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ABSTRACT This poper proposes the method of the balanced -mixer realization in the X-Band frequency range by
the MIC coplanar magic-tee. This magic -tee is composed with microstrip and slot, as suggested by Ronde, The cha-
racteristics of balancing and isolation in this magic-tee is more preferable to those of the rat—race or hybrid ring in
the wide frequency range. So, experimentally in this paper the characteristics of the MIC balanced-mixer are obtai-
ned with the VSWR less than 1.2(in Local and Signal Arms) and the Conversion Loss, 6 dB in that frequency range,
when the mixer is designed in the 3rd order (in E-arm) and 2nd order (in H-arm) Chebyshev matching networks,

and with two symmetrical Schottkey Barrier Diodes,

che Bfrel G5 Eka) w Rl ek,

L E @ oI5 mixeri I WHE ML A A o AR O)

nfo] ARG 2|2 201 2k o} ol MIC éMicro- ANaTfESE= 3} image —frequency & A 2] 8} = d]
wave Integrated Circuit)n|f & dr.0,0 8 3} wb of ] 7} [Wgghe] ot
< BREE do 53 BRSNS B MK B M mixer &+ F ool {Ajshe Zolalkg ol
& MIC{tshe ol ep 2 magic -tee S {#Jflked M -mixer & MK T O 2
VAL W M LE LA LEEL wpFo A 4 b o] FO EHE el
wlzl 4] microwavell o] A = hybrid [C= 4 Mk v o) magic -tee: KBRS JbA
al7] 18k Zolvh, =ebA il 2 Radar & Ao g el ol A& #RE e oul s
of A &8t microstripS  FIH Sk mixer & 4+ of g},
single—ended mixer, ring—hybrid mixer %o| ko] {fi alel & ARFIEol 4 = Ronde Bl 215Fe]  HERK

AEEu o]AS FAESE 22 olHel &k magic-tee s FIH 5hed JEMTEK MIC mixer 2
Wt el o] magic teed- JEI B HitEo) octave

T ONARE S L _ “band f 5 ol I A o] o isolation#pE o] ol o) 3]
Dept. of Electronic Engineering, Incheon College, Incheon, = - o N =
160 Korea 7] el Fmixer® A= B A gl
HuEW o8- 11 (EQ 1982.6. 9 ) g Fol 7ha A ghapet 9C
71

www.dbpia.co.kr



HMEAEH ML '82-6 Vol.7 No.2

2. Schottkey barrier diode 2] conductance S
diode 2| mixing4¥ 14

mixer [ <= [IER # o) JERT RS ORI
SRR oful & febw o] HiEE b n 90w
AT 9 vk, 22y 58l Jegfipke) Fa
witte]l F-2- ol A9l FE {71 Schottkey -bar-
rier diode¢]t},

o| diode= ‘|i#fkoll HBE A7 LF2
hybrid junction diode 2 4 2+-2 {SSR T ML 4 B
o HIfiE3}t7l ah-Foll mbol 2k inlgkell 4 ik %
mixer & 4 dz] FIHEH s cl. o] diode®] wlolel A~

T B AR

I=Is[exp<%>"lJ (1)
olm of 71 4 I=As T*exp (— OBN/ kT)
Ar-Z Richardson’ify 8ol = BN kool A ¢
potential barrier¢|t},

Aol 4 EE Ve 858 A biasBERE Voot
RFERE V,cosw, 18] gre) slA qi7ba o (V, <€
Vo), E)EBhol A diode conductance= g(t)=d,/
dol Vo & iz g5 5l 7] ol ol

o) =1e[ 145 Zli"((:v‘f‘))
otk 37| A Lie=ualsl, (aV,)exp(aVy)

I» (X) = modified Besselpi ol = a=e/kT o]
o},

X 2l ~#Yes

g(t)=gm+§; gmcOS N t (3)
7t ek =eb 4 RFESR V. cos w, t7} 91 7Hd o
n¢k harmonicsoll ¥+ conductance +

gn=21lpc I (aV\)/ L (a Vi)o] e}

1% 13 722 single—ended mixeroll 4 1 Eh{’E
3 W1 i—f signalzl imagefE 5ol A S o}
W rz}p ghef

w Sin w, t] (2)

Low
) —o
Vgt Vi Pass \F

Dy

Volbias)

A8l 1 Single-ended # Y %
Single ~ended mixer.

72

A5 dioded| Ql7bE v ERES

L V=Vt Vicosat+ Vicoswst 4)
o714 Vicos wsts EREM O™ Vicos mt =
Fe 0 4 i A E o]}

A @F Dol LAt Bk i &

Taylor Bl

Aerdoz

[= Vs cos ws t?di:— i v=V,+ Vi cosart

+~% Vicos® ws tg‘;,
A7 A {SHREEZ S Verl divksl Ayl AF
off 2B ES 1Kk HAN siste] s
i=g(t)Vscoswst (5)
7 sl K (308 (Blell fhAsHH
i = gme Vs cos wsl+ g gm Vs cos nwp tcos wst
(6)

v=V,+ V, cos w I+

7b sl

A (6l 4 et BEBE ws, N tes7h
Slef 4714 B = FERES 2 single-
ended mixer 7} X ch.

it ol E AHWEHAA W wsw THIHE
FREE o IFREY lo—wslé 32
2 Fpwor "ol =eld BEBRBAR N
AR s A= elot,

=gt nw,twsoll A4 n>28 ASE olu) gk
T HE Mol 28 5% n=24 o 20,
—ws | ¥ R MBEE R A B et

ol AN 7l image M Bol o R Mol
o Eh EME O] mixeril & ©] impedance matchingli
Mol dgkg oA vl =Hely o] oy E i-f
W, RHMEERS 2 Eikd vlsted A4 2
Blhed Jolggoll odskel vhebibxl ogAl Mok ghel,
A ()l A ifGoll HE imagelK FIE r olel
sk K6l 218k r=1 (aV))/1 (aVi)ol Rt}
Z o) ol sl imagerX 7 2] modified Bessel
p el groll whebd Ael 2l =ebd o] rah s
fTEESE BR Eolz] $ldled oVigh& ZAl efslof
gheb, @V <0.181 7-%oll 7<0.010] == o] #
ol 4 & image F-& i-fH ol =l3te] ol
2be- Zhol ®% o 4 ek wepAd rghd F4
4 image ol vhebrb x| XA ol $15ted B
RIEMES] JRigS Fojok ghch

3. MIC Magic-Tee F#imixer iR % 1 E

L 159
T fymixer & B S+ H -2 3—dB coupler %
< hybrid ‘ringoll 218} kel dovt A 4=

www.dbpia.co.kr



i L/MIC Magic-Teeoll 2|§ X-Band Balanced Mixer

8l 2 Hyhrid-teeoll 213 3 Jmixer
Balanced mixer by hybrid -tee.

Hds"iﬁlﬁi’tol 72 B-& magic—teeol] 2|3 Fik
+ FlAs7 12 ol 28 29 Z2MKBE BN
ted Lol A REEKREH T D, Dol [z
o2 HEHT EWREMES D, Dol 180° B fr Ml
£ Ao okEo = HiEsct V.3 ViE wF
o5 s}53dkc)l. o] = diode Dy,D,0l 32E %
B i % e R (6] °lsle

L1 = Gmo VS+§ gn‘Z/S [COS(nwL+ws)t+

cos (nw,— ws) t) (7~ a)

l2= —gmo Vs— i g..Vs [COS(nwL+w5)t

+cos (nw, — ws) t] (7-b)
7} "Heb o] Bt AESENE A Fol IF
H Hgdl Jdetde= B i<
i=1i,—1,
=2Gmo Vs +§; Im Vs [cos (naw, + ws) ¢
+cos (nw;- ws) ) (8)
o},

R
AZA = K (Bl A AR 2 F el s
= ¥t A A 2R BRI PRIA
¥ B

{r=gm Vs cos (w,— ws) L (9)

a2k e S & FE PCBHIKZ
7] ¢k Ronde 140 o] 5led HERKE magic

~tee[ol & FIA 3FL =} gtel. o] magic[H1gE Fi

H3led Fhgmixer& 18 33 & MIC [MgE
BRYE F dew A4 ddeR A fy
& microstrip[ilgo| = B2 H Foe A
2] slot fgB& ol v,

Z 7 9 IF ol EEEB filter s

Zs

Zo

% | Vie
Volbias)

O3 MIC magic-teeol] 213} mixer &} +X
mixer structure by MIC magic-tee,

Vs

microstrip3}l slot A} o] £} A8+ S.B Cohn(m

Foll o3t MR o ‘Rli"% E-armz} H-arm?|
isolation-= Rondeol] ¢}3}led 30dBLL L o] ®lcl: 7
o] ¥ra&dsdct,

I3l 4 RMBEREE Vool SREE Voot
Ql 7bEl = #1472 magic-tee 2] E, H-armolg} &
T Ao olgd 5 50Q°2 i dulolg s
2 HESY et E-armel 4 ¥ =z (500Q)
L2 fyEslel Aot /40l Z, Z stub R r}
o] 29t olsjolud A E BH A K7} slot—st-
rip gapoll 4 @ %2 coupling®] 7} =HFof] 2@ 4
(a)sh 72 ZEHRE BRY + ot 22 H
#o2 Hearmoll 4= Z, Z, ¥ rlo]e$x 2] |
B Z, strip?l # BEolA WHIE @ =)
W Eoll 2% 4(b)et 22 FEIIE T HER Sl
o] =} microstrip¥}t slot 2} EAFHEE HEE
Fol ek 100l ko] ® @} I 5 A7t microstrip
fEx wlmd A9 A2 1o Aty Aol o3
2 g}

a}zl 4 E-armel microstripe] slotoll 4 &

73

www.dbpia.co.kr



R A

'82-6 Vol.7 No.2

el A deld 4 edan
HER R A ket = ol
a} e} 41 MIC magic -teeol] 28} |

PE= chol &S 1nmik ol A4 Fiphel f M
transformer Z; 9} stub Zgol Wi{iitkel] <] 50Q -

ahoil 570 4171

2Nl B s ek

4, BEMKRETHE H BES FH mixer tF
4-1 BERBEREFE

5082 — 2208 schottkey barrier diode =
2 owbo) AR P AT /) 5k O % A4 ¥ o)

1.0 A/4 from carrier freq.

\
—O— —O— ~O—— Q
R
Zo Z3 z, ¢ %s/2 D/2
o —0 —0- -G
(b) H—arm
agl4 EH arm @) 54 s
Fquivalent circuit in E.H arms,
T transformer & B 3M it o]

I K T fymixer

IIUQL I [“I £11m9] O”lj](ill,‘t /rlrlk.

BRI B

7ol & i

¥il% Hewlett Pockardjl #145¢l

b Ao 3%

glafol gl

Aﬁn”l) O

www.dbpia.co.kr

TRERS
glalo) i~ & ot

o rhole

VY AR P of] 4]

13)-& iR

(1Y chol e 1ol o) sl o) gl ~ o

L ]
Abole] 4 tlo] o &
7V b W shehe)

st transformer X

=ozh4) 9
o) A

50Qef <z

al

Epsilam - 107] 3} (L#EE 4 72— FHii .
10.5 xv— Sy @

W05

st
= RFfS8%ol e shed 1
oLoof o714
St 1 ,ﬂ}—

X — Band (8~ 12GHz)
RFE Y aleld A2 =
AL 28 3 M AS4—stub X
R A
N 8 10GHzol A A/45 & o Hept
29k ZgE A prupsle ok ket
4= X -Band el

alolgl s

2] 5}

R 15 8}~



& X /MIC Magic-Teedl 2|4t X-Band Balanced Mixer
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(a) E—arm (b) H—arm
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Equjvalent circuit with the impedance matched diodes.

H-arm VSWR (Theoretical)

_____ E—arm VSWR (Theoretical) Conversion
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Characteristics of MIC bhalanced mixer.
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