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W Band Front- End System for Collision Avoidance
Vehicle Radar and Ku Band Analog Phase Shifter

Student: Chung-Hung Wu Advisor: Dr. Chi-Yang Chang

Department of Communication Engineering
National Chiao-Tung University

Abstract

In this thesis, a 77 GHz front-end, system for collision avoidance vehicle radar and a
12.45 GHz analog phase shifter for phased array.antenna are proposed. In the first part of this
thesis, each individual circuit of the RF -front-end,-integration of the RF front-end, and
measurement of the RF front-end_and each-individual circuit are described. The conversion
loss of the RF front-end is about 9.3 t0°13.3 dB and the RF output power is about 3.2 to 4.4
dBm.The whole circuits are integrated with CPW on an Al,O; substrate with a dielectric
constant of 9.8, a thickness of 15 mil.

In the second part of this thesis, the design and measurement of reflective phase shifter
are presented. The maximal phase shift is larger than 120°. A unit circuit of phased array is
implemented and measured, which includes an analog phase shifter, a coupler, and a phase
compensation transmission line. The mainbeam of the array can be switched between 35° to
60° in vertical direction. The whole circuits are fabricated with microstrip line on a RO4003

substrate with a dielectric constant of 3.38, a thickness of 20 mil.
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WH B e g B PR T E- BER NG - B 2-1 . 77GHz B £.F £ 5%

W A L] o BB (P8 41 F A% B 1925 GHz 4R F R 3412 38.5 GHz o £ 1
R F AR BRI A 5 2 o B = BAMELARBAE T 77 GHz 14 0 3% 1 rat race

ring (180 hybrid )i% 3| X &g &+ 213 > b S BB 84 o BjepF o d X S JTT a
5538 rat race ring {6 £ 5B LNA {8 ¥ 3R AE B > {o 77 GHz i f R 4F » £ #-Jc 5
SR 3 O R BT o

Joi¥ B P chz gt 4 fe Berat race ring (180 hybrid )R 4% £ TG g d
41 (Coplanar Waveguide, CPW) » @ f¥ i & R % 15 mil~ /1 & Thdiciz 9.8 & ff = 940X940
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TE T 5 92x77.6mil* e d At B R A
T k- = B i BiRlC Bei(port) #r it A £ R[enH - BrRiE R 4o b % b 4 (termination)
Bt g FREDE e FRIEE L S0Q0 57 @K AR %@?J Atk e fe e fE A
B v £ X i RPN KT IEg K 5 omil x 4mil 232 B ehk = AR IR E & & (6/4)
X 50 =75Q¢ W 2-6(a) L1 » 4F £ ohp R 0B R % 0 W 2-6(b) ¥ AT £ PR R B % o

£ Rl b

Si(dB) | Sx(dB) | Sss(dB) | Su(dB) | S3i(dB) | Ss(dB) | Su(dB) | Su(dB)

-19.76 -34.58 -13.63 -19.88 -5.133 -5.68 -19.37 -13.04

-----
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[UMS CHU3277] ﬁi%l » AR 45 [F) 38~38.5 GHz » 5] V4[] 76~77 GHz - #7F & mﬁ;f]
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¢ 7 R EIRA S F(rat race ring) R A B A - fAF R 4 R4 F (fundamental
mixer) > B 2-1 ¢ SRR B T ER T S A 32 5 Bk R F (ring mixer) o Bl 2-11(a)
ARRAEBOAAERER > v e 77 - B 180 &R X Z(Hybrid)fes B = &4 - 2 7
#F (Intermediate Frequency, IF)igik B R E_f F B2~ 407 #1250 o SPERF)UEGfrA s B F
2 55 (LO) A %) d fr 38 (sum port) o £ # (delta port)%l VB BHRWMS AT IR
(isolated) o = &8+ AT B ~ T A BT B 2-11(b) > T A T EACT

BHE(RF)A LA A b0 27 A 5(LO)A B8R & Behfeiffr L i » » £ 2 33 - &

=3l o Flpt > Ao A DI} k¥ BEFLO)E A E k> A B D2 + A5 R

T em DI o D2 Foenst#p 7 i ) 5 i ¥ #P Z (period difference) TR% °

i1|_o - iZLO (2.1)

. . meRF( ;F]
bre = lire® (2.2)

F 2 4&8 DI eh g i s 23 (reference) T o P EF B BEE L ehR R T Y B 2 E

ﬁ'{ %’Q T

= - Oo j(m +n )it
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- RN (e oo )t MR C5F)
— RF L
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=i, -e™ =i (1) (-1 (2.5)

i =i, —i, =[1"(=1)" =1]-i, (2.6)

o A RAE A Z o (mn) 5 (L-Dor (-1, 1) » ¢+ 4|2 JRAFE7 #-RF 2 LO Port 3 # -

P

1
_ DI .
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\\\ //,/ 0°
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2
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(b)
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B 2-12 ZHEBEATER > ¢ 727 - BRUMEE A B Ml {fc- Bd 3
EBRZE - BT FS M A E o R E BT b A (twist-line) 4p 9 i T
(phase inverter) > 3w = iE & A i FCPW 3t 5L s (signal strip)frd& & 4 (ground
strip) = A 50 1 SLIRA) AT B AR e K Ap b B 0 A @R A EL T L AR
R RAIE o

PR Y - RS s e 2R EL(A S B)B ) s et - R YL A - B Y
- (C-D)p B4 (F1i R i fpt - B P 4EEA 3 24 ) o ks
o A #Eii’%%%iﬁ%] » iﬁ‘-)’jﬁ% TRk ﬁ;@xﬁg POHEILEL o d B rdi T F ) 0
A B BB R Y A R R B e A B R I A B )

A R PIEMEAETD 0 T A A aEgrand Aok o

% RF virtual short
Do
Inverter

LO

Bonding wire

inductor

RF virtual short

I

Bonding wire

inductor

B 2-12 TR R4 BT ET 7 B
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TRETE § R

(%= R4 %]

5

&=

Iy

B B ¥ I & (series resistance) fr4& & & % & (junction

capacitance) ¥R 4f | (L o A H F 1 (TR BAERF > { K F TR E oS

&
]

e
F_&

Mo i M/ACOM MA4E2037 b B4 Ben- 1Rl > B 23 &4 9% 0.02pF > 8

BT IEE 5 4~TQ 0

Bl 2-13(a) = R4k AR BR WL BB 2-13(b) 5 se LS FWRAE BF W
BBl o R4eiRAE B - 1w e b - KB EiRe A 2 «ﬁ»-&m'@ﬁ%]%‘il 5 AR

= oo Bl 2-14 & - fAR 4 B s AF4F £ (conversion loss)® Bl % o 75 GHz 1 80 GHz
P oAERFAEL 12dBm FF 0 B4R BTN G T~ 9dB 2 B > ik ik

lidd

H R AT 2 9 6dB 0 A R E o

B 2-13 (a) ® 2-13 (b)

From 75 to 80GHz the LO power is typically 12dBM.
From 81.5 to 92GHz the LO power is typically 14.5 to 15dBm.

o L

o I

2 o g H.oaq

S tL - mg O =

o M—Q’._.“s. O. o

é ) X O

é 5 Rgtor =
—e— C L. (with transf.)
—0O —C.L. (w/o transf.)

0
Ik 80 85 90 95

RF frequency (GHz)

Bl 2-14 4 B2 Bpls s
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[f hREARATR] 50 % MSRF 47 B2 LO Power 7 3k % *h4e 2 iR T B »
B 215 5 HART W B 2-16 5 Bl % o & 75~80GHz ¥ #¥ R F 5 %5 5dBm

PERAEITZ 4 10dB -

I

49 KQ

14

12

10F

Conversion loss (dB)

4 | LO power=+5dBm, IF<100MHz
R=3.9KQ, C=1uF, DC bias=+5V

75 80 85 90 95 100
RF frequency (GHz)

B 2-16 iR R A B dr 4 B Rl %
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[CHM2179a ;& #f & ]JLO > RF frequency range 76 ~ 77 GHz > LO input Power 5 dBm -

Conversion Loss 7.5 dB > B 2-17 2 E F T BB - FZ2ERPF CL Y5 10dB -

B 2-17 CHM2179a § 48 T i B

2.2.5 CPW 180°Hybrid ng |

kv 32 ST R ’me Jﬁ%g&jﬁ»{;ﬁkﬁ#\ Z i% 1§ rat race ring (180° hybrid ) %
¥ 3> 180° hybrid ring & - ‘l—%*ﬁ—m?ﬁf‘r-’ 5@] VBTG 180° A L o R TE
Pt TS IR AR A e SR 2018 % bId T 0 203§ R p o B
A DR ARG RN o F R AR B2 3 GAPE 1807A I H 0 6 ]
23BN F12-19 5 A F AT EE 0 B 220 5 HFSS fss % > F12-21 5 2pls%

G429 5-5dB o

i3 0 1 1 0]
ENIEIN _ilt 0 0 -1
)

A 2211 0 0 1
~=IF 0110
B 2-18 3 dB 180° hybrid ring H 7 ¥ Bl % 740
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B 2-19 CPW hybrid ring § % 7 § B

23 Jan 2006 Ansoft Corporation 10:45:40 ¥ ——]
XY Plot 1 dB (S (WavePort1 iy
HFSSModel1
0.00
% 11—
dB (S (raveP ot i

1 —L—
dB (S MavePort W
| ]
2000 i

/
N
5

1 —k
dB (S (WaveP ol W

|

)

T5.00 76.67 78.33 80.00 81.67 #3.33 #5.00

Freq [GHz]
*1= 77.00GHz 2= T7.00GHz [23= 77.00GHz *4= 77.00GHz
'1=-19.27 |Y2=-=1.56 |Y3;_-4E.1E Y4=-§;ES |
L3 B0 A —
B 2-20 CPW hybrid ring (HFSS) #-#t % %
CPW Hybrid Ring
0

77 GHz
-4.735 dB
v~

5 - ga——
77 GHz -
-4.954 dB |

-10 [ —~
77 GHz
-10.8 dB
-15
-20
-25
-A-DB(S(21)) -9-DB(S22))
hidd h1_iso
30 3 DB(s(21)) -¥-DB(S@1))
‘ hl_iso hl_s_d
-35 e
75 80 85

Frequency (GHz)

B] 2-21 CPW hybrid ring & B %
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2.2.6 Transition

d TR RAEHER S S mil> A A58 D s T 58 d 15 mil s
T BRI R2ZETG 10mil g AEFL o Flot > 1% - E& L 10mil> 48 %
Ben 9.8 A 0 K3t B transition G SHE T EAoX Mendgg o B 2-22 5 H F
IR B 223 58RI %% -T7GHz /i » 44 9 5-032dB> wdp 4 5-12.96

dB -

L)

L) -

~— ~—

Front-End Transition
System

Antenna
Subtrate

SO A= :5)r\° (b)

=

F2-22 Transition (@)% & ()% 42 T K Fl(back-to-back)

A,

i LR

log MAG »Soq log MAG
REF @.@0 o8

B] 2-23  77GHz cpw-mstrip transition test (back-to-back)
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[- %] 2=~ i34 B(CHX2191 ~ CHU3277) » = g7 & & fic B > twist rat race
ring » AHAFIRAT B HRIEE A5V 5V-Pin=2dBm - B 2-24 3 EF T BB > 7R
BEET-RKTERE AR (CHU3277)rﬂ$aa] Mz X 12 dBm > £ £ 5:iF twist rat
race ring (insertion loss -5 dB){s P 7 & 4ads AR RAF Bo—- IRT R NI 2 B RPJEE B
S B R 7 ) RF 59154 % 0 BATR 0 247 B(CHU32TT) A 7 4odf — & % pladz 41
% 77 GHz # £ % B Layout 4 35U £ 4538 4 i & - seR T B4rH » CHU277 H - 8

» %@?J AU AE E > -Poutl 2 Pout2 &~ %] i¥5 LO 2 RF @ * fic & CHM2179a ;247 % %

‘384'.5GH'z Doubler

R Power Divider
tDoubler g

AF
~ 385GHz'Doubler
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[- K] % = 424 B(CHX2191 ~ CHU2277) > = B3 & 4 fie ® - twist Rat race
ring » % 4% B (CHM2179a) ; # /R i % :+5V ~-5V Pin=2 dBm - § 2-25 5 £ ¥ # 7 i ® -

Bl 2-26 = & p.% % - Conversion Loss % 5 17.5dB ~ RF %?] I x5 0~1.22dBm -

Rat Race Ring

2Tl 9 !
38.5GHz Delibler (?PHMZl?Qa

(CHU2277)

Power Divider
19.25GHz

Doubler

(CHX2191)

A 20

/A/A /./. 194 _ o \

— .
18 o .

01 \0—0/.

RF Output Power (dBm)
\>
\I
\
I
/
Conversion Loss (dB)
>
\
/
|
\

174 -
—=—1(up) - —u—1(up)
—a—a— —e—2(mid) e e 2(mid)

—4—3(low) —4— 3(low,
-1 T T 16 T T (low)
76.5 76.8 77.0 77.3 775 77.8 78.0 765 76.8 77.0 773 775 778 78.0

RF Output Frequency (GHz) RF Input Frequency (GHz)

(a) RF Output Power (b) Conversion Loss

Bl 2-26 - RTRERES
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[zx] =~ i34 B(CHX2191 ~ CHU2277) » = g7 & & fic B > twist rat race
ring > P /RNIEARAT R BARERIE A5V -5V-Pin=2dBm- ] 2-27 5 H 7T BB

Bl 2-28 = &% % - Conversion Loss % 5 19.5dB ~ RF %] ¥ x5 04~1.1dBm -

./.7.7
—e— -
5 \.\.\ /
\\‘\‘\‘\ -/.
— 44
£ o. =,
g T
= 34 -~
: T
o
o
5 27
=
8 A A A a—4—,
14 a—a—a—a—a— —
T /././-_S—l\A _-‘ )Aﬂ 5y s A A 4
—" A At
04 —n —u—1(up) A a2t —u—1(up)
—n —e— 2(mid) —e— 2(mid),
1 —4—3(low) || * 4 3(low)
76.5 76.8 770 77.3 775 77.8 80 76.8 770 773 75 77.8 78.0
RF Output Frequency (GHz) RF Input Frequency (GHz)
(a) RF Output Power (b) Conversion Loss

B 2-28 Z TR EPSH

d 2 BRADTHRSE S FIREH DT R TR AL R3S RF%J AU F 5 0R 1A
A HAF ® Conversion Loss # & > “f TREA D L e s 8 F 5 B 77 GHz Aot B4R

f 0 47 e twist rat race ring £ bond wire i = R R

-
N
Sk
&
3\
e
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