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The design of large-signal power amplifier using waveform analysis
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ABSTRACT

In this paper, a new method is proposed for a simple and accurate design of large-signal power amplifier using
the outpul current- and voltage- waveform analysis. An existing high-efficiency theory, Harmonic Loading, is
modified to apply to a real device, and the notion of “actual bias point at large-signal input” is proposed. Based on
the proposed theory, 2GHz band power amplifier is implemented using HEMT device, and the implemented amplifier
shows 14dBm output power, 46% drain efficiency, 38% power-added efficiency and 7.8dB gain at 2V bias voltage.
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Table 1. Fourier coefficients of current waveform.
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Table 2. Fourier coefficients of voltage waveform.
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Table 3. Fourier coefficients of current & voltage wave-

form in real device.
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Fig. 10 Measured I4-Vy charcteristics.
Zopt =59.5102 aan
Py =15.82dBm (12)
P, = 14.14dBm (13)
np = 67.88% (14)

A E B Al 9] HAAQ] uholo] 2 & Vi =2V, Iy
=19.1lmA°] 2, o] oA 2% 2dgg slof &
toatey 2YE 9% 23 AY g9 Faus
F3b7) s Bad 245 vde Axghs H 49
VER AL

H a4 245 299 223
Table 4. Small-signal model parameters.

Ry Lg L, Cas Cea Cpa

Ids[ol Ids“] lds[O] Ids[”

16202 | 0.2nH |0.06inH | 0.31pF | 0.036pF | 0.0002(F

19.11mA —jl4.76mA 2V —j0.8785V

H 3oz Ry 3 R, DC JHAY, 7| 2595
o] 228947 @ = &4 wakA 2(11), A(12),
21(13) 2 Y149z ure}ﬁq.

FUT FANY RS 2eIskd A3E Av) 29
Ao Ho) A HAMS HAHS # S dehyich
A9 RF 2YAge ()9 A4 YL 7}
]
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E5 Hd 24d 4 4d &P MY &8 54,
Table 5. Predicted characteristics at maximum power and
maximum efficiency point.

Max. Py, Max. np

I4510] 26.12mA 2488;11A
P, (7.18dBm 16.97dBm
Pout ' 14.14dBm 14.14dBm

7 11[;77 | ”7479.64% ] 52-.] 1%

® 49) 245 2o 2@ HOZRY
4 29e A% 29 4% Sz 4 wxvel 0@
232 E T 4 AL, o1F K 60 veni . ol
WA 9 A SRl Fehgkn I 6ol 7o) b
B ek,

He6 9&d BT 329 vt
Table 6. Load value of input & output matching circuit.

£9 @ﬂ'ﬂi 11‘21 "o?}ﬂ‘?’
Z, (1] ZL[2 Z, [3] A Zs2]

55.78 +j11.15 | —j6.560| j66.82 1070+j1197 0

a2 HE U X #H

A e v FHgol 26012 F47E 0.6mme]
HEE 713E ALE 3t wholag AEY JHE
Azt & FF AEE BF MY AHEE
ALgste] AAEg e, DC 45 AANAEE A

drain bias
\,
coupling C ),
Pif)  seem— TH%ﬂ t__ Pout
i coupling C

fransistor

™
’)
/ gate bias

a1, AEE £ 9 fojobs
Fig. 11 Layout of power amplifier.
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Fig. 12 Qutput characteristics of designed power amplifier.
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Table 7. Measured characteristics al maximum power and

maximum efficiency point.

Max. P(,u[ Max. '1r) Max. 44

Py 17 SXdBm [|7 18dBm] l7 34dBm [16 97dBm] 17.24dBm

Pou | 14. 16dBm [l4 I4dBm] H 96dBm [14 l4dBmI 13.84dBm

G 2 l6dB 6 96dB 7.84dB

D 45 48% (49. 64%] 45 89% [52. ll%} 45.67%

Tadd 17.82% 36.65% 38.16%
A, —17.4dBm —18.0dBm —18.1dBm
3, ~30.9dBm ~32.4dBm —32.6dBm

([11is predicted value)

dzd 543 239 A& vaden, Al =
#ol A& PN Py o1& 0 B3 0.37dB AL
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Table 8. Simulation results at maximum power and maxi-
mum efficiency point

Max. Py, Max. np Max. 7,44

Py | 29.67dBm [29.51dBm] | 28.95dBm [28.95dBm] | 28.84dBm

Poyi | 28.34dBm [27.81dBm] | 27.94dBm [27.81dBm] | 27.82dBm

—

G 8.18dB 11.94dB 13.82dB
Mo | 73.57% 167.53%] 79.39% [76.81%]) | 78.96%

Nadd 62.37% 74.31% 75.68%

([]is predicted value)
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