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Techniques of directional couplers’ miniaturization

a)quasi-lumped element approach
b)connection of tightly coupled and uncoupled lines

» The influence of parasitic couplings between L and C elements in directional

couplers

a)modelling of folded coupled inductors
b)utilization of the proposed model to improve directivity and impedance match

» Possibility of realization and miniaturization of the directional couplers designed
in LTCC technology

»  Possibility of realization and miniaturization of the directional couplers designed
in thick-film technology and the thick-film-laminate technology

e Results



couplers:

] J The miniaturization techniques of directional
GH quasi-lumped element approach

Project steps
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[1] K. Wincza and S. Gruszczynski, ,Miniaturized quasi-lumped coupled-line single-section and multisection directional couplers”, IEEE Trans. Microwave Theory and Tech.,

vol. 58, no. 11, ii 2924-2931, Nov. 2010.



M uJ The miniaturization techniques of directional couplers:
connection of tightly coupled and uncoupled lines

Project steps
» choice of the operating frequency, characteristic
impedance and the coupling k (k) of the

Ze Ko directional coupler
#1 o—] F—#3  calculation of the required mutual capacitance [2]
#2 o—] F—o#4 * calculation of the coupled-line section’s length 6,
®nom=90 deg [2]
\“/  calculation of the uncoupled-line section’s length
Kmax 7 Kman O [2]

e T P I L
W{:bﬁ:«z Influence of the number of subsections n on
i O ! i e

5 By Bo directional coupler parameters
0 : , « number of n has no influence on izolation and
1*section ' 0%ection n"section Impedance match
* lower n causes the increase of the error of 6., and
6,, calculations
 thd smaller n the greater the shortening of 4, is
required
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N

[2] K. Wincza and S. Gruszczynski, ,Theoretical limits on miniaturization of directional couplers designed as a connection of tightly coupled and uncoupled lines”, Microwave

and Oitical Technoloii Letters, vol. 55, no. 1, ii 223-230, Jan. 2012.



MJ The influence of couplings between L and C elements in
directional coupler

AGH
#3 Assumptions
* Physical length and width of the strips (a)
1 #4 and (b) are the same
* The coupled inductors hav been designed
#2 in the same dielectric structure
(b)
SR — e S
L I ground
I h = 1.525 mm
f metal #1 \
RN h=0.025MM e < €r=3.38
_—— h=1.525mm metal#2
ground

Frequency (GHz)



mJJ The influence of coupling between L and C elements Iin

Lu directional:
AGH Modeling of folded coupled inductors

Modeling of the influence of coupled inductors’

» #4 " #4 folding
 design of directional coupler with the use of quasi-
lumped element technique (assuming k, f,, Z, and n)

[1]

 calculation of the parameters of the stright coupled-
line section designed in a chosen dielectric layer (Z
Zyo)

* Modeling of the influence of folding with the use of
lumped elements added to the ideal coupled-line
section (curves’ fitting)

oe?
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Utilization of the proposed model to improve directivity

and impedance match
AGH
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[3] S. Gruszczynski and K. Wincza, ,Generalized methods for the design of quasi-ideal symmetric and asymmetric coupled-line section and directional couplers”, IEEE Trans.
Microwave Theory and Tech., vol. 59, no. 7, pp. 1709-1718, Jul. 2011.
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|J_I Experimental verification of the proposed model
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Possibility of realization and miniaturization of the
directional couplers designed in LTCC technology
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MmJJJ Possibility of realization and miniaturization of the
directional couplers designed in thick-film technology
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Advantages of the thick-film technology
* Low cost in high volume

« Compact design
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Possibility of realization and miniaturization of the

directional couplers designed in thick-film-laminate

AGH technology
I|::1|| air 2 metal #2
h, € 0 metal #1
«T)
h, €n
ground
I ::: — E— Wy, = 0.15 mm, &, = 3.38, &, = 30,
11 hl = 0.762 mm’ h2 = 0.16 mm
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Advantages of thick-film-laminate technology
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« Low cost in high volume
« Compact size
« High coupling coefficients can be obtained
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