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Twt) types of class C push- fnill power amplifiers for the X band are

newly {Icviscrl. In Llmse amplifiers, tuning type amplifiers are crmstmctcd

using ‘[’[; “, ~ Imxlc diclccl ric msrmatofs, and phase invelting circui[s

which arc oecessaty at the input and output si{les of the push- pull power

amp[ificrs qrc ZISO constmcted using the TE o, A mode dielectric

Iresmratot-s.

‘Mc experiment was pel-formed for the two amplifiers. ‘rbe
oper;lting frequency of lbe first amplifier was 12,4 GHz, the output power

was 37.2 (Il)m, and the power a(klerl efficiency was 75 %. For the sccon(l

amplifier, Ihe opemting freqocncy was 11.2 GIIz, the outpu[ power was

46 dfhn, and the power a(lded efficiency of 77 % wzs attained.

1) Introduction

Rcccntly, for portable telephone and mobile communication, a power

amplifier whose DC power consumption is as low as possible is

demanded, Moreover, in the power amplifiet- [or the transmitter loaded on

the communication satellite, a large amount of heat is prodnceri from

semiconductor devices, and hence a power amplifier with high power

added efficiency is indispensable. Such amplifiers have already been

propnsed in Refs. [1]– [4]. These amplifiers employ a krpezoidal nr

rectangular wavefnrm to obtain high power added efficiency, and requil-e

wide- hand characteristics to produce these waveforms.

fundamental and the 3rd hamvcnics. ,1s seen [mm this exampk, we cannot

obtain large power addc(l efficiency wilbout an amplifiel- which has

wi(le– Iband frequency clmmcter istics. In the millimeter wave trcginn,

extremely wide- hand chnmclcr istics are rcqtlired, C(msiflcrin~ these

points, the author (Ievisml a tuning type posh- pull power amplifier which

can be cnnstl-octed hy a simple circuit having not so wide- band

characteristics. In this amplifier. we can obtain the power ad[kl efficiency

which is almost the same as that of the high efficiency power amplifier.

To obtain krrge power added efficiency, we set the operating angle 0, of

the waveform supplied to the finzl- s(age amplifier to S()” , and employed

a conventional class C power amplifier. f3y using the TE o I fi rnorfe

dielectric reson3t0r in this amplifier, we cnoslmcted the Luning type

amplifier, and the phase inveilers which are necessary al the input anti
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Fig. 1 Circuit system of (he class C ln!sh- pull power amplifier,

Tbe author conskucted a tuning type amplifier by using ‘HZ 0, J mode

r

.2 -A .A% “-”- ““‘ ~- A .~
dielectric resonators in a conventional class C power amplifier. In Ref. [11, - “’

il W;lS s(atr(l Iha[ tl]c pmvcr added r[ficienc.y hecnmes llr~e if wc make the

t]l)crali]lfl ,Inglc U I nf Lhc inpul wmm snxdl. When wc set Ihc operating

xnglc 0 , at the final stage of this amplifier to 50 “ , the power added

c~fic.icn(.v !VJS alnv~s~ (IIC same as {hnse of the high cfficic tic:., power

:Iml]lifiors flcsclilxxl in Refs. [11-- [4], [n this paper, twn (vpes of class C

INisll- IMI1 IxNvcr :ln@ifkfs fnr tlw X l~aml are propnscd. Tlm phase

i(lvrll{!: UC.(VIin [IN inpu[ amlj NitIwl ~i[lcs [If lkse mnlllifi m:;;lrc f(wmcd

II; ‘1’1; ,,, 11111{11. {Ii(lrclli[ tcs(mat(lts

/ ‘1’t[!lil)<: I’,, IIIL I’IIS II 1’1111I’[l!VIV ,\mpllfiP15

/.1 (’ii<li]l (’o,)fi~umlmn

III l{of<, I I ] [,11, !110 [ I .Irzni’1:,1 wavr(o,-m with ry,omlin~ ;In[!lr 0,

71 “ ;Inrl t be rmtanEII131 wavcfrwm with 0 , = 30 “ nr 60 “ were
i ---

cml)l{)yr(l 10 m,ll(r (I1c pmvcr o{I(IcII efficiency large. ‘~o aml)lify these
WV

Fig. 2 I’hotograph of the p~:-,:cr aml]lifier shown in Fig, I,
waves ~nd reprmluce lhem at the output of the amplifier, it should have

wi(le- band chamcteristics. When we operate the high efficiency amplifier output sides of the pustl - pull r< ,.vsr amplifier wet c also cons! rurled Ily the

;]t 10 Gllz Itsing tbc trapezoidal wavefnrm, we cannot reproduce this ‘(T o I , rnmlr [Iirlrct(ic rcscnalr,rs ‘1’wo lyprs of pltsh pIIll Imwrr

waveform onlcss wc compensate the frequency characteristics fmm about 9 amf>litier-~ were [kvistxl an~l Ih? ljrr;! lion nf t hcse circ(lils is desrril]rxl in

fjllz In 25 (;1 fz, Iwcause the tnpezoi[lat wavefoml is syntbcsizcd by the Ibc klllowinz.
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Fig. 4 Circuit system of the class C push– pull Pwer amphfier.

l:i~t,re I shows the circuit configuration of the first type of class C

INISI]- IN!] INNVCIzmplitier. and Fig, 2 is a photograph of this amplifier.

As shown in FIR. 1, I he ‘[’E o I i mode rlielectrvc resonator is employed and,

‘1s 7 Icsllll, Il)c zn]ldifirl IS t(lnm~ tvpc HLTl is a prc- anlplitiet- and the

f+llc I]t<ts vl,lta~c V <~ was set 10 a valllc fcn which lhe FET1 opemtcs as a

[l:\:: A ]il)l,llfirl Fl~’f2 ,)Iw) C)lW,;IIC=,1s a rlass A nnlpli(ic,, We scc (hat

IIansmlswon Ilnes are mnoccted hctwecn the drain and drain supply

\’cll(ax! V (,s O( FET 1 ~nd FET 2. If we place the TE o, J mode

rhclech K l-csomtr)t-s close to [he tl-ansmission lines, a tuning type

amplifier is obtained. The resommce frequency of the resonators is 12.4

(;llz The rmtput waveform which is amplified hy FETI is supplied to the

gate of FET2 through the coupling capacitance C , , and it is further

amplifie~l by Ff3T2. The nutput from FET2 is supplied to the gate of

FET3 through the coupling capacitance C , for power amplification. The

output voltage appearing at the drain side of FET3 is fed to the tecminal 1

of the 1f– shaprxl kansmissimr line through the capacitance C ,

As shown in Fig. 1, we place the TE o i. mode dielectric resonator A

between the U– shaped transmission line and the transmission line which

is ronnected to the gate of FET4. The resonance fcequency of this

resonator is 12.4 GkIz, which is the same as that of the resonators placed

i rl the drain sides of FET 1 and FET2. Since the portion where the

diclectt-tc resormtnr A is piaced works as a band- pass filter, the wavefotm

with I]haw an~lr () “ is stlpplied to the Rate of FET4. Mcrrcnver, to

frxm a l]hasc invel-tcr, wc place another dielectric resonator B at a position

which is aboul 2, /2 apa[t from ]resonator A. Resonator B is placed

Imtwccn the [J-- shaped transmission line and the transmission line which

II.”. ,,.

I;IH. J 1)!,1svnllxgc fot- [Jllaining the synthesized
vr>lt.. g.c wh<, se .,per.,, ns and.? ;.s .50“

Fig. 5 Photograph of the power amphfier shown in Fig. 4

is connected to Lhe gate of FET5. The wave with the phmc angle 180 “

is supplied to the gate of FET5. By connecting variable capacitances

between the termlrrals 2, 3, and 4 of the L!– shaped transmission line ani

the eal+.h, we obtain the impe(lancc matching.

The waves with the plmsc an~les Os ~nd 180 “ arc power anlplified

by fWT4 and FET5. As shown in Fig 3, the bias voltage v ,.s supphed to

the gates of these FETs was so chosen that the operating angle O ,

becomes 50” By making the operating angle small, we can obtain large

power added efficiency as described in Ref. [1]. In the output wave which

was amplified Iby FET4 and FflT5, the higher- order components are

con~ained. ‘he phase cnnvcltct consisting of (he dielcct ric l-cwmatn!s is

placed at Ihe oulpll( side, an(l II yickls lhc (\tn(lc1n3rntrll w,lvc will}

frequency f 0. In the following, detailed opemtlon of the phase iovecter

is descirbed.

Tlle m]tplit at (Iw ~hains of FET4 and fWT5 contains (I1P

higher– order morfes. his output supplies the two waves whose phasr-

angles are () o and ISO o to thr term!nals 5 and 6 of a snlall ~J– shaped

transmission line. which is located inside the lal-ger (J– shaped line.

Between these transmlsslnn Iincs, two die!ectrtc resomtot-s C and D are

placed, The distance between the I-rsona(ors C and I) IS ahmlt a , /2,

Since the poll& where two dwlectlic resrmators C an[l f) am placed

works as a hanf]- pass fillet-, Illc funrl~menlzl c[jmlmlwnt with ft mlurncy

f 0 is extracted J!t the tei mlnal 7, the :WO output waves with phase

angles (J o and 180 “ are comblnerl, By connecting a var!able capacitance

Ibetween telmlinal S of the small u– shaped transmission line and the

earth, we obtain the imped?nce matching. We supply Ihe I)C voltage

V .s to the drains of FET4 ancf FET5 through terminal 9 of the large

U– shaped transmission hne By setting thts terminal 9, which IS s(miiar to

a midpoint tap of a phase trrverter formed by ~ lumped cit-cuit, the

evetl– order har-mrmics al e ,-anccilc(l out,

Figut o 4 shows Illr t IIcllil ?Iruc!ltrc (>f Ilir srcmxl type [f a

m]sh- [Xl]] [)OWW am~>litkr .,,,1 ;t< ,,I,,,LO=raPI, ;+ .I,ow,, ;“ I?;z C. As
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we we in lri~. A a tmnsnlissin,, lioc is cnnrwctml llc1.wccn (IIC {l,nirr~

of FfZT 1, 2 and [he drain source V ,,s By placing the TE o I J mode

diclcc(ric nwnnalor near (he transmission line, we have ? tuning type

amplifier. ‘Me output wave amplitied by IWT1 is supplied to the gate of

FET2 through a coupling capacitance C * The output from FET1 is

filrtbcr amplified hy FET2 and, tbmugb the capacitzrrcc C , , is supplied to

I IIe g?tc nf FET3 for zmpliticalicrrr. The oulput wave obtained at the dlain

si(lc of FET{ is <{tppiied to the terminal 1 of U– shaped transmission line

[hlollgh Illr (;lpa(ll;lll,. (: , Wc plwr ‘1’!! o, , MO(ICdielectric resomtor A

hcLwccn the L-- sb~petl Lrarrsmission line and LIIC transmission line thzt is

(’(X IIIWIIYI ICI Illc gale of m’r~. ‘Me rescmancc frcq(mncv f o of

resomr(oi A is the same as those of the resonators which are employed at

the dmin sides of ITT1 and FET2. The portion where the dielectric

resrmatot- is loaded wol-ks as a Imnd- pass filter, and the output wave with

the phase aogle O 0 is supplied to the gate of FET4, We place another

[Dielectric msonatnr B at a position which is about A . /2 apart from

[resonator A, The portinn where the dielectric resonator B is loacferf also

wrmks as a Ijsn[l– pass filler, and the output wave with the phase angle

180 “ is s!!pplied to the gate of Ff?T5.

The output wave at the drain side of FET4 is supplied to the terminal 8

of [J– shaped Transmission line through the capacitance C , Since the

distance between the two dielectric resonators C and D is set to about

1, /2, the output wave \vitb the phase angle O “ is supplied to the gate

of Ff3T6, ancl the output wave with the phase angle 180 “ is

supplied to the gate of FET7. By connecting variable capacitances

between terminals 7, 9, 10 of the phase inverter and the earth, we obtain
the ilmpedancc matching.

The output wave at the chain side of FET5 is supplied to the

Lermina I 13 of {J– shaped transmission line through the capacitance C G

The distance between the two dielectric resonators E and F is set to

about A , /2. The output wave with the phase angle () o is supplied to the

gate of FET8, and the output wave with the phase angle 1800 is supplied

tn the gate of FET9. Valiable capacitances are connected between

telminals 14, 15, 16 of the phase inverter and the earth to obtain the

impedance nlatcbing.

The qate bias voltages V . ? of FET 6-9 for power amplification

were set to lbe values for which the operating angles of the waveforms

become 5(J0 The oulput waves amplified by FET 6-9 contain

tbc higllcr- rmlc]- compnrrents. By osing the phase inverter which consists

of the TE o I J mode dielectric rcsrmalors, \ve pick Up the fundamental

waves with f ~ and combine them.

The output waves al-ising at the drain sides of FET6 and FEr7 in the

p~lsil-- p(tII power amplifiel- are supplied to the terminals 19 and 20,

l-cspectively, nf U1e large U– shaped transmission line of the phase invecter.

We placed the TE 0, . mode dielectric resonators G and H, which are

separated hy shout 2, /2, between the large and small U– shaped

(ransnlission lines, With this setting, the phase angle of the output wa\,e at

I IK? (Il;lln ;ilr ;,( I; K1’(j becomes () “ am] lbat of the output wave at the

~irain sicIe nf FET7 Ibecomes 180 0 The two output waves having

(Iifferent phase angles are combined at the output terminal 23 of the small

11– slmpcd (mnsmissinn iinc. The synthesized output wave is transmitted

[~, (Ilc 1111.lsr t]lvrt(cl of (hc fhlal s(agc.

“~he m] fp(ILwaves arising at the drain sides of FET8 and FET9 in the

pusl)- pull power amplifier are supplied to the terminals 24 and 25,

respectively, of the large U– shaped transmission line of the phase inverter.

we piaced the TE ,, i mode dielectric resonators I and J with their

SCII;ICIIi[]l) t)cillg ;d)oIiI A , ~J bcLwccn the large mrcl small [J– shaped

I !;lnsmissi{,rl lil]rs. As a result, (Iw phase an@e of the output wave at the

dram SI(IC0[ P1(.”1”3hccomcs [1- Jnd Lhzt of the output wave at the drain

si[lc nf FET9 bccomcs 180 “ The (VKI mltpllt ~vavoshaving di(fcrcm

phase angles are combined at the output terminal 28 Of the small

U– shaped transmission line. The synthesized rmtpol wave is hansmiltcd

to the phase inverter of the final stage.

variable capacitances are conn~ted between the tCrmilla is 21 and 26

of lWCJsmall [J– shaped tmnsmissio[l lines aml tbr? cadll to obtain the

impedance matching. We supply the K voltage V ,,s tn I tic (Imins of

FET6 _ 9 through the midpnint :ernrinais 22 and 27 nf the large

11– shaprvl I ransmissinn Iinc. we OtitllUtS kOIn twr~ PIMh Pldl I1OWPI

amplifiers arc supplied to the termina IS 23 and 2S nf large U– silapcd

tmrrsmissiun line of IIN? pbasc invrqlcr at the final stage. Twn mtlputs

with phase angel: 0 “ and 180 “ are combined through the T]; o,. MU(IC

dielectric resonators K and L. which are placed t)etween tbc small and large

U– shaped transmission lines. The conlbined output is picked up fronl the

terminal 29. Between the midpoint 31 of large U– shaped transmission

line and the earth, terminal resistacxe and capacitance are cnnnected in

parallel.

3. 13xperimentd Results

The experiment was performed fm the two push- pull power

amplifiers. The frequency characterisitcs of the first amplifier are shown

in Fig. 6. The center frequency was 12.4 GI Jz, and wc obtained the

maximum power of 37.2 dBm, ancl the power added ef6cicncy of 75 %.

The bandwidth of the amplifier was .S0 MHz. The results for the second

amplifier are shown in Fig. 7, with the center frequency of 11.2 GH.z, The

maximum output power and the power added ef6ciency were 44.1 cfBm,

and 777., respectively. The bandwidth was 50 MHz.

1

[ O =12.4 GIIz

F :]8 Vr, s =IOV

/“-,,..’ -—”-”’---

.,p_

/

.. .~.--

InputPower r]~jn
f~ig. 6 Dependence of the output power and power added efficiency

on the input power for the amplifier of Fig. 1.

~
20 22!

1[11)111I’(lWcr (1[]111

7 Dependence of the rru@st power and pnwer afklcd c(ficicncy

on Lhe i!ltmt fmwcr for 111,:amplifier <?( biK, 1,
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Fig. 8 output power and third order intermod,dati”n prcxkctirm versus

input power at center tlequency (f , = 11.2Gllz, f , = 11,205GIIz)

By tlsing tuning type amplifiers and the phase inverters which were

crmstl-ucted by TE oi ~ mode dielectric resonators, we obtained ideal

frequency chwacterktics for the two push- pull power amplifiers.

Figure 8 shows the measured results of tbe input– output

characteristics and third order intermodulation distortion of the power

amplifier. The measurement was done with a spectrum analyzer by

injecting into the amplifier the fundamental signal at 11.2 GHz and the

signal with the same level but at tlequency shifted by 5 MHz. The

intercept point was 56 dBm.

4. Conclusion

In this paper, two newly devised push– pull power amplifiers in the X

band have been described and their performances were demonstrated. An

impmlant point is that we constructed tuning type amplifiers and phase

inverters by using TE 0, J mode dielectric resonators. By employing low

power FETs and the resonators with large unloaded Q– factor, we can

obtain large amplifier gain and the power added efficiency which is close to

(hat Of a hiKh efficiency amplifier. If we use the above mentioned

inverters, it is possible to obtain the amplifiers for millimeter wave region

that have large output power and large power added efficiency.
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