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120 GHz GaAs MMIC double-balanced Gilbert mixer
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Abstract: As a standard topology in low frequency region, the double-balanced Gilbert mixer is
seldom applied in millimeter-wave and terahertz range. For compound semiconductor Monolithic
Microwave Integrated Circuit(MMIC) design, few literature focuses on Gilbert mixer above 100 GHz. In
this paper, a 120 GHz double-balanced Gilbert mixer is designed based on 70 nm GaAs High Electron
Mobility Transistors(mHEMT) technology. And the layout is modified to improve the IF output balance
performance. The simulated results show that within 100-135 GHz, the conversion loss is (-7.6 = 1.5) dB
with Po=0 dBm. The Pup of RF input is 0 dBm@120 GHz. The bandwidth of IF is above 10 GHz and the
differential TF output ports own an imbalance performance better than 1 dB and 4°. The chip consumes a
DC power of 90 mW and the chip size is 1.5 mmx1.5 mm.
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Fig.1 (a) Traditional schematic of double balanced Gilbert mixer and (b) proposed topology
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Fig.2 (a) lgs-Ugs curves and (b) G,—Uy, curves of GaAs mHEMT
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Fig.3 Layout of mixer Fig.4 Conversion loss versus LO frequency
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Fig.5 (a) Amplitude imbalance and (b) phase imbalance of IF differential outputs
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Fig.6 (a) Input 1 dB compression point and (b) IF bandwidth of mixer
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Tablel Comparison of millimeter wave mixers

process frequency/GHz conversion loss/dB P o/dBm P, 48/dBm LO-RF isolation/dB
[4] GaAs pHEMT 67-80 14.1£2.1* 0 4.8 N/A
9] GaAs mHEMT 85-105 —11.0£1.1 10.9 N/A =24
[6] InP HEMT 89-94 -10.0 10.0 0 N/A
[10] 65 nm CMOS 87-94 -9.0 7.6 N/A 13
[5] GaAs pHEMT 84-100 -10.0 10.0 0 24
this work GaAs mHEMT 100135 -7.6£1.5 0 0 =26

*TR A A ST A5 S A R O R #R AT TR
3 #ie

AT 70 nm GaAs mHEMT T. 25 52BL T — 3k 120 GHz A 5 F IR A%, [5) i X YR 491 2% I 45+ 4T T 1t 4k
CHE TR A R R X B B T R R T, DT B T VR 2 A 2 A o e 0 RD R T R L D LA AR G
TNIZARINERFE 100~135 GHz SR G B N H AT (-7.6+1.5) dB RIS S FE, W45 %6 KT 10 GHz, 245 56l
BIDR LB <1 dB, MAKE<4°, FHHEIA 1 dB R4 50 0 dBm@120 GHz, ASHR/9 45015 = i) 09 B 25 B K T
26 dB. S H EIIIFEHN 90 mW, R FR 1.5 mmx1.5 mm.
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