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Multilayer MMIC Broad-Side Coupler
with a Symmetric Structure
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Abstract—A multilayer monolithic microwave integrated cir- Strip conductor € #4  #3
cuit (MMIC) broad-side coupler that has a symmetric structure Strip conductor B Strip conductor D
has been fabricated and demonstrated. To enable the coupler area gy, conductor a e
to be reduced, the width of the coupled lines in the fabricated s . Polyimi
coupler is made as narrow as 15:m by using a meander-like _;j_\ i
configuration. The coupled lines are 2.28-mm long and effectively e Y7k 1
laid out in a small area of 0.9 mmx 0.12 mm. The device works s R f 77
well and has good performance at frequencies between 10-17.5 4 etal "“L"g /,
GHz, with coupling loss of 4.2+ 0.4 dB and return loss of better - G;ﬁj #o#2
than 20 dB. This newly developed coupler offers advantages of
simple symmetric design and small circuit area. Fig. 1. Structure of the multilayer symmetric broad-side coupler.

Index Terms—Broad-side coupler, multilayer MMIC, symmet-
ric structure.
symmetric structure is described. The fabricated symmetric

coupler shows good performance in the frequency range

I INTRODUCTION between 10-17.5 GHz.
OWER combining and dividing with a phase shift is a
useful technique for eliminating undesired signals, such Il. STRUCTURE

as nth-order distortions, inter-modulations, images, etc. In The structure of the proposed multilaver svmmetric broad
microwave circuits, quadrature hybrids or distributed-line cou- e coupler is shown F;] Fp 1 The coy Iery's composed of
plers are commonly used for this purpose. Nowadays, there i?g upler 1 wn in Fg. L. upler 1 P

demand for highly integrated monolithic microwave integrate‘guré):;a”el sftnp cofnductpc:rs al?(ljﬁlm—thuik.gr_gunf(_jl mgtal O? q
circuits (MMIC'’s), and therefore some of them are require N S waler surface. A multiiayer polyimide iim 1S coate

to include quadrature hybrids or distributed-line couplerg.n the ground. Its top surface is flat, and its t_hlckness, h2,
Generally, however, hybrids and couplers occupy a lar e9 #m on the ground metal. There are two stnp c_onductors
area in MMIC's because they are essentially composed and D located on the top surface of the polyimide above

quarter-wavelength transmission lines. Large chip size meé g_ground metal, as shown in Fig. 1. Both conductors have
high cost, and thus a number of approaches to overco idth (w2) of 5um, and the gap between them (s2) is also

the size problem have been proposed [1], [2]. The size } - There are two more strip_ con_ductors A and C on an
quadrature branch-line hybrids can be reduced by the qu g}_ermedlate layer in the polyimide film, located just below

; : : nductors B and D, respectively. The height of the layer
lumped elements method, but their operation bandwmthfusing conductors A and C (h1) is 6 from the ground

, i.e., 20% I f th ter f 1 .
very narrow, 1. 6 or less of the center frequency [ etal. Both conductors A and C have a width (wl) ofu3,

Distributed-line couplers, however, are able to work in wid Qd the gap between them (s1) is. When strip conductors

frequency bands. Heretofore, distributed-line couplers haz -
been fabricated on a planer structures by edge-coupling sfr pand D are connected to each other as shown in Fig. 1, the

lines. The strip lines are usually interdigitated to accommod:’:\q’gO s|tr|ps behavte (;":e a S|Egltehllne. S(;”tlz CO?dUCt?r:S fB andtI_D
coupling factors of 3 dB [3], though, so shortening or bendin € also connected to each other, and therefore, the four Strips

of such lines is difficult. A broad-side coupler with a tigh ork as a broad-side symmetrical coupler. The width of the

coupling factor of 3 dB has been obtained through the uggtlre coupled line structure is only 1zm, allowing us to

of the multilayer MMIC process [2]. It is constructed with9've ita mea_nde_r-like cqnfiguration and, as a result, obtain a

two strip lines on different layers and ground metal below tHE O reduction in the circuit area.

strips. Its size can be reduced by using a meander-like layout.

However, its structure is inconveniently asymmetric. In this

letter, a newly proposed multilayer broad-side coupler with a The coupler is designed to operate at a center frequency of
14 GHz and is required to have a length of 2.28 mm. Fig. 2
shows a photograph of the fabricated symmetric broad-side

Ill. EXPERIMENTAL RESULTS
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Fig. 2. Photograph of the MMIC symmetric broad-side coupler.
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20 _ ----------------- 3 A symmetric type of multilayer MMIC broad-side coupler
L sn1 (remm'i;;;j---------"“ ] has been fabricated and demonstrated. The coupler shows good
25 - performance, even though its size is significantly reduced by
F | | . 1 the use of a meander-like configuration. This newly developed
30 5 10 15 20 25 coupler has the advantages of simple symmetric design and

Frequency [GHz] small circuit area, making it especially suitable for highly

integrated and size-restricted MMIC's.
Fig. 3. Amplitude characteristics of the coupler.
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