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K-Band Ultra-Wide-Band Radar with 5 Gs/s Equivalent Time Sampling
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Abstract

In this paper, a K-band complementary metal-oxide-semiconductor (CMOS) ultra-wide-band (UWB) radar is presented. Using an
equivalent time sampling technique with a delay-locked loop (DLL), virtual 5 Gs/s high-speed sampling is implemented without using
a high-speed analog - digital converter. The receiver comprises a low-noise amplifier, radiofrequency variable amplifier, mixer, and
baseband analog, whereas the transmitter comprises switching and driver amplifiers. For the UWB signal, a voltage-controlled
oscillator-based impulse generator provides a periodic pulse signal using a switching amplifier controlled by a DLL clock. The proposed
UWB radar SoC is fabricated using a 65 nm CMOS wafer, and the measured conversion gain and noise figure of the radar receiver
are 79 dB and 7.4 dB, respectively, at 24 GHz. Consequently, we confirm that the measurement of the 11.3 m standard sphere is feasible.

Key words: Ultra Wideband Radar, Equivalent Time Sampling, System-on-Chip, CMOS

I.M

rhu

LiDARS} 22 ThE 4] Aol wg) 54 &730lA

Fo] A& 2022809 % F2oisty W A4u]e] Ao AFEAF

T ATe FaWAZIHT 718/HEAI(S3029729) A¥oR AFHUE,

o] AT 22195 AHEAAAR 2 2715 7 KEIT) 4] Al ¢ A5%(20016362).,
fo] A7 2029 ARAYEAAATY Ador =272 Tde AAE ol Fad A7U(P0002397,20229 E2HA A1 1A A DA,
I A ZP—ffL"Jr(Depamnen of Electronic Engineering, Kwang-woon University)

*LIG 9 A YELIG NexI Co, Ltd)

- Manuscript received July 11, 2022 ; Revised August 10, 2022 ; Accepted October 4, 2022. (ID No. 20220711-004S)
- Corresponding Author: Yun Seong Eo (e-mail: yseo71@kw.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

AA A AzEl glef etk A= HA,

769



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 10, October. 2022.

0 @& olt}y, 53], UWB(ultra-wideband) #lo|th= 4
W Z(ns)d] vl &> A5 AT OEN TOE ol
ok A Hs > Sk,
ARE THRIYE Xo”d% 7FA AL 9tk UWB #lolthe
CMOS 714ke] T 9] SoC FE| = 7)@ro] =, o]of
uet AdY g A8 9FEE S&wokd el Al
SH} 7|E] AHEstE UWB t 9ol B3l K-band®] =
& FUHFE AEFOEN A2 QHE Y AFE-0] Ths e
5 ook E3h %CQZIEE AHEE = RF tiel s 7+
Aol AolA| Fo oiH] H Qg Es 7HA7
oo = ;H”Eﬂ 7Featthe A4l dth

o9} Zo] FA R £ FIrE M-S Holtt
259 &3t 7hsstAT, Fart Skl w4
AE UWB 9382 A359 7& AMZ L 93 of g2 -
txg ¥ 27](ADC, analog-digital converter)”} 2 2 3}t}.
149 ADCE B A8E& &R g Axgo
SFEE SEToIA AR EE d FAFe] Ak whet
A AR A& ADCE AHgste] & MEH S
TEs] A% WA= sub-sampling®] IF<Q F7F Al
7+ A %‘%‘(ETS equivalent time sampling) 715 #4314
t}. ETS 719¥& 53l 200 ns®] B2 WHE 3=7](PRI, pulse
repetition interval)E 2t 5 Gs/s 214 A&
sttt o]= 30 me] #l°]t} unambiguous range<}t 3 cm<]
=23 JAEE on| it}

£ E=wollAE 24 GHzS K-band thellA] 2kah=
CMOS 715ke] UWB #lolth SoCE A 3 Al2kat3ic.
At Alof ¥z 7 ](VCO Voltage controlled oscillator)S A&
o]—O:] UWB o].ﬂ/\ Al ACE/H o}v‘ e }\].JQ_O].MW
LO §718} 7-228] #A7)1 & AHF e 24 shte] VCOE
FFEATNAA FA A 25 A&sanh Ad
¥ FEDLL, delay locked loop)E AHE-g+ ETS 71WH<
=0 AIr o} 3HAH:§L 2= 37_4': MZ s 133t

1ed 1z % e A9

ol
tilo
N
~
ofr
of
ot
=

£

. UWB S4417] AA

I8 12 274" UWB #lolth £4417] SoCel +25

770

BBA
LNA & RFVGA Mixer ADC

Rx Ant. g »>MCU

Tx L?

Pulse
Generator

J8 1. UWB £5417] #FAE
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Part Parameter Measured result Note
Frequency range | 22.9~25.2 GHz 4 step
Tx Bandwidth 0.2~5.2 GHz 10 dB BW
Output power —45.6 dBm/MHz Max.
Gain 553~79 dB RFFE+BBA
Rx NF 74 dB Max gain
Reference freq. 5 MHz -
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Resolution 195.3 ps 3 cm
Total | Power consumption 216 mW @2V
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