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Abstract power amplifier$® and the requirements for satis-
fying the multiple simultaneous loading require-
A method is shown which greatly simplifiesnents in the design process has prompted the need
the design of third-order loading networks fdior deriving a systematic procedure for designing
Class-F switching amplifiers. The goal of thaterstage and final amplifier loading networks in a
method is to determine the approximate compway that does not impact manufacturing costs.
nent values for interstage and final amplifier load-  Briefly, a Class-F amplifier derives it's im-
ing networks that present the proper load congiroved efficiency by using a multiple-resonator
tions at the primary frequencydnd it's third har- loading network to control the harmonic content
monic 3f, while at the same time introducing a lowf the drain voltage and/or drain current wave-
impedance to ground at the second harmonic fferms?® This paper will address the design of load-
quency 2f. Design procedures and equations areg networks for one of the basic circuit forms
presented for one class of final amplifier and thr&@own as third-harmonic peaking, the voltage

classes of interstage loading networks. waveforms for which are shown in Figure 1 and
the representative loading circuits are shown in the
Introduction appendix.

Referring to Figure 1, the drain voltage for

Class-F amplifiers have enjoyed wide-spedhird-order peaking consists of the sum of the fun-
application in recent years, due to an overwhelmiamental signal voltage at frequengsurid it's third
ing need to improve transmitter power amplifidrarmonic voltage at frequency,3fNote that the
efficiency in both portable and fixed-base commuesult of this summation is that the peak amplitude
nications, as well as commercial FM broadcastingf. the voltage waveform is decreased at 90 and
Since the power amplifier of a transmitter consume<
most of the power, it’s efficiency determines th
overall power and heat dissipation requiremen
The process of improving the efficiency of higr
power amplifiers has been known for a conside
able amount of timebut saw little application un-
til the wide-spread use of FM for mobile commt
nications and commercial broadcasting in tt
1950's,it'sreirtraddnntego fessadl it- 8
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Since that time, much has been written coi -
cerning the principles and applications of Class-F Figure 1 - Third-Order Waveforms
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out by adjusting the value of,@ improve cou-
pling to the load. In addition, at the second har-
monic 2f the still inductive third-harmonic idler is

in series with the now capacitive fundamental tank
L./C, and the DC blocking capacitanceg. CBy
proper selection of these five reactive elements, a
loading network can be derived that will satisfy all
three requirements simultaneously.

The design procedure begins with the selec-
tion of capacitor G which is determined by the
load resistance Rthe centre frequenay,, and the
desired bandwidth BW. The values fqr L, C,

270 degrees. A similar voltage waveform for fiftrand C are then determined in order as shown.
harmonic peaking is shown in Figure 2. In general,

odd-harmonic peaking circuits above this level are e dagelocadgNew o lks

rarely, if ever, seen and even the fifth-order realiza-

tions deliver less than a 10% improvement in am-  Three networks suitable for interstage load-
plifier power efficiency over that of the third-ordeing are shown in the appendix. In the first of these,
circuits. referred to as Type 1, the parallel netwopkQ.is

The presence of second harmonic and highiesonant at the fundamental frequengcgrfd the
even-order harmonic voltages will cause this wavgarallel network L/C, is resonant at the third har-
form to reach saturation or cutoff earlier than desonic 3f. At the second harmonic 2the funda-
sired, resulting in a rapid loss of efficiency. It woulthental tank L/C, is capacitive, while the third har-
therefore be desireable to design loading networkenic idler L/C, is inductive. By proper selection
in such a way as to achieve the necessary load ofithese four components, these two reactances can
pedance and matching requirements, but withdag made series resonant at the second harmonic,
introducing excessive complexity, componertereby fulfilling all three desired characteristics of
count, alignment, or other factors that would haviee loading network simultaneously. The design
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Figure 2 - Fifth-Order Waveforms

a negative impact on manufacturing costs. procedure begins with the arbitrary selection gf C
as the process of determining the value empirically
Fird Ampif ierLoadngNew a k is unnecessarily tedious. The remaining compo-

nent values are then determined by way of the equa-
A schematic diagramme of a loading newtotkons as shown.

commonly seen in final amplifier stagesis shownin  Adf aimbteT yelrewo rk ai s
the appendix. Here, the parallel networkd. is whentjrgbimposeteesaesdte
resonant at the fundamental frequengywhile ardi edeveadtesisettedde E.

the parallel-resonant idler network/C, is reso- TreTyxdas tagersivo rksden 00

nant at the third harmonic 3fIn general, the se-oveames t5 df ialtybyhavg &  trohren

ries capacitor (is considered to be nothing morél exrat @mdy  C, in shunt across the entire
than a DC blocking capacitor, but instead will nowetwork. The sum of the apparent inductance of
be considered as part of the overall loading néte parallel resonant tank,/C,and inductor L
work. At the fundamental frequengy, the third- create a resonance at the fundamental frequgncy f
harmonic idler L/C, represents a small inductanc&he L/C, tank is actually resonant below,2ind
between the drain and the load which can be turtad subsequent apparent series capacitance of this
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tank in series with creates a low-impedance sgat, n te dsn dVHFCessFpow e adi -
ries resonance at 2fAt 3f, the apparent induct-es ahievg pek ppwe daindf @es  d ova
ance of this leg creates a parallel resonance wWi8%, adan80da ireff @ty bad wihd
C,. owe@o A S odreshave
The design procedure is more straightforwaldendai  vedfor fi fth-adapesdgreivo rks
than with the previous Type 1 network, and the
value of G is derived from the load resistancg R Ref @ eoes
the centre frequenay,, and the desired bandwidth
BW. The subsequent values far C,, and Lare 1. Pender, Harold and Knox Mcllwain, “Electri-
derived as shown. cal Engineer’s Handbook: Electrical Communica-
Tuning this network is not as straightforwartlon and Electronics, 3rd ed.,” Wiley, 1936, chap-
as with Type 1, and matching to the load device br 7, pp. 104-105.
splitting capacitor Omay resultin a match having
a higher Q than would be desireable. 2.  Tyler, V.J., “A New High-Efficiency High-
The Type 3 interstage network (see the aPewer Amplifier,” The Marconi Review, Vol. 21,
pendix) retains the desireable characteristics of Tyge. 130, 3rd Quarter 1958, pp. 96-109.
2, while at the same time providing a means for
matching to the load device without increasing tt& Wood, John W., “High Efficiency Class F Am-
matching Q. Here, (and L, are series resonant aplifier,” US Patent 3,430,157, 25 Feb 1969.
the second harmonic 2fAt f, this network is ca-
pacitive, and together with land G creates a par-4. Krauss, H.L., C.W. Bostian, and F.H. Raab,
allel resonant tank. At 3the L/C, leg is induc- “Solid State Radio Engineering,” Wiley, 1980, pp.
tive, and again with Land G creates ghrdrer- ~ 454-458.
mocpara |ldresratak Th eadive deue
reedaescayow keedy mopopa eintod- 5. Toyoda, Sachihiro, “High Efficiency Single and
the L, or C, and a low-Q load match is readilyPush-Pull Power Amplifiers,” 1993 IEEE MTT-S
accomplished by simply tapping,.LComponent Digest, pp. 277-280.
values are determined in the same manner as with
the Type 2 network. 6. Toyoda, Sachihiro, “High Efficiency Amplifi-
ers,” 1995 IEEE MTT-S Digest, pp. 253-256.
Condusions
7. Zivkovic, Zdenka and Aleksandar Markovic,
The component values derived here are dfhird Harmonic Injection Increasing the Efficiency
proximations, as the parasitic reactances (normaifyHigh-Power RF Amplification,” IEEE Transac-
capacitive) of the active devices will alter théons on Broadcasting, Vol. BC-31, No. 2, Jun 1985,
resonances of the networkls.6 et © e tee  pp. 34-39.
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In general, the best bandwidth is derived dyngineering, Vol. 25, No. 7, Jul 1970, pp. 117-124.
designing the networks in such a manner as to cause
the Q of the two resonant tanks and the Q of the Raab, Frederick H., “An Introduction to Class-
second harmonic null to be nearly equal. F Power Amplifiers,” RF Design, May 1996, pp.
Theetegy  oedres havebeenused,  in 79-84, errata in July 1996, p. 14.

3



L2
-] 3
c2 oL
cwI L1

THIRD-ORDER FINAL NETWORK
First, choose C
C,=a /[(1- a)wR ]
where
aw P BW)/w,
Now,
L,=1/(wy C))

L,=160 L R?/
{81[(3R)+ (2w, L, )]}

C,= 1/(9wzL,)

C,=8¢C

L1 C1
%E RL

L2 C2

Third-Order Interstage Network (Type 1)

First, choose Carbitrarily. Now,
L,=1/(wy? C))
C,=3C/5

L,=5L,/ 27

APPENDIX

%E L1 ::C

L2

RL

Third-Order Interstage Network (Type 2)

First, choose €

C,= 1/[(w,4%p BW)R ]

Now,
L1:2/[3(w02 Cl)]
C,= 5Cl/ 12

L,=3L/5

%E ) L1
1l

RL

Third-Order Interstage Network (Type 3)

First, choose €

Now,
L1:4/[9(w02 Cl)]
C,=15CQ /16

L,=9L/5

C,= 1/[(w, 4% BW)R ]



