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Abstract

Herein, an S-band internally-matched power amplifier that shows a power capability of 300 W in a Long Term Evolution(LTE) band

7 is designed and fabricated using a CGHV40320D GaN HEMT from Wolfspeed. Based on the nonlinear model, the optimum source
and load impedance are extracted from the source-pull and load-pull simulations at the fundamental and harmonic frequencies, and the
harmonic impedance tuning circuits are implemented inside a ceramic package. The internally matched power amplifier, which is
fabricated using a thin-film substrate with a high relative permittivity of 40 and an RF35TC PCB substrate, is measured at the pulsed
condition with a pulse period of 1 ms and a duty cycle of 10%. The measured results show a maximum output power of 257~323
W, a drain efficiency of 64~71%, and a power gain of 11.5~14.0 dB at 2.62~2.69 GHz. The LTE-based measurement shows a drain
efficiency of 42~49% and an ACLR of less than —30 dBc(excluding 2.62 GHz) at an average power of 79 W.
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Fig. 1. CGHV40320D HEMT.
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Table 1. Specifications of CGHV40320D HEMT.

Parameters Specifications
Operating frequency DC-4 GHz
Saturated output power 320 W
Power-added efficiency 65 %
Linear gain 19 dB @ 4 GHz
Drain-source voltage 50 V
Size 6.1x1.11x0.1 mm’

o7 sl AYZEI|o|BZ ABF Hbo]o]2 279
V=50 V, I;=500 mA(Vy=—2.73 V)& 71522 Al &g o]
s FIdstdon 279 v §4 :Laﬁﬂ 19 29
UeR Gtk 19 32 50 vl =9l Mt —2.73 v
AlOlE A ZAd A CGHV40320DS] HU| 718053}
& A k9] whe YERATE AlEE ol A3t 2,65
GHzol Al 235 dBO] Ao 7hH§ol5 % 1 o]std] A=
AT kg Bth mebA g DC Hpoloj s M=o 2
g AgE FreAY 48 A3 2 RC HEIEE
Moete st Aol HAFE & 4 Atk

M IXOE Z&st AAZ 0l ECEZ A4 0|M

WolfspeedAte] Bl A3 57HEE & ARE-she] 50 Vol =
g2l At -273 V] AlolE A el A S-vtetn]

m1

indep(m1)=50.000

plot_vs(ld.i, Vd)=0.498
g=-2.730

Vds (V)

T8 2. CGHV40320D9] DC I-V E4
Fig. 2. DC I-V characteristics of CGHV40320D HEMT.
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Table 2. Optimum source and load impedance at the fun-
damental and second harmonic frequencies.

Frequency | Source impedance [{2]|Load impedance [£2]
Fundamental 0.550+/0.623 214142532
Second harmonic 0.180+70.640 0.182+73.690
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Table 3. Load-pull simulation results with and without the
second harmonic load impedance tuning.

. Without the 2 |  With the 2"
Characteristics . . . .
harmonic tuning | harmonic tuning
Maximum output power 302 W 360 W
Power-added efficiency 70 % 77 %
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Fig. 6. Schematic circuit diagram and photograph of the
fabricated internally-matched power amplifier.
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Table 4. Input and output matching impedance seen from
the transistor.

Frequency Zg (Q) Z; (Q)

Fundamental 0.402+50.468 1.914+2.476

Second harmonic

0.420+6.187 1.3914/5.583
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Table 5. Comparison of measured and simulated power
performance at the input power of 40 dBm.

Output power | Power gain |Drain efficiency/Power
Freg. [dBm] [dB] added efficiency [%]

[GHz] . , )

Design | Meas. |Design | Meas. | Design Meas.
262 | 546 | 536 | 146 | 13.6 | 66.8/64.4 | 68.9/65.9
265 | 544 | 540 | 144 | 141 | 68.0/65.5 | 64.3/61.8
269 | 540 | 548 | 140 | 147 | 67.7/65.0 | 71.2/68.8

[note] Freq.(Frequency), Meas.(Measurement)
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Table 6. Comparison of measured results of the fabricated
power amplifier and previously published power
amplifier results.

This Ref. Ref. Ref. Ref.
work [8] [9] [10] [11]

Frequency

2.62~2.69|25~2. 2.1 1~35125~2.
(GHz) 6 69]25~28 5 [31~35|25~27
Gain (dB) 17 19.8 14 114 16
Maximum
323 95 170 380 300
Pout (W)
Efficiency | 71 (DE) 76 63 58 62

(%) @ Puac| 69 (PAE) | (DE) | (PAE) | (PAE) | (DE)

Drain

voltage (V) 30 40 30 36 50
Matching Paﬂlally . Fully ‘ Fully | Fully .Partlal
level internal | internal | internal | Internal | internal

matching | matching | matching | matching | matching

* DE: drain efficiency, PAE: power-added efficiency
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