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Size—Reduction of Frequency Mixers Using Artificial Dielectric Substrate
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Abstract — A size-reduced high frequency mixer designed by adopting artificial dielectric substrate is described in this
work. The artificial dielectric substrate is composed by stacking the lower substrate in which a lot of metalized via—-holes
exist, and upper substrate on which microstrip lines are realized. The effective dielectric constant increases due to the
inserted lots of via-holes, and this may be applied to size-reduction of high frequency circuits. In this work, in order to
present an application example of size-reduction for active high frequency circuits using the artificial dielectric substrate,
a 8GHz single gate mixer is miniaturized and measured. It is described that the basic circuit elements for mixers such
as hybrid, low pass filter, and matching networks can be replaced by the artificial dielectric substrate for size-reduction.
The final mixer has 55% of size compared to the normal one. The measured average conversion gain is around 3dB

which is almost similar result as the normal circuit.
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Fig. 1 Structure of normal microstrip line and single layer
dielectric substrate
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Fig. 2 Microstrip line on the artificial dielectric substrate with
lots of periodic via-holes
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Fig. 3 Side-view of the microstrip line on the artificial
dielectric substrate

2o 93 ZZEEFY (prototype) 32 A Ze] AgE ¢
ato] go] 2291 2 T/ FHA 71#E AREETH HL
I H2%E 99 @& A & dedl, B dFdA e 44
Smils, 31milsE AF-&3F3i T

A7 B35 o) Mol gL AdSE AFHEE A9
sh= QA7) sel Slstel, A=} vhEk FAW Apol it
ohe WlolE T AEHAZ Abel, e x W& v F-e]
AW Aol A FbHel AsAE A By HBE
Wl Aolg ARzt 20 FAbshe e gt
depd B §94 JlRew TAY BEd dsamd v

e

stod frE frrl&ol AA FTUMe &9 E 4 He=E,
=94 Zdold wl H7A Aoyt ZA FrtetAl "k we
A EdE A7A Aols w7 fdte] EElA Zols #
ofof stz olf = Qlato] o]FHA 7HAS o] &3
TAEA HH 3z A7E dF Y F A
Al 10,111

& a2, H1Z H27F 247 5 mils, 3lmils$! Q2] #3 A
7% FA(H)7F 36mils?) XF=H 7% o] &kl wlo]a
Z2EY AFHAZE AASY vlud 5 ok 50Q AEA
2o Aol x5 7|HeAE AFo] 27mmd o]
AA 71l A= 1.28mmeltH9l ek 1GHzol Al A/49] 2
ol Hwd WW, BF¥ 7|BAAME 547mmAul v st
o] A 71%@11*1# 42mmel  E¥Fair). o9k fFALSHA
707Q AFAZE wws] W 1GHzel A ¥+3¥ vlolaz
2EY AFdre A AEFI A49 Hele 4z
1.56mmet  55.7mmeol A%, Ao]HFHA  v|FelA = 7
0.7mm¢} 43.2mmoll & 33t}

01‘

3. Fulx EE|e 4A8Hs dA 88

B el Arlsk e @S 2159 329 4A¥3
AAle HE3 = Adgs Woly] Pk, & A=A Fihs
3719 ¥l doFAA THTEI §8E F AF
= Bt FIs E3rie FAEAdolY WEALH] F
FA7Iel A obF 2y AHREE dRY sEsE e
otk sk JEE Ad veFd RF s & 4 27

o] =z 7] (local oscillator, LO)9F EFAA F Fu44=9]
Sty 2ol | FEt= F3FF 3= (intermediate frequency, IF)
41

AEE FYoE UFE 7es o2l

IF Matching & DC bias

Branch Ling
RF  Hybrid Coupler

Lo

-
Fig. 4 Basic block diagram of a single-gate frequency
mixer
29 4E J1RAQ Bl AolE FRSERY] sz &
£ thole] 1y g welF 1 glth RF F94 A58 3 ol



ol LO ANz E Z¥sr] 99
RF A§ 3|27} 91Xt} FETelA 5
i, TF Ags| 2ol o]o] A

,_
i
)

t7] &2ol o] o] A

15 Egol ol Fol4

)

&l

3}7] (low-pass filter,
LPR)oA et IF2eawrs deA 29uzta ByFe
T4l Hsta Utk B =FolAe AR e Fua
EE7IE AASIE THE Agtste Ad 1 H¥{ES T
AL oty rnz Futg TV AA L A o]Eo #S A
At 71Ee AR guk 2 A s dofdA 7
A& ol g3l BTy VRS ARES A gl st fAbg
AeE Ho|HAME 3|29 AV|E UF AAAZE F A5 S

90" Hybrid Coupler

RF Malching
&DC Bias

O 5 27 J|EHez MdAS FusEgrle Holotg
(66.3x59.6m)

Fig. 5 Layout of the frequency mixer using the normal
substrate (66.3x59.6m)

90" Hybrid Coupler

RF Matching
&DCBias

% 6 o RAA Z|Hez MAS FusEETY|S oot
R (50%43.2mr)
Fig. 6 Layout of the frequency mixer using the ADS
substrate(50x43.2mm)
a9 58 M BAE flato] HfH o] 22013 FAATL
36milsel %7 7|Boz A FoFERHY] R ¥

oletx& HolFa 9tk RFe LO F3t++ 27 8GHzeh
10GHzel ™, IFE 2GHzolth. whetA Z237]¢k RF 433 =
= 8GHz AzE 9g3td, a8 IF A3 =9 LPFE=
2GHz 2135 $l8te] 2AHATY. AH8H FET Aat2% vl
olZ23 Wy EdMA 2B FHX3BLGE A3tk =z
AEs 25 A shte] FaE37] g2z A e
dojobs Sdd Ay, I bell 1Y kel 2o
66.3x59.6mm(=3,952mt) 2] =71 & 7} T}

a9 6 YA 7)He Hgato] 2PEA FHs

Trans. KIEE. Vol. 62, No. 5, MAY, 2013

E@719) dololg wolFm gk JolfAA BT
= 9late] 2% 30]4 d=0.8mm, p=1.3mme] F714<& 3t
gk WS Mag ekl EFY FAFEY] A=st
FAF Aoz doleb g WA AA 23t 19 6
of 1<l H}QP o] 50x43.2mi(=2,160mm) 2] Z7]|E 7 =),
| oF 55%el shgehi Aotk AAl @ olo}
WAl A8 Avsol 298 & Ars
% EEGol makol oF 60% olule] =%
o,

ml

1

._W‘_,JEOBL

e
av)
]

N

»
o

M Mo O
ot =
S~
w g T
o & g0
o g AN
I

o
s

jo

.
-
4 3ze M 2 ¥5 5

719k ol AAT A2¥3E FoFEFI) A5
A3l7] 913le] AAR 22 ARAT. WA ) H Az
7129 X1127]‘*%% k! H]"rﬁ%ol 22013 %
(H2)7} 3lmilsQ] #7344 7)o A Zo] 0.8mmolal 374
°l 1.3mm¢l th<] H]°1 = A o}"jf/} ad 72 oA
AZALD o2 A27)HZ=e] S oA L HoFu gtk

m

2

ll

<]

a8 7 MEE Qo
o ot ™)

Fig. 7 Photos of the fabricated second substrate for ADS
(top, bottom)
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