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Abstract: The millimeter wave radar is robust against various environments such as rain, fog, snow. It has huge
potentials in applications such as automotive radars, intelligent robots. At the same time, the rapid
development of silicon technology improves the cut off frequency of the transistor, which make it possible to
implement low cost millimeter wave radar SoCs in silicon. Recently a lot of research is dedicated to improve the
performance of the silicon based millimeter wave SoCs from both system level and key building blocks level.

The current research status and future trends of the silicon based millimeter wave radar SoCs are reviewed in
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this paper.
Key words: Millimeter-Wave Radar; Silicon; SoCs

1 5lF

RPN E PR MN0.1~1.0 em [P RS, H
of 7 [ 47 %6 75 Bl 30~ 300 GHzo 2 KU S 1 43
R A T AR R A R IR . B4
CONECIID I 705 = R % N 3 s S a8 v
Y, WRSEES. M. LEE, RIS
4 KA TAERE I TR LTRSS, 2
KPPACTEE R, FTLAIRIG AR 70 98, HPrd i
RERSFWE N, AT /NME . ZRP RIS
BOAIEE S BREHLEE N YRR RO, T
PO ST A A AT BRI AL . AEEBEIE
T, B4 BVR R 2 A AN R LSRR B R,
—IEA A AR T A B RS, R
B B B Akl s, By
HERESES, T ERXEThRE, FHHREeR
WeRaHA: 2019-00-02; BClElHH: 2019-12-04; WIZEHIAR: 2019-12-10
HEAEEE . WIREA
BEWH: AbaimRH TR (Z2191100007519005)

Foundation Item: Beijing Science and Technology Program of
China (Z191100007519005)

chibylxc@tsinghua.edu.cn

KERIFEEEE, B4 5 U E 3600, 1M 5t
fERR S TAEVE . FEESAEREER. WSHE
MR T 2 K24 GHzII Bk BG4 RS f
TSRS P AR RS o X PP AR, A AT R
JEHEERR, SRR/ EE B 20 cm, X F5 m
ANEYH AREE B 0 HEEN40 cme — R A 10007
FRRAZANTI GHzIP) =K 51k B Pt 7 %
AR NI24 GHz Tk, 79 GHz 2K & A Al ASE
B0 e 5/ MG EE S A/NT5 cm 2 B 40 HER,
TR —M T RERAREEY. mH, ZXKEH
EARTFENEGIFL, XX TIREIM BT E N
R #ARA, TERTZREFEREEFET K
. TR 7 — =K 7 RV R
R, 4 R A8 & 1 ANLAE B 5 A2 i
B, BFERL R KIRS%, EXMZHT, AF
DG A& B, =K IA TR AE R T
LG RSP FH, NFATFESEMBES, N
MRAE T A8 B4ERE . 2K EETH R AR
Rz —RFEEBIA IR MISolints Fr M, anfE 1
TNe Z T RITEKERIAGES, WIEFRAMN R


http://radars.ie.ac.cn/CN/10.11999/JEIT190666

174 A

2 %

42 %

[ 35, K [ 90 B 0 g 5 P R R PR I P45 IR
ZJE IS S ST R SR R, AL
AEER. 3 T2KEEEN BRI PEER, %0

B 1 2K R ARk Solimi H 1

2 EXRFEEES

TEA R RE J 2 KU i T8 DU AN e e a5 22 i
A N B A RGN BRI
PRI ER I8 MR AN T T R oK TR IR I 5
2.1 RGAR

ZRWHERGFEARERL. Z KL AT
Ui BUFAE T AR T AR R S, W E 2R .
R RSB B A5, WOR AT S 5 34T
K PRV TRANEEEE, R 58 AR B A
o XTZARWEFRIAME, REFZRPCR AT
TAETEZ KB, R2RKEFERAENZOA
o Forb, ORI AT I 1 R R S A R P RE
(Ff TR, MR, IKIFESE). KB (H
. MIMOPBEZ) R4, Z KB HEIE RGN
REEMEREFR bR, WORSIVER . BE RSy MRS, TE
FH R 2R RN = K SR T i IR P RE BT ke s 91l G R 2%
P¥has, WORRERIIRS %R, BIRBUES. 2
KU TR AR 1 [B1 3 Dy e n] X (1) AT o a0

_ PrGrGp)?
R=—"—3— O (1)
(4m)° RALs Loty
PR
ﬁ» KE:__- iR
AN NS A/D
R R
(
AN FiEREE 5
<<k_ R i
i
Pl
bl ’ i

K 2 ZEKP IS RGIEA L

Fra] DAERA IR F e AN S AT S T 5
#eff. ML TRT AN THRA, ZKREFELT
FABIIFENT, HAIAEGN, ] FErE .

(b) SR F AR

Hrp, PrRNRSHLURS TSR, GrAKRSRER
a5, GrNBWCRENEE, VRIS S K,
RANHEARMEEE, LoNTIBBCRHILA S HFE, 1
WN1.0 dBe Ly N85 RSP AL HEE,
o NI B AR B R ORI . (1) A A
WCHL ) 22 B8R R AT 5 R A T e TAEBE RS . 4K
FAG 5 AR A ] B B R BN B, 5
RAE B I Z R A K. A BN R LIt =
K R RS0 AT SRR
2.2 SRERIREE
ZKIAETE % 7 M30~300 GHzII TG, R
P N AN, 2Kl T R IR B TAR S B AR A
AHFE . SB MR R B EEERA: WG
Y. ZRWALIERAE . TR R AR GO A il
HEERA)EE. HIREZKREHEARNH
T AR R, fH 5 B R X R 77 GHz
IR A A VRE TR B, Hrh e sERRE . 3£
E. sk, HA, hE%S%E, B STEE A
] o ZERKUEAE S HP 1A R R B o A 56 A KA
e, JEARBLERER S — MK . B, EEETRIA
AR R A, DAYR > T R 2 B R AE B
Yoo BRI HEBEF AR Solixts B TAE M s L /E
b T B IRIEAE 60 GHZY . 22 K0 75 1A 1 B 55 4%
PR R L, T B A PR B A FR AR I R Ik
P RPN, SRR HSE. #
b — A B I B A28 T A A S oK U T R B RAR
ARB R s K B T R A, S AR B AR
BRI, MR T2 A, A
AIMES. Fln, 65 nmAICMOST. 2k k4=
Fmaxn] #1300 GHz, &% H T &1+ T/EE60 GHz
577 GHz I AT o 4% . 2258 TAE AR 3 = 2
140 GHz, 465 nm T2 K5 X # 2w



14

B FL A

i ik 2 R R KU R T FE DR 5 A 175

Perm. M, BRNETRBEEE R, B
B ARy o S OK IR A A B A A Bk
¥, WEIEREEEFTEE.
2.3 MERIE

W LB I R TR BRI g N A R U
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#z 1 FMCWIES 44 88MHaLR
RS [5] (27] (28] (33] (34] (37] (42] (43]
T 65 nm CMOS, 65 nm CMOS, 65 nm CMOS, 90 nm CMOS, 65 nm CMOS, 65 nm CMOS, 65 nm CMOS, 40 nm CMOS,
LR DSM/MEEA  DSM/MEER  DSMU/MEEE  DDFSHH3E  DSM/AMNEIA 23/ NEER IRE1E S/ NIGE CTDSM/AMNEER

iR (GHz) 76.0 76~81 7 7 76 60 83 37
AT %5 (GHz) 0.700 0.500 1.930 0.614 0.700 1.220 1.500 0.500
RMS#iZ% (kHz) 64 +961 674 >1000 <73 117 <180 820

IFE(mW) 73.0 320.0 N/A 101.0 51.4 48.0 152.0 68.0

HFR (mm?) N/A 2.74 0.44 ~0.50 0.29 0.72 1.70 0.18

TARED R NER X, X 5 2K 2815 ) W2, TR IS G/, RmBARIERE. &

RIMR B R AA . fEZKEFEESFF, B
A T FHOK 28 % Fl Doherty*>461 | 7 T 0k
AL B ERISE BRI S LR ACR AR . B
W EFMCW &S A a RADE . ERGAELME
INRJPOR AR IR m RO . (ESEPRSZBl A, AR Sk
EIERPABAFE R, R = 1% B R 2R 1 Th 2R R
2T T AR TR, DR I KR 43 SR Hh E 2 SR
ABREVED RS -

TEDNR TR AT S T, 2T FARERST
5 I DTG P X 8% 32 3 A A Ay — Pl R A ) s e
J& ke BE T T B AR N BRSO — AT
G et RmE I T2 Y R R R AR ) o g LR
BAK, #ln, 65 nmICMOS T2 HIFEHENL V,
X PR T AR R PO BB A IR, —
/N 16 dBm. A PR R HR AT i T
Ko H— BB T BKE (Stack PA)WU, 7EHE
SRR+, B2 NRREHEE—E, H
S B MR T ZoKEAE Tk ET, BIFREEHZ
AR 51 A, R AR YR R SR v, R
i ThR . SRR E HIE A SO T 210,
CMOS L2, —J7 T JCiF8 N B 5 IR v A X T
PRI R, 55— 7 THI 5 56 727 A P R AR M
BIEEE F g R AN, PR . SCER[50]
) HE B B D R FOK 28K A 45 nm SO CMOS T
2, WEEBCRN34%, WA HIh%E N18.6 dBm.
FECHR[51]HF K65 nm CMOS T &353R 1 HE S A
DNZRTIORAS, B D RA RS, (HEAWSOI T
5, HAEHES IR A Th# N17.6 dBm,
W R0 N20.4% 0 2P FEAR R TR A K21, 18
BT IRBORB B IIRAROELT, RAZ
BT IR A, HIe LB T i Th RS dB,
PUE% T2 mm6 dB. (H IR A RN 48 2 5] NEAk 14
NIHE, SCHRPARE I — 21 dB. ThR S M
SEENAT DR AR IE 8% . tnl R A sk, A IEagM
T2 A R 48 B K s, BT D 2 JEOR A% 1 VT IS

TR AR T Z G B DA TROR &2 1T T LEE I BIE 5T

SN TR R S 0 DY % Th R A R T R TROK
P WA T %20.9 dBm, WEERE22.3%,
H IR G RS R/ N T1 dB, XARR TREE R
AR TR % 22 B TR A R i N R B LA . (H
B INE GRS R MRERR, T IO P
o A B T 8 v P A 2R R AR, X R T
AR A TR A AU, SCHR A — M R PR T DY 6 1)
RA R, AR I D2 A B 45 1T LLE R
X RIRFFREE R, X T8 LA E (R ) A RN 2%
FEH LR LT & ME— Pk £E00 28 SCRR[56])H I Th %
B R A A 16 T IR ORAS, R EEAL
W, TAEAE42 GHz, MR T 2 Fl G (E
WS HIN28.4 ABmAN10%. RET5H, ZKEE
K TR TBOR 2R TR 2 488500198990 1 B R pE B
BORRE, PR DR O R Th#E . (A5
RN, BRI 5 Doherty 1 58 A 1B X F 1)
FeARA AN, B D) U3k B 5 Bk,
PR 5 S B . A5 Q) 46 mT a5 i L PR 99
R 53 7 D Z ORISR LI . SCHR[5 1) 6 3 1
TE 7R HE S B TH R OK 38 Ml Cascode T R 28 2
PR Sl TR B . A R TR OK B 4G
RIS . THRFBORZS H P REXT EL iR 2R
3.2.3 T ELEK

R R K RIS A AN EE R, EE
Peohoe TERIEATREIABIBE B R, B TIRGE
IEIXFEL 8 AT Ad FH S Bl 2 Ak, R = oK
BN 2R A — A R RO, R T RE A A
KA ) B AT S 5 o KU R R A R —
MR 22 2 PR UG BC (R JBOR ), TR e — P mT 47 11 5
1 5 AR W % 2 TS B W AE AR R RS R T, X FER
J S 2 PR B 0 ARIX PP SR — e .
J s Vi BT VAR AR A T S ARG 2 s LK,
BT T2mESERE R, BRI A0 2 Ak LU
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NT

. NRPC: Neutralized Reconfigurable Power Cell
RFiy CL: Coupled Lines

(a) T2 558 02]

Unit PAx 8 16-way Unit PAx 8

Zero-degree
Power Combiner
A /

8-way
Power Divider

8-way
Power Divider

(b) 3T 25 [50]
B 8 AR Th Ok 58

* 2 BEERRMERAFMEELS

SCHRE 5 (49] (50] [51] [52] (53] [54] [55] [56] 57]

28 nm 0.13 pm 45 nm

45 nm 45 nm 65 nm 40 nm 65 nm 40 nm .

e CMOS SOT  CMOS SO~ CMOS UTBB CMOS CMOS  CMOS Siie CMOS

FD-SOI BiCMOS SOI
#5H 2 3= i DIZRE R DIREH hEER HhFEEK DIZRE AR

FR (GHz) 41.0 45.0 60.0 60.0 60.0 60.0 70.3~85.5 42.0 60.0
HLIEHLE (V) 5.0 2.7 2.5 1.0 1.0 1.0 0.9 4.0/2.4 2.2
Pgar(dBm) 21.6 18.6~19.4 17.6 18.9 17.4 17.7 20.9 28.4 30.1
PAE\ax(%) 25.1 32.0~33.9 20.4 17.7 28.5 11.1 22.3 10.0 20.8
175 (dB) 8.9 9.5 23.5 35.0 21.2 19.2 18.1 18.5 24.7

I (mm?) 0.300 0.300 0.240 0.162 0.074 0.830 0.190 5.550 6.600
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Bzl B, W TIhRBORAR S, AR
DR dda 2 3 %, BT R A AP A A e
JEMAAUIRZS T DA BT (R 56

FIATAE 22 KU TR AU Py v B A T8 0 10 B Y P
BOARREAE IR AR S e A DT AT I 2% O 7). 28
WA LB EBAE G, L5 B A T
B, ST AR R R A S, JERE S
FE AR B LM g 2 b T H., A2 d
R TRITENERREN B BT ERRS
WX e sy, esl T REM R TT. ECHR[61]
A AR A% SEBL T — AN B8 5T~ 66 GHz )
FIKRASE o ZOCHHES T AR 8% (¥t T .
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