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A 130 GHz CMOS Active Vector-Modulation Phase Shifter
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Abstract: A 130 GHz active Vector-Modulation (VM) phase shifter based on 55 nm CMOS process is presented

for millimeter-wave phased array radar applications. A wideband quadrature generator, there stages variable
gain amplifiers and a Gilbert-based summator are exploited in the proposed phase shifter. For improving the
phase resolution and accuracy of the phase shifter, multi-stage wide gain-range variable gain amplifiers, which
consists of stack common-gate amplifiers and the cascode amplifier based on capacitance neutralization
technology, are employed. In addition, the Digital Controlled Artificial Dielectric (DiCAD) structure are also
adopted in the proposed phase shifter to cover the phase gap result by VM structure. The full-wave
electromagnetic simulation results show that the average gain of the proposed phase shifter is above 1 dB at
125 to 135 GHz. The phase shifting range can cover full 360°with a 5.6° phase step, and the RMS phase error is
less than 4° at operating frequency range. The area of the phase shifter is 1100 pmx600 pm, and the power
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consumption is 33 mW.
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75 B (GHZ) TZ IR i (dB) RMSHALIRZ (°) IHHE(mW) 17 (mm?)
SCHR[5) 57~64 65 nm CMOS 11.25 -16.3 4.4~9.5 0 0.094#
SCHR[6] 56~65 40 nm CMOS 2.7 —5~—-0.4 14 38 1.12
SCHR[T) 80.2~96.8 28 nm SOI 22.5 0.83 <11.9 21.6 0.06%
SCHR[8] 71.5~84.5 0.13 pm SiGe 5.625 7 1.35~3.5 60 0.82
SCHR[9] 162~190 130 nm SiGe 22.5 6.2 <8 9.9~15.3 0.07#
AR3C* 125~135 55 nm CMOS 5.625 1~2 1.4~4.0 33 0.66

#: BOE; *o TEER.

CMOSTZ&iT T —iFK BRI ESNZHE. N and 1.4° RMS phase error in a 40-nm CMOS technology[C].

ﬂ%fﬁ%&ﬁ@ﬁﬁ{jﬁ?ﬁ%, ZIKI}T{)EH T%Z&ﬂ@ﬁifﬁ IEEE Radio Frequency Integrated Circuits Symposium,

TR REEIIEER), X T DICADZ #4740 Philadelphia, USA, 2018: 144-147. doi: 10.1109/RFIC.

PLAME. BTt A A8 T 7E125 GHZz% 135 GHzAil 2018.8428980.

HILEN, SCI4A360° IR HHTEE, 1£5.625° 1% [7]  PEPE D and ZITO D. Two mm-wave vector modulator

FAATHE R T RMSAA IR Z /N T4°, active phase shifters with novel IQ generator in 28 nm

8 £ 3 W FDSOI CMOS[J]. IEEE Journal of Solid-State Circuits,
2017, 52(2): 344-356. doi: 10.1109/JSSC.2016.2605659.

(1) PO E, MR 5. FERE KRR & RS RIEL]. 8] LI Huanbo, CHEN Jixin, HOU Debin, et al. A W-band 6-
T 1E B, 2020, 42(1): 173-190. doi: 10.11999/ bit phase shifter with 7 dB gain and 1.35° RMS phase error
JEIT190666. in 130 nm SiGe BiCMOS[J]. IEEE Transactions on Circuits
JIA Haikun and CHI Baoyong. The status and trends of and Systems II: Express Briefs, 2020, 67(10): 1839-1843.
silicon-based millimeter-wave radar SoCs[J]. Journal of doi: 10.1109/TCSIL.2019.2044166.

Electronics & Information Technology, 2020, 42(1): 9] TESTA P V, CARTA C, and ELLINGER F. A 160-190-
173-190. doi: 10.11999/JEIT190666. GHz vector-modulator phase shifter for low-power

(2] NATARAJAN A, KOMIJANI A, GUAN X, et al. A 77 applications[J]. IEEE Microwave and Wireless Components
GHz phased-array transceiver with on-chip antennas in Letters, 2020, 30(1): 86-89. doi: 10.1109/LMWC.
silicon: transmitter and local LO-path phase shifting[J]. 2019.2952766.

IEFEE Journal of Solid-State Circuits, 2006, 41(12): [10] LI Xuguang and FU Haipeng. A 100-GHz full 360°
2807-2819. doi: 10.1109/JSSC.2006.884817. reflection-type phase shifter using a balanced phase

(8] PANG Jian, LI Zheng, KUBOZOE R, et al. A 28-GHz inverter[J]. Microwave and Optical Technology Letters,
CMOS phased-array beamformer utilizing neutralized Bi- 2020, 62(5): 1935-1939. doi: 10.1002,/mop.32263.
directional technique supporting dual-polarized MIMO for [11] KIM S Y, KANG D W, KOH K J, ef al. An improved
5G NR[J]. IEEE Journal of Solid-State Circuits, 2020, wideband all-pass I/Q network for millimeter-wave phase
55(9): 2371-2386. doi: 10.1109/JSSC.2020.2995039. shifters[J]. IEEE Transactions on Microwave Theory and

[4]  JIA Haikun, KUANG Lixue, ZHU Wei, et al. A 77 GHz Techniques, 2012, 60(11): 3431 3439. doi: 10.1109/
frequency doubling two-path phased-array FMCW tmtt.2012.2212027.
transceiver for automotive radar[J]. IEEE Journal of Solid- [12] MOHSENPOUR M M and SAAVEDRA C E. Variable 360°
State Circuits, 2016, 51(10): 2299-2311. doi: 10.1109/ vector-sum phase shifter with coarse and fine vector
J55C.2016.2580599. scaling[J]. IEEE Transactions on Microwave Theory and

[6]  MENG Fanyi, MA Kaixue, YEO K S, et al. A 57-t0-64-GHz Techniques, 2016, 64(7): 2113-2120. doi: 10.1109/
0.094-mm? 5-bit passive phase shifter in 65-nm CMOS/[J]. TMTT.2016.2574843.

IEEE Transactions on Very Large Scale Integration (VLSI) [13] CHAN W L and LONG J R. A 58-65 GHz neutralized
Systems, 2016, 24(5): 1917-1925. doi: 10.1109/TVLSI. CMOS power amplifier with PAE above 10% at 1-V
2015.2469158. supply(J]. IEEE Journal of Solid-State Circuits, 2010, 45(3):

[6)  WANG Bindi, GAO H, MATTERS-KAMMERER M K, et 554-564. doi: 10.1109/JSSC.2009.2039274.

al. A 60 GHz 360° phase shifter with 2.7° phase resolution [14) HUANG Daquan, HANT W, WANG Ningyi, et al. A 60


http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.1109/JSSC.2006.884817
http://dx.doi.org/10.1109/JSSC.2006.884817
http://dx.doi.org/10.1109/JSSC.2020.2995039
http://dx.doi.org/10.1109/JSSC.2020.2995039
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/RFIC.2018.8428980
http://dx.doi.org/10.1109/RFIC.2018.8428980
http://dx.doi.org/10.1109/JSSC.2016.2605659
http://dx.doi.org/10.1109/JSSC.2016.2605659
http://dx.doi.org/10.1109/TCSII.2019.2944166
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1002/mop.32263
http://dx.doi.org/10.1002/mop.32263
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/JSSC.2009.2039274
http://dx.doi.org/10.1109/JSSC.2009.2039274
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.11999/JEIT190666
http://dx.doi.org/10.1109/JSSC.2006.884817
http://dx.doi.org/10.1109/JSSC.2006.884817
http://dx.doi.org/10.1109/JSSC.2020.2995039
http://dx.doi.org/10.1109/JSSC.2020.2995039
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/JSSC.2016.2580599
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/TVLSI.2015.2469158
http://dx.doi.org/10.1109/RFIC.2018.8428980
http://dx.doi.org/10.1109/RFIC.2018.8428980
http://dx.doi.org/10.1109/JSSC.2016.2605659
http://dx.doi.org/10.1109/JSSC.2016.2605659
http://dx.doi.org/10.1109/TCSII.2019.2944166
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1109/LMWC.2019.2952766
http://dx.doi.org/10.1002/mop.32263
http://dx.doi.org/10.1002/mop.32263
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/tmtt.2012.2212027
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/TMTT.2016.2574843
http://dx.doi.org/10.1109/JSSC.2009.2039274
http://dx.doi.org/10.1109/JSSC.2009.2039274

1564 B 7 5

>
g5 &>

i 43 %

(15]

GHz CMOS VCO using on-chip resonator with embedded
artificial dielectric for size, loss and noise reduction[C].
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LAROCCA T, TAM S W, HUANG Daquan, et al.
Millimeter-wave CMOS digital controlled artificial dielectric
differential mode transmission lines for reconfigurable
ICs[C]. IEEE MTT-S International Microwave Symposium
Digest, Atlanta, USA, 2008: 181-184. doi: 10.1109/
MWSYM.2008.4633133.
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