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MMIC Low Noise Amplifier Design for
Millimeter-wave Application
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Abstract

MMIC low noise amplifiers for millimeter-wave application using 0.15 zm pHEMT have been presented in
this paper. The design emphasis is on active device model and EM simulation. The deficiency of conventional
device models is identified. A distributed device model has been adapted to circumvent the scaling problems and,
thus, to predict small signal and noise parameters accurately. Two single-ended low noise amplifier are designed
using distributed active device model for Q-band(40 ~44 GHz) and V-band(58 ~65 GHz) application. The Q-band
amplifier achieved a average noise figure of 2.2 dB with 18.3 dB average gain. The V-band amplifier achieved
a average noise figare of 2.9 dB with 14.7 dB average gain. The design technique and model employed provides
good agreement between measured and predicted results. Compared with the published data, this work also
represents state-of-the-art performance in terms of gain and noise figure.
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Fig. 1. HEMT device layout and distributed model.
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Fig. 3. Photograph of the V-band MMIC amplifier
chip. Chip size is 2.2 mmx 1.5 mm.
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Fig. 5. Photograph of the Q-band MMIC amplifier
chip. Chip size is 2.2 mmx1.5 mm
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Table 1. Comparison of V-band MMIC LNA Performance: Frequency of Operation(Freq.), Process, Gate
Length(Gate), Number of Stages, Gain and Noise Figure(NF) are compared for various V-band

MMIC amplifiers(including this paper)

| REF [4] I [12] [13] This work
Freq.(GHz) 59 61.5 62 61 65
Process GaAs GaAs InP InP GaAs
Gate Length( #m) 0.15 0.15 0.1 0.10 0.15
Stage 2 2 3 2 2
Gain(dB) 9.3 10.0 24 13 14.7(average)
NF(dB) 3.0 3.0 2.7 22 2.9(average)
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Fig. 7. Simulated and measured gain and noise characteristics of: (a) V- and (b) Q-band
amplifiers. Solid lines are for simulated characteristics.
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