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DEL| VER¥WOv&8isy AND METHOD OF CONT RCJ_LI NG THE PONER DEL| ¥ERMsS»dsab FOR USE :
I N A RADI O FREQUENCY SYSTEM Fi eld of the Invention 5 _ The present. :
i nventi-on rel ates general ly to radi.o frequency systens and, nore

~particularly, to a power dellvery systemfor use in a radlo frequenc
E;( q y

system Background of the 1nvention 10 Extended |inear power anplifier

. systens have been proposed for use in cellular base stations. - These

systens include a nunber of |inear power anplifier nodul es producing a
correspondi ng nunber of output signals that need to be 1 5 conbined into a
singl e high power signal before transm ssion. Such s&s ens_are typically

used i n communi cat i PEEIVERY SYSTEMsAND HOD QF ot el ephone

- system In Sums rm mcmnﬂmmmmm SYSTEMOFOR USE INOVer

anplifier nod e any nunber froma m ninmum 20 nunber up to a

- maxi mum nunber of al I owabl e anplifiers. A'n this manner, the anount of

power ‘out put by the transm RADIO FREQUENCY SYSTEM
Eie'ld of the Invention

5 The present mventlon relates generally to radlo
frequency systems and, more particularly, to a power dellvery
system for use in a radio frequency system

Background 'of the 'Invention
10 '
| Extended lmear power ampllfler systems have been
proposed for use in cellular base stations. These systems
1nclude a: number of linear power amplifier modules producing -
. a correspondlng number of output signals that need to be
15 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 _
‘20 number up to a maximum number of allowable amphflers 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
25 amplifiers, l.e. _from the minimum number to the_ maximum
number -of amplifiers. |

_Another ,_re_ason for. protriding multiple amplifiers i_s to. - _
provide continued operation if one of ‘the amplifiers fails. A



~unit of the base station may be adjusted..ln addition, it

is desirabl e that-

- the syswewymgeyi des adeguate power anplification effici epgymm&s t he . _
- entire range of selected 25 anplifiers, i,e. from.the nininm nunber to

t he maxi mum nunber of anplifiers. Anot her reason for providing nultiple:
anplifiers is to provide continued _operaél on if one of the anplifiers

fails. A . WD 97/48181

PCT/ US97/ 06163 2 conventlonal met hod of conti nui t& operatloegls a met hod

known as | oaccasvemtional mﬁhqde ofo £OnLHUHBE GPSERPOR 1513 cmethod ¢ s
det ect ed_ ally rﬁtﬁ%cﬁyﬁ)aﬁh%e b hhediesd Q‘lfleﬂﬂmgfl‘heﬂicﬁﬁ aftetos
associ ated w aulty, a

lifler are:5 ed .an term ned -
per cent age of He1§ elee nReVs 3 & MeWOBﬁfli?ﬁ bsaé‘%é?%pb dliﬁer t he
faul't has C| %ﬁf@@kedt rseétcnc assoéiaeed rwitly the fanltpr amiplifigpcirey. Al t hough

condi t1on3 | (PIRRER BBG AL, ﬁbtﬁélﬁﬁ?ﬁei%?é%ﬂ#?gc%??* e

traffic | evelchnnmuls taret bakemioutr of aserviesdiuc ftere thepfandt

er a failure
i 2 (e

ain_the .
uplqarg from -

the failure tQ,fgl |isP{R&EFSRitlifhed to normal capacity. Although the load
shedding procedure allows for continued operation after a
failure condltlon, it would be- desxrable if the system. could -
10 .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
15 delivery system for use in a RF system, such as a cellular

system.

- Summary'_ of 'the Invention
20 |

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

25 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 amp_hfler responsive
to the 'yariable_ attenuator and the input switch, an '_output .
_'_switch responsive to the RF power amplifier, and an alarm
30 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 amphfler
modules. In accordance with another aspect of the ‘present
35 -'mventlon each of the plurahty of power ampllfrer modules



Accor di ngly, there-is a'need for an Lnproved power delivery system and a
- method ovoowssispl | i ng the power 15. delivery systemfor ugeriyReisids system

.such as a cellular system Surmary of the Invention 20 The present :
i nventi on addresses. this need by provi di ng a power dellvery system for use
in aradio frequency system The power delivery systemincludes a power

splltter ‘a.plurality of power anplifier dul es responsive to t he power. 25 -

splitter, a power conbiner, and a gat eway, controll'er. Each of the _
plurality of poetudesman finput mydtchs ai veriable aattenualor.s ant RE POWSF| abl e

attenuator, an hﬂ@i‘eraﬂ"”&llt?tu eswt&hpomdvs f;ewkiiedgﬁ,rclt@plﬁ,rattenuator and _.

t he i nput svmtc an .out put rresponsi ve to, i1 he RE power anplifier,

and an al ar m Jeterminiag; @r PPé‘fer @a?g igtedy) ﬁ‘tf’n&ﬂg BAWET the RF -

- power anplifieim Tﬂqepower conbiner is responS| ve to the pI urality of power :
anplifier 5Ddul es and the- gateway controller is in comunication with each -
of the plurality of -power anplifier nmodules. In accordance w th another
aspect of the preseln &cordancenwitinanedher cdspeice of uthel iprgsesit pover

~anmplifier nDdL!ikﬁr%nnon an alternative power delivery system for use in a
' radio frequency communication system is provided. The
o system includes a power splitter, a variable attenuator, a first
10 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 splttter and the-_
 first input switch is responslve to the power splitter. The first
15  power amplifier is responsive 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 responsive to the
second input switch, ‘and the -second output switch is
20 . 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
25 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 plurahty

of power amplifier modules, determmmg a gain reduction
level, reducing the power gain in each of the other power

30  amplifier modules by the determined gam reductton level, and
| takmg the first power amphfler module out of serv:ce

.'A‘cco'rd'ing to a further aspect of th_e invention, a method
- of controlling a power delivery system with a power splitter, a __
35  plurality of power amplifier modules, and a power combiner is
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- i ncl udewosr4BraUt SW tch a variable attenuator, an RF p@mmsgmlgjl er, an -

. output switch, and a power det ector. for deterni ni ng a power |evel

associ at ed vvith the RF power anplifier. 5 In accordance with another aspect :
of the present invention, an alternative power delivery systemfor use in a
radi o frequency conmmuni cation system is ‘Brow ded.. The system i ncl udes a
pover splitter, a variable attenuator, a first 10 ut switch, a first
power anpl i fi @rovided.r sTheut poethad tlaﬁhlttﬁsséhon%tepﬁpgg Q%emmms second

power anplifi %heﬂaefeﬁogleeguwtensvnasc*beeﬁnehét PANRET vfe e of THEge

variable attenuataqr is in omrum(i%[lon Wt $) |tta§landthe
first input sw lngalitys of cPEWIET| JMP: 1?1}1@19‘3 t$ E‘FP

pO\tNertarrpl i f Ih Yled ﬁm%pmmtﬂ t?}]‘hben‘fdtltiéﬂ alstinaudwhheastbp hff fl r st .
out put switch i.s ‘resppnsive to irs Wer. e
second inpdit JUAERE qgengf{Sﬁs?W {f Tt %0@8\& {H) E 'Pﬁg povver

anplifier is raz:tmmsnunlet.o t he second input-.sw tch, and the second out put.
switch is 20 responsive to the second power anpl ifier. “The power.
- The invention itself, together with its attendant
advantages, will best be understood by reference to. the _
'10_ followmg detailed descrlptlon, taken in conjunctlon w1th the
| accompanymg drawmgs o

15 _ - ~ 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 '
20 . o .
' FIG 2 is a schematlc dragram of a preferred embodrment
of the power combiner of FIG. 1. '

- FIG. 3 is a schematic diagram of a preferred embodlment
25 of a four input power combmer ' :

| FIG. 4 is'a schematic -diagram of another preferred '
' embodrment of the power combrner of FIG. 1.

30 FIG Sis a block dlagram of an embodlment of a power B
_ dehvery system " -

FIG. 6 is a ﬂow chart of a method of controlhng the
power dehvery system of FIG. 5 according to an embodrment
35 of the present 1nvent10n ' '



conbi ner. i s responsive to the first and second output sw tches. According
to anot @ 9H4sct of the invention, a method 25 of contgSibédrbe s
-plurality of power anplifier: nodules in a power dellvery systemis :
provided. The nethod includes the steps of detecting. an al arm condi ti on in
a first of the plurality of pawer anpllfger nmodul es, deternlnlng a gain -
reduction | evel, reducing the power gain~in each of the other power 3 0
-anpl.ifier modul es by the determ ned gain reduction level, and taking the
first power anplifier nodule out of service. According to a further aspect

of the invention, gEIGethad #ffle@nichait ofit anahuﬂroﬂaidn\tﬁﬂﬁngyﬂieemw th a

power splitter, | ural it o] Lifigr Ies andapower
conbiner is PO Wﬁfg‘?g]&gg syster\tll (Ffldo 5€acéo ing to and

- PCT/ US97/ 06168ntbadimente df tlﬁbepremﬂtodnvantmdes t he steps of determning
whet her assleep criteria has been net; and placing one of the plurality of
power anplifier nodules in a sl-eep nDde durlng a sleep tine interval. The
met hod al so i ncl udFEGt h& ist apsdiematlpldl@gn@nt m\epvmpdmcwr mfdul ein’
t he sl eep m)deGngo an

- FIG. 9 is a schematlc diagram of the vanable attenuator
10 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
15 gateway controller of FIG 5

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

20 FIG 13 is a block dlagram of another embodlment of a
- _power dehvery system



active node. The invention-itself, togethe; with its attendant advantages,
Wi || beswolowssistler st ood by reference tothe 1 0 follow ngc-ﬁ,gggwdﬁé
.description, taken in conjunction with the acconpanying draw ngs. _
Brief Description of the Drawings FIG -1 is a block diagram of ‘a radlo '
frequency circuit of ‘a power delivery systemwth a splitter, a power
conbi ner, and a plurality of power anplifYer nodules. 20 FIG 2 is a-
_schenatic di agram of a preferred embodi nent of the power conbiner of FI'G
1. FIG 3 is a schematic di.agramof a preferred enbodi nent 25 of a four

I nput power . conbi nebetﬁl&ing)lésérﬁ)tﬁﬁpe%iatqﬁ Q)I@géﬁ-guo]Elﬁaeanﬁénﬁr eferred

enbodi ment "of the power co ner “o Is a bl ock
di agram of an enbodi nent . of -a power dellvery system FI G 6 is aflowchart .

of -a met hod of CO”tREféri'ﬁtg o ROWEIGdel i ¥efadisyfrequenty Ridie "REtcor di ng to -
an enbodl rrgnt é)’lrgult mctlugl resel%wlep Vseprlltter ‘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 s1gna1 108 that is to be split into a plurahty
‘10 -'o‘f 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 -
15 set of amplifiers 104 and produces an output signal 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 .
20 106 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.

25 Referring to FIG. 2, a power combiner 120 accordmg toa
_'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
30 of input nodes 130 are each 'coupled to an -amplifier within the
set of amplifiers 104. Each of the phasing 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
35 " a characteristic lmpedance Wthh 1s substantlally equlvalent to
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7 is a Woawesislrt of .a rrethod of controlllng t he power d

POTANoY06185t em FI G
.5 accordi-ng t.o ‘anot her enbodi ment of the present inventi.on. -

5 FIG 8 is.a

schemati c di agram of the power det ector of FIG 5. FIG 9 is a schematic
.diagram of the variable attenuator 9f FIG 5. FIG 10 is a block

di agram of the al arm detector of FIG 5.'FIG 11 is a bl ock. dlagramof t he
controller and the 1 5_ gateway contyoller of FIG 5. FIG 12A.and 12Bis a
flow chart ofthe mutpat leadc 428y o Im this; g2ampler siges \FbeOBSEHteh‘? FLG 5.

20 Fi Gna§-3aﬂ sﬁgédm& oF 250 a0hais, aeasthesf elibophasing of a pover

delivery syste

PCT/ US97/ 06 16§a9smlssmn Zmes fhas a characterlstlc impedance of about 50
Ohms. - Also, each of the phasmg transm1ss1on lines 122 has a
5 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
10 transmission lines 124 has a length wh1ch is equal to a quarter
o -.wavelength or an odd multlple thereof. Further, each
matching transm1ss10n line 124 has a characteristic 1mpedance -
determined according to a function of the minimum and '
maximum number of amplifiers in the set of ampliﬁers 104. N
15 In the prefe_rred ' embodinie_nt the function is a nonlinear '
function. Most preferably, the function is the fourth root of -
the product of the minimum number of amplifiers and the
maximum number of amplifiers, which is then multiplied by
. the load impedance 128. However, other nonlinear functions,
20 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
_ to- each of the matchmg transmission lmes 124 and is also
25 connected to a load, typlcally a 50 Ohm resxstance 128.
Although the above descnpnon with reference to FIG. 2
illustrates a power combiner 106, the circuit 120 is also

' 'sultable for use as the power splitter 102.

30 Refemng to FIG 3 an example of a power combiner 140
* having ‘a minimum of one amplifier and a maximum of four
-amplifiers is illustrated. The comb_mer 140 includes four
'phasing' transmission lines 142, four matching ifansmiSsion_' )
- lines 144, and a common node 146. ‘Each of the phasing |
35 'transmlssmn lines 142 has an 1mpedance of 50 Ohms and a



Detail ed Description of the Preferred Enmbodi nents Referring now to FIG 1,

“a radi o WO 9T4828ICy (the "RF") 5 circuit including a pomq;cﬁﬁégﬁok% and -
-power ~conbiner 100 is illustrated. The power splitter and power combi ner

.circuit 100 includes a power spli tter circuit 102, a set of anplifiers 104, |
‘and a power conbiner 106. - The power spl |8tter 102 receives an input .si gnal
108 that is to be split into a plurality 1 0 of output signals. The
plurality of ut put signal s.fromthe I| %arefe into” -
i ndi vi dual ﬁnﬁﬁ\’g{l éPsamﬂPﬁﬁﬁrthvéﬁpgi‘F  Qipthe %i’"é’?’l%ﬁ The
out put of themwlsﬁunl iifries’ has0d ergthaok ie@amelo Wheelpn amdbi ner

anpi i 16rs 108enh CRuAEEOTedl iriBiduits icaB0E 76,71 (i PthP? ed O

enbodi ment, t mpedance scpf theema@hing txtanptmslsmn tlmsssét‘MoﬂS anplifiers 104, -

whi ch t
pelrfcorlmnngy(raln &r&i?féah%f%gg%ﬂ%ns 0 ﬁ?ﬂéggﬂmgp gg?“h iogﬂhhuiﬂe power
combi ner. 20 leh oabpvey t dhosgr §kﬂ ad dne i Arfewill \mpremteb at

i |l ustrated Wﬂt@ EPCéthuFéchn?emFOM(F%&eﬁhﬁi‘feadﬁiﬁb @CiFgHt will be
referred to as Qwer . conmbi ner evepn, t hou f, elr‘f rcui t. .may.al so be . o

h .
confi gur ed. aseéa r the| powsr combiner C‘iﬁé‘f‘%r Prayides foz', ‘a power
conbi ner 120 imp@odtdlgpemn anéf effieiéneybadrassnta trangd:lonfstmphﬁ:ersThe power.

combi ner. 1’60 that may be. connected to the combiner 140. Further, the
-preferred circuit 140 provides improved eff1C1ency w1thout
degradmg the useful bandw1dth of the combiner. o

- Referring now to FIG. 4, a second 'preferred " embodim'ent-
15 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
connected to a load resistor 208. The phasing lines 202 are
each connected to one of a set of input-nodes 210 which
20 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
25 206 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
30 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



g

includes a plurality of phasing transnission lines 122, a plurality of

~mat chi nWa 974838t ssi on |ines 124, a common node. 126, an ousdrisdTeis31l28, and
.a set of input nodes 130. The set 30 of input nodes 130 are each coupled -
to an amplifier within t he set of anplifiers 104. Each of the phasing. _
transmission lines 122 is connected to oRe of the |nput nodes 130 at one-
end and i s connected to one of the matchi"fng transm ssion lines 124 at the -
other end. Each of the phasing transnissi on | i nes 122 has 3 5 a

characteristic i npdhoseeskillash insthe, @t awill aﬂPEfeé'éﬂFP thalhsome - wo -

97/ 48181 applications PGTI’IUSW/IIQ&E%uYtablE? fort Bsing Qﬁé é%?nbrh@rﬂﬂﬁ .
exanpl e, since e .out put .J oad has. zlp npedance . of f the

phasi ng t r ansAndsPHhen japplications éF?Eq |§Flf%8dﬁﬂ1c&‘s T50 Ohns.
-Al'so, each Of 200¢ pOnel figc tor aits ndetermiminign ashdther hiws wseb the eo@mbmdm chis

Creing & Dndahcr e chbbsy’ ?@@ﬂﬁﬂ e SRR Ionlfi il 6%,
addi tion, eacbhafadwnsuet impedance® of rthes tiansformingeling 2204as I | engt h
which is equajohi aaﬁﬂf’é&t%ns the characteristic impedance of the -
transformmg line 204 may be too small to be implemented
. with ex1st1ng transmission line technology. In this case, the -
10 combiner 120 1llustrated in FIG. 2 should be used instead.
} -Also, those skxlled in the art will appreciate that any of the
transmrssron lines described - herein may be produced
‘according to well known transmission line technology, such as.
. strip line technology. Preferably, considering practical size
15 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 |
20 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 a_mplifier modules 508-514 are coupled to the
- splitter 502, the combiner 504 and the gateway controller
25 506. In the preferred embodiment, the splitter 502 is a power-:
splitter, such as the splrtter 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 amphfrer modules 508-514 is preferably
N 'substantral y the same so only module 508 will be des_crrbed-__'in
~+ detail. The power amplifier module 508 includes an ‘input |
35 switch 520, a power detector 522, a variable atten_uator 524, a



wavel ength or an odd multiple thereof.  Further, each matching transm ssion
| i ne 124v@a%4818thar acteristic i npedance deter mi ned accor dpRfy g;,,‘ﬁnf:,ynct i on
.of the m ninmum and maxi mum nunber of anplifiers in the set of anplifiers
104. 1 5 In the preferred enbodi nent the function is a nonlinear function.
Most preferably, the function is the fourth root of the product of the

m ni mum nurber of anplifiers and the maxi mum nunber of anplifiers, which is

then multiplied by the L&ad edance 128. \fﬁ ot he nonli near - '
functions, 20 POWER &mp Do 0f1  OWERUL, §WAFG oi;’g'h ABt & n&pf’???é’p%ls the.
fourltlh r oot fésnlghd\/\fal bogireb mbduleieshzau t Jihlee cpatriodr nidute SNSlsforrlanléla -
is illustrate |n jacent to the,.nmat ng. tr s n -
The common nod® G& 2't])]r‘? 5@'? ‘ﬁaYOC%IétEﬂqu f‘ﬂé ﬂgt ra%gé ﬁ’&%@ﬂ\ké sgﬁ i nes

124 and is aI éﬂxéiEcontwhnnodnhh 528a i caldp coppled itg eaciD afhithe estherance

128. At ho éd}ﬁgaﬂ%\%& 46S the pbg%rwhh{;fﬁﬁgler ‘%lé O?EQG 2 illustrates a

power conb ner € clrcurt SO suita or ‘use as the power
splitter 102. 30 Referring to FIG 3, an exanple of. a power conbi ner

1|4|0 havi ngda m ni mmanheo eSetly f emgi aexﬁagd{fueh@f tﬁ@umﬁﬁplswlt@ﬁs is
142, our  mat SRS (R HST é@gsi méciineifm&“r ek Meals” Wetizac Lidhch of
the phasing Arlington Heights, Illinois, and the output switch 530 is a RSS-
10 SR001 relay from' RelC_omm Technologies, Inc., Sahsbury, .
‘Maryland. The amplifier 526 is preferably a feedforward type
- of amplifier, such as the feedforward amplifier 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
15 implemented as an embedded microprocessor controller, such
as -a Motorola 68360 or 68HC11. The power detector 522 is
~ any suitable circuit that can detect a power level assoc1ated
with the power amplifier 526, such as a power detectlon ,
- circuit- for detecting the input power level of the power
20 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
25 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 vanable
30 attenuator may be: placed at ‘any position in the system 500
that is pnor to the power amphfler 526 such as at. the RF
mput 544, :

|  Referring to FIG. 10, a preferred embodiment of the
35 - alarm detector 532 is shown. 'The alarm detector includes a



“and a transformn

35 transm ssion lines 142 has an i npedance of 50 Chns and a WO 97/ 48181
- PCT/ USQW‘OS”!@SSIS | ength equal to a-quarter wavel ength. Eqs&r,gggmbmnntchl ng
.transni-ssion lines has a length of a quarter wavel ength and has a .
characteristic inpedance of about 70.71 Chns. The inpedance of the. _
. mat chi.ng transmission-lines 144 is 5 deieirm ned according to the preferred
fourth root formula descrl bed above. Those skilled in the art wll :
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ef ficiency acrceaseﬁerengalmj TOD4; fa eplarality0 oft kampanitdrs ¢006¢camd 8o the
e i ci oncy i Gigtfel dBkie, rORPRt, BN BCHR, iR B0o¥ The BRI
Ref erri ng nowdetedto€. 532 aewtveada]:m‘m esensoreapatsnd @101 andoalarmpover
o e o 20°. ol LT " iadices” afC st lempieaon | nes 202
out put node zgndxcgtmg that an alarm condition has occurred. The alarm '
. interrupt 1014 is fed to module controller 528, which sends
an alarm message to the_ gateway controller 506 to inform the"
gateway 506 of _the alarm. -
10 ' _ : .
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 dependlng upon the. partlcular |
15 .'applica_tion and implementation. The following list of snitab'le
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
~ invalid convergence data (e g ‘bad checksum, invalid date,
25 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) '

30 ~ Referring to FIG. 11, ‘a preferred embodiment of the
' control]er 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
35 of data latches 1108 The microprocessor 1100 receives an



~ connected to a load resistor 208. The phasing |ines 202 ar

- to onewgforagfat of input nodes 210 whi (F:)h 20 gsupport’ a’n@mﬁsﬁ%&qggghfgt :d '
set of anplifiers 104. The phasing transm. ssion |ines 202 each have é .

| ength of one-half wavel ength and each have a characteristic i rrpedance' of

about 50 Onns. The transformng |ine ZOf I's coupled to each of the phasrng

| ines 202 at one end and is coupled to ﬁe out put. node 25 206 at the other.

end. The transformng |ine 204 has | engt h. of  one-guart
| el engt h.
the preferregdlgmipoititerrupt input rlahlﬂsorafﬂﬁgcqmmé"*}ﬁﬁ% @cl@gact gl‘gl st i cI 5

i npedance det é{%ﬂcdxﬁr&‘l&%@%am tdhté Heud, osuch aassﬁmeDL(tmys 4. The

characteri sti

a th
di vi ding the llld@d m.ncgfmgmmiag@tar ot éﬂﬁ)‘hr ?ﬁiércég? ?Ql WA ated by

odyct of
the m ni mum p 1 Bhsampsafi eAH)cooneertteblbl(lZ) negeivest aofV pie‘?llig aﬁd

gg/e 4g?g|1ngm f?gm %rorgefr YRe Lo Ciipdfi©1194" ARu® che B{;ﬂc A 02103 .
25: { | gf‘ '][‘ t hprivektets | 1 10dpreveives & HANinG nsensop| itpRY Eﬁ? e mI?gse_
.a. e ror nunsern%rocessorntl'l'lﬁl é&ﬂmumcates 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
10 mternal bus ‘1118. The bank of data latches produces an .
' -output 1122 whlch is combined with the output of ‘the ‘bank of :
DI/A converters 1106 to produce analog output ‘lines -1130. o
The analog output : lines control the gain of the variable - )
_attenuator 524, the input switch 520, and the output ‘switch
15 530 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 suitable 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
20 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. | o
25 .
" The controller 528 performs many functions. For
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 amplifiers 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,
35 o



and ot her applications will be nore suitable to the conmbiner 200. One
factor WO 881 ni ng whet her to use the conbiner 5 12Gcaiudoneted DI ner
.200 wi'll -be the calcul ated | engt h and the characteristic i npedance of the
transformng line 204. |In sone applications the characteristic inpedance .
of the transformng |line 204 may be too fg'a to be inplemented with = -
exi sting transm ssion |ine technol ogy. this case, the 1 0 conbiner 120 -
‘illustrated in FIG__2 shoul d be used.ins d, Ala those skilled in the
art will appreciat dhenfatgwayofcom{eoler, sificlndes @ sTHEEQRTOGEaSPRer e n may

bte pr Olducedt a¢¢s0dafnd banmhhldag@wwnhanseﬂmmmén rst&& alcihnlalmnc bagch as
stri ine te era ractical si
consltoral nt.s, ﬁﬂiB ngFn f ay |?‘fg‘“{@3 oﬂﬁ%fqgﬂgg‘éﬂ“’%‘ﬁb‘& sbewéﬁ ?abl e for

~applications wsysterm domqohox:wlgr eadata dinkn 1162, nsupiherst an. Eshemetng to FIG

5, b d .
~ del ?\r/]e(ray ys?g%gg%uﬁﬂg 53 §Lgt¥ r%éPg'?’%%s ﬁlgjér)a# Sxp?Béﬂgnsw\Eleﬂﬁuggpl ifier -
nodul es 508- 5cantex yatasvm)hdentsyﬂtcmp 50he gmm}pm&@m " 504. Each
of the pover gagkdlhh a%%ﬁsnﬂbff 51%& eﬂférceaﬁtrenetre 598 P! é4diprof02, the

conbi ner 504 ntr \ In the preferred -
enbodi nent , lﬁf 592 R Y s‘ﬁ?‘?k‘tﬂ& OREEEHHSSS HESsplitter of

FIGs. 1-4. Sl Bhloiﬂbﬁngt hmphfler gam values and offsets, and determmmg
10 what actions each controller 528 should take. Most of the
'actlons 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,
15 such as memory, a clock, a reset switch, various input/output
port interfaces, such as the HDLC bus and the Ethernet
interface, and other d1g1ta1 support logic to buffer and
otherwise handle the various s1gna1s and components of the
.--.system
20 _ o o .
| | Refe'rring again to FIG. 5, during. operation, an RF input
signal 544 is split by splitter 502 into a plurality of signals 518
* which are input to each of the plurality of power amplifier' '
- modules 508, 510, 512, 514 ‘The split signals 518 are each-
25 amplified by the reSpecuve 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 amphflers may be modified with -
30 an acceptable level of change in the overall power gain of the
- system 500. An alternative would be to use conventional |
1solat1ng sphtters and combiners, if the increased gain |
variation due to module. changes is acceptable for the SpClelC

o apphcatxon
35
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att enuat or 524,
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detector 532,
to the gatewa

S pref'érabl'y'a power canbiner, such as the conbiner of FIGs.
dded

300 controller, such as a Mdtorola 68360 or 68HC11. Each of
the anplifier nodul es 508-514 is preferably substantlally ‘the sane so only -
| be described in detail. we];we power anplifier nodule 508

put 3 5 switch 520, a po detector 522, a variable
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fiaymdetettn ano glam cmdmcsmelﬂwr yby wenjingly| poling dhgl i fier.
526 is preferabjynd dtE0NS 339, (P Dy an ! interrupt. mput from the alarm '

detectors 532.

The affected module sends an alarm message to ‘the

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

15

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: ' g

10 * LOG (original number of modules 'in..ser'viee' VAR

 number of ° modules remaining in service - after- faulty.

20

25

 module(s) removed)

, 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, such 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. S

30

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

- The modules -508-5_14 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

35,

__"'1ts 1nput and output switches 520, 530 to remove. that module' |



of anplifier, such as the feedforward anplifier in a Mdtorola SCT9600 base
st ati on V@ 97/¢818Hescri bed in U S.. Pat. No. 5,307,022. " Thep¢Truss7/06063t r Ol
nmodul e 528 is. preferably 1 5 inplenmented as an enbedded m Croprocessor -
control ler, such as-a Mtorola 68360 or 68HC11. The power detector 522 is
any suitable circuit that can detect a pgwer |level associated with the:
power anplifier 526, such as a power detection circuit for: det ecting the

input power |evel of the 0,. a i,fier e c of an
exgrrplg of sudfPIR ﬁﬁ%@Fedg?ﬁ@? oé“%tQ'ZqB dgk: me?o*n%ﬁnﬁ %F%tg%tgw rposes in
FI G 8OI tAltthow?;ﬁgmrpcsmr that dctlvas =hnti dow{m\mt ;mtepuﬁlﬁnqmréonns tL he:
power ‘det ect or ROY 0 o} n e
syst em 500, L?éﬁg%gﬂ‘é%/ ‘?ﬁ'éhglr?ﬁg Qﬁ‘?}“{ e “?é &E‘Eé Pget F%gﬁ%t B?Sn d546 The
vari abl e at't erstoresr tlffza'esujﬁsabﬁothﬁe dxagn@mu@stmgt s%u@%vé’ latileuit .
- elenents [ t uld be
thgﬁeﬁffe Prér agr Bxsé Clhuchids 'b? ?H&Wi‘y efsofined, ak!s@po!

under st 00 enuat or ? ced an osition
in the systeméddo tKinally at |S(§$Pt6 é,héh"pogﬂit?'w&ﬂpppp& il352§8és§ﬂﬁi£§ at. the

‘RF input. 544. Refabei §9 4 Osystém tontrolleref aiche diseabasbbitet switching 35 - al arm

detector 532 Icsén%ehrow' ann%blixyg%%%tagglt' Sh 'angleﬂufar gystem, of the alarm L

condmon

10 .
The above alarm ‘control strategy ‘permits
1mp1ementat10n 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
15 -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
20 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 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 system with the alarmed module
30 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 overdnven.
 Under this thlrd condmon, sleep mode operation is usually
35 suspended. | - -
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plurali tyw9f976$k§ﬂm sensors 1002, a pl ural | ty of digital 'topepaisefoeies .
converters (D)A) 1004, a plurality of conparitors 1006, and a digital 1ogic
component, such as OR gate 1008. The alarm detector 532 receives alarm -
sensor - i-nputs 1010, and-alarm5 threshol 1012 and produces an al arm

i nterrupt. 1014 indicating that an alarmcondition- has occurred. = The al arm
interrupt 1014 is fed to nodul e controller 528, whi ch sends an alarm -
message. to the gateway controller 506 to informthe gateway 506 of the
alarm 10 The al ar mReferring t63FIGs Tieangtied embelimentf afild smethwid rafy be

vartous typoe GRAFORE B TR JONBICShER, Hign S80S pidpg oY O° O
dependi ng upon delivesyr systenar500 EQf Gl i Bats @Hustmrtednpl'ﬁhermat ash. The
fol | ow ng |5st 13(:11de$th? est% QSBdeé&rﬁ?ﬁﬂn?%%byet@r%ge/;écég I'IYI\/B O1E. PT

il lustrati ve purposes on enper at.ure-a { %
suppr essi on af appdulednto \ﬁbl&ﬁ‘é}e Mgk, Silgnéaleeps 4 ORgcer IBpI¢ (power

overdrive or reftphfieds PawetakeRr 5Bt -ofV gefvigestdmporarityeno allow the
power amphfxer system 500 to operate more effxcxently with
lower operating costs. - The sleep mode may be used in off . -
10 times when traffic reqmrements 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 efficiency,: at least some of the DC power dissipating
| circuits -in the amplifier 526 are shut off. - The control module
15 528 typically remains’ active so that tuning parameters of the =
| : ampllﬁer 526 are ~quickly avallable after the module is '
aw akened '

Begmnmg at step 702 and assuming a starting condmon
20 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
25 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,
30 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
335 '-:'gateway when thresholds are exceeded The gateway



20 detector of FIG 8, synthesizer lock alarm- Mtorola MC145200, and °
current 3NQ9IMSISL currfent sensing resistor on each power alftTinide% 06155 20€-
In addition to. physical hardware al arms, there may al so be software al arm
condi tions, such as invalid convergence data (e. g. bad checksum invalid
date, 25 variables outside of approved (rjf;ige) | mpr oper software downl oad,
ti me-outs on various expected nessages, tuning alarm (i. ._ control out

of range or other violation based on expect ed perfornance = -
Referring to Fdetermines q&eeﬂunnber b saedeles 9 PBk teosleep) |a@d thelul e 528

and the gat ewayuaiHer 86 | WakeOfp! §a§étp%‘n leEg ﬁmrsagéd edncﬁasaké\s;l udes a

m cr opr ocessor 1100 a analtﬁg to .di * verter é-F. Jgf-fﬂéf&@af? gllf ggtal

Al D convertersnPféagesa ‘BPA“
| at ches 1108. 7Thge CT TOM7Q0G Sther hléiﬂa epmsvewoarmf the/\@oar/ ridtiRles to

| 5’2?2323728 Popleep” 386 VhdH SAReL, I Bbbun, Bt AR CARE: sibidhet"
~ communi cat es vust lrecéivedl ar Fodegvert oit fﬂSZ:ontemplated 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 oxi the particular application. Continuing
10 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. ' : '
15
Although the method of controlling the power dehvery
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
20  preferable, to use a combmatxon 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
25 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
‘30 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
35 includes an input splitter 1318, a gateway controller 1300, an
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control bus 1132. A/D converter 1102.receives a voltage level 5 from power
det ect orwiDrgy48181114 and the bank of A/D converters 1104 r pg@iusofiogied Uni ng
sensor input 1116. The m croprocessor. 1100 comuni cates 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 |atches 1108 r.the 1 0 internal bus 1118.
The bank of data | atches produces an out 1122 which is conbined with the

out put of the bank of D/A converters 1106 to prodq_{: anal ogﬂOutlﬁut l i nes
1130. The  anal algrsutdesectornd$02s nppwiert ﬁ@‘l?}bﬂlﬁrsofl #8d; PBEnhuat or

ol es 508, A R R oy aha o1 gt Sogagna 00
Devi ces AD78918W¢RiA e n13h4s 8 POVET ABHEI of 105. a Povet i
converter 11061368 alandnal ﬁgsmndcassm@zinputusvamelnnbﬂ(l.o Aihe NAﬂabtlean_
anglr %gt ﬁ\é ﬁgls%ﬁ%qgﬁqsﬁ %4 n‘%gglekgés irltl exar;p%eg oﬁggggaﬁgl (23?61 Rx?e dat a.
| at ches 1108 i detectan di3f6a i34 HTTCOmMUNIEationn wish| the sgatewayo i ncl udes the
ot evay cont r o PSBEECI 06 ke dEoGhp e o, ey Pl PRI
: ~ to 'a respective power amplifier 1 2 e outpu combiner
1320 includes first and second output switches 1314 and a
10 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 amphﬁers 1312 and the gateway
controller 1300. In this embodlment a smgle vanable s
15 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
splitter 1318, instead of in power amphﬁer modules By -
. placing the input switches 1310 and the variable attenuator - |
20 1_304 in the input splitter 1318 instead of in the various power -
- amplifier modules, a loca_l 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 ' '
25 N : - . .
| ~ 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
30 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.



~exanpl e, thé controll er 528 tracks its oper__étion state and communicates
with thdVQat48aB controller 506 to inform the gateway 5fcwUsH8IEd
.transitions. The controller 506 also may 3 0 be used to: tune the power -
amplifiers 526, to nonitor alarmsensors,.and to control alarmthresholds. :
The controller 528, typically in responsggto t he gat eway controller 506, -
may open or :cl ose the input switch 520 or“the output switch-530 and may
adj ust "the gain of the variable attenuator .524. 3 WO 97/ 48181, o
PCT/ US97/ 06163 13 Tihe g“él%)f;%s&ﬁ% _|<‘éPBBébmFHEﬁ Ve JDARY, g‘ﬁP&éé%sor 1150
and- communi calfey ekampldie byoadjwdtingy the8guim dfDothérusnddiles aftee gmt eway
controll er 506,also. c | cat es. W ey .co | l.a 1'ink
1152, such. as %tﬁe%ﬁng&%& %%&{%Qoﬁow%’erﬁgsw&gﬁhﬁéh (e’ir?t ‘%a e a .

-rmobi | e swi t chichgnnelst enay nbe. maiintained s{althomghriat geduced) powenol | By 506
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and of fsets, gugingttinas nwvhgn fuﬂ power is not needed, such as during. )
- -~ low traffic times during the day.  In this manner, the useful life
of each module can be extended, improving efficiency and
| reducing costs of operation. Another potential benefit is .:that -
10 the systém has great flexibility since ‘modules may be -
' physically added to the system, or an extra module could be
‘added for high traffic periods or for redundancy purpQSes. In
‘this case, the extra module would normally be in the sleep
mode, i.e. inactive, but could be quickly activated if ano_ther :
15 module failed or if the iraffic level exceeded the capacity of *
the other modules. o

In addition, further advantages and modifications will
- readily occur to those skilled in the art. The invention, in its |
20 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 qr-spifit of the invention, and it is intended that the =
25 present invention cover all such modifications and variations -
- provided they come within the scope of the following claims
and their equivalents. - : ' B
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.1 0 what actions each controller 528 shquld take. Mst of the actions for

 the sl and nodul e shed net hods t ake '
_ pl ace in the 63ont
506. . iﬁ?ﬁgﬁgﬁ not shown, those skilled in the art will mm th;?l !tﬁre :

- gateway controller 506 incI udes conventional su [
: pportin
| such as nenory, a clock, a reset svmtch2 vari-ous |nputlgclmumlllmwmmmlll
I nterfaces, such as the HDLC bus and thé Et hernet interfacef ahd bt he

di gital support logic to buffer and ot W se

- and conponents of the system 20 Refe il@ agalhﬁn’?loeFT ge \SIaHdS;JlSn;I gnal.s S
operation, an RF input signal 544 is split by splitter 502 into a pl urality
of signals 518 -which are input to each of the plurality of - power arrpllflery'
nodul es 508, What 510l laimed. 18ihe split signals 518.are each 2 5 anplified

by the respective power anplifier modul e 508-514 and output as anplifi-ed

signal s 540. The anpplified si : binnedr# i '
| oconb -
into an RB out put 13 gnaA PRY B@eﬁg?ép sgg Pﬁ}eﬁggﬁigq?olr;ﬁlner alsngtras?:(r)lllbed .

in FIG 1-4, e uaﬁayersy@temctoompmmg a
) rrpllflersrra be nodified
| in af:cept able I evel of change in the overall power galyn of the syst\émrr;[ gogo
nalternative would be to use conventional isolating splitters and "
conbiners, if the anpowesesplidios; |

a plurality of power amplifier modules responsive to the
10 power sphtter, each of the plurahty of power amphfler
-modules comprrsmg :
an input sw1tch
~a 'variable attenuator; § _
_ ~an RF power amplifier responsxve to the vanable -

15 attenuator and the input sw1tch o :

an output sw1tch responsrve to the RF power

amphfler, and : ._
S an- alarm detector for 1ndrcat1ng an alarm condmon

_ | of the RF power amphfrer, :
20 - . a power combiner responsxve to each of the plurahty of
power amplifier modules; and R '
‘a gateway controller in communication wrth each of the
plurahty of power amphfler 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 '_ 1nd1cat10n that a first of the plurahty of power ampllfler



vari ation due to nodul e changes is acceptaple for the specific application.

35 \VWO77/48 £81 8 1 : ' Pcli‘ﬁfﬂs»’i)ﬁﬁ 406163 1
.4 Referring nowto FIG 6, a rrethod of controlllng t he puwel uc|1vc|y
system 500 i s -described. At step 602, one of the power a :
'508-514 detects an al arm condi t i on, suctbo s via alarm det ’m nﬂml
nmodul e 508, that 5- affects the service t hat nodul e. . e -

.528 may detect an al arm condi tjon either by routinely pol | i ng the aI arm
det éct ors 532mastuley isninnanr alasm jgondition, endndhe, satewayt

The affected ﬂﬁfdkﬁ&s seadhs tnbawahasréameﬂmbfbe lﬁawmyopomer Qithéf 506
at- step 604. T

at i/f*cont r@ er sends a nessage tﬂ]l he
nodul es i nst r BeW al’lﬁ %o TRAGRACS ¢ ‘él r §agﬁ“’03’ %vr&spﬂﬁ ¥?m ned
by the controRFerp cﬁ@ﬁ' abhplifierd;ovithe gatemsya comgrditeruswitches 16penettes i ne

- the am)untS of; n%autnall Hie 'ttpur & Lwithof thbokpg' opuiiRey ll?xfal@dﬂles_ 'n

service -/
- ‘power amplifier modules to take the first. power amplifier
-module out of service. - '
10 4. The power delivery system of claim 3, wherein at

least one of the following: * the gateway controller determines
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
15 determined gain adjustment level; the  gateway controller -
sends. an alarm message to a system controller after recexvmg
the indication that the first power amplifier module is in an _
‘alarm condition; the second controller compnses a mobile
. switching center of a cellular system. '
20 -

5. The power delivery system of claim 3, wherein at
“least one of the following: the first power amplifier sends a
message to the gateway controller when the first power. _
25 amplifier has been suecessfully taken out of service; the first
' _power amplifier performs. a dlagnostrc test and stores the
- result in a memory. '

30 . 6. A power dellvery system for use in a radlo
frequency system comprising:-

a powe_r splitter;



nunber of - nodul.es remaining in service after faulty nodul e(s)

I enoveglo ¢fssfsst hough the above formula gi ves the ideal paywosoy®s1ss due to
|nherent |nperfect|ons incircuit elements, it may be desirable to offset

~the ideal calculated value. For exanpl.e, where there are four nodul es and.

" one is to be renoved, the.25 ideal lev of gain reduction is 1.25 dB, but
an offset, such as an offset of .25 dB ‘be applied so that ‘the total
gain reductlon of each of the ot her modules. is 3{1 | east abaut

preferably about & !pldﬂht@o of powerTismpliten 1ep rFGﬁB?’é%‘VFei?)oﬁ'cde oat] ﬁe |

gat eway 506 a ﬁ&é} &Pt&eiﬁé luraliegluef power ramplifierat step 608:
The nodul es ?@y 1%9 uce t hei rugal n g’; ch;bngl ng the attenuatlgn | evel

at the vari abnedulqsengﬁmn?}ﬂtg The gateway. control'l er 506 sends.a nessage

to the faulty nodul e t qppigpud Ewil i nput and out put
to renove_that nodul e ® @ chs inp put sw tches 520, 530,

PCT/ U897/@6163 15 from%e?’%@éie %ﬁénpglﬂrt’y nodul e then nforms ihe gat evvay |
: an RF power amplifier responsive to the varrab

attenuator and the input switch; ,
~an output switch responsrve to the RF power
. amplrfler, and _ : '
10 a power detector for determmmg a power level
o -assocrated with the RF power amplifier; :
_ a power combiner responsive to the plurahty of power
amphfrer modaules; and _ _
a ‘gateway controller in communlcatron w1th each of the _
15 plurahty of power amphfrer ‘modules. '

, 7. A method of controlhng a plurallty of power S
amplifier modules 1n a power delrvery system comprising the
: steps  of: S -
20 detecting an alarm condrtron 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;
25 ‘taking the first power ‘amplifier module out of servrce,
_ performmg diagnostic testing on the first power
amphfler module after detectmg the alarm condltlon, and.
storing results from the diagnostic testlng in a memory.

30 . 8. The m'ethod of claim 7, wherein' at least one of -the'
- followmg ~ the gain reduction level is determined ' based" on a

~ number of non-alarm power amplifier modules of the pluralrty

of power amplrfler modules and the total number of the . |
plurahty of power’ amplifier modulés; substantlally the same



controller 506 that it has shut down, at step 612, perforns diagnostic
~ testi ngW@9Ti4818% i ne the cause of the fault, and stores tferp§awsias of the
.di agnostic testing in a non-volatile 5 nenory for futturetse;,—Such—as—by

factory personnel, at step 614. Finally, at step 616, th
~controller 506 sends a nessage to a systﬁ controller, u IBﬁT uLmL
switching center or a nobility manager a cellular sys

condition. 10 The above alarm control strate permts | rrpl ement ation of a
power anplifi @aisyeductionhdevileis applied to ﬁﬂgﬁ Wibe gther pewsr under at
| east three dighfsrigiek CrﬁBEih‘léé)”s In'the first condltlon an al arm.i.s' not
active and the s@gtem maxi mumtraffic load is |ess than 't he- maxi mum
capability of the system This is normal operation, and a sl eep node

. method, described ign. furAhpoweetdelivérg! eystennfobeusssdr aoradipr ove

ef fi ciency, nder the second Lti n S stem o
- maxi num-t I’sdf f lflﬁeqlbeﬁfx chl&lgm{lﬁgﬁ%phggg&lﬁm@enﬁ&ég g%“%b{/ gfséﬁ'é system
wi th the alar Imxinpnmhg renoved from service. Wen-the fault i's detected,
t he al arnmed nodul e | }6\%}30@ tftéxom service. The above al arm control

strategy allows the ' VEry system 'to remain.in service with .
negl i g| bl e ef fect tao varia m@ttegaatprofmt wonponotcatlon with the power

sphtter,
_1_ o . a first mput swﬂch responsive to the power sphtter
a first power amphfler responsive to the first 1nput
_ swﬂch :
a first output swnch responswe to the first power
amplifier; : :
15 . ~ a second input sw1tch responsive to the power sphtter, :
-a second power amphfler respons1ve to the second 1nput :
sw1tch '

a second output switch responswe to the second power
- ,ampllfler and _
20 a power combiner responswe to. the first and second :
- output sw1tches '

_ 10. In a power dellvery system with a power splitter, a
B | plurahty ‘of power amphfler modules, and ‘a power combiner, a _
25 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 during a
30 sleep time interval; and '
- - placmg the one of the plurality of power amphfler _
-modules in an active mode

: _ 1'1 The method of claim 10, wherein the one . of the
35 . plurahty of power ampllfxer modules is placed in an actlve



25 delivery system In addition, the sleep node method can still be 'us'eo'_l
to i nprowvostkgiLency even when the al arnmed nodul e is renoperik®ieisy Vi ce.

In the third condition, an alarmis active and the systemmaximumirafrfic

load is greater than the maximum capability of the syste i
nodul e 30 renobved from service. = Wien -th§4f ault is det eqm“"gmumlm@m
nodul e is renoved fromservice and the gafn” of the power anpli¢iar aysSisenk
500 i's reduced to prevent the remaining in-service anpljfier npdules from
bei ng over dr i vanodenatier t an salapmy ¢oBdiden i ith anqthen ";gébe OB{é’rrgBFY)-nofs
usually 35 Sﬁgagﬁ?ﬁ'is deférfed. 48181 } ) . o
PCT/ US97/ 06163 16 Referring to FIG 7, another enbodi nent of a nethod of .
controlling a power delivery system such as the power - delivery system 500 _
~of FIG 5, is illustt2fedThéhmethdododf Sclaimc|10jefutther scemprisinglet ermining -
whet-her to place a-gi.ven nodul e isnt 9qa en,:pde. leen,Jgpde. one or - -
nor e -power AnplGHPR n&r@,t‘%ﬁ%ﬁegutcggf 1§%‘$v9’é?t§n€#@§?%ﬁ§ﬁl‘?a| lowthe .

power anplifierthreshedd.500 to operate nore efficiently wi th

13.  The method of claim 12, wherein the -_Qne_'.of | the_
plurality of power -amplifier modules is placed in an active .
10 mode in response to the comparison. B |



| ower operating costs. The sleep node may. be used in off 1 0 tines when
traf fiwoemgigiements are low. In sleep node, the nodul Qcirmss'ﬂmu:ed from
servi ce by opening the input switch 520 and the output switch 530.  In

_ addi tion, to-.further i nprove efficiency, at | east sone of the DC power

. dissipating circuits iin the arrpllflg/ 26 are shut off. The control modul e
15 528 typically remains active s t at tuning parameters of the . '
anplifier 526 are quickly available after the nodul e i s awakened. Begi nni ng
~at step 702, and assuning a starting condition 20 that all nodul es -are '
awake, there are no alarms, and there is no downl oading in progress;, the
gateway checks to deternine if a Yezgm) les are in a sleep tine
interval. One nethod of provi.di nF interval is to store general
traffic | oading condi ti ons based, tlrre of day into the gateway. 1n.25.
this case, a sleep interva ul! 08uri ngahhe day when
traffic is |ightest, syehta i nNg rs (e.g. 1-4

A M). Ifthesleepvvlr atUs of alarrnsls
checked, at step 704. Iff ther

- descri bed in FIG '@8 (1 herw e, he ‘gat enay seﬂ@s a nessage to ' the
- nmodul es to enabl e dep nmodR i nteébrypt Rol al | owli6r sl eep node. At step
708, each of the m)dul 4SPOWER _ v@DWER Juch ,by noni't ori ng |nput
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e

power readings from .the power detector, .conpare the readings to a
'threshq}éﬁmg “send nmessages back to the 35 gat evvay wWreT/usy7e61s8 | ds: are
exceeded.  The gat eway WD 97/48181 _

"~ PCT/US97/ 06163 1 7 determ-nes the nunber of nodules to put to sl eep and the -
nunber to wake up based on sl eep meggpges and wakeup messages fromthe
modul es. In the particul ar exanple of FIG 7, steps 710-720, the gateway .
puts two of the four nodules to 5 sl eep and then wakes up both nodul es if
any wakeup nmessage is received. However, It is contenplated that nmany '

ot her conbi nations of nodul es put to s}meﬂﬁugr Fm gsed n the _
t.hreshol ds and nmessages received by TRENSHESSEORY lp epend| ng on .

the particul ar applicg =t50 L=Agpht i I ngy at step 722, if the sleep
wi ndow. has endi: or _an\ P @M‘ JQ?I onsmag) detected, al [[48pdul es are .
e

woken up, INAUT st Am vyl message to al | nodul es to
di sabl e sleep intg rrupts.. Ctherw se, T pPINQCE svﬁ(g(for Ssteps 710- 720 S
repeated 15 — - -
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'Alfhough_the met hod of cOntroPIing t he pomé( delivery systen1500 has been

descri bedWOdH88Lel y Wit h respect. to a speci fi c modul e sheggppdonghésrd in
FIG 6 and a specific sleep node ne od inFIG 7,it is possib e and in.
sone applications 20 preferable, 1%se a conblnatlon of both of the

met hods. I n addition, although certaln criteria, such as power |evel or -

al arm conditi ons may be used to determ ne when to enter and | eave the sleep
" node,. many other sleep criteria may be used. For exanple, the nunber of
nodul es i n sl eep -node, whether 25 the nodule is below a sleep low .

t hreshol d or above a sleep high threshold, and whether a particul ar .nodul-e.
is in service or out, of service. A detalled flow chart of an exanple of a.

~ et haod of controlllng a- power dellvery system using a conbination of both
nmodul e sheddi ng and sl eep node as wel | 30 as a variety of sleep node
~criteria is shown in FIG 12A and FIG -12B. Referring to FIG 13, another

.._.1__|
Detect

HIC

enbodi ment .of a power delivery systegis illustrated. The power delivery "
system i ncl udes an i nput splltter $18, a gateway controller 1300 an .
WO 97/ 4 81 : i _ PCT/U897/06163 '
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18 alarm detector 1302 power anpli.fiers.1312, .and an out put conbi ner
-1320. . Wipojdapast splitter 1318 includes a vari abI e at t enypatToUsoA6YE3 a povver '
det ect or 1306, a power splitter 1308, and a first and a second input switch
" 1310. The variable 5 attenuator 1304 receives an RF input signal 1322. The
power ‘detector 1306 is in comuni cat/llgn wi.th the gateway controller 1300, °
and the input switches 1310 are each coupled to a respective power N
anplifier 1312. The output. conbi ner 1320 includes first " and second out put =
'switches 1314 and a1 0 Ppower conbiner 1316. The output switches 1314 are
each coupled to a respective power anpl ifier 1312. . The combi ner 1316 L
out puts an RF. output signal 1324. The al arm det ector 1302 is coupl ed to the .

power anpliffrers I3IZ an T300. TN ( RSk odi ment , -
a single varjiable 1 5 a&@ﬂ&a@ﬁﬁ:\@ﬁm@ﬁ \A&Nmbl g attenuat dr 1% 4,  may be'
used to adjus e galn of nore.than] one power anptifrer -I'n addi-tion,
the input sw tches 1310 are | ocat ed At 't he. _| nput sI itter 1318 i nst ead -of
in povveral|f| FAd bR, AR R - pp -804 the .
vari abl e attlgg ‘MODUE U it waadicad of in the
various power anplifier nDduIes a lpcal nodul e controller .such as -
control ler 5280 ElLG &5 _is not _nodticd he

GATEWAY SENDS MESSAGE 10 REWAINING MODULES IN THE ...
SAME SECTOR INSTRUCTING THEM 7O REDUCE THEIR GAIN. - |—606
_THE GATEWAY DETERMINES THE AMOUNT OF GAIN REDUCTION i | o

| MODULES RESPOND TO THE GATEWAY WHEN THEY HAVE SUCCESSFULLY ‘ 608
- REDUCED THEIR GAIN - THE REQUESTED AMOUNT .~ . _

GATEWAY SENDS MESSAGE T0 ORIGINALLY FAULTED MODULE TO -
- OPEN ITS INPUT AND OUTPUT RF RELAYS

610
AND_RENOVE ITSELF FROM SERVICE o

FAUI.TED MODULE SENDS MESSAGE TO GATEWAY WHEN

IT HAS SUCCESSFULLY SHUT DOWN 612.- |

FAULTED MODULE PERFORMS SELF DI-AGNOSTIC_S'-TO DETERMINE e
- ROOT- CAUSE OF FAILURE AND STORES THIS DATA -

614
IN NON-VOLITLE MEMORY FOR FUTURE/FACTORY USE. |

GATENAY SENDS- MESSAGE TO PARENT DEVICE (EMX, ' 5"15.

- MM, ETC.) INF ORMING IT OF THE ALARM CONDITIONS.

. '_-FfIf G ;6'
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control functions are perforned i n t.he conmon gateway .controller 1300. 25 N
Al t hougRysloddsegent reference nunbers have been used bet\/\wg and FIG
. 13, each.of the individual conponers,elzdl sclosed in FIG IS preferably '
the sanme as those descrihed in further detail above in reference to- FIG 5.
-For exanple, the 30 p detector 1306 of FIG 13 is preferably the sane
as the poWer ' if EIG 5 and FIG 8. Also, the method of

.controlling aj poweL ery system s described with reference to FI Gs 6,
7, and 12 may| be USEdlewdl bidalshears Vst eh of FIG 13 gfanWebdamas: W t h the system
of FIG 5. 35| 702MOwWR ih 4 @idéblmode | " Al modules awake .
PCT/ US97/ 06168 19 The.ahmvdescrr bed enbodi ments haveo amms benefits. For
exanpl e, by apj ustTmg 1T ot her nodul es af t er Neadownloadsniniptogobes ect ed
~in a first noful e; _ ryeaf - (TP@hfdam channel s may be maintained
(al t hough at *emq'ed Ai\aleyms? By . I5—rs ngr‘“'!%e sle@b"‘hﬂwﬂaﬁpﬁsﬂbach “modul es
may be -inactiyated_ N : - Four module secto - _
o ' o v NO . N=4
. : M=2
706 leateway sends message| = ' Us1
to modules: enable ' _ V=2 - :
sleep mode interrupt o mrasholds don‘t change
— _
‘| Modules monitor input
708 power relative o
|  thresholds, send -
} appropriaie messages |
- when thresholds are |
. exceeded.
‘710 | Gateway tracks all ' e
- messages. Did we. —YE- Put M modules to sleep 72
exceed N go to sleep o v =
messages? : X - 714
Reset module thresholds

=

718| Gateway tracks all

messages. Did we _v_s_’ Wake up V modules ns
exceed Uwakeup ] = K} :
. 'messages?. o - | 720

th— — | Reset mod::le thresholds

'722| Did the sieep mode .
-window end or did any | ND
alarms take place?

g Ve
724| Wake all modules
_ : K -
' 726 Gateway sends
‘message, disable all

‘sleep interrupts.

FIG. 7



.during tines mhen fuII power is not needed, such as duri

tinmes d
ext ende
“potenti al
nodul es may be physical ly added to

high traffic periods or for
the extra nmodul e woul d normally be in the sl eep node,.

coul d be quickly activated if another 15 nodule failed

added for

JoPupst

benefit

ng Iom1tréffic

g day. In this manner, the useful life of seflosemduée can be.
ovi-ng efficiency and redu0|ng costs of operation. Another

isthat 1 0 the ?ﬁiten1has great flexihility since

system or an extra. modul e coul d be
redundancy- purposes. - In this case,
.e. inactive, but

or if the traffic

| evel ‘exceeded the capacity of the other nodules. In addition, further

advant ages and nodi fications wl |
art. The invention,

the specific detalls
showa and descri bed hereln Var i ofr¥

madesto the above speC|f|cat|on,!A.,-ut varyi ng fr y t
the Pnvention, and it is ingendgd 1§t the 25 pre |
such nodifications and varl%Ilons provi ded they,.c il
the follow ng clains-and their e@# val ents. §
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) . . ) sSw

| g% 3 -y 8 "g!_

e  Samass 3 | .
‘ e L' 3 : -§§=—. §,;£

Can

i

- 03

L —

e r '. .
“__. .

AF

'

| T:.‘ g r—-r’)("'e(."\br

readily -occur to those skilled in the .
inits 20 broader aspects, is therefore not-limted to - -
representati Vi apparatus, and illuzggatrve exanpl es N
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or spirit-of
nvention cover all-
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WO 97/ 48181 . ' PCT/ US97/ 06163 20 g
d ai ns %32 @ claimed is: 5 _ - 1. A power deli verpcqwsbﬂmﬁs)r use in
a radio 4% r'i system co'rrprising a power splitter; a plurality of '
* power anplifier rmdul es responsumel Jo the 10 power splitter, each of the-
‘plurality of power anplifier es conprising: an input swtch; a '
vari abl e attenuator; an RF-power anplifier responsive to.the vari able 1 5
attenuator and the input swtch; an output switch responsive to the RF
"power anplifier; and an alarm _detector for indicating an alarm condition
~of t poWer anplifier; 20 ~a power conbiner responsive to each .
of tlz‘pl urality of power anplifier nodules; and a gateway controller in
comuni cation w t h each of the pl ural i ty of power anplifier nodul es.
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25 2. The power del i very syst em.of claim 1, V\,her ein at | east one
~of the, the gateway controller is in comuni petjussreish t he
~alarm Wgt%g" and the variabl e attenuator of each of the plurality of
“ power anplifier nodul es; each ofg/ype power anplifier nodules further
conpricse a |ocal 30 contrOI' nmodul e in conmunication with the RF anplifier

and the gateway controller. 3. The power delivery systemof claim 2, ’
wherein at |east one of the followi ng: the gateway controller receives an
3 5 indication that-a first of the plurality of power anplifier . .= WO

97/ 48181. PCT/ US97/06163 21 nmodules is in an alarm condition and the

gat eway conBB2| | er instructs each of the variable attenuators in each of
the other power anplifier nodules to change the gain of t he respective RF
power anpl I fiers; the_gateway (‘()nfrnIJ_e_L_sm_(_g.h.e.g_e-peTq the 5- i nput -and
t he out put svmtch of the first of the plurality of power anpl i fi er nodul es
to take the first powgr anplif{p0@ nodule out of servicp. . : o

analog inputs _1019 m |
‘from . alarm ~7. : _ -
- sensors —.' _ 1008
| | S mm' | _10110 controllers
Cempustom qo0 ||| @ . | B alarm intenupt
controller to set S h
alarm thesholds 1002 ._ _ '
. 1004

FIG. 10



10 - . The power delivery system .of claim 3, wherein at |east

one of t g§iwi ng:  the gateway contr.oll'er deternines @'Cﬂ‘ﬁh&@ﬂké‘s'{ ment.
level |nstructs each of the vaP gi)l e attenuators in each 0 e ot her
power anpllfler nodul es to change A gain of the respective RF power-

anplifiers to the 15 -determ ned gain adjustnent |evel; the gateway
control ler sendéﬁﬁin alarm - rressage to a system cont roI | er after receiving
the indication that th§ frrst povver anpliftirer dule is in an alarm
condition; the second|cont Gateway P Iobile switching center of a
cellular system 20 5. . T Hett—r-e 5 of claim 3, wherein-at

.l east -one of the folloWing: \ themetdfisk 3 nmessage to
the gateway controller |whe power 25  anpl i pystempepstrligron
successful ly taken out |of he first deD amBldgus er perforns a
. diagnostic test and stqres |the resul Hl-rr-a—mm to all controlief@. A power
- -delivery system for usg in o—f4 equency sy_stem conprising: a power
splitter; R ' S o
o ' . i Controller
' 1100 - '
HDLCbusto 1110 : _ .
Gateway GL—* HiCws
_ o | ecniswcseae
aam 1112 | et
interrupt - ————N o oe 5
b 12 & 1108 o .
- volage 4 o - _ _ 1130  analogoutputs .
- from power 1114__;'» . ND q—‘——. barkol DA 7 to o:?lmu:pgt:?n
.detector . ol | comenters and phase shifters;
_ L 1'118' C o — switches/ relays.
wing 1116 [ [~ 1 M
_ 1::::; -’LL'W:'""' — > i :
o | — o L0811 M182 ko
- 1104 o B ® control alarms

FIG. 11



WO 97/ 48181 o PCT/U897/06163 22 a
pluralit &1 ower arrpl I-fier nmodul es responS| ve to the wsg?mh@ter . each
of the%‘}/gﬂl y of power anplifier nodul.es conprising: an input swtch; 5
“a variable attenuator; an RF powerl0#tdlifier responsive to the variable -
'-a,t_tenuat -- the i nput switch; -an output switch responsive to the RF

power : a po dgt ector for determning a
power : ith. the RF power ier; a power conbiner
resgonsi ve- g0 t he pI ural ifty of povver anpl i ¥ modul es; and -a gateway
contfrol | er A

communi catlonﬁ ¢l of thegl 5 pl urallty of -power

anpl]i _ggntroll g aplurality of power
anplli m—mm.y, syst ._or’rpr| sing the steps of: 20
det 4 s rudeiend f i TSt O ) y of power arrpl |f|er '
modu | |-ﬁ'mt_r'1 leve &b :
Bescimties s -
' ,-ou-nn-u—.oor

"|Sleep Mode

Possble wake up aueris:
(0ot an exhaussve lish)
l.a2zl
2. u2]

il
i

;’:j: 6.11A



reduci ng the power gain in each of the other power anplifier nodules by the .-
determ oflE18y reduction | eve! ;25 ~ taking the firgdrrossmeieanml ifier
nmodul e out” of service; performqqgqsli agnostic testing on . the first power .
“anplifier nodule after detecting the alarm condition; _and storing results-
Nagnosti ¢ segti nq in a rrerm : 8. ye net hod of claim:
htAltegnate SHRrQMINC e ol | o N [ he gain rd on level is -

pased on a nunber  of non-alaflm power anplifder nodules of the

pluralityyof power anplifier nodul es_gn® the total nunmbRr of the plurality

of power lifier nodul es; substan]jgs ' S e

PCT/ USg 59032 3 g ' a1 bt her

power . PeT rmfﬁMDdllb.Shmﬁ' ; ) lradio 5
i loje 9. - a

FIend



a variable attenuator in comuni cati.on with t he. power splltter 10

first R,gﬂgufj tch responsive to the power splitter; a flrc'BUssmﬂﬁlﬁB'
anplifi

esponsive to the first %%é svmtch a first output switch . _
“responsive to the first power. arrpll L a second ‘input switch

‘responsive to the power splitter; a second pomer anplifier responsive to
‘the second input swtch; a second output sw tch responsive to the second
power anplifier; and 20 _ a power conbiner responsive to the first
and second -out put switches. 10.  In a power delivery systemwth a power
splitter, a plurality of power ‘anplifier nodules, and a power conbiner, a
25 nethod of controlling the plurality of power anplifier nodul es
conprising the steps of: determ ning whether a sleep criteria has been net; -
when-the sleep criteria has been met @ acing one of the plurality of power
anplifier nodules. in a sleep node d '533 a 30 sleep tine |nterval and

] _ .

pIaC|ngthe one of the plurality of arrpllfler
| o - |
&l gl |
8 | gz !
gol L=I" I
s 1
JEE|z [BE[T
TH3ER |3 &R
L -—————I
o=l |2
BEfz |2
QEF. > B
5 _JI §le §56 ®
€L §_‘=1— =ls -
= © (2] o
Bleg| [NEEfR|Ea)° o
-] 1 N T
s
-
g .3 |82 |- =8
g5 4Pz @ |"
s8¢ 2|88
2 &3 8

power .
detector
1306

8 ©

B »3 <
& HHE
- ]« -
23 >
-

L e i e e o e o e o
»

r
]
1322 |
RFinput ] | attenuator
o !
|
|



. | fier (526), and an alarm detector (532) for

nmodul es i n an ;ctive node. 11. The. nethad of claim 10,
the 3 5 plurality of power anplifier nodules is placed i'n T
97/ 48181 PCT - WORLD mTBLLECI‘UALPROPERTY ORGANIZATIONPCT/ US9 7 /N& “‘. m) e <A

an alarmcondition in anot her of lfrﬁ’% urallt f nodul es |s detected. 12.
The INTERSATIONAL AFRHICATION PUBHSHED SRIIER THE P4 TENE GOORERATION JREATE PED) |

ﬁgqnmmﬁpﬂhed%%mnmed threshol d., lﬁﬁ?emm%mmgmb&' al m WO 97/a8181 p/
| er u

em% plurality of power43np les is placed in an.act if]
€ reésponse to the compar i|943 International Publication Date: 18Decanberl997(18129‘7)

A
'I' A>

1

(21) International Application Number:  PCT/US97/06163,{(81) Designated States: AU, CA, JP, KR{ SG, European patent (AT,
- - _ v d - BE, CH, DE, DK, ES, FI, FR, _,GRIEITLU MC,
(22) International Filing Date: 16 April 1997 (16.04.97) 'NL, PT, SE). ,
(30) Priority Data: = " | Published )
08/662,573 13 June 1996 (13.06.96) uUs With international search report.
(71) Applicant: MOTOROLA INC. [US/US]; 1303 East Algonqum
. Road, Schaumburg IL 60 /(US) e
' (72) Inventors: 38 Silver Aspen Cu'cle//
Crystal 60014 UIS, Edwa!d, Vi N4
~7N793 Norther Dancer Fane, St. Charles, IL 601 (US)
MILLER, Douglas, Edward, 117 Country Club R :
Lake Zurich, IL OBERMANN, G/

: 5713 Forestview Nnes b3 6074 (US). ‘avicoLa ¥
M7k 312 Counu'y Algonqum L 60102
(US) 7 v/ .

(74 Agents MADDOX, Donna, Rogets et al; Motorola Inc
Intellectual Property Dept., 1303 East Algonqum Road
Schaumburg, IL 60196 (US). -

(54) ’l‘itle' POWER DELIVERY SYSTEM AND METHOD OF CONTROLLING THE POWER DELIVERY SYSTEM FOR USE IN Al
‘RADIO FREQUENCY SYW ' . _
(57) Abstract

. A power delivery system (500) in-
cluding a power splitter (502), a plurality
- | of power amplifier modules (508) respon- -
sive to the power splitter (502), a power
combiner (504), and a gateway controller
(506) is provided. Each of the plurality
of power amplifier modules (508) includes
an input switch (520), a variable attenuator
. (524), an RF power amplifier (526) respon-
1 sive to the variable attenuator (524) and

- | the inpuit switch (520), an output switch
-} (530) responsive to the RF power ampli-

indicating an alarm condition of the RF
power amplifier (526). The power com-
biner (504) is responsive to the plurality
of power amplifier modules (508), and the
gateway controller (506) is in communi-
cation with each of the plurality of power
amplifier modules (508).




