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MODULAR LI NEAR FEED- FORWARD AVPLI FI ER The

I nvention concerns feed-forward, radio-frequency (rf) anplifiers, in which
the active conponents are constructed of . two-port nodul es, which renove
easily, and which,. being two-ports, are 3i#pte to test, using s-

araneters. BACKGROUND OF TH Figure 1 illustrates a
Eonnercially avai |l abl e feed- fJﬁﬁgﬁgﬁyﬁg§§%5$rEﬁﬁ%hﬁ?RW%ﬁBlifier. The
anplifier is constructed in sections, | AMPLIFIER)Y dashed boxes, such as
3, 6, 9, and 12. Wen a section nmal functions, the synptons manifest as
faul ty operation of the anplifier as a whole. To isolate the malfunction, a
techni ci an gener al | yThemivwentiion mindeins - Seet-nswhrdn iz iamidddquamcy
and tests each ppe) amplIﬁ&i’F? eagh %ﬁcitczhont'ht% n%%ta_wg M Bk Lecause
sone of the sections are actually nulti-port networks. For ékaﬁb €,
section 3 cont FRSPHrEseds50f) gworporsdodulen, weichngemeve easidivi and
general |y connegifch NPESBIKES thwd U PN la-Df dipireectbongedl | §sM t%p
ports open. These inpedances intend to (a) simulate the inpedances seen by
the section mhéﬂa#?£$gﬁ¥%d in the anplifier and (b) create a
pseudo-two-port device to test, using the unconnected two ports.

However , this:% 6ﬁﬁbi P LN R cedure, and does not al ways .
replicate the section. Thus, the section is
frequently tested i rFFigueeavilr didsrstrhtd®r antcdmmerdiial ypeavaibgble feed-

o I B s Sebomaley BN 1) by greiler 1o

addi tion, because ! | ng proce
general | y done SansLmekedcinvrsentione, indheated oy idashed fhases atsudie as

site where the ®my,ifd elarid 12. When a section malfunctions, the symptoms
manifest as faulty operation of the amplifier as a whole.
To isolate the malfunction, a technician génerally removes
the individual sections from the amplifier, and tests each
one.

Testing each section is not a simple task, because some
of the sections are actually multi-port networks. For
example, section 3 contains ports 15, 18, 21, and 24. For
testing, the technician generally connects impedances to
some ports of the section, but leaves two ports open. These
impedances intend to (a) simulate the impedances seen by the
section when installed in the amplifier and (b) create a
pseudo-two-port device to test, using the unconnected two
ports.

However, this simulation is an inexact procedure, and
does not always replicate the actual impedances seen by the
section. Thus, the section is Erééuéntiyxﬁeséedfin an
environment differeﬂt.ffém its opefaﬁing*envifbnhénf. This
difference can make diagnosis difficult.

In addition, because of the complexity of this testing
procedure, it is generally done at a manufacturing site,
rather than in the field at the site where the amplifier is
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-2- located. -"Consequently, the testing requires shipping of conponents to
the manufacturing site, which inposes added cost. SUMWARY OF THE

| NVENTI ON ~In one formof the invention, the conmponents of a feed-
forward linear anplifier are grouped i nt o-t2w-cat egories, active and
passi ve. The passive conponents are highly reliable, and act as

i nt er connect i ohecatedy t Heonsedquenthyipohost Leathing reguites cshdppiogedfas
removabl e two- E&F\faoﬂéh‘éﬁr kS oMy Qﬁhrﬁ!faé&ﬁ‘ﬂﬁgtglﬁéﬁwﬁﬁléh”&i@%@ oy E%%d ng
and mai nt enance can done on-site, where the anplifier operates. §
DESCRI PTI ON OFC9£E- DRAMVNGS Figure 1 illustrates a commercially
avai l abl e feed- forward I|near anplifier. Figure 2 is a signal flow
~di agram of one [ Figure 2A illustrates renovabl e
active el enentS= Ry Figure 3 is a circuit diagram of
one formof the i nvEntoma chm csﬁ g;m! 1hkreWtd.|oagraheoéoﬁpguéﬁt§ of dak-on

Fi 3. { t {

cl)g'tj ; gl si gnal sg%‘gﬂ'ﬁ ilh LFL Stan%lq'sfltéﬁ %Ber egg&%% f‘ ?géeg%f’er :ﬁg‘ﬁ’ﬁ? 'of
active el enentactiven tam;d cpaeawe@f FTher ep@ssive componenss | dnst eitgisly

anot her for m ofet hepigyerid®nact asFiditididodiiedt Bl | bREnbOr eh! Jdye

3, with node nunbers add gure 8 i1llustrates a con s stem
whi ch i ssues o‘F%fF?‘a’Pegana‘f'gl‘FB %@?t%:ﬂ‘] %"ﬁ"cﬁé‘%‘%ﬁ\%cﬁ%rﬁ%“mﬁm& d:éffo'tR?rt

adj ust gai n angeplasks, DRhAthFRreESGRPgIH @b FedtibahdVRAThERiH. ghlpesting
Sinplified CNerwée

maintenance can be done on-site, where the amplifier
operates.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a commercially available feed-
forward linear amplifier.

Figure 2 is a signal flow diagram of one form of the
invention. |

Figure 2A illustrates removable active elements, which
are two-ports. ‘

Figure 3 1is a circuit diagram of one form of the
invention. The'signal flow diagram of Figure 2 is based on
Figure 3.

Figure 4 illustrates use of a digital bus to transmit
control signals to a gain stage.

Figure 5 illustrates removability of active elements
from the circuit of Figure 3.

Figure 6 illustrates another form of the invention.

Figure 7 is a modified form of Figure 3, with node
numbers added. ' . '

Figure 8 illustrates a control system which issues
digital signals to certain active components, in order to
adjust gain and phase. _

DETAILED DESCRIPTION OF THE INVENTION
Highly Simplified Overview
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- 3- Figure 2 is a signal-flow di agram of one form of the invention.
The active conponents (ie, those which consune power) are indicated as
either triangles or circles. (They are explicitly listed in a later
section.) These active conponents are Penovable, as indicated in
Figure 2A. - Not only are they renpvable, _but _they are constructed as
two-ports, as that FegHres2udad 3 eiBtabriklewnediagoranapti onecform @fpdmt

has an input (9AGeABLibh.aNGhanaeklifpe!l combdRenR@Nd l0rdhose Wi @ tddEsume
conponent has addit i onal Po&ts, sych as%\g]?feedback fort. . JTwo- pO{t

net wor ks can b@o‘f’%’s"k eJrEnty %??5?‘3%%? O eIl eei o ShrTkeRi al 13heY
Svai | abl \(/ameqﬁi arenéxplibhcadyDetistkedd ibxpl a.laa.Te'nxgrslecti}orEi)gure 3isacircuit
i agram whi ch corre S . Flgur S ols o lgure 3 are .
exp i ned as o | ovihend atfipe ibiednedts SAT FodoPanltlns il Greed da
#1 and #2): ThBsguzee 2fai n Natgesnlyr catei theyai removahder arge otheéy dixe
-and which are | i | ]%Rﬂ% h , I pdi.cated {
arrowcircle Sgﬁﬂ%‘:‘f‘éé?éﬁ aQ' %@Jﬂl 190' %Sfﬁ_li%f ZE?t‘ﬁnggr by rrf)al IH%I enrerh%%ﬁf es
#1 and #2): TheBeorye pihvtk ishpleadhe compementghasmRRainputnéone pors) ¢uid
and have distoghi QutGhal aQtBki SédESndhiddi-tiBl ch o lve hgohﬁéheﬂtsgdﬁe‘j

bel ow. LCU_(Linearjzer Coupler Unit): This is a power divider an
conbi ner. It c%ﬂé%%%gnﬁ; PBEESy f sugh e fegebask RO¥k. c and D. It can
be viewed as a signawosport! aetwddksusa] beetéstadngnt be JumpiditiEorard
components | abglesek Chbtrb Yo ids 1ty Ayalt Lkl Refligladiitly 90 3PT of
i ndi cated by the arrows. PEDL (Pre-Enphasis Delay Line), PDDL _
(or e shor Ll Bl kb i affReaglisi, (o cc)on Doy L) FCDx (Fina
_ Figure 3 is a circuit diagram which corresponds to
Figure 2. The symbols of Figure 3 are explained as follows.
MPLCP1, MPLCP2 (Main Path Linear Control Packs #1 -and
#2): These are gain stages, producing gain in the range of
12 dB, ‘and which are adjustable in gain and phase, as
indicated by the arrow-circle symbol 30.
LIN-LAM 1, LIN-LAM 2 (Linear Amplifier Modules #1 and
#2): These are power amplifiers, having nominal gains of
20.5 dB, and have distortion characteristics which match
those of the LAU, discussed below.
LCU (Linearizer Coupler Unit): This is a power divider
and combiner. It consists of four rf cavities, labeled A,
B, C, and D. It can be viewed as a signal splitter and
summer, performing the functions of components labeled LCU
A, LCU B, and so on, in the signal flow graph of Figure 2.
In the LCU of Figure 3, signal flow is in the direction
indicated by the arrows. '
PEDL (Pre-Emphasis Delay Line), PDDL (Pre-Distortion
Delay Line), PCDL (Post Correction Delay Line), FCDL (Final
Correction Delay Line) : these are delay lines for generating
matching loop phase delays.
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mat chi ng | oop phase del ays. -4-
DPLCP1, DPLCP2 (Distortion Path Linear Control Packs #1 and #2): in the
feed-forward |inearization approach, distortion signals are isolated
from the information signals. The DPLCP € provide controlled gain and

h adj ustnent to |.solated distortion signals., Gain is 43 dB,

hom nal ,.J and i adj Lﬁé}gﬁ’e’, D%@&S’@hé@ﬁf?ﬁ%ﬁ&é%éi%ﬁ‘%}?&?%ﬁ@ Packs #Ay
(Linear Anplifaret #Bhi:t): int il iflsled?fma&f_ d amh’gﬁ'g%rz,amrph?pﬁgbgﬁ%
20 individual rf, Iflers,: i rallel ., in Ls , pom nal. ne

i nd: Vi :j\tjal rf g&pﬁ%{%t{@rds? afseli!garg R caﬁéﬁa?_ﬁiﬂs,%ﬁ‘?’“u Figﬁr ARpPYRRELOR
Modul es. ISAgPB LS. neFheARRLEP b8  Prrovideweromi bl lédt lgvaji]}a. drd sphase
rovi des oper atjgigh Rkl 1t ﬂ% | ol ' u ions,
I[s)uch as m)ﬁi tohdrqgl out,pt}t %om%?e Ql_jf%&t’%e. Bﬁfé’é&'ﬁét%ég?%i%?é%r_ Aﬁ%h‘f %%(43
Unit Coupl er): 9Bvhinominalet eandi eopdivystabdeal Sagetdien editly phase Abeing

| CU (I sol at or GaYRistabIdt): this conbines the rf output of the LAU with

the rf output of LIN ,,.L.0 produce an_output signal. |t also contains -
two test ports, TC5 st (Linsar SRR ERGr  MBltheds atPERERLSONR TOROWET

whi ch neasures amp&riefgerpouﬂticielﬂmelfdes Igglhaqgadual (24 [’ﬁnﬁlirﬁﬁéi-s,\mﬂh(?h
I s discussed | . Cl... Ca e, etc,. thesg ar a S,
wavegui des, orgtsagaﬂ'[:)l'lellﬁes Jc;aa‘slgép%?oglrglea%g.’ nom”ﬁ)fJG TAL RIS 1ndiysidysd rf

MPLCP2, DPLCPamplifideps Gxe reonetvimesdcglletd fidMsgl dr duimeddt APl iBUSr
This digital sikgaahekeeds a digital-to-analog (DY A) converter, shown by
example in Figure 4 which converts the digital signal to an analog signal.
The anal og si gnal c&AUPH $LiReagAmPhifigkddeitPowass Distyikutdon) : Thhis

gai ns and phasggoiidesbépeest 2dyCpbiiragh L@i@%tﬂeﬁﬁasﬁrxab?aﬁsp&iigﬁ&:gﬁ§c
are subject to dl’lgt, and al so change wi th input signal | oading. Figure
4 is illustrat £YBSEAPRS: sHlS%eP&:é“ k4qring output power of the LAU.

LAUC (Linear Amplifier Unit Coupler): this isolates
distortion signals generated by the LAU.

ICU (Isolator Coupler Unit): this combines the rf
output of the LAU with the rf output of LINLAM2, Eo produce
an output signal. It also contains two test ports, TCS
(Test Cable 5) and TC6. TC6é feeds a POWER MONITOR, which
measures average power delviered. TC5 feeds L2T (Line 2
Test), which is discussed later.

Cl, C2 (Cable 1, Cable 2), etc.: these are cables,
waveguides, or striplines, as appropriate. ,

DIGITAL BUS: MPLCP1, MPLCP2, DPLCP1l, and DPLCP2
receive a digital signal from a DIGITAL BUS. This digital
signal feeds a digital-to-analog (D/A) converter, shown by
example in Figure 4, which converts the digital signal to an
analog signal. The analog signal controls the gain and
phase of these amplifiers. The gains and phases must be
periodically adjusted, because these parameters are subject
to drift, and also change with input signal loading.

Figure 4 is illustrative only. Numerous different
approaches can be taken to derive two analog signals f‘cne
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approaches can be taken to derive two anal og signals one

-5- for gain, one for phase) fromthe digital signal on the digital bus.
For exanple, -if the digital signal contains 16 bits, the nost significant 8
bits can be used to control gain, and the-l&ast significant 8 bits can be
used to control phase. As another exanp|e, the gain/phase signals can be
delivered in t®@Tstd@idt, enewdoraiRiage) ofEomotheai iRt h81gnAdr Grorthe

'phase-d-l Ta% -&aloigua.dimflaéxaﬁ@r@ m?ﬂe{ﬂaigciraut 89gnafll ebhthiaki 1¢
ground | oop pr ens. For _example, .if a _control system neasures a
par anet er , and,g F§ e r &5 fRst ggbﬁ’?‘églsﬁnﬁn% R EOnERRI P §FEA P MRl
then a feedbachaliagp a3 liken reaatedignifiigmiter 8l \bitsickhahedsdaaseldoops
are not favore i_nventj | 10 c Q nsp.tt{ng
2 G gital s gnaPaEsotnERSas s Shdhidh BT LAP Wita S SRR T
an anal og transansbeodelineredndndbwe abeps:ehoetwof batches, | ong. for gain
Figure 3 contahfg ghk b@k@yn@afoﬁﬂgggy_red to construct the anplifier

|

i ndi.cat ed. Mdul ar Aspects gures 2A and 5_il]ustrate nmodul ar aspects
of the invention. Thge us®nmfhedt Jighal peigmali deas ithe adygntage of

categories, acklymiandiPasgr¥and 1°RE’ problems. For A«aimp eGORBORER St rol
MPLCPs, LI LAMs, . . DPLCPs,
and system measures g.Pangpetef: apdsoil TSSRANSK ARRLIRMLN

whi ch process anglabs cofmye]l |ipmalkstooMPLARLSethehe aalfeediddleloop has

%ggggg:m : buﬁegpxeycxdeoa@eoé. pr Offsae?xieqjﬁ.l,s' such feedback loops ar%asﬁci:t\:/ €

favored.

The invention eliminates such loops, by transmitting a
digital signal to the amplifiers. The digital signal path
does not act as an analog transmission line, and does not
create a feedback loop.

Figure 3 contains all information required to construct
the amplifier indicated. '
Modular Aspects

Figures 2A and 5 illustrate modular aspects of the
invention. The components can be divided into two
categories, active and passive:

Active Components

MPLCPs,

LIN-LAMs,

DPLCPs, and

LAMs.
This list refers to active components which process signals.
Power supplies, of éoursé, are also active components, but
they do not process signals.

Passive Components
LCU (including A, B, C, and D),
PDDL,
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LCU (including A, B, C, and D), PDDL

- 6- PEDL, PCDL,

FCDL, ' - LAUCG, _ | CU, and
Cabl es and i nterconnects. The active toﬁpbnents are di sconnectabl e
fromthe passive conponents, as'indicate%Eg£ the CONNECTORS in Figure 5,
whi ch are standard blind mate connectors: * Further, as stated above,
the active conponents are all construct e®Cd%,t wo- port networks. For

exanpl e, MPLCP1 contains an input port,F%bL01, and an output port, at C2.
Two-port networks are easily diagnosed, usiing comrercially available vector
net wor k anal yzers, which analyze the s- paH&meter test set. .

Benefits In practice, if a nalfunct&@ﬁ'ogﬁars in the anplifier of
Figure 3, it is reasonable to assume that an active conponent is at fault,
rather than a passive conponent, becauseC3PleleaRfghntercapnects . of passive

conmponents. To isol atket hﬁ:timl(rjé ;Jf&‘é][iﬂpathﬁrﬁist ?ﬁ&@i Paﬂé‘g[:dr&]ﬁﬂ&\!@é?iée Pﬁat{tvq:he
coO _onents, one-at-a-til ne an ests T, I e I N em as WO - p.O .
rotorke. o o psnats (RGPS Aa dRtlrated PYoChe COINECTOR: n diure

will identify 5t hehi¢huate saandaedcbmmndematewhbghebsokbeB {epaired gr
repl aced. Al ter | Y, GUY ¢ |..hoa cussed belo can
instructed to run a %‘%%%%%t ia}:é %?’ggramag’ro‘}r%du%ﬂﬁegéﬁbv?s%?%ﬁ%n?ﬂ S 1344 tafall

Anot her For m ofcongteria¢epd as two-port networks. For example, MPLCP1l
contains an input port, at Cl, and an output port, at C2.
Two-port networks are easily diagnosed, using commercially
available vector network analyzers, which analyze the s-
parameter test set. ' |

Benefits

In practice, if a malfunction occurs in the amplifier
of Figure 3, it is reasonable to assume that an active
component . is at fault, rather than a passive component,
because of the high reliability of passive components. To
isolate the malfunction, a technician removes the active
components, one-at-a-time, and tests them, treating them as
two-port networks. S-parameter testing is a common testing
method. The testing will identify the faulty active
component, which is then repaired or replaced.

Alternatively, the control board, discussed below, can
be instructed to run a diagnostic program or routine, to
isolate the fault. : ' '

Another Form of Invention
Figure 6 is a modified form of Figure 3. In Figure 6,
the active components have been deleted, and are represented
by the dashed boxes. The invention of Figure 6 is the
passive network- illustrated. Installation of the active



Figure 6 is a nodified formof Figure 3. In Figure 6, the active conponents

have been del eted, and are represented by the dashed boxes. The i nvention
of Figure 6 is the passive network illustrated. Installation of the
active =77 -conponents into the passive
networ k produces a working anplifier. "Prior_ Patent

One type of f&SPRBERET EnslartRepPASHVe sngtyeylks cprpEUCLS, Ppawerking
4,879,519, | saapd itifa dobert E Myer on Novenber 7, 1989, and having a
comon assignee as the instant patent. This Myer patent is hereby

I ncor porated by reference. ~Significant Features

1. The anplifier of Figure 3 is desi ettt OPape@site in a frequency range of

Poad Label ed oum O SHES A" £RER, BT oA ey 12482 8GR 08
comerci al |y dvai Va8l e.Patent 42878,609TROLsBDedi rtd-i fober8 BrddMy=m on

SENSCR BQARD SRk 0he ur glign ut, T 2T, : ,
al so shown i n&?%iV%ure 3) ?'b?%%?’ua’?l&)rlﬁlgegag%\nﬂgcha S&%‘Tﬂoht haés%%ﬁﬁ%aa% bhié
detects that tlﬁ@%énjnmat@mt-heTmﬁeMVés’[ Patentods. berehigéncerporaERCLYBD
| Sssues a propelefdir@dcd. signal, via its BUS BUFFER, to the DI G TAL BUS.
The proper conponent (an MPLCP or a DPLCP) responds to this signal, and
adjusts its gain and phase, or both, accordingly. These gai ns and

phases nust be adjusted in order gigmifiddict PFéRtarésgnal cancel lation and

| sol ation of the dijstogiion,3tgpaly 8¢ FEQUELSS £V JNAML PLRS8Y in
a frequency range of 869 to 894 MHz, and produce an average
output power of 240 Watts (at the lead labeled OUT). All of
the individual components of this Figure are commercially

available.

2. A CONTROL BD, in Figure 8, orders a SENSOR BOARD to
sense one of four lines (Input Test, L2T, L1/4T, and L3T,
also shown in Figure 3), by actuating a switch SW. If the
CONTROL BD detects that the signal on the line tested is
out-of-range, the CONTROL BD issues a proper digital signal,
via its BUS BUFFER, to the DIGITAL BUS. The proper
component (an MPLCP or a DPLCP) responds to this signal, and
adjusts its gain and phase, or both, accordingly.

These gains and phases must be adjusted in order to
provide proper signal cancellation and isolation of the
distortion signal, as required by known principles of feed-
forward linearization using pre-distortion correction and
post-distortion correction. '

3. MPLCPl1l and MPLCP2 are physically identical. LIN-
LAM1 and LIN-LAM2 are also identical. DPLCP1l and DPLCP2 are
also physical identical. (The term "identical," is, of
course, subject to manufacturing tolerances.) Since these



forward |inearization using pre-distortion correction and post-distortion
correction. 3. MPLCP1 and MPLCP2 are physically identical. LIN LAM
and LIN-LAM2 are also identical. DPLCP1 and DPLCP2 are al so physi cal

i dentical . (The term"identical," is, of-cdburse, subject to manufacturing
tol erances.) Since these -8- conponents

are identical, P[RSS Aranddend iGad-pshestipes of adfel Yo H@-Rarts used
Figure 3 are |Ib’p tedte timvettion R IRfurd@®ine 1ilhidd o\ ¥our)in! Rember,

MPLCPs, (3) the LIN.LA d ( th contain a LAV
circuit board. ) amel\‘ly’r?\/gl)ua\g’%f%w?%gptgp Mpfig??ve (é&n{?g%e ucé§da
cost saving in t48r reheo DPLIOPS NvéTher LINT LAMS t sonta L anisM laﬁnmurtt boaed,. )
both in manufacturi o r r lLifier of Fi.qure
enpl oys both pre- dlnﬂ} opgsl onécoﬁ?“giéttl: naépSSFlH s?gﬁpogﬁnﬁgr PEEd Sﬁs

5. Figure 7 res9all eavdinguia Sermst ofi thenbuventiobyrof guiketts fwiri ate frerstn be.
It shoul d ne nefpdidialeSOBRIES RLBu Qeeﬁfaﬁg Q)idS?BE:t F&ggg such as

nodes 22 and 23. These nodes are very ose I n Signal & and phase,
and can be treated & a sTREl & 1erNches Fjgureangd I\ﬁ@P%ﬁYﬁ/l dotdnoprer

exanpl e. NisTotsi sibsd ekt Do and %@QttaﬁéﬁbQQioﬁaaobﬂeéﬂqghbﬁke”

nhout depart ng (oM Wigelhalo, Sl ssghe U, Ve LNEILAL (IR L

foll owi ng cl ai mided for reference. It should ne noted that some nodes are
connected by short cables, such as nodes 22 and 23. These
nodes aré very close in signal amplitude and phase, and can
be treated as a single node Nodes N11 and N12 provide
another example. _

Numerous substitutions and modifications can be
undertaken without departing from the true spirit and scope
of the invention. What is desired to be secured by Letters
Patent is the invention as defined in the following claims.



1 An amplifier,

ris
wo- port - . TileSteedigs B el”“‘ passi ve conporerts—which—connect t he
gain st'ag forward | i near arrpllfl ﬂ n“l
anplifier acco ﬂm[nﬁm pml, in Wthhthg galns Iﬂfl“”ue‘ | east
two substantially i1dentical active two-port n ampl sfier
according to claiml, in which the gain stages conprlse,three types of
two-ports, andChAIMS:e. 4. An anplifier according to claiml, in

whi ch the gain staggs c rd 2y o) tlve two-ports, each pair
contai ning two substantia nﬁﬂcf'ent{iga \% él 5. A feed-forward
amplifier, conprisi@g: galna§ta$$§vdﬁéﬂopﬁ|mmmﬂh[nﬁmpnnsﬂotW¢ﬂport
correction, or bothdevicedd) andglain stages, all of which are two-ported;
and C) passiv onents, includin splitters and conbi ners, for

connecting the galngﬁtag 2SEIVE SCPMPRReNEs| which connecg the /gapbmat us
from which an anpltiagess intry a e EdrwEHEd idddPrdmpEier. &) Passive

a) gain stages, all of mhich conpri se

rf connection means, having pairs of . ports, each pair for coupling to
an active two- port gain stage, to produce a feed-forward |inear
anplifier; and B). Amwwempiifpey memerding moveelaimt e dai which the
st ages.

gain stages comprise at least two substantially identical
active two-ports.

3. An amplifier according to claim 1, in which the
gain stages comprise three types of two-ports, and no more.

4. An amplifier according to claim 1, in which the
gain stages comprise three pairs of active two-ports, each
pair containing two substantially identical two-ports.

S. In a feed-forward amplifier which includes pre-
distortion or post-distortion correction, or both, the
improvement comprising:

a) gain stages, all of which are two-ported; and

b) passive components, including splitters and
combiners, for connecting the gain stages into said
amplifier. '

6. Apparatus from which an amplifier may be

constructed, comprising:
a) passive rf connection means, having pairs of
ports, each pair for coupling to an active two-
port gain stage, to produce a feed-forward linear
amplifier; and’
b) power supply means for powering the gain
stages.
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foll ow ng steps:
anplifier; and
paraneter test set,

| : f t I LCU f,
2 o ohal 'k merhoRh AT (3650 Eh aebLhE Fr. | CoMpRigidy
fbllowﬂngsetepé signal splitter (LCU B) for

rf anmplifier,

recei vi ng
N2 and N3;

receiving a signa

N10; c) a first

14: d)

S|gnal at node N9 vP&hameSeynkesht set, rgHeoonds:

a

signal at node

connecti ng

[T Ametiod of testing an ami {1ttt IOg

b) testing the active two-ports, *based-on" arf s+
in order to identifyfality - two-ports.

t he
8. An
rEes

ign%ﬁ :%§¥§lé§}{g5 %yoC%%gﬁawggﬁoQﬂge% gha”d

node N13 with a si ghbe amph@ﬂeeNY and and prodUC|ng a conbi ned signal at
node N8, while

s i L Y T
éﬂdléewaéwnéaad@mm ned

eu@, ortge) first anplifier means (MPLCP1l) connecting
bet ween nodes N3 and hm for anplifying a signal at Ng3; f) a
connecting nodes N4 and N5; g) second anplifier means (MPLCP2)

betwgen pndeg Ahpladdel] cofnplirlélihbi fying a si gnal

NIT and NI3, Tor anbli i AL Sio Rt ineed | R A for melBUBER T

(PEDL), connecting &etswegmal at an input (Nl) and spllttlng it

between nodes N2 and N3;

b) 'a second signal splitter (LCU B) for
receiving a signal at node NS5 and splitting it
between nodes N6 and N10;

c¢) a first signal combiner (LCU C) for combining
a signal at node N13 with a signal at node N7,

and producing a combined signal at node N8, while

passing a replica of the signal at node 13 to
node 14;

d) a second signal combiner (LCU D) for
combining a signal at node N9 with a signal at

node N15, and producing a combined signal at node
N16; '

e) first amplifier means (MPLCPl) connecting
between nodes N3 and N4, for amplifying a signal
at N3;

f) a cable connecting nodes N4 and N5;

g) second amplifier means (MPLCP2)  connecting
between nodes N10 and N11, for amplifying a
signal at N10; .

h) third amplifier means (LIN LAM1l) connecting
between nodes N11 and N13, for amplifying a
signal at N11; '

i) a first delay line (PEDL), connecting between

cabl e

at



- 11 - nodes N14 and N15; j) a second delay line (PDDL),
connecting between nodes N6 and N7; k) fourth anplifier means;—(BPLCP1)

connecting between nodes N8 and N9, for anp]jfying Tﬂl’mw S ) fifth
anplifier means (LAU), for connecting betweeh hodes blﬂﬂ "I
anplifying a signal %he'?so‘ilﬁﬁ'\'};% rﬂ}lf‘- third signal conbfner (MLAWC) «T or

t

conbi-ni ng a signal BP55de N1/ d signal at node N18, and producing a
conbi ned signal at fgdde Nal, seadngrodeiang ainepl (BRDLI .t heomngotingt node

N17 at node N19; n) 4N qéga [ Jfngy ( DPLCP2), connecting between
nodes N21 and N22, Pg'?: anmpl i ylénsfgl\gg.stgngﬁht N21; o seventh anplifier
nmeans (LIN LAM 2K} coipieth namphbifheEn messdes (Q?:')’chle)ndcomc,?tlmgr

amplifying a signal pakweesf niddes MNs addiNg, dedaYadpEEY el §P5RLEL I Ng
bet ween nodes N19 and N20; and qg) a fourth signal conbiner (ICU)T for
conbi ning a signal &F NSde N20 with a si gnal at node N24, and producing a

conbi ned signal at an oufipfth naxtplieier means (LAU), for connecting
' between nodes N16 .and N17, for amplifying a
‘'signal at node N16;
m) a third signal combiner (LAUC) for combining
a signal at node N17 with a signal at node N18,
" and producing a combined signal at node N21, and
producing a replica of the signal at node N17 at
node N19;
n) sixth amplifier means (DPLCP2), connecting
between nodes N21 and N22, for amplifying a
signal at N21; _
o) seventh amplifier means (LIN LAM 2),
connecting between nodes N22 and N24, for
amplifying a signal at node N23;
p) a third delay line (FCDL) connecting between
nodes N19 and N20; and
q) a fourth signal combiner (ICU), for combining
a signal at node N20 with a signal at node N24,
and producing a combined signal at an output node
N25.



