumcatlon with  the alarm detector and the variable
attenuator of each of the plurality of power amplifier modules,
each of the power amplifier modules further comprise ‘a local

30 control module in communication w1th the RF amphfrer and
the gateway controller.

3. The power dehvery system of claim 2, wherem at
‘least one of the following: the. gateway controller recelves an
_35 1nd1catron that a first of the plurahty of power amplrfrer
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'rnodules_ is in an alarm condition and the gateway controller

instructs each of the variable attenuators in each .of the other.
pOWer amplifier modules - to change the gain of the respective
RF power amplifiers; the gateway. controller switches open the
input and the output switch of the first of the plurality of -

power amplifier modules to take the first power amplifier .
-module out of service. '

4. The power delrvery system of clarm 3, wherein at
least one of the followmg ~ the gateway controller deterrmnes '
a gain adjustr-_nent level and _. instructs each of the variable
attenuators in each of the other power amplifier modules to
change the gain of the respective RF power amplifiers to the o

determined gain adjustment level; the gateway controller.

sends. an alarm message to a system controller after recervrng
the indication that the first power amplifier module is in an o

‘alarm condition; the second controller compnses a mobile
. switching center of a cellular system.

5.  The power delivery system of claim 3, wherein ..a_t‘ .

“least one of the following: the first power amplifier sends a

message to the gateway controller when the first power. o
amplifier has been successfully taken out of service; the first -

' _power amplifier performs. a dragnostrc test and stores the
- result in a memory. '

6. A power delrvery system for use in a radro
frequency system comprising:-

a powe_r splitter;
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a plurahty of power amphﬁer modules responswe to the :
power sphtter, each of the plurallty of power ampllfler ,
modules comprising: - :

an input switch;
o a varlable attenuator,
an RF power amphﬁer responsive to the vanable

'attenuator and the input switch;

~an output switch responsrve to the RF power
amphfler, and . :
a power detector for determmmg a power level

-assocrated with the RF power amplifier;

a power combiner responsive to the pluralrty of power

ampllfler modaules; and

a ‘gateway controller in communlcatlon w1th each of the _
plurahty of power ampl1f1er ‘modules. '

7. A method of controlhng a plurallty of power S
amplifier modules 1n a power dehvery system comprising the
steps  of: : _ -
detecting an alarm condrtlon in a flrst of the plurahty of .

‘power amplifier modules, '

__determining - a gain reduction level; _
reducing the power gain in each of the other power '
amplifier modules by the determined gain reductron level;
“taking the first power ampllfrer module out of servrce,
_ performmg diagnostic testing on the first power '
amp11f1er module after detectmg the alarm condltlon, and.
storing results from the diagnostic testrng in a memory.

8. The method of claim 7, wherem at least one of the

_ followmg ~ the gain reduction level is determlned based on a
~ number of non-alarm power amplifier modules of the plurahty

of power ampl1f1er modules and the total number of the .

'plurahty of. power " amplifier modulés; substantlally the same |
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gain reduction level is apphed to each of the other power
amplrfrer modules. '

9. A power delivery system for use in a radio
frequency communication system, the power dehvery system

| comprlslng

a power splltter, : .
" a variable attenuator in commumcatlon with the power

a first 1nput swnch responsive to the power sphtter
a first power amphfrer responsive to the first 1nput

_ swﬂch

a first output swrtch responsrve to the first power
amplifier; :

a second input sw1tch responsive to the power sphtter, :

-a second power amphfler respons1ve to the second 1nput
swrtch

a second output switch responswe to the second power

- ,ampllfler and

20
- output sw1tches

25

30

35

a power combiner responsrve to. the first and second :

10. In a power dellvery system with a power splitter, a

.' plurahty ‘of power amphfler modules, and ‘a power combiner, a _

method of controllmg t.he plurallty of .power amphfler '
modules comprising the steps of: :

determmmg whether a sleep criteria has been met;

when the sleep crltena has been met placing one of the
plurality of power ampllfler modules in a- sleep mode durmg a
sleep time interval; and

placmg the one of the plurality of power amphfrer _

-modules in an active’ mode

| 1'1 The method of claim 10, wherem the one . of the

_ plurehty of power ampllfxer modules is placed in an actlve
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mode after an alarm- condmon in another of the plurallty of
'modules is detected '

12. The method of claim 10, further compnsmg
5 comparing a detected call load thh a predetermmed
. threshold.

13 - The .me'thod of claim 12, wherein the- one of the
plurality of power -amplifier modules is placed in an . actlve :
10 mode in response to the companson |



