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A 3-D Broadband Dual-Layer Multiaperture
Microstrip Directional Coupler

Chunlei Wang Senior Member, IEEEand Kai ChangFellow, IEEE

Abstract—A three—dimensional (3-D) broadband dual-layer Port 1 (Feed port) Port 3 (Coupled port)
multiaperature microstrip directional coupler is presented in N
this paper. The dual-layer, multiaperature directional coupler '
consists of two-layer back-to-back substrates with 15 small cou-
pling apertures on the center ground plane. A novel rectangular
multiaperature coupling structure with very small width is used - :
to greatly extend the bandwidth and operating frequency of Port 4 (Isolation port) Port 2 (Through port)
the coupler. The 2.4 dB coupling variation bandwidth of the Top view (dashed lines for circuits on the other side)
couplers is more than 1.5 octaves from 9.79 to 29.55 GHz. The
insertion losses, return losses at all ports and directivities, are
better than 1.7 dB, 10.26 dB, and 10.3 dB over the bandwidth,
respectively. The measurements agree well with the simulations.

Index Terms—3-D structure, directional coupler, multilayer cir-
cuits, packaging and integration.

|I. INTRODUCTION

N the recent decade, engineers developed various RF/mi-
crowave modules with high performance, light-weight, and Ton mi i
. L S P microstrip i, Ground pl
compact-size [1], [2]. The modules had widespread application M
in telecommunications, radar, and information systems. Light- oo ionieo oo LatIEoINE O INES)
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weight and compact-size RF/microwave circuits are especially (W A W © R I O A A A O A O R @)
critical in hand-held, airborne and satellite communication sys- W—C
tems. The three—dimensional (3-D) RF/microwave circuits with T Bottom Microstrip
multilayer substrates have been developed for reducing size and
weight of the RF/microwave modules and increasing their in-

tegration scale [3]. The 3-D RF/microwave circuits have hatly. 1. Layout of the dual-layer multiaperature coupler.
many applications in the device, circuit, and module integration

although the development of the 3-D RF/microwave circuits {fa¢ the 30 dB coupler works well at a broader bandwidth of

just beginning. o _ more than 2 octaves from 7.13 to 33.92 GHz if a more relaxed
The multilayer microwave circuits developed in the past al%upling variation of=5 dB is allowed.

included the dual-layer directional coupler. But, the previous
reported couplers only operated over a narrow bandwidth of
less than 2 GHz and at low operating frequencies below 11
GHz [4]-[8]. The dual-layer couplers presented in this paper uti- The circuit layout of a dual-layer multiaperature directional
lize a novel rectangular multiaperature structure with very smapupler is shown in Fig. 1. The coupling coefficigfitand di-
width. The couplers operate over a much wider bandwidth af@Ftivity of the coupletD in dB can be defined as [9]

at a much higher frequency compared with the previous ones.
The coupling coefficients of the couplers are designed to be 6,
11, and 30 dB. Measured results show that the bandwidth with
+2.4 dB coupling variation is more than 1.5 octaves from 9.79 E,
to 29.55 GHz and the directivities are more than 10.3 dB even D = — 20Log o
for the coupler with a small coupling of 30 dB. ThHel.5 dB 3
coupling bandwidth of the couplers is more than 1 octave froppere

14 to 29 GHz. The simulations and measurements further show

Ground plane with apertures

Side view

Il. CONFIGURATIONS AND THEORY
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dual-layer multiaperature coupling structufig,is the propaga-

tion constant at the center frequenkys a constant to be deter-Fig. 2. Insertion loss, coupling, and isolation of the 30 dB coupler.
mined, andz,, andb,, are the width and length of theth aper-
ture, respectively. Assuming thaf is an even number (an odd o Ja

. ) _ rm—— ———————

number of apertures) and the coupler is symmetrigak(bp = & ;> f lnserion lss (s21) > — e B

anxby,a1xb = ay_1xXby_1,a9Xby = ay_axby_2,...), g B =~ A {Coupling (831, 831_'7 — 531 Moas. (d8)
couplers with different responses will be achieved by equalirg 2 A i J :}é‘% —'—::: Zeas{ i’dB)(dB)
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whereK and#d,, are constants to be determined and polynomial
Py (sec,, cos#) may be a binomial (maximum flat), or Cheby-Fig. 3.  Insertion loss, coupling, and isolation of the 11 dB coupler.
shev polynomial, etc. Multiaperature, dual-layer microstrip di-

rectional couplers with different coupling coefficientscan be di. ) e
signed with the above method and small-hole coupling theor® 1-8 ‘
g '15 [ ™ Insertion loss (dB) | & |~ S21 Meas. (dB)
3 20 Y I YA
n - P el L 5] 831 Meas. (dB)
I1l. SIMULATIONS AND MEASUREMENTS OF T %g FAVAY F X7 Y| —— 541 Meas. (dB)
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plers with Chebyshev responses are designed. Aperture dim®? :gg P I I I D I P
sionsa,, x bn(@ =0,1,2,..., 7) of the coupIer; with dlﬁergnt 2 6 10 14 18 22 26 30 34
coupling coefficients and constaittare determined by solving Frequency (GHz)

(4) and using the method of the multi-section matching trans-

former [9]. The couplers are simulated by Agilent HFSS Eled&ig. 4. Insertion loss, coupling, and isolation of the 6 dB coupler.
tromagnetic Simulator [10]. The coupling coefficients of the
15-aperture couplers are designedto be 6, 11, and 30 dB, resj 0
tively. The couplers’ structure is shown in Fig. 1. The 15-ape & S
ture dual-layer directional couplers are fabricated on 10-mi’y e A il QA

thick Rogers 5880 Duroid substrates with dielectric constant S ;2 i B A ATl

2.2. Experiments show that the larger the widthand length  § o5 AT YA U !

b,, of the apertures are, the stronger the coupling is. The var 30 jﬁ ]‘i \ V¥ yu¥

tion of lengthd,, does not significantly affect the directivity and  _35 P ;

bandwidth of the couplers. But, increasing width beyond 8 2 6 10 14 18 22 26 30 34
mils would reduce the directivity and bandwidth. Frequency (GHz)

Aperture dimensions of the couplers are shown in Table I.
The widthsa,, of all apertures are fixed at 5 mils. The distancE'9- 5- Measured S33 of the 11 dB coupler.
£ between the two neighboring apertures is 100 mils. The width
of each aperture is chosen to be 5 mils mainly because thiskown in Fig. 4. The bandwidths of all these three couplers with
the minimum dimension that could be accurately etched. Thet2.4 dB coupling variation are more than 1.5 octaves. The 1.5
simulations show that the operating frequency and bandwidiB coupling bandwidth of the couplers is more than 1 octave
of the couplers can be increased if the apertures with smalfesm 14 to 29 GHz. Measured isolations of the 6, 11, and 30
width a,, are used. The simulated and measured results for thel&couplers shown in Figs. 2—-4 are more than 10.3, 11.52, and
three couplers are shown in Figs. 2-5. The measured resultsl dB, respectively. Figs. 2—-4 show that measured insertion
indicate that thet2.4 dB coupling variation bandwidth is fromlosses are less than 1.7 dB. Measured return losses of these three
9.79 to 32.78 GHz for the 30 dB coupler, as shown in Fig. @uplers are better than 12, 10.2, and 11 dB, respectively, over
and from 9.6 to 31.45 GHz for the 11 dB coupler, as showhe bandwidth. Fig. 5 shows the measured return loss S33 of
in Fig. 3, and from 9.41 to 29.55 GHz for the 6 dB coupler, ake 11 dB coupler. The performance of the return losses of the
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couplers at the other ports is similar with the one shown in Fig. 5.[2] A. M. Ferendeci, B. Liu, H. Huang, M. Mah, and L. Liou, “3-D multi-
The measurements agree well with the simulations. layer monolithic microwaveX/ ®) passive transmitter module,” 999
IEEE MTT-S Int. Microwave Symp. Djgol. 2, Anaheim, CA, June
1999, pp. 445-448.
IV. CONCLUSION [3] R. M. Henderson, T. M. Weller, and L. R. B. Katehi, “Three-dimen-
. . . . . sional, W-band circuits using Si micromachining,” 999 IEEE
This paper describes several microstrip 3-D multiaperature  mMTT-S Int. Microwave Symp. Digvol. 2, Anaheim, CA, June 1999,

broadband couplers with dual-layer substrates. The couplers pp. 441-444.

with 6. 11. and 30 dB coupling coefficients are fabricated and[4] C. Ho, L. Fan, G. Luong, and K. Chang, “Directional couplers between
! ! double-sided substrate microstrip lines using virtually-terminated cou-

te.sted. The novel_rectgngular multi.aper.ature coupling structure  pjing siots,"IEEE Microwave Guided Wave Letol. 3, pp. 80-81, Mar.
with very small width is proposed in this paper. The structure  1993.

ivnifi ; ; [5] W. Schwab and W. Menzel, “Full wave design of multi-hole
significantly extends the bandwidth and operating frequency of back.to-back microstrip couplers.” 1994 IEEE MTT-S Int, M

the couplers. The simulated and measured results demonstrate crowave Symp. Digvol. 2, May 1994, pp. 897-898.
that these couplers have good performance over a very broaff] J. P. Kim and W. S. Park, “Network analysis and synthesis of multislot

bandwidth. The couplers should have many applications in back-to-back microstrip directional coupler$£EE Trans. Microwave
P y app Theory Tech.vol. 48, pp. 1935-1942, Nov. 2000.

microwave circuits, modules, and systems using mUItIIayer[?] T. Tanaka, K. Tsunoda, and M. Aikawa, “Slot-coupled directional cou-

packaging. plers between double-sided substrate microstrip lines and their applica-
tion,” IEEE Trans. Microwave Theory Teghvol. 36, pp. 1752-1759,
Dec. 1988.
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