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The connection of the side planes of finite-width conductor- 
backed coplanar waveguide (FW-CBCPW) to the ground 
through lateral walls suppresses the undesired microstriplike 
(MSL) mode and provides a wide frequency range over 
which singlemode propagation occurs. The leakage or reson- 
ance phenomena of the bigher-order modes can be avoided, 
if the distance separating the lateral walls is carefully 
designed. 

Introduction: CBCPW circuits are attractive structures for 
hybrid and monolithic microwave integrated circuits (MICs/ 
MMICs) as two coplanar side planes ease the implementation 
of the shunt element and the integration of active devices. The 
additional backside conductor, however, may cause parallel- 
plate-mode leakage [l] when the side planes are infinitely 
wide. This implies that the energy coupling between adjacent 
lines is inevitable. If the side-plane width is iinite, the CBCPW 
supports a zcrocutoff MSL mode. Mode conversion between 
MSL and CPW modes [2] occurs at discontinuities and may 
even cause the MSL mode to resonate in the FW-CBCPW 
through-line when two ends of each side plane are shorted to 
the backside plane [SI. Such effects severely deteriorate the 
FW-CBCPW circuit performance and should be avoided in 
circuit design. 

Fig. 1 shows the cross-sectional geometry of a modified 
FW-CBCPW. It is postulated that suppression of the zero- 
cutoff MSL mode can be achieved by longitudinally connect- 
ing the FW-CBCPW side planes to the backside plane. The 
lateral walls that provide the connection are shown in Fig. 1. 
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Fig. 1 Cross-sectional geometry OJ the rnodijied FW-CBCPW with tho 
lateral sideplane edges shorted to the lower ground plane 

Structural parameters are as follows: W = S = OXI8mm, 
h = 0.2g = 0.635mm. t = 1 7 p q  U = 5.8 x lO’S/m (copper), and 
E, = 10.2; two cases of WO, say 1.0 and 03mm, are studied 

In this Letter, the full-wave mode-matching method [3, 41 is 
applied to analyse the propagation characteristics of this 
waveguiding structure. After the theoretical analysis, the 
multimode effect is verified experimentally by measuring the 
transmission characteristics of the modified FW-CBCPW 
through-tine. 

Lateral-wall effect: Fig. 2 shows the dispersion characteristics 
obtained from the full-wave analysis of the FW-CBCPW 
structure for W, = 1-0 and 05mm. It can be clearly seen that 
our approach to grounding the side planes successfully causes 
single CPW mode propagation below a critical frequency. The 
singlemode frequency range increases from 17 to 26GHz as 
the side-plane width is decreased from 1 to 0.5 mm. Above this 
critical frequency, the leaky or bounded first higher-order 
mode starts propagating. In the region in which the higher- 
order mode propagates with normalised phase and leaky 
(attenuation) constants both less than unity, an appreciable 
leakage effect is observed. For W, = 1.0 and 0.5mm. the 
above-mentioned leaky regions as shown in Fig. 2 are 17- 
19GHz and 26-30.5GHz, respectively. When a top cover is 
placed above the FW-CBCPW, as shown in Fig. 1, the 

leakage energy spreads out of the slot regions in the form of 
parallel-cover modes. If the top cover is removed, the leaky 
mode radiates power into space at an angle to the transmis- 
sion line. The leaky higher-order mode is cutoff (evanescent) 
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Fig. 2 Dispersion characteristics of modified FW-CBCPW as shown in 
Fig. I 

Normalised phase constants for W, = l.Omm: 
-0- CPW mode 
-0- First higher-order mode 
For W, = 0.5 mrn: 
- -0- - CPW mode 
- -0- - First higher-order mode 
. . . . . . . Normalised leaky (attenuation) constants of first higher- 
order mode 

when its normalised leakage (attenuation) constant becomes 
larger than unity. Below the appreciable leakage region, dis- 
continuities in an FW-CBCPW circuit cannot convert the 
CPW mode to the leaky higher-order mode and thus no 
power leakage can occur. Above this region, the higher-order 
mode becomes bounded and the significant mode conversion 
&d resonance of higher-order modes are expected in the 
modified FW-CBCPW circuits. 

Experimental verification: The transmission characteristics of 
the modified FW-CBCPW through-line with W, = l.Omm 
were measured using an HP  8510 network analyser. The 
obtained scattering parameters are presented in Fig. 3. The 
plot verifies the initial postulation that from DC to 17GHz 
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Fig. 3 M e w r e d  transmission ( 1 S,, I ) and refection (I S ,  I ) character- 
istics oJnwdi$ed FW-CBCPW through-line s/Fig. I 

Side-plane width WO = 1 ,Omm; through-line length L = 38.1 mm 
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the addition of lateral grounding walls prevents the propaga- 
tion and the reaonance of the MSL mode in the FW-CBCPW 
through-line [SI. The first two frequencies of resonance of the 
first higher-order mode at 17.7 and 18-4GHz, as shown in 
Fig. 3, are in the region of appreciable leakage effect. Between 
18 and 19GHz, the reflected energy of the first higher-order 
mode that has been converted from the CPW mode at the 
port discontinuities strongly leaks out of the through-line. 
This is verified by the observed decrease in the magnitude of 
the reflection coefficient (ISil I). Above 19GHg the theoreti- 
cal results show that the higher-order mode becomes bounded 
@/ko > 1). Its phase constant increases rapidly towards the 
value of that of a CPW mode. Consequently, the mode- 
coupling effect occurs between two nodes that results in the 
significant higher-order-mode resonance phenomena in the 
higher frequency range as shown in Fig. 3. The structural 
parameters of the FW-CBCPW are designed to obtain the 
500 characteristic impedance of the CPW mode in the low 
frequency limit. Above 23 GHz, a 20% increase of CPW-mode 
characteristic impedance is observed from the full-wave 
analysis. Such impedance mismatch between the 500 probe 
and the FW-CBCPW c a m  the resonance of the dominant 
CPW mode, such as the resonance peaks at 23.5, 24.5 and 
25.6 GHz observed in Fig. 3. 

Conclusion: The CBCPW has been modified by connecting its 
side planes to the backside metal with lateral walls. Both theo- 
retical and measured results show that by means of careful 
design the propagation and resonance of the zero-cutoff MSL 
mode can be suppressed. Above a certain frequency limit, the 
first higher-order mode leaks in the form of a parallel-cover 
mode. When the frequency is further increased, this mode 
becomes bounded and resonant in the FW-CBCPW through- 

line at higher discrete frequencies. It has been shown that 
decreasing the width of the side planes may lead to an 
increase in the cutoff frequency of the first higher-order mode 
and thus broaden the useful frequency range of the FW- 
CBCPW. 
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Threshold voltage extraction for MOS devices is translated 
into the easier task of locating a minimum in a derived fune 
tion of I, and V, . The technique, which provided excellent 
results on both simulated (SPICE) and expsimental data, 
has ban tested on several MOSFETs from different pro- 
cesses and has ban implemented into an automated tool 
instead of more costly optimisation based techniques. 

Introduction: It has been observed [l] that, although a large 
number of parameters are needed to accurately model 
MOSFET behaviour at circuit level, the most frequently 
encountered process fluctuations influence the values of essen- 
tially three parameters: the zero bias threshold voltage V,,, 
the transconductance parameter K, , and the mobility degra- 
dation factor 0. Most extraction procedures start with the 
evaluation of the bias dependent threshold voltage yh. The 
importance of a m a t e  threshold extractions is apparent 
because these values may adversely affect the next extracted 
parameters. We developed an original technique for a precise 
evaluation of vh which is fast enough to be employed for 
statistical analysis [2, 31 and needs no careful choice of I ,  
against VGs points of the transcharacteristic [l]. 

Outline of extraction technique: We define a family of curves 
where Beta is plotted against gate bias VGs for various values 
at a constant V, , as shown in Fig. 1. The Beta function is 

Betay,,, V,) = 
VGS - v, 

where V, > V, and various values of V, are chosen in the 
region of the expected threshold voltage. 
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These. functions have the property that if V, is equal to 
V, = Fh + (42) x V, (a is a constant parameter which is 
related primarily to small channel effects, the body effect, and 

gate voltage VGs.V (294111 
Fe 1 Beta function curws for actual tramconductance characteristics 
of experimental short channel device 

the surface inversion potentd), they represent a first order 
approximation (apart from the scaling factor V’) to the gain 
prameter /l in the linear region of operation. The effects of 
the drain and source parasitic resistance R, and R, are negligi- 
ble due to the very low value of the product (R, + R> x I, 
(IT 10- V) when the gate voltage is close to Fh, compared to 
V, which is usually in the range 0.01-0.1 V. At the onset of 
weak surface inversion, the value of Beta sharply deviates 
from /l, and eqn. 1 no l o n w  has any physical meaning 
because the I ,  current exhibits a quadratic dependence on 
VGs. Thus Beta acts as powerful indicator of the onset of 
subthreshold I ,  against V, characteristics. 

For V, > V,, the Beta functions are monotonically decreas- 
ing against V,, and for V, 6 V, the Beta functions exhibit a 
relative minimum, as shown in Fig. 1. 
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