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A D-Band Frequency Multiplier with I/Q Generation in 40 nm CMOS
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Abstract

This paper presents a D-band frequency multiplier consisting of a single-ended to differential converter, frequency multiplier-by-nine,
90° hybrid coupler, and D-band amplifier. The designed D-band frequency multiplier was fabricated using the 40 nm CMOS process.
A frequency multiplier-by-nine was implemented using a two-stage cascade frequency tripler. A Lange coupler with broadband
performance was used to generate an I/Q local oscillator signal with a 90° relative phase difference. The on-wafer measurement showed
a peak output power of 3.4 dBm, 3 dB bandwidth of 12 GHz (125~137 GHz), and adjacent harmonic suppression greater than 30
dBc. The power consumption was 170 mW at a supply voltage of 1 V, and an efficiency of 1.28 % was achieved at saturated output
power. The chip area, excluding the pads, was 0.235 mm®.
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Fig. 1. Blockdiagram of the D-band frequency multiplier.
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Fig. 2. Schematic of the single-ended to differential converter.
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Ref Technolo Multiplica-|  Freq. | 3-dB BW Py CG Py Vi Size Inteeration
' & ltion factor| (GHz) | (GHz) | (Bm) | @) | @mW) | %) | (mmd) &
130 nm
[4] SiGe x4 | 110~170| 60 8 6 2785 225 | 04457 Quf;”pler’
BiCMOS P-
130 nm
5] SiGe x5 [114~126| 12 3.8 118 59 064 | 0262” Amp.
BICMOS buffer
STD,
45 nm h tripler,
>
[ | sor emos x9 150 20 3 N/A 108 NA | 02ss” | hybrid coupler,
Amp.
tripler,
12
. X . . . . oubler,
[7] S?Ge IL{“QT 6 128 37 45 0.2 310 0.9 0.35" doubl
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[8] OMOS X9 ; 123 63 4 328 126 | 0.131 A,
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This 40 nm N h tripler,
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Y The core size excluding the pads.
2 The estimated core size from chip micrograph.
7+ Pl (PatPac)x100.
STD: Single-ended to differential converter).
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