BROADBANDM CROMAVE AMPLI FI ER BACKGROUNDCOF THE | NVENTI ON Fi el d of the

I nvention : The present invention relates to electrical and el ectronic
circuits wodossyssans. Mre specifically, the present invemtisescneldsates to

m crowave C ass E power anplifiers. Description of the Related Art: For a
variety of comrercial and mlitary applications, highly efficient m crowave
and radi o frequency (RF) power anplifiers are needed. Typical applications
i nclude wireless |ocal area networks, cell phones and tel ecomrunicati on
systens as well as advanced airborne active phased array radar systens. The
choi ce of technol ogy, design nmethodol ogy and manufacturing cycle tine are
maj or cost contributors in these systens. Switching node, Cd ass-E,

hi gh-efficiency power anplifiers are useful for these and ot her
applications inasmuch as these anplifiers Iimt the power and associ ated

cooling costs thereof. gﬁg;ﬁ;gﬁ bl I I f e "sw tching node
anplifiers" such as cl a'sﬁslgl?), , F, I@#%ﬁbsg‘%‘%@hfﬁé@]gf anplifiers, the
transi stor operates as a perfect switch with no overl apping voltage &
current .wavefornms at its output termnal, thereby ideally dissipating zero
DC powe?. O her classes of anplifiers such as class A, AfB and C, operate
as a currentsource with overl apping voltage & current waveforns and hence
di ssipate DC power leading to a |lower efficiency.C ass-E anplifiers use a
series or parallel resonaBACKGROUNDGRKTHIMENVENTION of the

Field of the Invention:
10
The present invention relates to electrical and electronic circuits and systems.
More specifically, the present invention relates to microwave Class E power
amplifiers.
15 Description of the Related Art:

For a variety of commercial and military applications, highly efficient
microwave and radio frequency (RF) power amplifiers are needed. Typical
applications include wireless local area networks, cell phones and

20  telecommunication systems as well as advanced airborne active phased array
radar systems. The choice of technology, design methodolo gy and
manufacturing cycle time are major cost contributors in these systems.
Switching mode, Class-E, high-efficiency power amplifiers are useful for these
and other applications inasmuch as these amplifiers limit the power and

25  associated cooling costs thereof, A Class-E amplifier is part of the “switching
mode amplifiers” such as class D, E, F, etc. In these types of amplifiers, the
transistor operates as a perfect switch with no overlapping voltage & current
waveforms at its output terminal, thereby ideally dissipating zero DC power.
Other classes of amplifiers such as class A, A/B and C, operate as a current-

30 source with overlapping voltage & current waveforms and hence dissipate DC
power leading to a lower efficiency.



| oad network in the class E anplifier is to shape the voltage and current
wavefornms. The current and voltage tinme-waveforns at the active device

out put t ewoin@loses4e optim zed in such a way as to m ni mPze/Usb@ecDuIsponer

di ssipation wthin. The active device2 a pHEMI in this case, acts as a
switch, driven by the RF input signal to "ON' and "OFF" conditions. The
operating point of the device is such that the device is either OFF (in the
pi nched-of f region) or ON (in the linear region). Under an ideal swtching
operation condition, output voltage and current waveforns at the device

output term,nal _do ngt exist sinultaneously and, therefore, the energy
di ssi pat ed WethE ApPHECEAsE aseries aarllelfespianhlpad netyprseFeeimncionefithe i cal

power conv i f.i Gi . .eve h imumefficie of
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power ) 3and The subandnd dbhagef tinperationds athe hitiliel®RUiBOutR térified ate0ads
thereof. The limtation is due to the fact that presence of the tuned | oad

resul ts i nOBtREeY Iy srchAWapes imizimize treldGinewsr fissipetien within. Thepctivdence, a

need remai 1.0t t. S m Or. t.hod for icreasi.n he - bower ,
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OF THE | NVENT1ORFTosndited. The bfeatalel pdigt oXdely @s5Rds BicH Madiheldeeibd s

t opol ogi es of the present invention suitable for sw tching node Power

Anmpl i fi er s citlesOEF (in the pipehedgpfhragion) seRde(in thediriearregian) Uhdradniidee] udes a
shunt jadugt i I ] oupled to an.output of said lifiLer;, a series
i nduct %‘d\?/e gTR’ngrleﬁﬁg oﬁ%g%#negoq% l°§aPHtP8€Y°df?¥e g’i’& %lﬂ-f%l_% 3 Ffogi%é F{ h’ﬁ Vi seri es
capaci ti veogipaiRihinaDePhekxid shalithnsAislyesd HHFbieY e@nefE Missipated

within the device is zero, yielding a 100 percent theoretical power conversion

efficiency.

45 In any event, the maximum efficiency of Class-E amplifiers (i.e. the ratio of
the RF output power to the DC input power) and its bandwidth of operation are
limited by the tuned loads thereof. The limitation is due to the fact that presence of

the tuned load results in a very narrow operational bandwidth for the amplifier.

50 Hence, a need remains in the art for a system or m ethod for increasing the

power, power added efficiency (PAE) and bandwidth of Class-E amplifiers.
SUMMARY OF THE INVENTION

55 The need in the art is addressed by load circuit topologies of the present
invention suitable for switching mode Power Amplifiers (PAs). In a most general
sense, the inventive load includes a shunt inductive element coupled to an output of
said amplifier; a series inductive element coupled to said output of said amplifier; and
a series capacitive element coupled to said series inductive element.

60

In the illustrative embodiment, the inventive load is operable at frequencies in

the range of 8 - 10 GHz and beyond. The shunt inductive element, part of the said load



In the illustrative enbodi nent, the inventive |oad is operable at
frequencies in the range of 8 - 10 GHz and beyond. The shunt i nductive

el ement, weanvoaisei4re said | oadis suitably chosen to proeCuastews/0045p0r t ant
functions. First, to provide an induc8ive bias line for said anplifier and
second, to provide a parallel resonance with the pHEMI' s out put

drai n-source capacitance (Cds). The invention enabl es an advant ageous
Class-E anplifier design conprising an input matchi ng network; an active
device coupled to the input matching network and a | oad coupled to the
active device and inplenmented in accordance with the present teachings.

Al so di scl as&tably ¢hopen ledaovide tvieisnnpsianyfuactionsd Fiwst, toprovide 4n ind@itivss- E

anplifier ipncludi the steps of:. providing a |lu d equi_val. circuit
bt esent attSiSOF e FpRfifR3pR sy hiSe A rsiRERor et Rifhe cul ¢

repr esept atgHEMYfs dltgutldeas sb@rc@6dpa8ishcagets) deal current and vol tage
operational characteristics over a predeterm ned frequency range using a

time domain sinmulation; transform ng the optim zed | unped equi val ent
circuit represe %Hiqp.of tﬁg Io%%_to a diiériﬁfted.ﬁir ut representation
and opti ni zi ng tHS BYSHPT STe 30 4 aRtpeqoRs Flesst gpPiiicrgiesign SOTpLSNE o
achi eve neah ingl@dhat€Hing BEHvoAD dn O AR IRRBUAIH @ Ble iRHRTARERINE kvt OVer a
predet erm ned frequency range using a tine domain simulation.” The unique
properti es aofl atlpad ¢qupledito the dctimeldeviecaid isipderatrited D assrdEn¢dPrhtle nai ntain a
SiHU|t§§E£HS hi gh PAE and Power over a broad bandw dth. BRI EF DESCRI PTI ON
OF THE \W?\?@%t( %8S, s a sinplified schematic di agram of an i deal
di screte component inplenentation of a typical Cass-E |oad in accordance
wi th conventional teachings.

Also disclosed is a method for designing a load for use with a Class-E

amplifier including the steps of: providing a lumped equivalent circuit representation
of the load; optimizing the lumped equivalent circuit representation of the load to

75  achieve near ideal current and voltage operational characteristics over a predetermined
frequency range using a time domain simulation; transforming the optimized lumped
equivalent circuit representation of the load to a distributed circuit representation; and
optimizing the distributed circuit representation of the load to achieve near ideal
current and voltage operational characteristics over a predetermined frequency range

80  using a time domain simulation.

The unique properties of the inventive load circuits enable Class-E HPAs to

maintain a simultaneous high PAE and Power over a broad bandwidth.
85 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lais a simplified schematic diagram of an ideal discrete component

implementation of a typical Class-E load in accordance with conventional teachings.

90 Fig. 1b is a distributed 'component implementation of the load depicted in

Fig. la.



Fig. Ibis a distributed conponent inplenentation of the | oad depicted in
Fig. la.Fig. 2ais a sinplified schematic diagramof an ideal discrete
conponentwornpéesesaat i on of a typical C ass-E | oad in aeconsanmc®odsst h t he
teachi ngs of the present invention. 9% Fig. 2b is a distributed conponent
i npl enentation of the |oad depicted in Fig. 2a. Fig. 2c shows graphs of
current and vol tage waveforns of a | unped equivalent 100 circuit
representation of the | oad designed in accordance with the present
teachings. Fig. 3ais a Smth chart show ng frequency dependency of a

broadband | unped | oad designed in accordance with the teachings of the
present inventi @fg. 2005 aFinglified schamatis dagemerfaniidead diserete castpaaedi st ri but ed

ond 1 actBPRRRRL TR AR A Red i At Sp it bR e

vol t age angr&ehi @bntivgvef orms at the pHEMI 110 output term nals of the
anplifier of Fig 4. DESCRI PTION OF THE I NVENTION Il lustrative enbodi nents
and ex@apl ary applications will now be described 115 with reference to the

acconpanyi ng draw ngs. to,.di.scl pse the advant ageous achings. of .t pr esent
ventron o 1 e iseSuibie Gneaent T pbedannsat B8 T i ndfel ence
to illustraki ve enbodi nents for particul ar applications, it should be
understood that the invention is

Fig. 2c shows graphs of current and voltage waveforms of a lumped equivalent

100  circuit representation of the load designed in accordance with the present teachings.

Fig. 3a is a Smith chart showing frequency dependency of a broadband lumped

load designed in accordance with the teachings of the present invention.

105 Figure 4 shows a schematic circuit of a distributed representation of a
monolithic Class-E amplifier with the broadband Class-E load in accordance with the

present teachings.

Figure 5 depicts simulated voltage and current waveforms at the pHEMT
110 output terminals of the amplifier of Fig 4.

DESCRIPTION OF THE INVENTION

Hustrative embodiments and exemplary applications will now be described
115  with reference to the accompanying drawings to disclose the advantageous teachings

of the present invention.

While the present invention is described herein with reference to illustrative
embodiments for particular applications, it should be understood that the invention is
120  not limited thereto. Those having ordinary skill in the art and access to the teachings

provided herein will recognize additional modifications, applications, and



120 not limted thereto. Those having ordinary skill in the art and access
to the teachings provided herein will recogni ze additional nodifications,
appl i cat iwopocasaarbodi ments within the scope thereof amdrasdissioossad fiel ds
in which the present invention would be of significant utility. 125 Fig. la
is asinplified schematic diagram of an ideal discrete conponent

i npl ementation of a typical Cass-E |oad in accordance with conventi onal
teachings. As shown in Fig. la, a typical Cass-E anplifier represented by
a switch 12" is coupled to a source VdSvia an inductive bias line 14'. The

switch 12" i oupled.to resistive lgad. 24" via a C citor 22' and an
i nverted Ler{ﬁaﬁéme } Paem eé?ﬂpﬁthzﬁof\aaaédq@@nglrf&%im w?lgglaﬂwar%mk 20'. The
drain bias iﬁ&eﬁﬁg&%ouﬁfhé&%@%ﬁﬁch@q ndent of the load circuit 20", merely

acting as a choke realized Dy a quarter wavel ength I ength of transm ssion
line. The load 20" includes a first shunt capacitor 15 which is the drain
to source 135 capacitance (Cds(i1 of the transistor, switch 12'. I n accordance
with déAvent i ondligt baisth Fyeliiehichematic diggramyef nidsaldiscaste sampppintt or 16"

(L) and a i Q8 RER e P ' St T gg[ﬁggﬁnt
i mpl ement atSI lﬁﬁg%&%@@ﬁg qtf(c%am;lgaégl%e%@ag n?::‘l%.&(?dg?e ﬂléﬁcgh%létlt%ﬂalﬁgn I"ohi ng t hat
the functi ot dhbwihhie Figdd, aspwal RlassiEtdaelidied sspréseiitQ byrpwifcheR’ iss t o shape
the voltage and current waveforns. Therefore, for the design of a broadband
O ass- E amsPrPEéEo 2 seairee Yisoit an meustivedrias ine s urlhiesiviish 12° ieoupled is2 exi st
over the enti f : [ i . i -] i near
model i ng ¢ aotoiie AP s BARor IR R B RyeRe8 B AP BT S NRIoT

r obusti3bar shapitg haldaReeornd’ . eMivedapebisd il B4’iioReted irklebéndeat offths Idatie
successful design of highly non- 145 linear circuits such as the sw tching
node anpl i fiterig 20°, merely acting as a choke realized by a quarter wavelength length of

transmission line.

The load 20’ includes a first shunt capacitor 15° which is the drain to source
135  capacitance (Cqs) of the transistor switch 12°. In accordance with conventional

teachings, the load 20’ includes a series inductor 16’ (L) and a shunt capacitor 18’ (C).

Fig. 1b is a distributed component implementation of the load depicted in Fig.
la. It is worth mentioning that the function of the load network in the class E
140  amplifier is to shape the voltage and current waveforms. Therefore, for the design of
a broadband Class-E amplifier, care should be taken to ensure Class-E waveforms
exist over the entire frequency band. Choices of a suitable device non-linear modeling
tool as well as a design environment tool capable of time domain, robust harmonic
balance and envelope simulation are critical for the successful design of highly non-

145  linear circuits such as the switching mode amplifiers.

Fig. 2a is a simplified schematic diagram of an ideal discrete component
implementation of a typical Class-E load in accordance with the teachings of the
present invention.

150



Fig. 2ais a sinplified schematic diagram of an ideal discrete conponent
i npl ementation of a typical Cass-E |load in accordance with the teachings
of the prweends/isssenti on. Fig. 2b is a distributed conpomemtustovsloessent ati on
of the load depicted in Fig. 2a. In aécordance with the present teachings,
a novel broadband Cl ass-E | oad topology is presented based on the series
(L-© network shown in Fig. 2a. As discussed nore fully below, the load is
nodi fied to offer a superior broadband 155 performnce when conpared with
the (series L, shunt C) |load network of Figs. | a and Ib. In accordance

with the presen&.t chings, the first step in the novel design process is
to include the di&i4R 1Hp45tibetewwpongntimplapentgion efchelogdslepictedan Fisapol ogy
foll oned by,t i . tiontoits
caui val ent Ta S sooBRRRGF IR e b R ARl BRI 0,

process whitedoléogy inprseasted yaskdOnfiioy sekibe (IS @) demrmk shover if Pigoper ake at
m crowave frequencies, the serjes inductor 16 and series capacitor 18 of
Fig. 2a ar &i5eessedaeie Bylyelmihnloed inmedifigd éepifera supsrisnboedtmnd| i ne and a

shunt or j ' - 0,1t hynt. i nductor 14 of Fig.
2a is 1rggpl gglg%ﬁwdﬁt‘b'ﬁ@eé Egérq{?aﬂgﬁgg {hggggste ﬁlpg {S"OShBP{c])@ %@Héle%qr Iofgigs‘r ance
with the pHEMR sccotiaped withahdprasuit Gacliaga tid Rt aerd oGk ndseclWRbibn Bfock®
provide a bias to_the 165 drain of the pHEMI transi stor. Next, starting

val ues for 1% Rdn¢lydsdg dernpinsardustastl 4ap patt 94 therfelasioE toaitopelegyédlomedi ned.
Several au i il expressi.ons f.or the starting val ues
of the | un%ggl{e:tégrlﬁgogmgﬁgﬁ &F m%q%rggé%‘qt‘ggﬁ( e eeéexﬁ%t}o%g% .elqgmakﬁn ss-E - A new
170 cl ass dfstiithgdd gdtivbed RBRY Th ﬂﬁ@dﬁtﬁdaﬂﬂh&f&ﬁﬁh@i@n%‘fb&@iﬂvﬂﬁhHQM\&:"esﬁgp| ifier”,
byN. O Sokal, et al. |EEEE JSSC, vol. SSC-10Q pr.168-176, June 1975;
"Sol i d6%t af@r t%éﬁ,l@ amplifier to operate at microwave frequencies, the series inductor 16 and

series capacitor 18 of Fig. 2a are replaced by a combination of a series transmission

line and a shunt shorted stub as shown in Fig 2b. Also, the shunt inductor 14 of Fig.

2a is replaced with a shunt shorted stub to provide a parallel resonance with the

pHEMT’s output drain-source capacitance (Cds) as well as to provide a bias to the

165  drain of the pHEMT transistor.

Next, starting values for the lumped components of the load network 20 are
ascertained. Several authors have published detailed expressions for the starting
values of the lumped series (L, C) Class-E load. See for example “Class-E — A new

170 class of high efficiency tuned single-ended switching power amplifier”, by N. O.
Sokal, et al. IEEEE JSSC, vol. SSC-10, pp.168-176, June 1975; “Solid State Radio
Engineering” by F. H. Raab, et al., John Wiley & Sons, 1980; “Low Voltage, High
Efficiency Class E GaAs Power Amplifiers for Mobile Communications”, by T.
Sowlati, et al. IEEE GaAs IC Symposium Digest 1994, pp.171-174; “Switched-Mode

175 High-Efficiency Microwave Power Amplifiers In A Free-Space Power Combiner”, by
T. Mader, et al., IEEE MTT, vol. 10. Oct. 1998, pp. 1391-1398; and “Ultra-High
Efficiency Operation Based On An Alternative Class-E Mode”, P. Watson, et al.,
IEEE GaAs IC Symposium Digest 2000, pp.53-56.



Engi neering" by F. H Raab, et al, John Wley & Sons, 1980; "Low Voltage,
H gh Efficiency Oass E GaAs Power Anplifiers for Mbile Communi cations”,
by T. Sowvetnge/msts4al . | EEE GaAs | C Synposi um Di gest 199#CTa$2005/004534 74;
"Swi t ched- Mbde 175 Hi gh-Efficiency M &rowave Power Anplifiers In A

Free- Space Power Conbiner", by T. Mader, et al., IEEE MIT, vol. 10. Cct.
1998, pp. 1391-1398; and "U tra-H gh Efficiency Operation Based On An
Alternative C ass-E Mde", P. Watson, et al., |EEE GaAs | C Synposi um Di gest

2000, pp.53-56. Next, having obtained the starting values for the |oad
network, a tinme_domain 180 sinulation is perforned to O‘\E/)‘iii m.ze t he. | oad

with the obj ect iNE&tL&RViBORIAsIGha saFingalies &rrthe fRad stV erd: ¢ HEe dREVEE or s
over esire er . - . Ei sh Q%SE Se

si mul gtg gd vsvar{l/@?tgcgnrrlg%%f?%%{ftgg) %ﬁléﬁ %eg"'élre EI))?aé}evgljl@n per ercﬁggggg%t\e}er 5} rd&iiz of
bandwi dt h. chhentfane ¥uRARWSepafdeneya asited @pbratinghaigd (¢.gnpeto G¥z).equi val ent
circuit representation of the load is shown in Fig. 3 (a), depicting an
excel l ent frequency i ndependent response over 8.0-10.0 GHz conpared to the

narrowband Cl asss=E . 0 er i . ! L. - hand
Cl ass- E Power Al ‘iZTcnggwig ﬁbefle %@é@f%ﬁ?&omﬁg%%@l%gg@%lﬁ férr{]%aﬂ%%
205- 208, Oglver 20@Hz I ntaVdtRITIRNE&jusse; depeednty of fiedueaibynd hagpendent

magni t ude and phase response for the |unped equivalent circuit
r epr ed@At ateqpivalsht eitrruitireprgsantatinoraf thejead wrihaww ip Fik 8dd), dePICHRS #ext st ep by

t formng this.load to it i val oSt £ See Fig.
b0 105 Teeph s Peebd R AR by SO P (AR ok 20 T O
process desroR8ghd Olasi-B8odd/¥BEsk 1. ARENtIS). r SR BrbBihid Kol SClukpBt ed | oad.

Figure 3b is a diagramwhich illustrates the tinme domain sinulation of the
Power Amplifier”, by R. Tayrani, IEEE GaAs IC Symposium, PP 205-208, Oct. 2001.

190 Having obtained a nearly frequency independent magnitude and phase
response for the lumped equivalent circuit representation of the load network, we can
now proceed to the next step by transforming this load to its equivalent distributed

network. (See Fig. 2b.)

195 To optimize the distributed load, the time domain optimization process

described for the lumped load is repeated for the distributed load.

Figure 3b is a diagram which illustrates the time domain simulation of the
distributed load network illustrating near ideal performance at 8§ GHz. As shown in
200  Figure 3b, the voltage waveform across the switch rises slowly at switch-off and falls
to zero at the end of the half-cycle. It also has a zero rate of change at the end of half-

cycle, thereby ensuring a “soft” turn-on condition.

Furthermore, it is shown that the integral of the capacitor (C4s) current over the

205  half-cycle is zero and that the capacitance current has dropped to zero by the end of
the half-cycle, both indicative of Class-E operation for the distributed load at 8.0 GHz.
Similar simulated waveforms were obtained over the desired 2.0 GHz frequency band.

Although not shown, the frequency response of the distributed load (Figure 2b) should



distributed | oad network illustrating near ideal performance at 8 GHz. As
shown in 200 Figure 3b, the voltage waveform across the switch rises slowy
at sw t chwofzbocansas4bal | s to zero at the end of the half-egrlusodktossso has a
zero rate of change at the end of hal 8cycle, thereby ensuring a "soft"”
turn-on condition. Furthernore, it is shown that the integral of the
capacitor (Cds) current over the 205 half-cycle is zero and that the

capaci tance current has dropped to zero by the end of the half-cycle, both
i ndi cative of O ass-E operation for the distributed |oad at 8.0 GHz.

Simlar sinulated waveforns were obtai ned gver the desired,

2.0 .Gz
frequency BiAde brpadhandhaving 2 seBliHTequARSYIRNFBARY TPPOPeHERIEE torifse
di strizli)Ht e%@&?ve%ﬁ&?%&m@ﬂ?ﬁ%@%‘%@?' so be broadband having a nearly
naependen Si

frequency i respons ar to its 210 |unped version shown in
Figure 3 (a). Inthe illustrative application, the load circuit is

synt hesi zed for _nmedi um power PAs (~ 30 dBm 1.0 Wnmax). A single 0.25 um x
720 urn pHEMT déwihsdllpgiraive@pphicatinn.dhejoad gireuit s aymthsaized fr asHYBPPEehHs 4
singl e stagg PA r fiyr ‘ —E High
Power Anpl iq)fepl‘se(r sﬁ?ﬁyXSI)BWftlgag(l) 'eAﬁ rgg%%%ggmg% rzg(r)ra |%ﬁ%?ﬂ§g?‘?&o gélsm

di stri but edhik eREs eSUchl P AarefsuidabI®a0d dihfle etagt RASarid/aaslthé fiest stapd bf 4 he

br oadband Cl ass-E | oad in accordance with the present teachings. The

anpl i f4l8r 3gostagriClassE High Revew Amplifiers (PA8vice 12 with the 220 inventive
load 20. In the illustrative enbodi nent, the active device 12 is a Gllium
Arseni de pseudo-norphic, high-electron nobility transistor (GaAs pHEMI). An

i nput mat chi ng EEweukshé®s ascid@aticdaduiabf 4 itritiped repeestiratiacti e devi ce 12.
The |l oad 20 and i nput matchi ng network 40 are designed with the wi dth and

| engt h 225 mioneditiic 6ass Fhamplifier withethe heoefibindplesst load iy acgordangy Wiy theThose

of ordinar yprgsléhtl tleaclzhri]ngs. The amplifier 30 of Fig. 4 includes an active device 12 with the

220 inventive load 20. In the illustrative embodiment, the active device 12 is a Gallium-

Arsenide pseudo-morphic, high-electron mobility transistor (GaAs pHEMT).

An input matching network 40 is provided at the input to the active device 12.
The load 20 and input matching network 40 are designed with the width and length
225 difnerisions shown in microns for operation at 8 — 10 Ghz. Those of ordinary skill in
the art may extend the present teachings to other frequencies without departing from
the scope thereof. |

For accurate and robust non-linear simulation of switching mode amplifiers,

230 the device non-linear model should have the following properties:

Bias dependency of drain-to-source Cgs(Vs, Vgs) and gate-to-drain Cgq
(Vas, Vgs) capacitances;
Bias dependency of input channel resistance Ri(Vs,Vgs); and

235 Bias dependency of output channel resistance Rgs(Vgs, V).

Also the device model should be able to accurately model the dispersion

associated with the drain current, gm, and Rgs, If the pulsed DC IV technique is used



the art may extend the present teachings to other frequencies w thout
departing fromthe scope thereof. For accurate and robust non-I|inear

si mul at i omoaboessbi4ehi ng node anplifiers, 230 the devi cepPaonskeoamesssaodel
shoul d have the follow ng properties: 9Bi as dependency of drain-to-source
CdS(vdS, Vgs) and gate-to-drain Cgd (VdS5Vg ) capacitances; Bias dependency
of input channel resistance R (VdS, Vgs); and 235 Bi as dependency of out put
channel resistance Rds(Vds, Vgs). Also the device nodel should be able to
accurately nodel the dispersion associated with the drain current, gm and

RdS. If the pulsed DC IV technique js usedfar the nodel_deyel opnent, this
r equi r emenforiagmgdel develorwent; {is regpirgrend DAY B MECHEIH Yt ]ﬁgﬁgéﬁﬁ%?s‘ﬁod el

avai | e | j : TO¢ A ok i nced Desi
Syat ot { AT b C A g A 8 e RS B e o
gat e- dr ai n Aldveaded Dwsign@ysres (ADYy€203CH)han 18 V may be desi gned using

currently avail abl e technology in 245 accordance with the present teachings
to nmeet performance goals for very large (>1 00,000 TYR el enents) space

based phased arr radar. r i L i 1 2 (mn. 200.0
) and PAE (m A 300 Rk R PTG (G RERHE 5 TaREHRNRRNER TN
vol t age an@lol@apgrercﬁr eIV ndy B tiesighlEMisiR® QueetitBudvalighlotdthhslogf int he

[

anplifier of g 4. The waveforns show a swi tching node behayior of the
pHEMT 2d8vi eecoadange withyihe piSiserititepchinay fmeshperaynncegoalsifeeerplage 8 - 10 GHz

Etlce)s g ? :1 L Ie{j mﬁ%{O@?(ﬂ)B\?&n /ghe?&g%xﬁ%)gsﬁg%e %ggcgphatsgc? ar@arxf 20 rehﬂi\ﬁ%gtsirﬁﬁta%ggusb een
broadband power (min. 200.0 mW) and PAE (min. 60%) over 8.0 - 10.0 GHz.

Figure 5 depicts simulated voltage and current waveforms at the pHEMT
250  output terminals of the amplifier of Fig 4. The waveforms show a switching mode
behavior of the pHEMT device at 8.5 GHz. Similar waveforms may be provided over
8 - 10 GHz to confirm broadband operation.

Thus, the present invention has been described herein with reference to a
255  particular embodiment for a particular application. Those having ordinary skill in the
art and access to the present teachings will recognize additional modifications
applications and embodiments within the scope thereof. For example, the present
teachings are not limited to Class-E amplifiers. That is, the présent teachings may be

used in connection with any switching amplifier or circuit design.

260
It is therefore intended by the appended claims to cover any and all such
applications, modifications and embodiments within the scope of the present
invention.
265 Accordingly,

WHAT IS CLAIMED IS:




255 particul ar enbodi nent for a particular application. Those having
ordinary skill in the art and access to the present teachings wll
recogni zewaddidases¥al nodifications applications and enbedirrasads/owsshi n t he
scope thereof. For exanple, the presett teachings are not limted to
Class-E anplifiers. That is, the present teachings may be used in
connection with any switching anplifier or circuit design. 260 It is
therefore intended by the appended clains to cover any and all such
applications, nodifications and enbodi nents within the scope of the present
invention. 265 Accordingly, VWHARUROSEHL RER AS1EURCSTYLE CLAIMS 1. A | oad
circuit (20) for use with a switching circuit characterized by: a shunt
i nductive elenment (14) coupled to an output of said circuit; a series
i nductive el ement 1 ( 18),dcdRik Ff{i));f @ v’ Q%Edﬁqngcglrcﬁl@hﬁjargdtér%& by. and a series
capacitive elenent (18) coup to said series inductive el ement (16). 2.
The invention of CFla'inmnSlluWe eemenis@fobpladito@@Eptpus ol cishigs at f requenci es
! nt he. range of 8z, %?m%lve%lem gl.e(tlbgélo%lglteh Wsaft ou Lf%loﬂ 90'11%1 ﬂldsal d shunt
i nductive el ement f I's an 1n e bias linetor sald clreudit.

a series capacitive element (18) coupled to said series inductive element (16).

2. The invention of Claim 1 wherein said load (20) is operable at frequencies

in the range of 8 - 10 GHz.

3. The invention of Claim 1 wherein said shunt inductive element (14) is an

inductive bias line for said circuit.



