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Silicon—based terahertz technologies and future trends
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(School of Microelectronics, Tianjin University, Tianjin 300072, China)

Abstract: Being different from traditional terahertz components, silicon-based terahertz systems
have the characteristics of low cost, small size, high integration, great maneuverability, and easier
implementation of large arrays for large volume adoption. In the past ten years, with the rapid development
of semiconductor technology and the increase of the cut—off frequency of silicon—based process transistors,
the field of silicon-based terahertz system chip design has developed rapidly. The current research status
and development trends of silicon—based terahertz system chips from four aspects: silicon—based terahertz
sources, silicon—based terahertz imaging chips, silicon—based terahertz communication chips, and silicon—
based terahertz radar chips are reviewed in this paper.
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Fig.1 Realization of terahertz source
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Fig.7 32-unit terahertz heterodyne sensor array

[ 7 32 BT LA AL AR5

[FIR}, A —FR BT3RS RGN R 2% . 2019 4, FBER/RKZERET 55 nm BiCMOS T2 0l i
— 5t A A S B R I 220 GHz 3 A M ALAR U 1A PP, B 8(a)~(b) S EE AN AR G 11 S BRAE HL AN
WL o 2% BUAR FR B AE 2 5 v 38 o R A% s i A A R LA JC IR AT R4, (R AR IR 5 A% 1 IR A SE 18 2] 62.4 GHz,
AHXT A P8 L6 28.2% ;7R 422 WA R FH R VS IR TR AT 2%, B AR e P FE , ol rho i B A KAk . A, SR ARASORS 41 Y
M a1, R RGE GRS AL A, &R AT /NT 0.5°, 45K 8(c)~(d), Ll I IiE,
YT ES 23 cm MWK, RGETTSEE 2 mm BIRE R 203 1A 2.7 mm WIEEES 40 ¥ 71, WA 8(e)~(DrR .

the system structure of a fully integrated FMCW radar Tx
——— ———— — — A
( ultra-wide  Tx antenna "\ antenna 7.5 cm
B bandwidth |
E [ M VCO % r
: v /,D WK |
E | generator| \ \V/ extracted target g
“ harmonic S
=
8
) =
z ] antenna ©
Q
£ aslEENN L
< > L 4
670 um
(a) simplified system diagram of the implemented FMCW imaging radar (b) die micrograph of the radar (c) stencil reflector as a benchmark for imaging
0 0
radar
chip -5 -5
z s
2 >
210 g -10
2 5
E E
output T 15 -15
20 -20
(d) plane wave imaging setup (e) reconstructed ISAR image for a spatial sampling (f) experimental results of ISAR image of the
distance of 2 mm stencil at a distance of 23 cm

Fig.8 220 GHz radar
8 220 GHz ik

A Rk, TR 2GR 5 38 0 B T 20 H R 28, H RE SR 1A b 2% iR %% 1) 0 9 — B2 B AT
e BR A BRI, HRE IS B 2 K E B 1 S BE R S o 2R W B 2 SO R R AE P G 1 22 0 T 3R B ROR O B, X T LA
i G AL 3 B 37 RS SEEE . 2016 AF, A AR FABE IR R 4R H — b S W AT S A B 110 8 IR AR A AR A0 9 oK
5 2% S T T AL TR Y ST 3 AR T R AL R R T A S AT B AR W A T bR S s PR e ko 22 SR i,
9(a)fii s . MR TR 130 nm SiGe HBT T. L5 PL, T ARSI N 533~555 GHz, 454 F 9(b)H Ay A iR 2%
AT DL AT ORI S5 A 40T, A8 38 A I A R AR A 0 T AT LA SE IR R I8 21.7 pA MR, ARG 3
GHEEME 9(c)in. TEEBMNIE, KARGER T MU RGN, 76465 b Jo 55 6 AT AT S8 6% ook S
A E BB O T EA L, B B R SR I AR R A A IR BB T R, (HESEEL T um S YRR 1)



758 AMERZS5BEFEREFER 519 %

Sr¥ES, TR EA e N A S AV . A SR L RE, Mg RSB R A YK, ZRGE ] DL
RAFW AR . 2018 4, M BN & bR G K, SEF AR T2, S5 SCik[23] v i K i 2% °F- 1 i 3 1% 2%
TR N 128 (2R BAT B AP H THz 3B R AT, 9Tk 2] 10~12 pm, WE 10(a)~(d) i . [,
AR B 5 VR B B T AR R AR IR L T AR R D K Se e R SR R . HoR, MR R ORI
i i) A 280 ps.

evanecent-field temporal

source sensor detector  fesponse

iy

transmitted power

(d) 2-D scanned sup-er-resolution image of
a cutter blade

(a) block diagram with the operation concept (b) on-chip resonator(key module) (c) a simplified schematic

Fig.9 Near-field sensor
’l 9 LG

> power [T
supply » splitter il
voltages . on oo
spiter | . = SRR 50 mm, power splitter
real-time 1:4 power [ ° 7] Hl 2.5 mm distance to: é ﬁ
PC visualization/ splitter 2122 o coll3:0 bondpads ASIC
data logging . FIE
UART
(USB) ot col[3:0]
SPI o teclk -y 1 E
@ SPIE0] ad 5
FPGA ! s | 319 ) ) active 2
Jock 1|[('rt we =25 load - EEEEEENENRS
clocks ;
5 !-!““"'“““'l TP2 TP]nhip boundary| 6.10 mm > oscillator

diagram (b) chip micrograph

Ni-mesh

optical
image

scanned THz ‘
near-field image

ADC count

3.2mm

0 0.5 1.0 1.5 2.0 25 3.0

).(/mm : !
12 mm
(c) scanned 2-D image of a nickel mesh. The mesh exhibits a bar width and (d) optical image and scanned THz near-field image of
pitch of 50 and 250 pm, respectively an ink—and—paper fingerprint

Fig.10 128-pixel SoC
10 128 B F A LRGE

interface for detector measuring

instrumentation
amplifier  fenop

chop

2.3 mm

...................
e

THz AT-ADC
radiations AZ-ADC » Ojum x 440pm
= chopper chopper
teeessssssmsssssssssssssssssssssssssssssseeas 2.3 mm
(a) block diagram of the proposed terahertz sensor (b) chip microphotograph

Fig.11 Fully-integrated 860 GHz sensor
B 11 2R 860 GHz f&/%4%



%51 K TFE: EERNFERARRKED 759

ERE, PEBERCE SRV R TR T 250 T 23R 22 85005 R o 2015 48, JETFARAER 0.18 um
CMOS T Z3H T TAEM RN 860 GHz 48 i K Bk 25 15 A ™. ARG T — 13 NMOS THz Kl #§ |
— AR B A R S B T4y S AZ-ADC, WE 11 i, Hd, K i —AS5 B R g A
K& —HA 5 /DR IR S HE NMOS 5800 f RS 4. 7 860 GHz T, %4 I 2% 1Y B e i I i
3.3kV/W, NEP ) 106 pW/Hz'?, 2017 4E, #%WIBAEET 65 nm CMOS T. 25280 T TAEHIZ K 3 THz AR g5,
TR #1625 R R (9 L R R Y R 526 V/W, NEP K 73 pW/Hz'?. FI G R £ R 3RS T F 2 00 40 9
B3, ik 12 FiR.

. switch
column 1 :
switch

o

Jrow 1
detector /'D"L D‘l‘l D"J"I DJW "‘“'D‘L switch
SRy iy [t e
detector r | f 1 1 L : w3
o

" wema | 3 el )
! | -

| drow 11

switch

0
! o +—<Jrow 12
o

21l : =
N | Di: |:|-J-: D-'l-: Dl: switch
T _‘_;3 ll‘\_l #‘-l %‘—l |L| =‘—| %
output ﬁ 0 O O O
column 1 column 2 column 3 column 9

switch  switch  switch switch

(a) chip diagram (b) scanned image of a tooth pick(100 pm step size)

Fig.12 3 THz detector
12 3 THz RN

3 BEEAHMZEETR

S5, Kbk EARIENBER 5. KMF2ZEFERmIERERE . 8K, T4 Gops &
100 Gbps #& 2T = B LR AGH sl %, X J2 H A OGEF ok Loy . R B Rk 25 BA AR 4 09 2833 10 A2 M8 55 1 fig
J1, MRS T HATIER G, BT RMEEKE, KBZA. REMBRGE T MR TE/NE S E, LH
R BE TR BE T KR 2% 38 15 2R G0 A A R 2 P L I 1 A ke bR & R i T AR TR oK

2016 4F, EERLIAE /R KFIET 0.13 pm SiGe BICMOS T. &5 S0 3 T — 3k TAETE 240 GHz 44 150 1 4 78 45
1E 58 & BEALAZ LA B 417 RS BSE A M5 R e, Sea M fE SR A A LRI EE A Y. WA 13(a)
Fis, SR L, R 16 MM E, W T RARIREER 1) 3 dB i % 3R AT F 0 iR M, Xt
4 AGER) AR IAENCR LI TR R . RSk b, AR S R 4R A v 2 B S A JE RS T Y BB B GEE L
pm) BR A, AFL S A A A S 04 TR A R 2 S A BRI, HRCSF R R R N . B, R GRS T AR A R
LUKy, JREE A BT, WE 130T, W T R R SRR AR SR R R, B2 R s, DURME A
M 2s G HAE . B 13(e) W& T i LI REM & F ORI AL IR R . 7€ 236 GHz R T, B4 RE0 M I%
{E i MR Hy 4.4 dBm, 78 5045 W) 614 48 5 I 2K (Effective Isotropic Radiated Power, EIRP)A 21.86 dBm, fix K il
ORI R O 2,73 Gb/s, WA HE ZR i & 13(d) B s o 25 0 ] =8 Ok IE 5 A A% B 45 (Quadrature  Phase  Shift
Keying, QPSK)f, £ 15 cm & Bl AT LLSZEL 107 (3R A5 % . [ 13(e)N QPSK., 16 QAM(Quadracture Amplitude
Modulation)fl 64QAM = Fh & il Jr X X 7 1) B2 JAE Tl o b4, 3 ok e B A 6] A A0 LO( I 2 A9 6 m 5 18 45 3 1R A
WY, R R TIReR T LR R, A T A REEUN . BUR . PR E Z2 3 (Frequency Modulated Continuous
Wave, FMCW) &k,

by iE— 20 B R R BR 2% A MR, 20184, FEEITHPA R AL T0.13 pm SiGel) T. 24240 GHzL L T4 98 0
35 GHz Y 56 17 & SEALATEE ALY, A0 14() BT R o B B A 25 Gb/shy 15 i 2R I H 32 35 — ik i 40 % 4 4% (Binary
Phase Shift Keying, BPSK)AIH I /7 =0o 20 A B4 R4 D28 -0.8 dBm, | A8 81 3 o el 8 04 35 ZR- A1 R TR A
P BTN WA A B B 0 e A S R AT SR IR, AN IR 14(b); RS SRR — R FHIR R . IR IR A s R T 5 BEL i
REE R AR AGEME S, JF R AR S ERE, R/ RIS R 13.4 dB, #5325 432 dB, Ho# il
%5 K25 dB. AN, X RGERIEHE e b ST S AR R ARG E B, R 14(c)~(d) s, 3 T8 7R SE
T20 Gb/sHl125 Gb/sHyfE 4, MAEHEEE 15 emit, BF xR A9 IR R 4350 86.3 x 10°F12.2 x 1074, Hr, %
SEAEON B DIFE S 3 375 mWAIS7S mW,  H A3k FE 3L T2 0 K 1300 GHz U & AL AS B A o] A9 1% fi
HOR, W L FRFQAMIE G . (HIEWIIEEE 802.15.3dfr £k MARKE , HA QAMIH &l 14 B8 1) 5L i CMOSI & #L



760 KMZMESEFEEFR %19 %
BEREMERAT, 20194, HAT B K%ILETF40 nm CMOST ZHFH H — 2 THEAE300 GHz ., 1L Hi i &5 ik

80 Gb/s. W] ¥ 16QAMIE il i Bt H e &AL i TR A T2 B AT MR B AR B frnan . BEIT SR T A PARN
LNAM T, WE15()fin. B A LLE & ST S OB T 47 TAE, WEI15(b)~(e)Frm o A& 3 3 o A s o
ISR SRR, PRI, RS EE A A AR A EE K 2 5 TR AN, SRR R = Y T i e 7
ARat-raceXt {5 S AT M, W2 RGBSR MR SHT, REMGSHEEM, LOMESMEIN;
FEBWAEA T, LOPMEZEM . TR AR L5 & S804, s PR #4878 — @ MLOZ i th , R b A R 1
FH -7 B4 0 XOCF R A % o R L O s 5 T 4%, i R h 4R R P i I S IR A 4% (Semidoubly-Balanced
Quadrature Mixer, SDBQM), MWIE15(A)Fin. BRI LI FICEERBAS, HIEW AN g, K, &
R 1) i T R (aLO+IF) I R e, MM P A B FLOM PERE o X 308 I 1 R 55 01 2k
-1.6 dBm, FERIIAEN1.79 W, KR CF £ 43 59 4 1 15 (e)~(H) T

9 mm diameter

1
1 1
N ! Si lens '
5 D1 D2 D3 D4 235975 ' |
;354 T (X T (X T (X T (X)) | Giz v N ocp |
i e
< active 1 chip .
balun e
(a) a wideband frequency multiplier based local-oscillator signal source (b) lens mounted packaged chip
£
X £
3 15 cm
(=]
90°  180° = - 180°  90°
hybrid  hybrid T ?) @ T | hybrid_hybrid
g - |
v Ny el
g
[}
external
Qr—Q modem |
2.47 mm
(¢) chip micrograph for Tx and Rx with on-chip ring antennas (d) measurement setup for the high-data rate communication system
QPSK modulation 16QAM modulation 64QAM modulation
1 500, 1500 1 500
-
. TAIEIITEIN e
*. # R IR %“ R
. .
500 . o o 500 = . 500 i SApOrewn
N Wow #% HEhininaR
o o . . o NPP AT S F L AP VAR
: : s Seesitsiirsids
: i X ;
R K RISy 1
. . . wg a *
" . - *‘ By = % ui—tﬁ-
-1500 -500 500 1500 -1500 -500 500 1500 -1500 -SOIO 560 1500

1

I

—

(e) constellation diagram for the QPSK modulation\16QAM\64QAM at 240 GHz

Fig.13 240 GHz communication chip
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Fig.17 122-168 GHz radar/communication fusion-mode transceiver
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Fig.18 94 GHz 4Tx-4Rx phased-array radar
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Fig.20 145 GHz FMCW radar
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Fig.22 90.7 GHz fully integrated radar
& 22 90.7 GHz 75 0 ik
FE P 14 22 FRMLA 7 22 K O KRR 25 T 8 0 R BT IR T AR Z A998 . 2019 4F, " EBEH AR K¥IET 65 nm
CMOS T 98 T THEMHRN 76~81 GHz 19 =% DI FMCW Z A H KSR, 2018 4F, B HRFERET
65 nm LP CMOS T2 S8 T HA 14 dBm KM DR 1 EMCW Kk 2% & SHHL1Y, HTARSR N 151~173 GHz, %
WS R AR R A, W 23 BT, 4 ASTEACBIE SRR B R AR, SEELR BE R xRk
PR TR 2% T IR A R B

ILPA

phase 0°

doubler
vCo

doubler

|

"
PABGIERT™ e an:

EE

phase 0°

el

system structure ILPA J ILPA
phase 180°  Phase 180 phase 0°
(a) system architecture (b) chip photo
Fig.23 151-173 GHz FMCW transmitter
[ 23 151~173 GHz FMCW % ##1
5 &g
TEMCRA T B T AT KT, e TRESEM KRB 22 R feid 25 10 B @O ER i, JRIBUS Tk

A RE A o R A R R LR | RERERBR X AR T L RSO ZZ A S R RESEROBR 2% R R X AT
T, AT RE P SOIFHESIRERE R 2Z RGN K . BEE T LM Seii 20, Rk 2% 48 it L 3 28 ¥ 1 v 2B S
PRI L RS A D5 (] A, (ELTR) I o T 3 40T Bk A

1) FEARWER R B TARBUREAE T, A IR AR A Y B0 A5 0P R T UL 1 B4 4086 128 ¥ ) 24 1 Fik Bk T 2R 2% P B
AR A o AL, i T L 2 )2 & 8 M2 2 A0 BT R s A2 A S e KR 2% I B ™ AR AR W 2 A L MG
RO, RRIE N T R 2% P 36 ) BT M E

2) RBFZEMBP AR, AR T REMER . (HRHE 2% LB A 5y 7 A o A BN, o T 25 By 3% 8 3 T MRS 2 114 32
M, PRI AR A B A B R HOR SE B R SR SR

3) N TSEBE R AR ST, AN T E B MBS TR, 7 BRI 2 T A P R A, PR R
(] 20 B AR B 1 B e B EOR o 7R OROB 2% TR A FEAE BT T, S T RIE SR A A B MER I, TR AR
FME R GEAR R T AR

4) ZAERESFTT AR, kL AR 2% 108 A5 ML s AR W . AT, R OROBR 2% A SC BRI T A
JEAE GRS AL AR T7 T, A T T4 i P BRI T — 25 31 B I 45



%5 K TFE: EERNFERARRKED 767

S E Wk

[1]

[5]

[6]

[71]

[8]

[9]

[10]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

NICHOLS E F,TEAR J D. Joining the infrared and electric wave spectralJ]. Proceedings of the National Academy of Sciences
of the United States of America, 1923,9(6):211-214.

TR MW, FEER. KBZREEBE AR, FiEFM, 2018,7(1):1-21. (WANG Hongqiang, DENG Bin,QIN Yuliang.
Terahertz radar technology[J]. Journal of Radars, 2018,7(1):1-21.)

PNFE B SCHEA R ZE 56 ik KA 2% 5 B P B E S HE JRR (D). Bl 2412, 2013,29(5-6):43-48. (SUN Lingling, WEN Jincai,
LIU Jun,et al. Research advances in silicon based terahertz integrated circuits[J]. Journal of Microwaves, 2013,29(5-6):43-48.)

HILLGER P,GRZYB J,JAIN R,et al. Terahertz imaging and sensing applications with silicon-based technologies[]J].
IEEE Transactions on Terahertz Science and Technology, 2019,9(1):1-19.

RODRIGUEZ-VAZQUEZ P,GRZYB J,SARMAH N.et al. A 65 Gbps QPSK one meter wireless link operating at a 225—
255 GHz tunable carrier in a SiGe HBT technology[C]// 2018 IEEE Radio and Wireless Symposium(RWS). Anaheim,CA,
USA:IEEE, 2018:146-149.

HU Z,KAYNAK M,HAN R. High power radiation at 1 THz in silicon:a fully scalable array using a multi—functional
radiating mesh structure[]J]. IEEE Journal of Solid—State Circuits, 2018,53(5):1313-1327.

AHMAD Z,LEE M,KENNETH K 0. 20.5 1.4 THz,13 dBm-EIRP frequency multiplier chain using symmetric—and asymmetric—
CV varactors in 65 nm CMOS[C]// 2016 IEEE International Solid—State Circuits Conference(ISSCC). San Francisco,CA,
USA:IEEE, 2016:350-351.

TERIRE T IR R, 5T CMOS T2 Rk 22 4% 55 a8 BEFE[T]. Kb 2% Rk 5 i 715 B 224, 2020,18(3):364-368.
(WANG Bokang,BAI Xue,XU Leijun. Research on terahertz meter based on CMOS process[J]. Journal of Terahertz Science
and Electronic Information Technology, 2020,18(3):364-368.)

JOHNSON E O. Physical limitations on frequency and power parameters of transistors[C]// IRE International Convention
Record. New York,NY,USA:IEEE, 1965.

OJEFORS E,GRZYB J,ZHAO Y,et al. A 820 GHz SiGe chipset for terahertz active imaging applications[C]// 2011 IEEE
International Solid—State Circuits Conference. San Francisco,CA,USA:IEEE, 2011:224-226.

GUO K,ZHANG Y,REYNAERT P. A 0.53 THz subharmonic injection-locked phased array with 63 pW radiated power in
40 nm CMOS[J]. IEEE Journal of Solid-State Circuits, 2018,54(2):380-391.

GUIMARAES G,REYNAERT P. 29.6 A 660-t0—-676 GHz 4x2 oscillator-radiator array with intrinsic frequency—filtering
feedback for harmonic power boost achieving 7.4 dBm EIRP in 40 nm CMOS[C]// 2020 IEEE International Sol-State
Circuits Conference(ISSCC). [s.n.]:IEEE, 2020:450-452.

JAIN R,HILLGER P,J] GRZYB,et al. 29.1 A 0.42 THz 9.2 dBm 64 pixel source—array SoC with spatial modulation
diversity for computational terahertz imaging[C]// 2020 IEEE International Solid-State Circuits Conference(ISSCC). [s.n.]:
IEEE, 2020:440-442.

JALILI HLMOMENI O. A 0.46 THz 25 element scalable and wideband radiator array with optimized lens integration in 65 nm
CMOSJJ]. IEEE Journal of Solid-State Circuits, 2020,55(9):2387-2400.

HAN R,ZHANG Y,COQUILLAT D,et al. 280 GHz Schottky diode detector in 130 nm digital CMOS[C]// Custom Integrated
Circuits Conference. San Jose,CA,USA:IEEE, 2010:1-4.

HAN R,ZHANG Y,COQUILLAT D,et al. A 280 GHz Schottky diode detector in 130 nm digital CMOS[]J]. IEEE Journal of
Solid-State Circuits, 2011,46(11):2602-2612.

AL-HADI R,SHERRY H,GRZYB J,et al. A 1 k-pixel video camera for 0.7—1.1 Terahertz imaging applications in 65 nm
CMOS[J]. IEEE Journal of Solid—State Circuits, 2012,47(12):2999-3012.

HAN R,JTANG C,MOSTAJERAN A.et al. A SiGe terahertz heterodyne imaging transmitter with 3.3 mW radiated power
and fully—integrated Phase—Locked Loop[J]. IEEE Journal of Solid-State Circuits, 2015, 50(2):2935-2947.

JIANG C,MOSTAJERAN A,HAN R,et al. 25.5 A 320 GHz subharmonic-mixing coherent imager in 0.13 m SiGe BiCMOS[C]//
2016 IEEE International Solid-State Circuits Conference(ISSCC). San Francisco,CA,USA:IEEE, 2016:432-434.

HAN R,JIANG C,MOSTAJERAN A,et al. 25.5 A 320 GHz phase—locked transmitter with 3.3 mW radiated power and 22.5 dBm
EIRP for heterodyne THz imaging systems[C]// 2015 IEEE International Solid—State Circuits Conference. San Francisco,
CA,USA:IEEE, 2016:1-3.

HU Z,WANG C,HAN R. A 32 unit 240 GHz heterodyne receiver array in 65 nm CMOS with array—wide phase locking[J].
IEEE Journal of Solid—State Circuits, 2019,54(5):1216-1227.

MOSTAJERAN A,NAGHAVI S M,EMADI M,et al. A high—-resolution 220 GHz ultra—wideband fully integrated ISAR imaging



768

AMZBMFERFRERFER %19 %

system[]J]. IEEE Transactions on Microwave Theory and Techniques, 2018,67(1):429-442.

[23] GRZYB J,HEINEMANN B,PFEIFFER U R. A 0.55 THz near—field sensor with a pm-range lateral resolution fully
integrated in 130 nm SiGe BiCMOS[J]. IEEE Journal of Solid State—Circuits, 2016,51(12):3063-3077.
[24] HILLGER P,JAIN R,GRZYB J,et al. A 128 pixel system—on-a—chip for real-time super-resolution terahertz near—field
imaging|J|. IEEE Journal of Solid-State Circuits, 2018,53(12):3599-3612.
[25] LIU Z Y,LIU L Y,YANG J,et al. A fully-integrated 860 GHz CMOS terahertz sensor[C]// 2015 IEEE Asian Solid-State
Circuits Conference. Xiamen,China:IEEE, 2016:1-4.
[26] FANG T,LIU Z Y,LIU L Y,et al. Detection of 3.0 THz wave with a detector in 65 nm standard CMOS process[C]// 2017
IEEE Asian Solid-State Circuits Conference(A-SSCC). Seoul,Korea(South):IEEE, 2017:189-192.
[27] SARMAH N,GRZYB J,STATNIKOV K.,et al. A fully integrated 240 GHz direct-conversion quadrature transmitter and receiver
chipset in SiGe technology[J]. IEEE Transactions on Microwave Theory & Techniques, 2016,64(2):562-574.
[28] HUSSEIN E M,ANDREA M,WANG R,et al. Wideband 240 GHz transmitter and receiver in BICMOS technology with 25 Gbit/s
data rate[J]. IEEE Journal of Solid—State Circuits, 2018,53(9):2532-2542.
[29] LEE S,R DONG,YOSHIDA T,et al. 9.5 an 80 Gb/s 300 GHz-band single—chip CMOS transceiver[C]// 2019 IEEE International
Solid-State Circuits Conference (ISSCC). San Francisco,CA,USA:IEEE, 2019:170-172.
[30] ABDO LFUJIMURA T,MIURA T,et al. A 300 GHz wireless transceiver in 65 nm CMOS for IEEE802.15.3d using push-push
subharmonic mixer[C]// 2020 IEEE/MTT-S International Microwave Symposium(IMS). Denver,CO,USA:IEEE, 2020:623-626.
[31] CHEN Z,DENG W,JIA H,et al. A 122-168 GHz radar/communication fusion—mode transceiver with 30 GHz chirp bandwidth,
13 dBm psat,and 8.3 dBm OP1dB in 28 nm CMOS[C]// 2021 Symposium on VLSI Circuits. [s.n.]:IEEE, 2021:1-2.
[32] TOWNLEY A,SWIRHUN P,TITZ D,et al. A 94 GHz 4TX-4RX phased—array FMCW radar transceiver with antenna—in—
package[J]. IEEE Journal of Solid—State Circuits, 2017,52(5):1245-1259.
[33] NG H J,KUCHARSKI M,AHMAD W et al. Multi—purpose fully differential 61 and 122 GHz radar transceivers for scalable
MIMO sensor platforms[J]. IEEE Journal of Solid—State Circuits, 2017,52(9):2242-2255.
[34] VISWESWARAN A,VAESEN K,SINHA S.et al. 9.4 A 145 GHz FMCW -radar transceiver in 28 nm CMOS[C]// 2019 TEEE
International Solid-State Circuits Conference(ISSCC). San Francisco,CA,USA:IEEE, 2019:168-170.
[35] VISWESWARAN A,VAESEN K,GLASSEE M,et al. A 28 nm CMOS based 145 GHz FMCW radar:system,circuits,and
characterization[]J]. IEEE Journal of Solid-State Circuits, 2021,56(7):1975-1993.
[36] YI X,WANG C,LU M,et al. 4.8 A terahertz FMCW comb radar in 65nm CMOS with 100GHz bandwidth[C]// 2020 IEEE
International Solid-State Circuits Conference(ISSCC). San Francisco,CA,USA:IEEE, 2020:90-92.
[37] YIX,WANG C,CHEN X,et al. A 220-t0-320 GHz FMCW radar in 65 nm CMOS using a frequency—comb architecture[]].
IEEE Journal of Solid-State Circuits, 2020,56(2):327-339.
[38] SHAHRAMIAN S,HOLYOAK M J,SINGH A.et al. A fully integrated 384—element, 16—tile, W—band phased array with self-
alignment and self-test[J]. IEEE Journal of Solid-State Circuits, 2019,54(9):2419-2434.
[39] DUAN Z,PAN D,WU B,et al. A 76-81GHz FMCW transceiver with 3—transmit, 4-receive paths and 15 dBm output power
for automotive radars[C]// 2019 IEEE Radio Frequency Integrated Circuits Symposium(RFIC). [s.n.]:IEEE, 2019:39-42.
[40] MA S,WU T,ZHANG J,et al. A 151-to—173 GHz FMCW transmitter achieving 14 dBm psat with synchronized injection—
locked power amplifiers and five in—phase power combining doublers in 65 nm CMOS[C]// 2018 IEEE Radio Frequency
Integrated Circuits Symposium(RFIC). Philadelphia,PA,USA:IEEE, 2018:268-271.
EZ® T
W BE1991-), L, EEMEHEAE, R BiEme(1985-), H, mIFL, EEMITEN
] Sk S A3 22 K 4 R R [ % 3 email:zhanglei_yq@163. SPAR ORI O BR BT . B Z RN AR . R
com. DERS: 8
BERH1987-), B, AL, HLAESI, EEG5R EMFA8I), H, #fZ, MLAESIWH,
75 [ 3T CMOS T2 1) mm-Wave/THz 4 5 H % 5 R 4 W58 75 [ A 8 5 S 00 5 2 oK e A R B AR I

A5

JAE B 5 RS . mm-Wave/THz MRS . & e 55 Tl o A RS P TR 5L L N T K R A ) R T

RERCHE 1 L T4 F GE R B AR Th FE TC R AR A H % 55

SYLFE(1973-), B, #H&, mEARIm, =
WFFE 7 1) R S0 2 K i R B S A



