WO 2006/124104 PCT/US2006/009040 POWER ABSORBER SYSTEM
AND METHOD TECHNICAL FIELD OF THE INVENTION The present
invention relates generally to power signals and more particularly to a
W&, & 24 method for power absorption. BACKGROUND SFT§006/009040
INVENTION High power limiters are used to prevent damage to devices
such as a low noise amplifier. In one example implementation, a radio

frequency receiverj % %i/ iter in_ combination Wlth a low noise
amplifier. The po e&l gﬁg@ﬁ%& EP&W@ hbise

amplifier to avoid damage to the low noise amplifier. Such damage may
occur where a recelver IS conflgured to detect low amplitude radio
Te gadhNreehiveaha high amplitude signal.
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Reflective limiters generally involve's 10 groun
pala el SiFeh a9 retherbie. MH@F@EQ@VC’PIN diodes are shunted to
ground in parallel with NIP diodes. Thus, for low radio frequency levels
off and no current flows to ground; the limiter has low
oS -"'- D , the PIN diode turns on and
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use a quarter wave shunt wit es. For ude receive
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and c rrer}{%ﬁ‘?wsI In, such 3 clase the output diodes look like a low
Im%% ﬁ & 55 imiters and absorptive himiters.

Reflective limiters generally involve shunting PIN diodes to ground in parallel

with an RF choke. Alternatively, PIN diodes are shunted to ground in parallel with
NIP diodes. Thus, for low radio frequency levels the PIN diode is off and no current
flows to ground; the limiter has low loss. For high voitage swings, however, the PIIN
diode turns on and current flows to ground. Either the choke or the NIP diode
provides a current path. In such a case, the received signal is reflected toward the
signal source. This results in & disadvantage in that, for example, a clandestine radio
frequency receiver can be seen when it reflects the radio frequency energy back to 1ts
source.

Absorptive limiters generally use a quarter wave shunt with PIN diodes. For
low amplitude received signals the PIN diodes are off, resulting in low current flow,
Thus the limiter has a low loss. For high levels, however, the PIN diodes turn off and
current flows. In such a case, the output diodes look like a low impedance when
tuned on. The low impedance of the output diode reflects through a guarter wave
Iine and looks like an open circuit in parallel with a 50 ohm load. Thus, the radio

frequency energy is absorbed by the 50 ohm load.



turned on. The low impedance of the output diode reflects through a
guarter wave line and looks like an open circuit in parallel with a 50 ohm
load. Thus, the radio frequency energy is absorbed by the 50 ohm load. 1
The above-described reflective and absorptive limiters are not satisfactory
in all regards. In particular, in certain applications the limiters do not act
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According to the first aspect of the inventifgn,, a power absorbgﬁ for
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recdOretes@hdng the signal and a first PIN diode circuit having a first end
electrically connected at the input node and a second end. The first PIN
diode circuit includes first and second PIN diodes connected in series and
SURISHhoRS dehnebiddl MtparElal with the second PIN diode. The absorber
also, includes a load.resistance having a first end electrical , to
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input node and a second end. The quarter wave transmission line has an
a sesindriegl iketRat iBIdhe lsartsubrise drsarsrigth seene fihadatsagmnected

in dreeueney.chbe: Pawerabsothelaisrincides arseeandiFd dipdesdieitatso
having an input electrically connected to the second end of the quarter

inc et aAS ARESTBRF IR ARE 2 ShEG CeEiRRig UBAEESR 5 thrgond end of

the Rf@renceivatageuit hasesenchf iNddipde cinyitinakigasat leastanevBiNge.
diode. The first cfh ke is provided in parallel with the load resistor. cloctrically
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conabsetberiferinpoeiviig asigealdnaving. difungamentalvitecuemdssion line has an
c1eOMPRING: AN nput hade foryeceluing the sianal & fist BIN diode. dreuity,
aving a firsten e‘gleqcutrlcally connacted to the inpu node and a second
poverdatthe finstRiNidibdie scircuit@ampiiising@t circuit having an input efectrically

connected to the second end of the guarter wave transmission line and an output

electrically connected to the reference voltage. The second PIN diode circuit includes at
teast one PIN diode. The first choke is provided in parallel with the foad resistor.
According to the second aspect of the invention, there is provided a power
absorber for receiving a signal having a fundamental frequency comprising: an input
node for receiving the signal;, a first PIN diode circuit having & first end electrically
connected to the input node and a second end, the first PIN diode circuit comprising at
teast one PIN diode, wherein the first PIN diode circuit comprises at least two PIN diodes
mn series; a load resistance having a first end eiectrically connected to the second end of
the first PIN diode circuit and a second end electrically connected to a reference voltage;
a quarter wave transmission line having & first end electrically connected to the input
node and a second end, the quarter wave transmission line having an electrical length that

is one quarter of the wavelength of the fundamental frequency: a second PIN diode



least one PIN diode, wherein the first PIN diode circuit comprises at least

two PIN diodes in series; a load resistance having a first end electrically

connected to the second end of the first PIN diode circuit and a second

end electrically connected to a reference voltage; a quarter wave

transmission line having a first end electrically connected to the input
circiRdexdind aisecondeanrdidhieyquatietisave Hanseotasiomlinefhavingaarr wave
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~ to the third aspect of the invention, there is provided a method for limiting
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a sRAYaRtRees, RbsLsmpogimentsmayigalize some, none, or all of these

advantages. For example, according to one embodiment, large amounts
of eﬁ@?&yeﬁﬁbw{ﬁ@%b%@?lﬁ‘éﬁd*ﬂﬁ’%@%%lF"‘O"‘de numerous technical advantages.

Other embodiments may realize some, none, or all of these advantages. For example,
according to one embodiment, large amounts of energy may be absorbed in very smali
devices. In addition, in some embodiments, the insertion loss associated with the
absorber may be minimized and the bandwidth of the absorber may be increased.

Other advantages may be readily ascertainable by those skilled in the art.

BRIEF DESCRIPTION OF THE FIGURES

A more complete understanding of embodiments of the invention will be apparent

from the detailed description taken in conjunction with the accompanying drawings in
which:
FIGURE 1 is block diagram illustrating a receiver according to the teachings of

the invention;



devices. In addition, in some embodiments, the insertion loss associated
with the absorber may be minimized and the bandwidth of the absorber
may be increased. Other advantages may be readily ascertainable by
WHAEEARAIEH in the art. BRIEF DESCRIPTION OF THE FIGR{RES2064ripe40
complete understanding of embodiments of the invention will be apparent
from the detailed description taken in conjunction with the accompanying
drawings in_which: FIGURE 1 js block diagram illustrating a receiver

according to' FieheatsArigS 6t dieam ditistog wiy weoeazkaneecording to one

PCRAYSRRA{009040vEIERIIRE 2 is a circuit diagram illustrating a power
absorber ing to one_embgodiment of the invention; FIGURE 3 is a
circuit diafg{rér%ig# g 6%&&%8%0?%@%&8%&n%of?ﬂeér‘?é’ﬁ‘i’é]?e’eFr?SBiﬂﬁ‘\%ﬁ? qinother
thecinbeditioat Bf@ld REedtisong circuit diagram of a power absorber
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circuit diagram illustrating a power abSOrber aceor Ing to ye anothet
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present invention and their advantages are best understood by referring

to PEHR BROPHFTI RIS e IRvings, like numerals being used for like

Example embodiments of the present invention and their advantages are best
understood by referring to FIGURES 1 through 5 of the drawings, like numerals being
used for like and corresponding parts of the various drawings.

FIGURE 1 is a block diagram illustrating a receiver 10 according to the
teachings of the invention. Receiver 10 may be any recetver for receiving a signal 16,
which in one embodiment is a radio frequency signal. In certain implementations,
receiver 10 may be configured to receive a low amplitude signal 16, and thus includes
a low noise amplifier 14. Because receiver 10 may alsc receive a high amplitude
signal 16, a power absorber 12 is utilized to absorb the high amplitude power of signal
16, and allow a low ampiitude signal 18 to pass to the low noise amplifier 14. Low
notse amplifier 14 produces an amplified signa! 20, which may be utilized by
remaining portions of receiver 10 (not explicitly shown).

As described above, some prior power limiters have not worked entirely
satisfactory for all purposes. In particular, in some implementations, a high amplitude
signal destroys a low noise amplifier 14 because the power limiter is unable to absorb
sufficient amounts of power. Alternatively, the power limiter itself is destroyed.
According to the teachings of the invention, ar improved power absorber and method
are provided that address this problem.

FIGURE 2 is a schematic diagram illustrating one example of a power
abgorber 12 according to the teachings of the invention. In the illustrated

embodument, power absorber 12 includes an input node 22 and an output node 24,



which in one embodiment is a radio frequency signal. In certain
implementations, receiver 10 may be configured to receive a low
amplitude signal 16, and thus includes a low noise amplifier 14. Because
W eivdt4iB*may also receive a high amplitude signal 16, a PoWwEp2066/009640
absorber 12 is utilized to absorb the high amplitude power of signal 16,
and allow a low amplitude signal 18 to pass to the low noise amplifier 14.

Low noise amplifier 14 produces an ak}rgilified signal 20, which may be
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invention. In t lustrated embodiment, power absorber 12 includes an
ingAtEREE 29-and an output node 24. 3 WO 2006/1.24104

PCT/US2886068040 Anpuimatieid3may reeeiveodsighalcbadstien as/aes that
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outﬁ)ut node 24 and also coupled to ground 40.
that the 50 olun tmpedance 1s not impaired by the impedance of choke 32. Quarter

wave line 26 sized based on the power requirements of power absorber 12 according
to conventional techniques. In the illustrated embodiment, quarter wave line 26 has a
characteristic impedance of 50 ohms, in one example. Resistance 30 is sized to maich
the impedance at node 22.

In operation, for signals 16 that are not too large, PIN diodes 28 and 34 are off
and no current flows to ground. Thus, absorber 12 acts as a low loss device, allowing
the signhal 16 to pass from input node 22 to output node 24 without much attenuation.
For high voltage swings, such as approximately one volt in the illustrated
embodiment, PIN diode 28 turns on, allowing current to flow to ground through
resistance 30 and choke 32. PIN diode 34 also turns on, appearing to be a low
impedance. However, the low impedance of diode 34 reflects through guarter wave
line 26 and looks like an open in paralle! with resistance 30 and choke 32. This
allows PIN diode 28 and PIN diode 34 to source current for each other and the energy
in signal 16 is absorbed primarily by resistance 30.

The teachings of the mvention recognize that prior power absorbers that did
not utilize choke 32 suffered from a desire to utilize larger PIN diodes and handie the

increased current associated with higher power requirements. However, the ability of



PIN diode 28 and PIN' diode 34 are well known semiconductor devices

that operate as a variable resistor at radio frequencies and at microwave

frequencies. Resistance 30 is a 50 ohm load, in one example; however,
VgtraPesitatle loads may be utilized. Choke 32 is, in this emGHiR2I#/E09040

quarter wavelength choice; however, choice 32 may also be a ;piral

choice, which is a high inductance choke, or other suitable ch0|che. Ihn )

enera| .inductance of choke 32 should be large enough such t at the
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off and no current flows to ground. Thus, absorber 12 acts as'a
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241wigout much attenuation. For high voltage swings, such_ as
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on, allowiny carrent t3HHFES dtobtthrRigHP Fesidtarise Bding diehpke another
32Rbitiaole FATRiSovtuis: ORo HRPERGRE:L] DBi deModNRaIaRCo wer absorber

H impe e,of diode 34 reflects through quarter wave
i L e I ek i comeies s o St the

THiEP&!Ibvs Fing. dioddd2goartd PIN dicite 3230 solrcacunaniineaehl 30a and

T A M S o

did PatedilizEnenske SR tBeferendiB aigdsir2 b wilir edsisgacd N Gioplessd in

anskhasrieitheningreaseske WHe lpsseeiatad, ME?@QQ:QL‘SE&%V‘{%dﬁng capability

requirements, However, the ability of 4 WO 2006/1241..04

P g%%:%% @36 the resistancés. In this example, resistances 130z and 130b are
changed with respect to the implementation of FIGURE 2 from 50 ohms to 100 ohms
such that the parallel load combination remains 50 ohms. Other componenis of
FIGURE 3 may be similar to the corresponding components of FIGURE 2 having
analogous reference numerals. The resulting power absorber has greater power
handling capability than the absorber of FIGURE 2 because half the power i
dissipated by each side of the absorber.

FIGURE 4 is a schematic diagram of a power absorber 212 that may be
utilized in receiver 10 according to the teachings of the invention. Power absorber
212 is analogous to power absorber 112 of FIGURE 3, except that additional PIN
diodes 242a and 242b are provided in series with PIN diodes 228a and 228b,
respectively.  The other components of powers absorber 212 may be similar to
corresponding components of power absorbers 12 and 112 having responding
reference numerals,

The teachings of the invention recognize that larger PIN diodes have higher
“off capacitance” which limits the bandwidth and increases insertion loss. Thus,
according to the teachings of this aspect of the invention, PIN diodes 242a and 242b

are provided m series with PIN 228a and 228D, respectively, to reduce the off



the PIN diode to handle higher power levels is also a function of the

resistance to ground. The lower the resistance to ground, the greater the

power level that a particular size diode can handle. Thus, the ability of
Yeside i Beto handle large currents, choice 32 is provided irpparesimiowiiyoso

resistance 30 in order to lower the resistance to ground. This lower

resistance allows PIN diode 28 to handle more current with lower

resistance. Thus, the illustrated topology can handle higher power levels.

FIGRIRE @1 st ate respone cobboram] 42l doomeingito Yetdwidthemd insertion

empodimeant,of ih&ipuention. Power absorber 112 is analogous to the
power absorber 12 of FIGURE 2 except that the power handling
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FIGURE 3 may be similar to the corresponding components of FIGUR
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abgorher 2k meyne St that various changes, substitutions, and alterations can

be made therein without departing from the spirit and scope of the invention as

defined by the appended claims.



corresponding components of power absorbers 12 and 112 having
responding reference numerals. The teachings of the invention recognize
that larger PIN diodes have higher "off capacitance" which limits the

WEL8¢AEtH And increases insertion loss. Thus, according toRR& HE3e4EY40
of this aspect of the invention, PIN diodes 242a and 242b are provided in
series with PIN 228a and 228b, respectively, to reduce the off 5 WO
2006/124104 PCT/US2006/009040 capacitance of the resulting

T. . . . .

co the bandwidth and insertion loss of power
absorber212. RAGHREDS daschefoatiediagian ilkigtratingvenpoweiundamental
ab%orber 312 according to yet another embodiment of the invention.

Power abaorber 31245 analogous to power absorber 212 except that

choice 33darmutiesiddke B84 Provides:in parallel with PIN diode 328a

and PIN digde Ba80; SesREEHMaN Qe HATRPBRBLI QP QNRLADSEDEE input

312 may be similar to those described above in conjunction with power

abBeipEns eseeRAgahdlg iR FaRedinde Frrniraarrkgditighdsecond PIN
chgisg:334aRRdd334kiParallel ik anpiekibe RINgiodes@sulisdgond PIN
resonating the "off' capacitance of the diode to a high impedance, which
imB‘r‘bQFés a bandwidth and insertion loss of power absorber 312. This
resonatingiestuss aitbe Heetupen fysoéapeatiorr by doocandiel acthievadisyend of
properly sizing resonator 334a and 334b to.resonate at the f nc
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resistaigee to ground for the unresonated PIN diode, improving its power

handling gcapahility, Although, the Rresentinyentignand g 2dyamagesnecied to

have been described in detalil, it should be understood that various .
chifgEpusastiuishs, Brausiiensiche GHA e WiXE SRSTRIFRRNGtR baving an

deparingfriom the sridt and-seepeefiheinventignesudefineddytieency,
appended claims, ) o ) . .
a second PIN diode circuit having an input electrically connected to the second
end of the quartei' wave transmission line and output electrically comnnected to the
reference voltage, the second PIN diode circuit comprising at least one PIN diode; and

a first choke in parallel with the load resistor.



6 WO 2006/124104 PCT/US2006/009040 WHAT IS CLAIMED IS: 1. A

power absorber for receiving a signal having a fundamental frequency
comprising: an input end for receiving the signal; a first PIN diode circuit

having a first end electrically connected to the input node and a second

end, the2first PIN gdiode ciouitisomijorisirgdivshand segonidiRMhgiaddandamental
connected in series and a choke connected in parallel with the second
Fflrﬁqt%ﬁ%%ye?%n}ggal T8sistance having a first end electrically connected to

the secandrgnd mfdtHefirstcRIM glibdesigirduit and a second end electrically
connectediq aeferenee Nollags o, ARSI WBVGIARSIISSIONING o the inpu
having a first end electrically connected 1o’ the input node and a S&Cond
endjdheduactemdaud, ttan smisBidh dindchavindgs anngigctricat lisdsthati®IN diode,
one-quarter of velength of the fundamental fre y; asecond
B B B S B L RS e

of the qudntel waivetrarismisgierfilisieandioutper! blectrizaiiydconhectemdtd end of
the. refer oltage, the second PIN diode gircuit comprising at least

o5k B S HBLE I SR S SR 08 geterence
poviiggabsorber for receiving a signal having a fundamental frequency
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having a first end electrically connected to the input node and a secon

ethd, thipufirso@ Nutiodeseirandt codplisingatdeastonarRibidiote, line having an
electrical length that is one quarter of the wavelength of the fundamental frequency:

a second PIN diode circuit having an input electrically connected to the second
end of the quarter wave transmission line and an output electrically connected to the
reference voltage. the second PIN diode circuit comprising at least one PIN diode;

a first choke in parallel with the first load resistance; and

at least one resonator in parallel with one of the at least two PIN diodes in the

first PIN diode circuit.

The power absorber of Claim 2, wherein the first choke is a spiral

Lad

choke.

b

The power absorber of Claim 2, wherein the first choke is an inductor.
5. The power absorber of Claim 2, wherein the first load resistance is

-sized to provide a material impedance at the input node.

6. The power absorber of Claim 2, wherein the quarter wave line has a

characteristic impedance of 50 ohms.

7. The power absorber of Claim 2, and further comprising a low noise
amptlifier electrically connected to the second end of the guarter wave transmission

line.



wherein the first PIN diode circuit comprises at least two PIN diodes in

series; a load resistance having a first end electrically connected to the

second end of the first PIN diode circuit and a second end electrically

connected to a reference voltage; a quarter wave transmission line

having & first eﬁbbqbemeicabymbmeét&htm theampdtrbdecantaseconthird PIN

e(ggdéhc% uarter waye tra%ﬂst ghr},hfqedl \élré g electrical length that is

one quarter of the wave engt amental requency a second

PIN diode circuit having an input electrically connected to the second end

of the qyarter wiave trans l lectr

to the rgferen\gg} vgl?gvéaé gﬁf)we iéoér?ceic%ﬂ\l ?égg&%ﬁt %:één Psflsr?\r? at é%g%% load
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flrst choke is a spiral choke. 4. The power absorber of Claim 2, wherein

the first fhoke S BMIAHGIRL BT e BaEL ARIRNRI BT AMBL I paralie

the first load resistance is S|ze to provide a material impedance at the

inpmhinmdenﬁofme powendbawrivé laliCrimeR cosnaiithe quredlwapedance at

Il{%1 % racteristic impedance of 50 ohms. 7. The power absorber of
Claim further comprising a low noise amplifier electrically

connected to the second end of the quarter wave transmission line. 8 S.

The power abspber of Claim, &, angk fuither SompUEing AN Ik diode circuic

circuit in parallel with the first PIN diode circuit.
comprises at least two PIN diodes in series and wherein the third PIN diode circuit

comprises at least two PIN diodes in series.

12. The power absorber of Claim 11, and further comprising at ieast one
RF resonator in parallel with a respective one of the at least two PIN diodes in the

third PIN diode circuit.

i3. The power absorber of Claim 2, wherein the at least one RF resonator

is an inductor that resonates at the fundamental frequency.



9. The power absorber of Claim 8, and further comprising a second load
resistance having a first end electrically connected to the second end of
the third PIN diode circuit and a second end electrically connected to the
reference voltage. 10. The power absorber of Claim 9, wherein the
resistanié of thempattaltefoctmbingtionwkinefinstisind: second load
resistances provides o material impedance At e neut node, 4 e
power absorber 6rEAIm' Y, Wherein fhe |rs{ N Giode cired comprises

at least twoiBli: diogies ity series antwiserainiihe thired@iNtodiodewironite and an
comprises at Jeast two PIN diodes in series, 12. .The paower absorber of . .
R R R SR R e G S AR Rl one
ajrespecofivecomevokethglatfeastundn PN tdiddepiantlie third PIN diode

circuit. 13. The power.absorber of Claim.. erein the at | 2F
rosonatl BB R [P A S T e PRSI L R ERBATE o sround
bnfprethod fon [Alidg designaticorwplisinistdoeiVirg sissighahthavingt ahoke in
I}%‘z% @]ew&hff&l%”%%%y l%%@nrégps%'&&%de\vf?é?%ﬁg'ngeafﬂlgf’ir VA Cround further

ansmission line between the input node and an output node, thé quarter
wearetrsmsmilasion indg tivimgeaieelectridal fergthNhio i onberquatiteriot path to
the w [ : iding .a-fi
o B T B D e B
PIN diogeiridegessaitma fiadt loag vusisiandbeardaviicbsignoketlin saratiapath to
i irst 1oad resi e | Ir: t ther.
e e e e s
firstqualthtokgyio padiighhéth dbenpridessasiassnator in parallel with the first
PIN diode; and providing a second path to ground for the received signal,

the second path to :
15. The method of Claim 14, wherein the quarter wave transmission line

has a characteristic impedance of 50 ohms.

10
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ground comprising a second PIN diode in series with a second load

resistance and a second choke in parallel with the load resistance. 15.
The4heéthidd of Claim 14, wherein the quarter wave transmission line has

a characteristic impedance of 50 ohms. 10 004578.1548 11 POWER
ABSORBER SYSTEM AND METHOD ABSTRACT OF THE

DISCLOSURE According to one embodiment of the invention, a power
absorber for receivingy BRigRIMRABING & Yiridavh e frélgligndy includes

an input node for receiving the signal and a first PIN diode circuit having a

first end electrically connected at the 5 input node and a second end. The
firg%%%%e@%@fgﬁ%ggﬁ%st one PIN diode. The absorber also
includes a load resistance having a first end electrically connected to the
second ekd-oiding PINdisdbaiimgittaridlie secenritbend miectridatyber for receiving
cOPAgaschic AJCIAENARVAlIAde. NS APIAMNILE 50 MEIESR WAL iving the

wave" transmission line having a first end electrically connected to the
inpandotiedat 40 BBYaligdeneirhie lgvatie p Wave endnelstissioliverrasted at the

elggiicablinkthal isong guartenefihe yavelrngthefihe fundameniak: one PIN

frequency. The power absorber also includes a second PIN diode circuit

haVidg- art Tisp abssiriekity isehidected wadhesiseesndena ot uaderlectrically
WaYE:HABFTUSHORdiNG ARb AR P BTE I Reiical CANRGE R L8R%nd electrically

reference voltage. The first choke is provided in parallel with the load
resisisctep Ao s gobmgre voltage.  ‘The absorber also includes a quarter wave

transmission line having a first end electrically connected to the input node at a
second end. The quarter wave transmission line has an electrical link that is one
quarter of the wavelength of the fundamental frequency. The power absorber also
includes a second PIN diode circuit having an input electrically connected to the
second end of the quarter wave transmission line and an output electrically connected

to the reference voltage. The first choke is provided in parallel with the load resistor.

DALG01.896557



