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Abstract—New designs of coplanar waveguide (CPW)-mi- c Tgmfiﬁ‘:;lnkd
crostrip, CPW-stripline, conductor backed CPW (CBCPW)-mi- oncuctor backe crostrip (2
crostrip, and CBCPW-stripline transitions are presented. CPW (si, 2wi) ‘/M‘ crostrp (2w)
Simulation using the high frequency structures simulator (HFSS)
shows that the return loss of the CPW-microstrip transition is less

than —25 dB up to 11 GHz. Similarly is the CPW-stripline transi-
tion. In the case of two back to back CBCPW-stripline transitions,
the return loss is less than—22 dB up to 9 GHz. Experimentally,
the S, of two back to back CBCPW-microstrip transitions on
Alumina substrate is less than—15 dB up to 25 GHz.

Index Terms—Coplanar waveguide, microstrip, stripline, tran-
sition.
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|I. INTRODUCTION

RANS'TIQNS .between different corjflgurathns of p'a”aEi . 1. Proposed transition; it consistsroections of CBCPW. In the figure
. transmission lines have been Su_t_)leCt to rigorous Stugy- 3. one port is a CPW and the second port is a microstrip line.
since 1979 [1]-[6]. Recently, a transition between coplanar

waveguide (CPW) and microstrip transmission lines in which _ _ )
the electric and magnetic fields change gradually from ttfeP?W t0 the microstrip. The width of the center conductor

CPW mode to the microstrip mode with constant characterisfé he CBCPW changes linearly or according to any specific
impedance was proposed [6]. function between the width of the center conductor of the CPW

In this letter, the transition described in [6] is generalize@nd the width of the microstrip. For practical implementation,
to connect a CPW or a conductor backed coplanar wavegulfi€ transition is divided inta sections of CBCPW, as shown
(CBCPW) to a microstrip or a stripline. in Fig. 1. All s_ectlons are designed to have @0mpedance.
At the CPW side, the design parameters () are very small
with respect to the substrate heigh).(Along the transition

to the microstrip line, the width of the central line increases
CBCPW has four conductors over a substrate. Three condggadually. To keep the characteristic impedance equals to 50
tors are on one surface forming the center line and two grout the separations of each section is recalculated using the
lines, and the fourth is a ground line at the bottorw. i the  expressions in [8]. In the last section of the transition, the
width of the center lines is the separation between the centehicrostrip impedance of the CBCPW dominates.
line and the ground lines on the surfageis the ground line  The transition was studied using the high frequency structures
width on the surfacel is the substrate height, and is the simylator (HFSS), which is commercial software based on fi-
relative dielectric constant of the substrate. The characteristige element method [9]. The substrate is InP thathas 12.4
impedance of the CBCPW is the parallel combination of twgnq4 = 350 um. Port 1 is a CPW that ha&s = 100 zm,
charapteristic impedances: The CPW mode+) and the mi- , _ 7 xm, and 5 mm length. This is followed by a transi-
crostrip mode Eis) [7]. S _ tion formed by 5 sections of equal length. The inner width in-
The spllf[tlng o_f tr_\e charact_er_lsnc impedance into the CPWeases with a step equals Bfh and the total length of the
and the microstrip is the basic idea of the proposed structuggynsition equals 5 mm. Finally, port 2 is a microstrip having
The new transition consists of a CBCPW that connects thg, — 240 pm and 5 mm length. They; of this transition is
less than—25 dB up to 11 GHz, as shown in Fig. 2. This is
Manuscript received November 1, 2001; revised January 8, 2002. The revi2®@—20 dB better than [1]. Resonance occurg at 12 GHz and
of this letter was arranged by Associate Editor Dr. Arvind Sharma. = 15 GHz because of the finite length of the device. Fig. 2
A. M. E. Safwat is with Cascade Microtech, Inc., Beaverton, OR 97006 US; | h he eff f b f . h ) I'
(e-mail- asafwat@cmicro.com). also shows the e ecto.pum er of sections on the retrun loss.
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II. COPLANAR WAVEGUIDE TO MICROSTRIPTRANSITION
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Fig. 2. Effect of the number of sections ep, ; total length of the transition
is 5 mm. Whem = 5, s1; is less than-25 dB up to 11 GHz. CPW (2w, 5)

I1l. COPLANAR WAVEGUIDE TO STRIPLINE TRANSITION ) o . . )
Fig.3. Proposed CPW-stripline transition. It consists skections of CBCPW

Stripline consists of a metal strip surrounded uniformly bgnd a microstrip, in the figure = 3; one portis a CPW and the second port is
a dielectric that is enclosed in a metallic shield. Connectirfi®"Pne-
CBCPW or CPW directly to a stripline will lead to an abrupt
transition of the electric and magnetic fields. To reduce the re-
flection the same techniques as in the CBCPW-microstrip tran-

R

sition can be used. At the second end, it is better to reduce the —+ CPW-MS | /N /
fields on the surface. In microstrip, the fields are confined in the -10 |+ - CPW-Strip |
; | // /

substrate, therefore, adding a small section of microstrip will
lead to a smoother transition at the stripline interface. This is
correct as long as the field in the stripline is confined in the
substrate. Consequently, the proposed transition is as shown in
Fig. 3. It consists of: sections of CBCPW, then a microstrip,

so that the CBCPW is connected to either a CPW or a CBCPW,
and the microstrip is connected to the stripline.

Using the HFSS, the return loss of the CPW-stripline transi-
tion was calculated. All parameters are identical to the CPW-mi-
crostrip transition. The microstrip section in the transition has
1 mm length and 26@m width. The output port is a stripline o _
that has 168m width and 4 mm length. The strpline has &, &, Rt s ol CEMene CoUanr) conpase o e o
substrate height equals to the microtrip’s and it is encloseddficecpw identical to the CPW-microstrip transition. 1 mm microstrip is
a metallic shield that has 2 mm height and 3 mm width. Fig.idserted before the stripline. Port 1 is a CPW and port 2 is a stripline.
shows that using the characteristics of CBCPW, the return loss
of CPW-stripline transition can be less tha25 dB up to 11

GHz as in the CPW-microstrip transition shown on the same 0r
figure. i
Two back-to-back CBCPW-stripline transitions with dif- 10 ¢

ferent dimensions were also studied using HFSS. In this case,
the following parameters were useq: = 5.9, h = 360 pum
which is equal to the substrate height in the microstrip. Port
1 has 2 sections of CBCPW followed by a microstrip. The

-30 F & ]
first CBCPW hass = 95 um, 2w = 320 pm and 5 mm . /\ /
-40 NG ‘

20 |

;
\
\

length, the second has= 250 um, 2w = 400 zm and 5 mm
length. The microstrip has 490m width and 5 mm length. The I
stripline has 334:m width and 10 mm length. The width of the -50
metallic shield is 609¢m and the height is 2800m. Identical 1 3 5 7 °
microstrip and CBCPWs are connected at port 2. The resulting
s11 of the fundamental mode, shown in Fig. 5, is less than o »

5. s11 of two back to back CBCPW-stripline transitions. Each port has

. Fig.
_.22 dBupto9 GH? with much less Valu? at low frequency. Ay cecpws anda microstrip. The last is connected to the striplings less
higher frequency, higher order modes will be generated. than—22 dB up to 9 GHz.
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Fig. 6. Measureds,, for two back to back CBCPW-microstrip transitions Fi9- 7. Measured,, for two back to back CBCPW-microstrip transitions on

on InP substrate. It consists of five sections of CBCPW, microstrip then fidumina Substrate. It consists of an input CBCPW of length 5 mm, ten sections
sections of CBCPW. of CBCPW, microstrip, ten sections of CBCPW, then an output CBCPW of

length 5 mm.

IV. EXPERIMENTAL RESULTS
resence of the silver paint reduces the from —2 dB to

T ify the idea, two back to back t iti f db .
o verify the idea, two back to back transitions forme 94dB, as shown in Fig, 7.

5 mm five sections CBCPW transition each of length 1 mm, 5
mm microstrip and 5 mm five sections CBCPW transition each
of length 1 mm was fabricated on InP using conventional pho- V. CONCLUSION

tolithography.2w and s are as given in the simulation of the Based on the propagation characteristics of the fundamental
CPW-microstrip transition and) + s + g = 3 mm along the mode of the CBCPW, novel designs of CPW-microstrip,
transition. Thes parameters were measured using on wafer tecqBBCPW-microstrip, CPW-stripline, and CBCPW:-stripline
niques and Agilent 8510 C. Measureq , shown in Fig. 6, is transitions have been proposed. In these designs, the electric
less than—12 dB between 1 GHz and 14 GHz. These resulihd magnetic fields are transformed smoothly from the CPW
are better than those obtained in [1]. The simulatgdof the  mode to the microstrip mode while keeping the characteristic
fundamental mode, also shown on Fig. 6, shows the same Rfipedance constant along the transition. Simulation using
havior with a magnitude that is less tharl5 dB to 15 GHz. HFSS shows that the return loss of CPW-microstrip transition
The discrepancy between measurements and simulation camsbess than-25 dB up to 11 GHz bandwidth. Similar results
explained by the fact that we had to simulate a very simplifiaglere obtained for the CPW-stripline transition. The return loss
version of the experimental structure. In the simulation, the exf the fundamental mode of two back to back CBCPW-strip
citations in terms of the RF probes were not included. Includirgansitions is less than22 dB dB up to 9 GHz. Experimentally,
them requires huge memory and time that may not be feasiligo back-to-back transitions of CBCPW-microstrip on InP
Also, in the simulation, the structure had to be shielded to haygbstrate have;; less than-12 dB to 14 GHz. In the case of

a single quasi TEM mode at the input (the CPW mode). If it isjumina substrateS;; is less than-15 dB up to 25 GHz.
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