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Design of High-Power and High-Efficiency Broadband Amplifier
Using 1:4 Transmission Line Transformer
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This paper presents a design of a 100 W high-efficiency power amplifier, whose operational frequency band expands
from 30 to 512 MHz, using negative feedback network, push-pull structure, broadband RF choke, and transmission line
transformer for balun configuration. The push-pull amplifier has been tuned for higher output power using a shunt
capacitor as a matching component at its load especially for high-frequency region. The implemented power amplifier
exhibited a very flat power gain of 18.34+0.9 dB throughout the operating frequency band and very high power-added
efficiency(PAE) of greater than 40 % at an output power of 100 W. It also showed second- and third-harmonic
distortion levels of below —34 dBc and —12 dBc, respectively, through the entire operating frequency band.
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Fig. 1. Negative feedback network.
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Table 1. Loss value according to the permeability of

ferrite core.
Permeability Frequency

2 MHz 512 MHz

250 -0.3 dB ~0.1 dB

800 -0.1 dB -0.1 dB

1,500 -0.3 dB -0.1 dB
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Fig. 3. 50 & to 12.5 Q impedance transformer in ba-
lun configuration.

EC 99t A 53 Fa g4 125 Qo)
o 27 dtE o AMSste AY 279 &
e Foprt SHLTE UL AFgho] Rop
Az 7o) ok Mk o|HE BAIA &9
o] ERAT T HE AYANEE AYstd &9
g A3 ZTAFQ gHdL WAS A I
d 4T ST AN Gl E A dda
#e BAE AHRAE ghe] AISFE Fu$r)
Z/MESE AF HUA o] BojFAE HAF T
Ack AYg HE A s 2= 19 7]
€718 W3R et 3259 thgel A A
AP AL & & Uk X 2= 9 Ed
Evjo] AAEA 2 47 pF AAAEHE Aol
g 2T Jdouise WIE HYFd T4t
SHETE AF, 8 dgEL o] BF golF
$ B3 ok

144 w4 [-s—NoCap.
R b AN —e— 47pF
«? = "~ | s e8pF
12 . o
& L
— Y \\
§ 104 “
e 1 \\
-
o .
2 e .
E e _ .,
- -
3
g 4 IS
& vy
2
O T ¥ 1 v T T ¥ v ¥
0 100 200 300 400 500
Frequency[MMz]

8 4. AAE Al 9 2T UduE s W3]
Fig. 4. Load impedance variation by adding capacitors.
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Table 2. Load impedance variation by adding 47 pF

capacitor.
Frequency Transformer
(MHz] Zin [Real] Zin [Imag]

30 12.93 -0.92

80 13.12 -337
130 12.82 -6.39
180 11.44 -937
230 9.47 -11.71
280 7.63 -13.05
330 6.29 —-13.34
380 5.72 -13.76
430 513 —14.88
480 523 -15.92
512 4.83 -16.90
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M. Simulation
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Fig. 5. A schematic diagram of the designed broadba-
nd power amplifier.
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Table 3. Simulation result of 100 W broadband power amplifier.
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Frequency [MHz] P1dBm Gain [dB] PAE [%] 2™ harmonic [dBc] 3" harmonic [dBc]
30 50.5 20.5 57 —42.6 -12.6
100 50.8 20.3 583 —43.5 -142
200 51.9 20 563 -50.9 -15.6
300 52.8 19.8 50.6 -493 =157
400 52.3 18.9 39.9 —423 -13.1
500 514 17.9 35.7 -42.1 -18.7
512 51.3 18.3 359 -452 -19.6

O8 7. AFE g Ag $57] AR
Fig. 7. A photograph of the implemented broadband po-
wer amplifier.
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Table 4. Measurement result summary at an output power of 100 W.

Frequency [MHz] Gain [dB] PAE [%)] 2™ harmonic [dBc] 3 harmonic [dBc]
30 19.02 58.8 -43.12 -12.18
100 19.07 56.4 —42.44 -14.37
200 19.25 50.6 -42.38 -16.39
300 17.65 39.9 —38.27 —-29.75
400 18.45 439 —36.63 —-50.59
512 17.43 41.5 -34.1 -40.33
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Table 5. Comparison with the previously published and product results.

References (6] References [7] This work

Frequency [MHz] 20~100 20~520 30~512

Gain flatness [dB] ] £l 0.9

OQutput power [dBm] 60 50 50

PAE [%] Over 32 Over 30 Over 399

Linearity [dBc] 2" harmonic —25 2™ harmonic —34.1

Structure 1:4 bal-bal, 1:1 balun 1:4 balun
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{71 CAP Wireless, Custom Amplifier Product, "VHF/ UHF broadband power amplifier-PS7597".
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