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E-Band IQ Receiver Design Using the 40-nm CMOS Process
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Abstract

This study proposes a direct-conversion E-band 1Q receiver implemented in a 40-nm complimentary metal-oxide-semiconductor
(CMOS) process. The receiver includes a three-stage differential common-source low-noise amplifier (LNA), passive double-balanced
IQ mixer with high linearity and low flicker noise, common-gate transimpedance amplifier (TIA), and local oscillator (LO) chain
comprising a buffer X2 multiplier buffer in which the doubler used a complementary NMOS/PMOS operation for differential output.
The IQ signal was implemented as a differential hybrid coupler. The chip directly down-converts the external signals, achieving a
voltage conversion gain of 30.1 dB (I-channel) and 28.5 dB (Q-channel), 3-dB bandwidth of 9 GHz, and noise figures of 8.2~13.9
dB, respectively.
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Fig. 1. Schematic of single stage low-noise amplifier.
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Fig. 2. (a) Schematic of current-driven double balanced pas-
sive mixer, (b) Schematic of transimpedance ampli-
fier.

22 1Q Fot4 EE7((IQ Mixer), EHA umEHA

Z7|(Trans-Impedance Amplifier)

ol

I9 229 €371+ L0 A As 52 s A
T 753 °l% ¥Y 45 FX(current-driven double-

balanced passive mixer) 2 AA AT AFE5E719 &

g ASE AR FHZE 220 FJEY, 282 19
2(b)2] FEACIE FZ7|2 AYHY 5 T+ T
T E/IEG W3 &AL AT Aol =1 7
A o2 A ARV} At} T3 o]F HY P2 &
A3 gl FYE AE Lo A

ol

Jz 4
I8 2Ab)= 35ACIE 729 ENAYTHL SIS
Uehdith Tl 231719 28 213
Hgto] 55 W] fleiME B2 = Z
7t BLajtk ol & AAlE FEACIE FEE ARSIt

2-3 28|l 7|(Frequency Doubler), StO|22|= HE2
(Hybrid Coupler)

39 3 AN PHEE, 99 9YS 9E E
2EWE AFHHL 33 ANNEL EFE AE

JuHoR AN A5 39S 41 2L 5 U o

1107



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 11, November. 2025.

N ~ ,{;«:
= e el il
o)
8 3. (a) A 2K, (b) stelHIE AZH HEES}
glojor

Fig. 3. (a) Schematic of multiplier, (b) Schematic and layout
of hybrid coupler.
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Table 1. Performance comparison of E-band receiver module.

A7) BE A%

Quantities This work| Reference [2] |Reference [5]

A0-nm oo m CMOS 65-nm

Technology | -\ 10g CMOS

Frequency (GHz) | 71~80 | 71~86 | 72~83| 76.05~77

CG (dB) 301 |20.1~28 |23~28 16
NF (dB) 82 6.5~10.6 13
IP s —24.7 —269 -
Py (mW) 76.5 1234 28.5
Area (mm’) 0.84 1.58 233

40-nm CMOS ¥4 < o443t E-t 1Q 4217 AA

o] A5 Hlaxoltt AlRME F2l71E Hol Wdto] 5o |

g 30.1 dB, Q A 285 dBE oM, 3 dB Y=

9 GHz(71~80 GHz)°lt}. F& AF+ 82~139 dB, 1Q

A A= 90° thH] 5° o E FA U T oY

P = 73 GHzOlM —247 dBmE 71AS Eelsksin
9]

rlo

sl AZeld ANAEE =
A & A S 280 Tk
B HolE $4 5
Heh

References

[1]1 S. W. Kang, D. Y. Yang, J. B. Yoon, J. H. Park, Y. J.
Han, and S. Kim, "A D-band 1Tx 4Rx mid-range
automotive CMOS FMCW radar," in 2025 [EEE/MTT-S
International Microwave ~ Symposium(IMS) 2025, San
Francisco, CA, Jun. 2025, pp. 1-4.

[2] W. Zhao, Q. Li, J. Xu, B. Ruan, L. Wu, and N. Li, et al.,
"A 71—86-GHz receiver with 5-GHz if signal bandwidth
for E-band broadband communication in 65-NM CMOS,"
in 2025 IEEE/MTT-S International Microwave Symposium
(IMS) 2025, San Francisco, CA, Jun. 2025, pp. 839-842.

[3] H. J. Park, J. S. Kim, J. H. Park, and B. S. Kim, "W-band
high-gain low-noise amplifier design using MOS capacitor
neutralization technique," The Journal of Korean Institute
of Electromagnetic Engineering and Science, vol. 30, no.
9, pp. 712-717, Sep. 2019.

[4] J. H. Park, D. Y. Park, D. Y. Yang, K. J. Choi, and B.
S. Kim, "D-band x 8§ frequency multiplier using
complementary differential frequency doubler," [EEE
Microwave and Wireless Technology Letters, vol. 33, no.
3, pp. 311-314, Mar. 2023.

[5]1 V. H. Le, H. T. Duong, A. T. Huynh, C. M. Ta, F. Zhang,
and R. J. Evans, et al, "A CMOS 77-GHz receiver
front-end for automotive radar," IEEE Transactions on
Microwave Theory and Techniques, vol. 61, no. 10, pp.
3783-3793, Oct. 2013.

1109



