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on the Microwave Attenuation Losses of the
CPWSs Fabricated on HR-SI
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Abstract—In this letter, silicon rich oxide (SRO) is used as the
passivation layer of coplanar wave guides (CPWs) fabricated on
high resistivity silicon (HR-Si). The microwave perfor mance of the
CPWsis evaluated computing the attenuation loss («) of the de-
vicein the 0.045-50 GHz frequency range. It is shown that for fre-
quencieslower than 5 GHz thelosses of CPWsusing SRO asa pas-
sivation layer arelower than those of CPWsusing SiO-. It isalso
shown that using a combination of thermal and CVD SiO., are-
duction of the losses of CPWsis obtained.

Index Terms—Attenuation loss, coplanar wave guides (CPW),
matrix wave propagation, passivation layer transmission, silicon
rich oxide (SRO).

I. INTRODUCTION

ONSIDERABLE effort hasbeen directed toward lowering

the attenuation losses of coplanar wave guides (CPWs)
fabricated on high resistivity silicon (HR-S). Attenuation |osses
of CPWs have a negative impact in digital and analog circuits
[1]. For example, in digital circuits they may produce logic
glitches, and they can distort signals in analog circuits. It has
been suggested that microwave losses of CPWs fabricated on
HR-Si depend on the charges accumulated at the interface, the
traps in the passivation layer, and the interface trapped charges
[2], [3]. Recently, Al/SiO,/HR — Si and Al/Poly-Si/HR-Si
structures have been devised in [4], [5] for eliminating the DC
leakage current between the signal and ground conductors of
CPWs and for minimizing the attenuation loss. In [6], a study
of the dependence of the attenuation loss of a CPW on the bias,
and on the thermally grown SiO- layer (deposited by Low Pres-
sure Chemica Vapor Deposition, LPCVD), has demonstrated
that the attenuation loss is not modified by the forward and re-
verse bias. On the other hand, there have not been any studies of
theeffect of SiO, grownintwo steps (thermal oxidation plusAt-
mospheric Pressure Chemical Vapor Deposition, APCVD), nor
the effect of silicon rich oxide (SRO) [7] deposited by LPCVD
asthe passivation layer of aHR-Si CPW, on the performance of
such devices. Thus, in this paper we investigate the microwave
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Fig. 1. The structure of the CPWs used in this study: (a) on patterned SiO
and (b) on patterned SRO.

performance of the CPW fabricated on HR-Si and using two dif-
ferent passivation layers: SiO, grown by thermal oxidation and
APCVD, and silicon rich oxide SRO»q deposited by LPCVD.

Il. CPW FABRICATION

Fig. 1 showsthe two structures used in this study. The CPWs
were fabricated on 400 ;m thick N-type Silicon with a resis-
tivity higher than 2000 2 — cm. For the structure reported on
Fig. 1(a), the silicon dioxide was grown in two steps. In thefirst
step, a600 A SiO, layer wasgrownin Cl atmosphere at 950 °C.
Then at 1100 °C in wet oxidation, the thickness was augmented
to 20000 A, as in our standard CMOS process. Subsequently,
to increase the thickness to at least 25 000 angstroms, an Atmo-
spheric Pressure (APCVD) Silox deposition was carried out.

As for the structure reported in Fig. 1(b), the Silicon Rich
Oxide (SRO) was low pressure chemical vapor deposited on the
silicon substrates, and the ratio of reactive gases was Ro = 20.
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TABLE |
RESULTS OF MEASUREMENT OF THE DIMENSIONS OF THE PLANES
Structure t (um) s (um) r (um) Dielectric
CPW1 320 (360) 67 (100) 81 (50) Sio,
CPW2 345 (360) 88 (100) 60 (50) SROy

A hot wall LP CVD system was used, and the reactive gases
were N, O and SiHy. The deposition temperature was 700 °C,
and the pressure was varied from 1.9 to 2.4 torr. The thickness
and refractive index of the films were measured in a Gaertner
model L117 ellipsometer with a 6328 A helium neon laser and
a 70 ° angle of incidence. The SiO, thickness measured was
2.69 pm, and for SRO4 the thickness was 0.55 pm. The films
were then patterned to form the ground (t) and the signal (s)
planes with various notch lengths (r). After patterning, the di-
mensions of the planes were measured using an optical micro-
scope and areticle with afilament. Results of measurement are
shown in Table | (the values between parentheses correspond
to the dimensions of the mask used). The overal length of the
CPWs were 1 and 4 mm. Aluminum was used as a conductive
layer on the planes. An aluminum layer was evaporated using
an electron gun and patterned. The thickness was more than 1

pamn.

I1l. MEASUREMENTS

To evaluate the microwave performance of the CPWs, an au-
tomatic network analyzer HP8510C system, a cascade probe
station and coplanar probes were utilized. Prior to S parameter
measurements, an off-wafer Through-Reflect-Match calibration
was performed in the 0.045-50 GHz frequency range to estab-
lish the reference plane at the probe tips.

The measured S parameters of the CPWs are converted to
transmission matrix to determine the line impedance and the
wave propagation constant of theline using anew procedure re-
portedin [8], [9]. Thetransmission matrix 77, of aline of length
[ featuring the unknown characteristic impedance 7, can be ex-
pressed in terms of the propagation constant v and reflection
coefficient I' in the form
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and 7 isthe reference impedance.

The method for computing v and I' of lines of unknown
impedance is based on the fact that (1) may be expressed as[g],

(9]
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where
1 T
= (1)) @
and
e~ 0 Lo
T50L2< . (ﬂ,);(a A). (5)
Solving (3) for T'507, One has
Tsor. = Tr ' Tr.Tr. (6)

On the other hand, the transmission matrix I° resulting from
the measurement of the uniform line L can be written as

tir f12
T=Tv= <t21 t22> '

It should be noted that (7) has to be equal to (1), which implies
that the line has to be uniform and the network analyzer must
be calibrated at the end of the probe tips. Under this assump-
tion, combining (4), (5), and (7), (6) becomes (8), shown at the
bottom of the page.

Comparing each term of the matrices on both sides of (8), A
may be expressed in the form

_ too +T'tyy — I(Tt11 4 t10) ©)
B 1-1I?

and I will be given by the solution to the quadratic equation

()

A
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T 21 + T (tzz —t11) —t12 = 0. (10)

Once the I" value is determined at each measurement fre-
quency, the value of the impedance is calculated asfollows:

14T
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Ontheother hand, using expression (9) along withtheI value
computed using (10), the wave propagation constant is deter-
mined using the following expression:

11)

v = % In A. (12)

The wave propagation constant + is directly related to the
attenuation coefficient « and phase constant 3 (v = « + 43,
B =2nf,/ecss/c; where f isthe frequency and c is the speed
of light). Following this procedure, the attenuation coefficient «
per centimeter length and the effective dielectric constant e 5 ¢
have been determined and their variations versus frequency are
shown in Fig. 2 and Fig. 3.

Fig. 2 shows the attenuation coefficient « per centimeter
length of the CPW investigated. It should be noted that at
frequencies lower than 5 GHz, the CPW2 made with SRO4
exhibits lower attenuation than the CPW1 made with SiO». On

10 _ 1 tir + Tty — T'(tor + T'tao)
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Fig. 2. Attenuation per physical length versus frequency computed with the
new technique.
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Fig. 3. Effective dielectric constant versus frequency for the CPW lines
computed with the new technique.
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Fig. 4. Rea and imaginary parts versus frequency computed with the new
technique.

the other hand, the o« measured in the CPW1 indicates that the
Si0O-, obtained as described here, has a positive impact, since
the losses are kept under 3 dB/cm and are better or at least
comparable to lines made with SiO, deposited by CVD [6].
Thedifferenceon . ¢y observedin Fig. 3, isdueto the different
impedance value, computed using (10) and (11). Indeed, the
impedance value measured for CPW?2 (70 £2) is larger than the
impedance value of CPW1 (50 €2) as shown in Fig. 4.

IV. CONCLUSIONS

The microwave performance of CPWs using SRO-q as the
passivation layer has been evaluated for the first time. It is ob-
served that the SRO» passivation layer has apositiveimpact in
the line losses, and this can be attributed to the charge trapping
properties of SRO. In fact, if the trapped charge in the SRO is
negative, the surface becomes depleted instead of accumulated
aswill be expected normally for an N-type silicon substrate.
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