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Automotive Radar Signal Source Using InP Based MMICs
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A 60GHz millimeter-wave signal source for automotive radar was developed with
MMICs. This signal source consists of two MMICs ; a 30GHz VCO and a 30GHz-to
-60GHz frequency multiplier. For the transistor of these MMICs, we used the InAlAs/
InGaAs on InP pseudomorphic HEMT with a 0.5um gate length. Because of the high

electron mobility and the high sheet charge density, the HEMT performed with

sufficient output power gain in the millimeter-wave frequency range. The oscillation

frequency of the signal source was controlled from 58.403GHz to 59.373GHz linearly.

These frequency characteristics will satisfy the specifications of the FMCW radar

system,
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Fig. 1 Principle of the FMCW radar
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Fig. 2 Configuration of the FMCW radar transceiver
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Fig. 4 Measured power gain of the InAlAs/InGaAs
pseudomorphic HEMT
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Fig. 5 Schematics of the 30GHz VCO and the 30GHz-to-60GHz MLT
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Fig. 6 Micrographs of MMIC chips

ERESEIERE E LTERLTWS, E5I2F
VA CEBICIIERERE Ly YR 7 Lo 05645
WA RBSERINTEY, Ny 77T 724G
SEEGELTOD, 7= 5 TRV, I3BAHREE L,
DD B, FL A /54 TR Vg (3R F 7 Loy DA
HENFNMZDESEXL, ToHb V,, # VCOD
IR EEOREES L LTHC TV 5,

RIBAHH N TS 3 ) iEoh ORI F L LT
L ORSIKFL, WHEHIRERDIET
%5 HEMT o BMHEIT Re (Zoo) &, B v E—%
¥ A Tiona EARTET B, — RIS E NS ER E %
20 ICHmR ARG 5 &, RIRMEEORENER
BT L ODEIROBEMNEIZET S, L2 A,
BL72 X5 2 FMCW v — 2 Tl3, FREERHIE o EAR
WHRLEETH L, 72 TR2IIFEN L BN
Al 2FAGHGL, MABAIBRRICL AP LTS
Tk D, BEEREO R 2R TS L0 12
iR 2 AL

Wy 7T 7Y, BIRETHER I N0
GHz of5 28R LTI §5 L & 4z, VCO 124

¥iXN AN (2 2 T3 MLT) 2 5 0 gtk & #0613
2EEE LD, ZoOT 7Y RO 1 BOEER
BmTHY, He7mHEMT 7 — &2 0.5 um, 7 —
FOEIZHA Y — PG 25 umX 2 AR T 4 v A —DHEK
& L7z, ANWEENES HEMT o4 — + Ehkic, B
BANBE»F LA SERICEREFNERINTEY,
WENL30GHz TEAE Eo. =P TR
Vo (FRIEIFEE > IS L TMZ T 555, FL A
YA TR Vi 43, RIERHSO HEMT @ F L A >
SNA T AMREW T R L, Rl BIEEEML T
5.

4 + 2 30GHz to 60 GHz MLT M%&t

MLT 3V — RAEHBOERTH D, Fo7HA4X
32.7mmXxX1.7mm 7T &H 5, MLTTHH L
HEMT 3, VCOD 3y 777 » 7EHTHEHAL 72
HEMT & [H—DBKDEFTH S, HEMT 04— |
EMRIZI2 30 GHz TEA R L 72 AHBEAMR 2 HER
L, FL A »&ERRI2I3 30 GHz [Rikmgk X, 60 GHz T
Bhk ot hBANgE 2k L7, 30GHz 2
BRIET 2, RS IMAKEDA—T X575



Wl b,

MLT DEBMEGEZERR T 572012, FL A4 - Ehk
& 30 GHz BHak [ ¥ X B AIAE 2 38 § 2 {24855
Lo Z3FA L7z, BRI TET S 4172 30 GHz D5
SR Ly DR TEEEERFEL, FL AL V125
HEMT iciE A3, —HA°60GHz IcH£HBRIN S

BRANBEEHSTEIENTES, BB, LD

E’S (3, ERREFFRRAELRLT %5 &) LfEE
IZRMET L7,

5. MMIC 45t

51 VCODH

2Lz, VCO D HEEREIC D TRE L 72,
RIRMOBEI LM A BN L OBEEMH L PICT B 72
B, Ny 7T T DR GREERSTO VCO 2
(EBIL, W &WIE L7, Table 1I23REICH W2
HEMT DEMIEHL Re (Zy), B A v E=5
¥ A Tioaa EWHEHNOWERR E OBEETRT, 2
T, = PN T A Vi 13RI B 29.75 GHz
ThB L) ICHEEL, w4 SA T A Vg 1325V

Table 1 Output resistance, source impedance and
typical output power of the various VCOs,
without buffer amplifiers

Doad Output Power
Design |Re(Z,) (O mag _|ang Sdegz SdBm!
A -104 0.80 79.7] 1
B -96 0.87 84.2 -5
C -68 0.91 93.3 -14.5

ZEE LT3,

Fh, ATRT R TIImREOREHRAICL,
A =7 2xm RS ons e LT
H5., BEIUVCoO®FHTIE, MHIZHENDHEEZ /PSS
L, MAOBENEMZ it e Lz, FERLI M IER
b, FitohoswEY A->Bo>CoIEIZ/NS < b
mAERLTWS

4&.%&%@ TR BRI A Wl L7z, Fig. 712
RES ORI RS LM hE oy — b4 T 2
Vo AFEERT., WTHOWMETL FL A o347
2 Vi 1325 VIZEELTWS, Fig. 7@l EAT
MY RFDORBHROFHETH Y, N 77T 73
Bl T WIREETORER R TH S, hhdENIF
Vee DENZE L L TIZIZ1IABmBE L —FETH 5
7%, BIRFWEUS Voo 1286 L THEMTIE % < BBk
TEIL T3, 20k I FMCW L —

TV =7 7= b Ea— Vol2 No. 2 1997

30.4 - 5

302 | .._W_.\f/.\j 0
T “ ~— &
g 30.0 without buffer 15 z
: amplitier o
2 298 10 g
e a
S 29.6 — 15 3
W =

(@)

294 - 4 -20

29.2 L : 25

-0.4 -03 -02 -01 ] 0.1 0.2
Gate bias voltage Vg, (V)
(@) Design A
30.0 - — 5
OB 00y, 00 Pg;
%

29.8 with buffer eoee 10
—_ o amplifier £
T 206 | 5 9
T ", T
- o [
e 294 - ° 10 2
3 ) | o
8 29.2 | o, Y5 2
w o 5

A4 O

29.0 | - “oo - 20

Co, i
o i
28.8 et ®o | 25

-0.4 -03 -02 -01 0 0.1 0.2
Gate bias voltage V4, (V)

(b) Design B

Fig. 7 Measured osillation frequency and output
power as functions of the gate bias voltage
for the various VCOs

FIZHWIGA, E— MU OWEHEL B2 3
WA E 72 ) DI TH 5,

Fig. 713 FEL B TR At o HiR 3 o0 8 E 45 4
THY), Ny 77T 7 eER LW L
BEDFREHETRT. N 77T 7R ERELY
WIEREG T, A DRGHIWRTREREZ NS (TS
XLV NENS-S5ABmBEF TS
Twd, L Lass, BB miE ke
WESN, ADUEITH L1072 & 5 B RBEk OB 2
o d, (HZEHELOBE» L - Twvnb, &
512, ZOBOEE DG I Ny T 7 T o7 R
L7z VCO—MMIC Tit, MNBENIET 7 OREE
mcio—mmmi?[<&c# ESAH 2 (A

LRI AT 600 MHZ 13X % - T b 4
7, BEMEE (§74b559GHz #6560 GHz 2
47) THH 295GHz & 5 30 GHz 5% % H ik nf wE
TH Y, P OREREEE WA I R F IR

_ 37 —



A ¢
i X

T d, BIRIIZIE, Y= b SATRA Vg 204V
PH+01V ETEMAIELZ LY, BEEEK
#29.726 GHz % 5 28.857GHz £ TE#E ¥ H 2 &
HTE, WMAHENIZ+H1dBm A5 +2dBm 2152 &
WTET.

COREDREWBIIOVWT LD HE 2172
7, BIZK GRS LIHREZ DS Lz, il
BN —10dBMPLF 2B H0), 2Ny 77T o7
ZRMLTY 0dBm LUFolh &, ERNTIE LGS
Yipbrotz, ULoWESERE b L, BkEmE
DEHE P EE L FMCW L — 7 OESEE LT, &
FBHOVCO#FEMT LI LT L,

5«2 MLT 0454

Kz MLT o MMIC %% % 574l L 72, Fig. 8 (5
L2 MLT b hEh B L OERFED AN E K
FH2ZRT. BEBOALES O RKEKIZ29.75
GHz, M HfEs DR 59.50 GHz £ L7z, MLT
W25 — N4 T A Vg 13402V, Fr A oos
ATA Vg l225VTH5B,

ANBERP—14dBm D55, KRG KL L
D3.7dBA#oNl. EHICANENERESLT
W<k, AhESNH0dIBm 2 TOHEK T, BiHFFHH
Fic s (S B) btz 72,
MLT otk 718 51lE+1dBm TH - 72,

5.3 3IYHESROBSHE

%12, VCO & MLT 2#AHb¥7260GHz 7 2
) EAS R ORI 2GR L 72, 5.1 T Tl 72 B kit
D3y 7P T 7 E VCO-MMIC &, 5.2 3Tl
72MLT-MMIC £ 2 &R D X+ ) TITHEEL,
VCOD e MLTO AR %2 K714 074F
THEME L 72,

O LTHERLAIVIEESED, BEREMHE
HDONCO DT — s34 T R Vo AL R Fig. 9 121
T, ESEDHKEIERIE Ve =—0.26V DERC 59,
973 GHz #%, He/bREERIE Vy =+0.12V DREIZ 57,
897 GHz s # Lz g o iulz, 4512, Ve =—0.2V
b Vi =0V DFERICE T, M B $ A 59.373
GHz 76 58.403 GHz 272 - T, fied TEBER <
T e Tarl, F2ETHRAL IS, B
o FMCW v — #1359 GHz 5 60 GHz £ T
IREEIR T, 100 MHz o B S SR g 2 3 2
VN H B, ARERLESE T, FIZIE Ve
2018V 5—0.16V ZTEHIERLILITLY
59.200+0.050 GHz # W ¥ 5 2 AT &, FMCW

V= FORIKEAR R IR T 5 EHTE D,

HE i3, —5dBm & 5 —3dBm RRENEER L
7z, ToENIE, VCO B LU MLT OB oMEED &
g Lok ) 4dBRBEM, IS, ERICHW
Ry7 4 v 774Dk, BLUYVCO DEmktih
Bkt s, MLT @R 3y sy iriET
o FEILND,

5 . P 5
—_— -
S " "oa -
a - e e =)
° 0 /-~ A
a') e ‘a 0 c
2 - [
g " . G
=] 5 o S
g 2
5 / ]
: / R
T -10 | N 8
o] /
[=3 hd
@

-15 —* -10

20 -15  -10 -5 0 5 10
30GHz input power (dBm)

Fig. 8 The second-harmonic outout power and the
conversion gain as a function of the
input power for the 30GHz-to-60GHz MLT
(Input frequency fin = 29.75Hz)

60.0 5
N 595 10
T —_
&) &
z ] =
g 59.0 -5 &;':
= 3
@ Q
= 585 1-10 %5
3 i=s
Q 3
5 (o]
O 58.0 -15

57.5 * - : 20

-0.3 -0.2 -0.1 0 0.1 0.2

Gate bias voltage Vgo(V)

Fig. 9 The output frequency and the output power
of the 60GHz signal source

6. ¥ U

AL TIE, FMCW ZROB#HEAI ) ikLv—7
2 W3 60 GHz DERBIZOWTHRF L2, B5K
1330 GHz # B4+ 2 EEHEHEIRSE (VCO) & 30
GHz » £ % % 60 GHz 2 2 B $ 2 J& Ik #0815 %

(MLT) » 2> MMIC THR I TWw5H, MMIC
[ InP R EIERINTEY, PF VX512
InAlAs/InGaAs pseudomorphic HEMT #H T

— 38 —



5, 2O HEMT o' — b &L, 77— FRA05um
DART— P 2RHWTED, —BROXEEX TERT

E7%c 4 X & L7z, InAlAs/InGaAs pseudomorphic
BEOSVWEFBREELSVWEFREN S VRS
DERABREICEMICERL, Rwr—bRICOVED
573, AEENFEH30GHz T 15dB, 60 GHz T
11dB £ 7% 0,60 GHz 2 ViKY X 7 Al2+3 o5
#/LILHTEL,

VCO o MMIC i3, Rig#SFSHoORBREZEKICT
2k, WhEHITFE 0D, REEREOEFEL
Kb AMBRIFEH D EHblroiz, 22T, A
ENERMFLOOREEHBOEREERET L2
W, RBIEHHOOREREZNSICL, BhE Y77
T CHIET SR L Lz, BIEL 7 VCO i3l
BERETHEY— I AT A% —-04VH5H+01V F
TEEBIEHZ LI L) RIEFAEEKZ 29.726 GHz 2»
5 28.857TGHz 2 CHIMMT A LW TE, WHEN
3+1dBm 2> 6 +2dBmBETH -7z, /2, MLT
@ MMIC (2 A H &1 —14 dBm DR K E HFIE 3.
7TdB 2352 & TE, AMNNENIZI+1dBm T
Hota,

VCOE:MLT D220 MMIC % K> 54 v 77
AP TEKETAILICLD, 60GHz DIE5 R Z EM
Lz, ESEoMHEEEE, VCODY— x4 TR
#—0.26VH>56+0.12VETEAZIEEILICE
N, 59.973GHz » 5 57.897GHz F THIE T 52 &
FHTE MOHENE-5dBm» 5 —-3dBmBETH -
72, FAVCBCHEMEICBEL Tid, % — b <4 T RA—0.2
26 0V O T 59.373 GHz » & 58.403 GHz D/
rROTERERCHHAT L L TE,

g £ X B
1) E. H. Diill and H. J. Peters : “Collision Avoid-

ance System for Automobiles”. SAE Congress
780263, 1978.
2) P. Martin :
Control Incorporating Automatic Braking”. SAE
Congress 930510, 1993.
3) M. Kamimura, N. Shima, K. Fujiwara and Y.
Fujita : “Millimeter-Wave Automotive Radar

“Autonomous Intelligent Cruise

Using Digital Signal Processing”. SAE Congress
930552, 1993.

4) Y. Sugivama, Y. Takeuchi and M. Tacano :
“High Electron Mobility Pseudomorphic Ing.s,

FoI—=F7=HNvEa— Vol2 No.2 1997

Aly.sAs/Ing.sGa,..As Heterostructure on InP
Grown by Flux-stabilized MBE”. J. Crystal
Growth, Vol. 115, 1991, p. 509.

2o ofo ol B b

Lo %o o B o £ oo B o
LA Mg gy Cagae i) O OFS O PO OS> VGO Y OF>OF: 2

F

By M (2on2izh s 5)
s 2 &8
IVEHINI VR B LI
MMIC &% - BZICRtE

2B #E— (Il ZHub)

fF3E 2 38
LA EEET [ 27 0t 25
ZICiEE

ERARPE (885 (2pl)

W 2 5
HEIERL -7, EREEL 2T
LADBERFMFFRIHESR

KEF K (AFD vaL)

{ BA%E 1 4
9 & EEEE S YL — ZOBARICH
J %
& a
HO BEE (2¢b 724L)
I~ - W5 2 8
L - 3 ) ¥ MMIC 754 2 DR
- IZHEH
29N

FHE OB Gio kLx)

Br5E 2 3B
SNVEF LR« VAT LARUE
kEEASRERE7 /LD
Wse - RICiESE

— 39 —



