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Abstract—A new wideband transition from microstrip line to

substrate integrated waveguide (SIW) is introduced. Unlike most

transitions that show reduced return loss over significant parts of

a regular waveguide band, the presented configuration achieves

return losses better than 30 dB in standard waveguide frequency

bands from X to E. The new aspect of this transition is the addition

of two vias to the widely used microstrip taper transition. More-

over, the influence of the substrate height is demonstrated. The re-

sults in each frequency band are compared with the data for the

regularmicrostrip taper alone. A design formula for the placement

of the vias and taper dimensions is presented and demonstrated to

provide excellent results. The structures are simulated and opti-

mized with CST Microwave Studio. Measurements performed on

a Ku-band back-to-back prototype transition demonstrate a min-

imum return loss of 26.05 dB and maximum insertion loss of 0.821

dB over the entire Ku-band, thus validating the design approach.

Index Terms—Microstrip, substrate integrated waveguide

(SIW), taper, transition, wideband.

I. INTRODUCTION

S UBSTRATE integrated waveguide (SIW) technology has

made it feasible to design low loss and low interference

planar microwave structures. Transitions between SIW and

other planar topologies like microstrip and coplanar waveguide

(CPW) are needed in order to provide means to excite and

measure these structures. More importantly, low-reflection

transitions to microstrip are required to integrate and combine

SIW circuits with active components such as amplifiers, e.g.,

[1]. In such applications, it is vital to provide low-reflection

transitions so that the component design is independent of the

influences of the transitions.

The first interconnect introduced is the microstrip taper [2],

and it is still the most widely used type of microstrip-to-SIW

transition in single-layered circuits. In [3], the design formula

for this type of transition is presented and it is stated that it

is generally possible to obtain a return loss (RL) better than

20 dB over the full waveguide bandwidth ( 40%) [3]. A

microstrip-to-SIW transition with bandwidth of about 24%
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and with return loss about 15 dB for a back-to-back tran-

sition in Ku-band is presented in [4]. Another narrowband

microstrip-to-SIW transition at 60 GHz in low-temperature

cofired ceramic (LTCC) technology is presented in [5]. A

return loss of about 15 dB in the 58–64 GHz range (about 10%

bandwidth) is reported. In [6], a microstrip-to-SIW transition

within a multilayered substrate is introduced. With this transi-

tion, a bandwidth of 14.5% (23.2–27.1 GHz) at 15 dB return

loss is obtained. A single-layer dc-coupled microstrip-to-SIW

transition using an interdigital configuration is reported in [7].

A return loss about 15 dB is achieved within a 25% bandwidth

centered at 12.5 GHz. Also in 2007, another microstrip-to-SIW

transition on LTCC substrate is presented [8]. The return loss

for a single transition is reported as 15 dB within a 30% band-

width. A microstrip-to-SIW transition based on an exponential

instead of a linear taper is presented in [9]. The return loss is

about 20 dB over a 15% bandwidth at 18 GHz. A transition

between SIW and differential microstrip line in multilayered

substrate is presented in [10]. Over a 10-GHz bandwidth at

35 GHz (28%) a return loss of 10 dB is achieved. In [11],

different types of microstrip tapers in microstrip-to-SIW tran-

sitions are investigated and a new design approach based on

electromagnetic (EM) simulation is presented. Although the

resulting transitions yield return losses better than 30 dB,

the structures are very narrow band (5.5% at 11 GHz). The

parallel half-mode SIW (HMSIW) is suggested as transition

between microstrip line and SIW structure [12]. This transition

relies on the suppression of the dominant higher order TE20

mode, and hence has enhanced bandwidth compared to the

conventional microstrip taper. It is stated that the proposed

transition has a return loss better than 25 dB for

with GHz [12]. And finally, another narrow band

microstrip-to-SIW transition is presented in [13]. According to

[13] and for relatively thick substrates, when the characteristic

impedance of the SIW is greater than that of the microstrip, the

presented transition has better performance compared to the

regular microstrip taper. However, except for one case which

has a return loss of about 20 dB between 15 and 40 GHz, other

presented examples in [13] are narrowband.

In this paper, a new wideband microstrip-to-SIW transition is

introduced. It features two vias, which have the same diameter

as the SIW vias and are placed symmetrically at both sides

of the microstrip taper. This transition provides return losses

better than 30 dB over the entire frequency ranges of standard

waveguide bands from X to E (8.2 to 90 GHz) and thus presents

a significant improvement over available microstrip-to-SIW

transitions.
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Fig. 1. Structural parameters of a single microstrip taper transition between a

microstrip line and an SIW.

In Section II, details of the proposed transition and simulated

data based on the optimization for a single transition in dif-

ferent frequency bands are presented. In each frequency band,

the presented transition is compared with the regular microstrip

taper, and significant improvement in return loss is achieved.

In Section III, design equations for designing such transitions

are proposed, and transitions designed with these formulas in

two new frequency bands are presented. Results are compared

with optimized data from EM software which confirm the ro-

bustness of the presented design formula. Measurement data for

a Ku-band back-to-back transition are presented in Section IV

and are in good agreement with simulated data. Section V con-

cludes and provides a summary of the presented results.

II. TRANSITION TOPOLOGY

The most common type of microstrip-to-SIW transition in

single-layered circuits is the microstrip taper. It not only pro-

vides acceptable return loss, but is also wideband and operates

over a full waveguide bandwidth [3]. In this section, we present

our new transition which improves the return loss significantly

compared to the regular microstrip taper. The new transition,

which consists of a microstrip taper plus two added vias, proves

to be the most wideband microstrip-SIW transition available

with minimum return loss.

Fig. 1 presents a single microstrip taper transition from mi-

crostrip line to SIW. The other port is terminated with a regular

waveguide port.

In this figure, is the SIW width, is the diameter of the

vias, is the via pitch, is the width of the microstrip line,

is the width of the waveguide port, is the taper width,

is the taper length, is the substrate height, and is the

relative permittivity of the substrate.

For the design of an SIW structure, the cutoff frequency

of the dominant mode , substrate permittivity and

ratio (which should be in the practical range of ratios, i.e.,

[14]) are specified. The via pitch is usually

chosen such that at least ten vias per guided wavelength are ob-

tained at center frequency. The substrate thickness is selected

based on availability from manufacturers. The cutoff frequen-

cies for the standard waveguide operating frequency bands are

Fig. 2. Structural parameters of the new taper-via transition betweenmicrostrip

line and SIW.

presented in [15]. Then the SIW width is immediately ob-

tained from [16] once the effective width is calculated

from (1), where c is the speed of light:

(1)

In order to excite and integrate an SIW structure with a mi-

crostrip port, the first step is to choose so that the charac-

teristic impedance of the microstrip line becomes 50

at the center frequency of the desired frequency band. Also,

it should be noted that depending on the chosen , the char-

acteristic impedance of the SIW structure differs from

50 and, therefore, different tapering topologies between mi-

crostrip line and SIW structure appear. If is such that

, then no taper transition is needed between the

microstrip line and the SIW. This value of can be found by de-

ploying full-wave software optimizers. In the optimizer, we set

, and try to find and such that is minimum

for at the center frequency. Such (no-taper

) values are listed in Table I for all investigated frequency

bands in this paper. However, if is smaller or greater than ,

is smaller or greater than 50 , and we will have taper-out

or taper-in transitions, respectively. In

this study, has been chosen so that we have taper-out taper

topologies , as they are more common in SIW de-

signs. Therefore, the values specified in Table I serve as the

maximum substrate height for which the design guidelines pre-

sented in this paper apply. Note that the respective exact values

of are not regularly available from substrate suppliers.

The new microstrip-to-SIW transition, termed taper-via tran-

sition, is presented in Fig. 2. This transition adds two vias to

the conventional microstrip taper. The inserted vias are placed

symmetrically at both sides of the taper and have the same di-

mensions as the SIW vias, so there is no need to use a different

drill size in the fabrication process.

In Fig. 2, is the distance between the inserted via and the

first via in the side wall of the SIW, and is the distance be-

tween the inserted vias. and are the length and width

of the microstrip taper, respectively.

The advantage of the new configuration compared to the mi-

crostrip taper alone is that the field is more confined in lateral

direction, and thus a better match from the microstrip to SIW

is provided. The variations of the normalized input impedance,
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TABLE I

STRUCTURAL PARAMETERS OF THE TAPER TRANSITION AND TAPER-VIA TRANSITION BETWEEN

MICROSTRIP LINE AND SIW AT DIFFERENT FREQUENCY BANDS

Fig. 3. Comparison between real (black) and imaginary (grey) parts of the

input impedance for three different cases: structure with taper transition

(dotted-dashed line), structure with taper-via transition (solid line), microstrip

line (dashed line).

Fig. 4. Normalized reactance comparison in the microstrip-to-SIW junction

plane for both taper (dashed line) and taper-via (solid line) transitions.

, with frequency are plotted

in Fig. 3 for both taper and taper-via transitions and are com-

pared with the normalized characteristic impedance of the mi-

crostrip line. It is observed that the taper-via transition provides

an input impedance closer to , compared to the taper tran-

sition alone, which proves that better matching between the mi-

crostrip line and the SIW structure is achieved.

Fig. 5. Magnitudes of electric and magnetic field patterns of transitions be-

tween a microstrip line and an SIW: (a) conventional taper; (b) new transition.

In order to investigate the nature of this improved perfor-

mance achieved by the proposed transition, the normalized re-

actance of the microstrip-to-SIW junction is compared for

both taper and taper-via transitions. As shown in Fig. 4, the

added vias to the taper transition compensate the reactance ef-

fect of the microstrip taper-to-SIW transition in the junction

plane and provide an overall reactance that is, over the entire

bandwidth, smaller than that of the regular transition.

The field patterns in the new transition are also compared to

those of the microstrip taper alone and presented in Fig. 5. In

all four cases in Fig. 5, the same scaling has been adopted so

that the and are exactly the same. Also, the phase of the

incident wave has been chosen so that for both transitions, the
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Fig. 6. Comparison between reflection coefficients of the conventional microstrip transition (taper transition—dashed line) and the new transition (taper-via

transition—solid line) for different frequency bands: (a) X-band, (b) Ku-band; (c) K-band; (d) Ka-band; (e) U-band; (f) E-band; transition parameters according

to Table I.

maximum E-field occurs at the beginning of the SIW structure.

The H-fields are plotted at the same phase. As it is observed,

by confining the field better, the new transition results in better

matching between microstrip and SIW, and thus has lower re-

turn loss. When the proposed transition is deployed, the electro-

magnetic field of the microstrip line attaches itself better, e.g.,

with lower fringing fields, thus reduced lateral field extension,

at the SIW interface, to the vias [Fig. 5(b)] compared to the tra-

ditional taper [Fig. 5(a)].

Based on the new configuration in Fig. 2, transitions in

different microwave frequency bands from 8.2 to 90 GHz

have been designed. In all cases, the performance of the new

transition is compared with that of the conventional microstrip

taper. The substrate material in this investigation is chosen as

RT/duroid 6002 with effective permittivity for both

taper and taper-via transitions. (Note that design formulas intro-

duced in Section III can be applied to any other substrate.) The

SIW structure consists of ten rows of vias. Taper-via transition

parameters , , , (cf. Fig. 2) are optimized in the

frequency-domain solver of CST Microwave Studio in order to

maximize the return loss of a single transition over the entire

waveguide band. The optimized parameters are presented in

Table I.

Optimized parameters of conventional tapers are

also presented in Table I. It is worth mentioning that the

optimized parameters of the conventional tapers differ from

values obtained from the formulation presented in [3]. In each

frequency band, the substrate height is chosen so that we have

taper-out microstrip-SIW transitions as they are

much more common than taper-in transitions. For this height
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Fig. 7. Examples showing comparison between the reflection coefficient of the

transition optimized in CST (blue—dashed line), and the performance of the

transition designed based on (2) and (3) (red—solid line), cf. Table II: (a) Ex-

ample 1; (b) Example 2; (c) Example 3.

, is calculated so that we have at the

center frequency.

In Fig. 6, the reflection coefficients of the new transitions

are compared with those of the conventional microstrip taper

in each frequency band. It is observed that the new transitions

show return losses better than 30 dBwithin each frequency band

if the dielectric height is chosen properly (cf. Table I). (Note

that a direct scaling process of the new transition to other bands

would involve the height of the substrate material and will re-

sult in substrate heights that are not readily available from sup-

pliers.) The new transition has significantly improved perfor-

mance compared to the conventional taper transition. For the

E-band, the 5 mil (0.127 mm) substrate is the only option pro-

vided by the manufacturer for maintaining . The new

E-band transition [Fig. 6(f)] still outperforms the conventional

taper transition by close to 6 dB in this case. However, if a

TABLE II

STRUCTURAL PARAMETERS OF THE TAPER-VIA TRANSITION BETWEEN

MICROSTRIP LINE AND SIW FOR DIFFERENT EXAMPLES

thinner substrate is available, the performance improvement of

the new transition is more significant compared to the taper

alone. Theminimum return loss values of all transitions in Fig. 6

are also presented in Table I.

III. DESIGN FORMULATION

Based on the values presented in Table I, we extract formulas

for the direct design of the new transition in Fig. 2. After cal-

culation of SIW and microstrip parameters for the desired fre-

quency band, the next step for designing a taper-via transition is

to calculate the transition parameters , , , based

on the following simple formulations:

(2)

(3)

in which is the guided wavelength of the microstrip line

calculated at the center frequency

(4)

is the wavelength in free space, and is the effective

dielectric constant of the microstrip line, both calculated at the

center frequency. As it can be seen from (2), is always

close to a quarter of . Also, the difference between

and is approximately about one-eighth of . The place-

ment of the two added vias is also related to SIW parameters

and (cf. Fig. 1). Based on (2) and (3), the normalized

root-mean-square errors of , , and to the orig-

inal data in Table I are 3, 1.2, 3, and 0.6%, respectively.

Based on the proposed formulas, three examples have been

investigated. Example 1 [Fig. 7(a)] presents the new taper-via

transition in V-band. The ratio and the substrate are chosen

as in the previous structures. Examples 2 and 3 present the

performances of the two new taper-via transitions at an arbi-

trary frequency band of between 43.75 and 66.5 GHz, where

the waveguide cut-off frequency is 35 GHz. In Example 2

[Fig. 7(b)], the dielectric is chosen as RT/duroid 6006 with
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Fig. 8. Back-to-back fabricated taper-via transition at Ku-band and indication

of calibration planes.

and , and in Example 3 [Fig. 7(c)],

the dielectric is chosen as RT/duroid 5580 with

and . In each case, the performances of the new

transitions [designed from (2)–(4)] are compared with those of

optimized transitions in CST.

The results are presented in Fig. 7 with structural parame-

ters given in Table II. In this table, the structural parameters

of the optimized structure by CST are presented by superscript

“CST,” while the values obtained from the design formulas are

presented by superscript “design.” It is observed that the pre-

sented design formulas result in transitions that perform close

to the optimized performance [Fig. 7(a), (b)]. In some cases,

however, the performance of the transition based on the de-

sign formulas is not the best possible performance (RL around

27 dB in Fig. 7(c)—solid line). A few optimization steps to-

wards adjusting just one parameter (here ) will bring

below 30 dB (dashed line in Fig 7(c)). Nevertheless, the ex-

amples presented in Fig. 7 validate the simple design formula-

tions presented in (2), (3).

IV. MEASUREMENTS

A back-to-back version of the new taper-via transition in

Ku-band has been prototyped. Fig. 8 shows the fabricated

structure under test. For measurements, an LRL calibration

(thru-short-line) is used to deembed the influences of the test

fixture and its coaxial connectors. The calibration planes are

located in the feeding microstrip lines as shown in Fig. 8.

The back-to-back transition was originally designed and

optimized in CST considering dielectric and conductor losses

( , S/m). In Fig. 9, the per-

formance of the originally optimized structure (solid lines) is

presented. The original via diameter of the Ku-band structure

(cf. Table I) was changed from 0.975 mm to 0.965 mm due

to drill size restrictions. Also, in the manufacturing process a

minimum amount of conductor plating was necessary around

the top of the left- and right-most vias. The structure is again

simulated in CST including the fabrication restrictions, and its

Fig. 9. Comparison between the S-parameters of the original transition opti-

mized in CST (solid lines), the structure considering manufacturing restrictions,

simulated in CST (dashed lines), and the measurement data (dotted lines): (a)

reflection coefficient (amplitude); (b) reflection coefficient (phase); (c) trans-

mission coefficient (amplitude).

performance is presented in Fig. 9 as dashed lines for compar-

ison with measured data (dotted lines).

It is worth mentioning that symmetric conductor plating

around the outside vias is considered in the simulation, whereas

the actual plated metals in the fabricated prototype are asym-

metric. This is the main reason for the difference between

simulated and measured results. However, the measured return

loss (Fig 9(a), dotted line) is better than 26.05 dB in the entire

Ku-band which, to the best of the authors’ knowledge, is the

lowest measured return loss over a full waveguide band for

the microstrip-to-SIW transitions reported in the literature. In

addition, the difference between the phases of the structures

[Fig. 9(b)] is due to the different added metal plating, as it

plays significant roles in the phase response [compare the data

for the two simulated structures, solid line and dashed line
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data, in Fig. 9(b)]. Other than that, the phases have similar pat-

terns. The maximum measured insertion loss of the fabricated

back-to-back transition is 0.821 dB [Fig. 9(c)] and is about

0.1 dB lower than the prediction by CST.

V. CONCLUSION

A new wideband transition from microstrip line to SIW is

presented. It shows return loss values of about 30 dB over

entire waveguide frequency bands, which is the lowest return

loss achieved over wide frequency bands. The performance

of the transition is presented in the waveguide frequency

bands ranging from 8.2 to 90 GHz. The formula introduced

for the design of wideband and low-reflection transitions is

demonstrated to provide simplicity as well as robustness. The

measured return loss for the back-to-back taper-via transition in

Ku-band is better than 26.05 dB, which is the lowest measured

return loss available over a full waveguide band.

We hope that this work will inspire similar improvements to

other transitions between SIW and planar technologies such as

CPW [17], grounded CPW [18], coplanar stripline (CPS) and

slotline [19].
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