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A study on the uniplanar quasi-optical mixer

G. S. Yang

Abstract

A new uniplanar quasi-optical mixer which use the effect of orthogonal transition
characteristics in the folded slot antenna fed by slot line and coplanar waveguide on oppo-
site sides was presented.

In consideration of the surface wave generation and the whole circuit miniaturization.
duroid substrate (¢,=10.8, substrate thickness 0.254mm) was selected as a basic sub-
strate material. and whole circuit was designed at the center frequency of 10 GHz and pro-
duced in it as a uniplanar system using the printed circuit techniques.

Through the experiments, the minimum conversion loss of this mixer was confirmed to
8.2 dB at the frequency of 11 GHz LO signal(LO power level 8 dBm) and 11.6 GHz RF sig-
nal. this value is little bit high but circuit compactness of this configuration is more em-
phasized than the performance.

This proposed new quasi-optical mixer can remove the complexities and power losses in
the conventional quasi-optical mixer in which LO signal is fed through free space. and be-
cause all of it’s circuit can be made as a uniplanar circuit type. the manufacturing pro-

cess is so simple and also it has an advantage of the cost effectiveness.

* QY AHEAFSH 20

—_QFK_



-

HEgol & YA 716E olgstel ety V153t YA gL 2xte) 715 E B e AT
ge Bae 2uddt, 53 2 B8N wAolAE 7129 A AZYAA e RE YA
o HERES AR ZA o] BRo|M AT F = HEEAS FY 5 UL B okt g 7

I}

A g 5 i okge A e APy

a
¥°
fror
oX
o
o
x°
o
L
o
N
it
o
2
44
2
(o]
fru
o

o2 volazvdie HHY FHMRZEAME vle]az 2EgeRle] de] 851 on, o

T 718 FUE Agstodof sta S Fih EFE thole ot 22 AxE KAt YA A17]7] 9
A 7)ol THE HojokstER Az FHe] oz g waA "ot

obge] olelgt THE T wido] L FoFAME AL BRE doA KA &

£ 2l ¥ 7he 8= o

Z2)4 Coplanar waveguide(°]3} CPWgtx 34 Slot lines ©]-43tH
& ol Pt REFTY JAZF 2L WA o]FolA)7] Wil Fddzet B2 #F 4 ¢HUE F
UH Aol wi T = A3 AAI 2 71ES o] &ato] FAA AL F lonme Az FAO] b1
ob&2] A& vl &= 11 HAe T AertAl FH e et

&H CPW¢et Slot lineoll 93 § 45 = Folded slot QtHIUE AHEH CPW$ Slot line Fold-
ed slot 2tEIUS] slot line®}e] T ®7) MM 180° A2 Th2 AHEEAH S HYoZA HY Fo+ &
goll 223 A AAE FFAZE & Ug Bk ojye} £l AS(RF) 9 1780 A5 (LO) R =%
A Az F2F F5 AE(IF) Alel9] Isolationo] AHEH o2 o] Fo 2 A o] a3 Fa+ &
S 758l siE T

u}2}A] Folded slot <HEIYH] slot line’doll S—
g L gole=g Risto Fag £ '
dojuA 3tx, 1 A#E Arle FHFIF AR

T CPW 9% 8 53 4& F A= M=

rlo
oX.
ofr
1o
jid

1 o

o

& Fejo FME F PeHA wlE At A2} (a) cpw (b) slot line
sty 1 AFAE YZstaA} s} 12| 1 Folded slot QHE|L}oIlA] AlZ 2| SAFREA|.

2. Folded slot QHE|jL}

CPWU} Slot line®] Slot line®} T #7]& ©|&, 48 dE$A27F CPWold 54 &4, Slot lineel
W A Bujy} o] Foix e BASY B Folg £ Yo A4BAR BE317) st el
7} 7t CPWt Slot line©.2 F1%E Folded slot IS 7H4atech.

Folded slot {tHIU= microstrip folded dipole 2te|Uel M2 A HBAE o] F 22 Bookerd A&

~0A—



_.*oi._
S m—
Iy 'L, 1, I,
2 2
+ +ja b]- +lc d|+
v v
Lv_é = I + 106
-Te ¢+ Te -
_J.tJ::“"z"

% : transmission line mode  ,ntenna mode
(b) Folded slot (a) Sl 72 (b) HEH B2 () ey B=
12! 2 Folded dipole 2/EfLt2} folded slot 2tiLt. 22 3 Folded dipole ¢teto] 79t 1 57} 41,

ol @2} microstrip folded dipole ¢teiLte] A A48 &85 4= gt}

Zs = 7’)82/(4211) (1)
oy714 Zs= Folded slot ¢HelLte] dajwl 2o]m
Zs= Folded dipole <HHIVS] YA z0)

27 dY EH 22 34 DYHE "olA A Folded dipole $HElU+= Even, Odd mode® E3s}:=
Y 2 d5d3 o] T2, 7 FA-HNAY U dFgdres AgME 2=9) Y RE9] 9
T 2o s thgAla) o] FHE 4 U ojuf) I GH LS 2 = St A9 AL 2
= 9% e teuE diA] Al 5 o, W 2EY HEY A9 1 57 AR Wes B
T Ak

4z, - Z,
in — Z, +Ed (2)
A71M Z,=j Z, tan(kL/2) 24 Zo] L/2% ©&te 2 wire HE49] I 20| (g, o|wf 7, = rz:

cosh(D/d)). Zs= §7H217 2VaD20l 3 Zo] L]l A tholZe) g Y2z thgwt o] B
S

R,
Ra= sin?(kL/2) (3)
X
X, =—"r
47 sin(kL2) W

R = 2"; (c +ln(kL)—C,-(kL)+%sin(kL) X (S,(KL) - 25,(L) )

+%cos(kL)x c +1n(%—)+C,-(2kL)—2C,(kL) )} (5)



X, =
"4

"; {28,(KL) + cos(kL) (28,(kL)~S,(24L) )

— sin(kL )% [2C,»(kL)—C,~(2kL)—C,~(2k‘%Z) )} (6)

o} 714 C=0.5772(Euler’s constant)°] 1L, C;(x). Si(x) & ZA}
Qe L}e] wk o)t}

=3
e
>
r o
-3
M
ot
e
i
-
o
=
il
QO

rr

3. H¥Y Fu= 27|

BEY T Ve @Y tole = HA lE E EAolu 25Feol 54 0] Hojyr] Wl
dg) AHgEE olE 9 WYY ojF HYFPo g TR F Y. 9 Y Fog EPE 180
%2 90" HybridE 53l 429 2719 ©d 22} F35 E§17|2 o] Foizi,

13401 RF port¢} LO ports A2 33| Ael=ojof st £ ATl CPW4} Slot line?]
Hol BEA #olE T3 ol A 2AL FRAH2E 24E F UEE Yot YA SR Hybrid
coupler®] §A& Fulof wehr WA ==l vhkel £ AFoA AtE FxoAM e Fad Tt
A RF A3%9} LO A% Alo]e] & AHElE & LO portet IF poftQ}QJ A Ak 7Hed ¥Rk ol
2 HEY Fu Egtol] W F Y AT HFAIZ 5 A o

b Zbae TREA Fog e 293 RE 20S BESA  F 9Jong 32 FAHS U
3 & ¢ doke Ao| Atd TR E FHolgt & £ Ut A Fa EFS IR Aol HAe
A el = Hige] A v AP o] &3t o] Fof 2t

Z Fo g8 golesd 32E ARE g A 2ol yehd £ lon, whef to] Q= 17t

= Aol Golwt 7|53t o] $37} gl Wk

J

I=aV+bVi+cVi+dVi+t-- (7

4714 Vi thol 9= ol 7bEle Wke A RF A5 LO A5} goln thest 2ol veha
% Sl

V=Vgr COS(w,t) =V, COS(w,t) (8)

RFo—) = RFO— — .
TS = Low-PASS | - - LOW-PASS
FILTER IF FiLTER | X7
| °
LOO j A 180° LOO 90
(a) 180° 3tolH = (b) 90° 3tojr Y=

a3 4 ol HYY Fas £3019 el

_QQ_



714 + 7 5= LOAE 7} delta portoll A7HEw) 148 AS vebict,
A= FAFIF AT o] F opolesd 32 AFY Ao sjFsnr Pt FUFAS 25 9
oE FHS 1xIHE Fukete AL JT F gle dolt
235 AA] fste] AT E7t BashA s S8 32 7RG
PW =9 22t mAZ & 3] 2Hstn 2 71d3] 953 Qe 748 5

glo} Ush IF HEHe BT 4 AES ahodch,
4. Y 4 0

ARG 71EE B2 e] Aol Buivlel ¢S mejste] vlGHdE 10.80]3 71F FA7}F 0.254mm¢)
RogersAte] ofo]la 2 glo] B & 719 A3t}

el HAE Fir EFE thele =9 ¥2S 11889 slot line®] £& 0.4mm= 3H1 folded
slot®] 7+AL 0.8mm= AA3Ion, SHHLe] ol Nx1E n8ste FHAFHG
10GHzoA 7.78mm= Al &t5itt. HAE ALE 71F22 27 8cme ¥& duroid 7154 CPW F4
folded slot °H’—ﬂ‘+‘—‘" Azt o, Azt oteve] dudx —'—E,—"é‘—‘i— Hp 8510 Vector network
analyzers 38l 3743 A3 2175049} 2o] AA T4 FabrollA <z Hojut 11.22, 12.50GHz9

2847 3

rir
it

Aol B3E R [toh 59 =8V 2 M9 v} Q= Fette] W Ho| $AE FFoz MzreT)

LOXMZ+= CPW-Slot line Balung o839 IFHEE 3Hoen Fisgds tholecs
Hewlett Packard A2l HSCH 53208 Folded slot ¢tElW9] Slot lineF A 5-9] 4Zof] gy x o 2 uj
AR e, IF AE5E CPW 5% TAZS 24319 51 High-low 499~ BHE 3 Ao} (|22

CH1 Sy, log MAG 10 0B/ REF 0 a8 1 -27.8 o8 = ]
L] 2.a992 G e
ZeLey e %l"é Al st EFstm. RF A3:E
o IMARKER |1 aliie Aa
1P . 4992 [BHz 3 g
4 _e'};tz:éss)-cz
o
g
— /\/\ uT
T R 5! f§ f//\\
IR o
=
B
k]
2
©
START 2.0000 GHz STOP 17.0000 GHz (a) ED:‘ EHE'l (b) H‘ﬁ_ i“‘;:j
13 & Folded slot otejte] imjeis Sd. 12| 6 Folded slot QHE|LI2| HAIE A,

—_Q0—



—~——

] wirebonds ]
™ IF
balun INg -L—O—>
Y J L 1
m slotline = - - : :
At
CcPW
ILO Antenna

12 7 X2+l Quasi-optical mixer2| &l 1AM,

* - l Horn SHEILFE o] &3] 345 7pashaA o

2 T et AFAA Folded slot HelLbol 418 22 slu e

g | %, e A BYY T3 Tl RS sl 1 2

é ) °~‘~‘a;\\ ® ¥ dojAE= FFASF A5 BEE vlu A5}
i BTSN o MEELE % 5 A

° Gromrran o :_mo I A= 288 B uie) o] RF F3k4¢

| I W 11.6GHz. LO #34 11GHzolH 8.2dB2 7+

"’ ” RFlrequ;:\cy(GHz) \ K go o wa thh =8 248 UERA R o] ¢}

a7 8 ANE Foe pe 24, R

| =
N og8a & Aom. SEaxe Bgoly
MMICSol sl £4& BT + 9 ol 27 5 9 Holth

CPW¢$} Slot line A4 29 A4EA4 2o o] 4-3t4] Folded slot antenna7 %A &3 H
Y Fu4 o] YoULES stu A, Qe YelA A 7tA o AFHde FE& Agsto] o] F3ollA
o AEENL Y F UEE A3 N2 Feo FHY & F8H UM E AFstn 2P S5t
AL 7FERE E0 & 7 AU

ol Z#: 9 Quasi-optical mixerdlA FHL Nz FFS AFIHE Tl THSEE & A
71E 717) FA9 B AEEAE AAT F AT, ofgel EE A A= VeS o8
T o] A2HE 7hs] & 5 Qa FAlO] A EE AR 5 Qe FHE FES 28 5 AU

£3) o _/;\_x} T4< PR 23 Imaging array 50l o] 89 A% 329 7484 7]
oz AzbEy LO 27 2 S FEZ7] 58 AFstd MMIC3 & B¢ v Ass /148 &+ 2
SRo 2 A7tg

-100-



BEY F BAH YAl BY AT

2 A7 A Y post-doc. AFGOll g AFH] A Yol 28t ul= Univ. of Michi-

gan, Radiation Lab.olA] o] o] H&& vts|m] A 7] dol A #HAle] 28 A3txux} g

1)

2)

3)

4)

5)

6)

7)
8)

ot

rak

i

T. Itoh, “Planar quasi-optical circuit technology’ . 20th European microwave conference digest
1990. pp.83-88

L. Yuan. J. Paul. P. Yen. 140 GHz quasi-optical planar mixers . IEEE MTT-S digest 1982. pp.
374-375

V. D Hwang. T. Uwano. T. Itoh. "Quasi-optical integrated antenna and receiver front end’
IEEE Trans. Microwave theory and techniques. Vol MTT - 36. Jan. 1988. pp.80 -85

T. Hirota. Y. Tarusawa. H. Ogawa. ‘Uniplanar MMIC hybrid-A proposed new MMIC struc-
ture”. IEEE trans. microwave theory and technique Vol. MTT-35. June 1987. pp.576 - 581

G. A. Thiele, E. P. Ekelman. L. W. Henderson, “On the accuray of the transmission line model
of the folded dipole”. IEEE Trans on antennas and propagation. Vol. AP-28. Sep.1980. pp.700 -
703

R. W. Lampe. “Design formulas for an asymmetric coplanar strip folded dipole’. IEEE Trans
on Antennas and propagation. Vol. AP-33. Sep. 1985. pp.1028 - 1031

C. A Balanis. "Antenna theory analysis and design”. John Willey & Sons. 1982. pp.124. 294

K. D. Stephan. N. Camilleri. T. Itoh. "A quasi-optical polarization-duplexed balanced mixer for
millimeter-wave application”. IEEE trans. microwave theory & techniques. vol. MTT - 31. Feb.
1983. pp.164-170

-101-



€/Collection |



