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Our results suggest that the attenuation of the waveguide is
significantly lower near cutoff than at high frequencies and that
the dimensional resonance can be utilized at the same frequency
to more effectively confine the wave to within the dielectric. This
implies that operation of a dielectric image guide near cutoff may
be advantageous for some purposes. Near cutoff the dispersion
and attenuation are strong functions of the frequency; therefore
our more exact approximate calculation may be critical for the
design of devices in this region.

IV. DiscussioNs AND CONCLUSIONS

We introduced a new factor Fy /F, (which arises simply from
Maxwell’s equations) into the transcendental equation for the
transverse propagation constant. Using this higher order ap-
proximate equation, we have calculated dispersion, dielectric
losses, and conductivity losses of a dielectric image guide. Our
results differ significantly from previous results [3] at low fre-
quencies. We found that propagation losses have a minimum at
low frequencies near cutoff. In addition, we found that the
transverse attenuations show resonance behavior. Such reso-
nances are dimensionally related. By measuring coupling losses
near cutoff, it may be possible to characterize precisely the mode
characteristics of an image guide. OQur new results suggest that
the operation of a dielectric image guide near cutoff may be
advantageous for some applications.
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A 4.5-GHz GaAs Dual-Modulus Prescaler IC

MASANOBU OHHATA, MEMBER, 1EEL, TOHRU TAKADA,
MASAYUKI INO, MEMBER, 1EEE, NAOKI KATO, MEMBER, IEEE,
AND MASAOQO IDA

Abstract —A 4.5-GHz 100-mW GaAs divide-by-256 /258 dual-modulus
prescaler with a reset function has been developed. The operating frequency
obtained for this modulus prescaler is the highest to date, while the power
dissipation is comparable to others that have been reported. The supply
voltage is as low as 3 V. A low-power, source coupled FET logic (LSCFL)
using novel level shift circuits and 0.5-pm-gate buried P-layer SAINT
(BP-SAINT) FET’s have been used to achieve this high performance.

1. INTRODUCTION

Prescaler IC’s that operate in the gigahertz frequency range
under low power dissipation are required for battery-operated
portable radios. Many prescalar IC’s using low power, source
coupled FET logic (LSCFL) [1] have been fabricated to take
advantage of the excellent characteristics of this logic, such as
high speed and large noise margin. Several attempts to reduce the
operating current at a 4 to 5 V supply voltage have been reported
(2]. [3}.

In this letter, we report an even lower supply voltage operation.
Not only by reducing the current, but also lowering the supply
voltage is an effective way to extend the battery lifetime by
changing the battery connection to parallel. Alternatively, by
lowering the supply voltage, fewer batteries are needed. This can
obviously help to reduce radio size and weight.

A 45-GHz 100-mW GaAs divide-by-256 /258 dual-modulus
prescaler with a reset function has been successfully fabricated
using a three-level series gate LSCFL with novel level shift
circuits [4] and new FET fabrication technology (buried P-layer
SAINT) [5]. The 4.5-GHz operation 1s the highest modulus
prescalar so far reported. The supply voltage, at 3 V. is the lowest
value reported among LSCFL prescaler IC’s. In addition, a reset
function has been introduced to the newly designed prescaler for
a phase-initialized frequency synthesizer [6] to reduce standby
power dissipation.

II. Circulr DESIGN

A block diagram of the fabricated divide-by-256,/258 dual-
modulus prescaler is shown in Fig. 1 The prescaler consists of
three D-type master-slave flip-flops (D-FF’s), six T-type mas-
ter—slave flip-flops (T-FF’s), two NOR gates, threc OR gates, and
four 1/0 buffers. These circuits are constructed using a three-level
series gate LSCFL that offers the advantages of high speed, low
power dissipation, and wide allowable threshold voltage vana-
tion. because of its true and complementary operation [1]. The
NOR1 and NOR2 gates are included in DFF1 and DFF3, respec-
tively, using a series gating technique. All FET’s are normally-off
types with a threshold voltage of 0.1 V. Divide-by-256 and 258
operations are selected by a mode control terminal (MC). Divide-
by-256 is selected when the MC is set at a high level, and
divide-258 is selected when the MC is set at a low level, or left
open. The output signal is fixed at the low level when the reset
terminal (R) is set at the high level. This reset function is the first
attempt for the phase-initialized frequency synthesizer.
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Fig. 2. Threc-input OR/NOR gate using an LSCFL with new level shift
circuits.

The supply voltage, which is 4 to 5 V in the conventional
LSCFL, is lowered to 3 V. To achieve this reduction in voltage, a
new level shift circuit [4], shown in Fig. 2, which is a three-input
OR/NOR gate, was used instead of the conventional diode level
shift circuit. The new level shift circuit is constructed by an FET
where a gate and a drain are connected. A novel feature of this
circuit is that the level shift voltage can be adjusted at the design
stage by selecting an appropriate gate width and threshold volt-
age. By widening the gate width of the level shift FET’s, the level
shift voltage ¥, becomes smaller. By increasing the threshold
voltage, V¥, becomes larger.

The gate width W, and load resistor value R were determined
by the following relation in the design:

W, X R =22000 (pm ohm).

The maximum and minimum gate widths are 15 pm and 5 pm,
respectively. The placement of circuit blocks was optimized
according to the signal flow so that signal-line length was mini-
mized to decrease capacitance. Signal-line lengths for true and
complementary signals were designed to be as close to equal as
possible.
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Fig. 3. Maximum operating frequency versus power dissipation.
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Fig. 4. Output waveforms of the divide-by-256 mode. Input frequency =
4.5 GHz.
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Fig. 5. .Input voltage sensitivity versus operating frequency at 100 mW.

III. PERFORMANCE

The prescaler IC’s were fabricated using 0.5-um-gate BP-
SAINT [5] process. On-wafer probing equipment was used for
prescaler performance measurements. Maximum frequency of
operation Fy,x as a function of power dissipation is shown in
Fig. 3. The Fy,x was 4.5 GHz with a power dissipation of 100
mW and a supply voltage of 3.0 V. This frequency is the highest
reported for dual-modulus prescalers, while the power dissipation
is comparable to those reported. The supply voltage can be made
to be the lowest among the modulus prescalers using LSCFL
owing to the new level shift circuit.

Output waveforms of the divide-by-256 and 258 modes were
measured. Fig. 4 shows the output waveform of the divide-by-256
mode at an input frequency of 4.5 GHz. The output voltage
amplitude is about 1 V. The output was successfully fixed at a
low level when the reset terminal was set at a high level. Fig. 5
shows the input sensitivity at a power dissipation of 100 mW.
The minimum input voltage is 35 mV,_ around a frequency of

2.5 GHz. An input voltage sensitivity of less than 0.6 V,_;, which
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is small enough for portable radio applications, was confirmed
for 1 to 4.5 GHz operation.

IV. CoNCLUSIONS

A GaAs divide-by-256 /258 dual-modulus prescaler has been
developed using LSCFL with the new level shift circuits and
BP-SAINT FET's. The prescaler operated up to 4.5-GHz input
frequency at a supply voltage of 3 V with a power dissipation of
100 mW.
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GaAs on Si as a Substrate for Microwave and
Millimeter-Wave Monolithic Integration

M. I. AKSUN aND H. MORKOC', FELLOW, IEEE

Abstract —Recent advances in GaAs growth on Si have resulted in
high-quality and high-performance GaAs electronic and optoelectronic
devices on Si substrates. One therefore must consider this composite
structure as a substrate material for microwave and millimeter-wave mono-
lithic integrated circuits, In order for GaAs on Si to be practical for this
purpose, the dielectric loss must be small. We have calculated the dielectric
losses of GaAs/Si composite in a transmission line configuration and
compared them with those of other possible substrates, such as GaAs and
Si alone, in the frequency range of 10-100 GHz. Depending upon the
thickness, results show that high-resistivity GaAs epitaxial layers on Si
substrates having moderate resistivities reduce the dielectric loss.

I. INTRODUCTION

Since Hyltin examined Si as a transmission line medium for
monolithic microwave integration [1], there has been a great deal
of activity in the search for the most suitable substrate for
monolithic microwave and millimeter wave integration [2]-[4]. So
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far, most of the efforts have been concentrated on Si and GaAs
materials because of the availability of three-terminal devices on
these substrates. Although microwave and millimeter-wave
sources (IMPATT and Gunn diodes) [5] and passive components
(transmission lines, Lange couplers, Wilkinson splitters, etc.) [6]
have already been achieved monolithically by using either Si or
GaAs substrate, both substrates have some disadvantages and
advantages when compared with each other. Si is available in
large area wafers and has advance processing technology. Si is
also mechanically sturdy and has a larger thermal conductivity
than GaAs but is not capable of producing optical sources
(lasers, LED’s) and low-noise millimeter-wave three-terminal de-
vices which are already available on GaAs substrates. If high-
quality GaAs layers can be grown on Si substrates, the aforemen-
tioned disadvantages of each can be remedied. Moreover, such a
process opens the possibility of monolithic integration of GaAs
and Si-based devices [7].

GaAs-based three-terminal devices on Si substrates, such as
metal semiconductor field effect transistors (MESFET’s) [8],
modulation doped field effect transistors (MODFET’s) [9], and
heterojunction bipolar transistors (HBT’s) [10], have already been
demonstrated with performances nearly identical to those grown
on GaAs substrates. Therefore, one of the remaining potential
problems is identifying whether or not the dielectric loss of this
composite material, GaAs/Si, is small enough to allow transmis-
sion line media in the microwave and the millimeter-wave region.
We have thus undertaken a theoretical study of shielding micro-
strip lines on GaAs/Si up to 100 GHz for various parameters in
Si and GaAs. The dielectric losses in GaAs, Si, and GaAs/Si
materials have been investigated and compared.

II. THEORY

The characteristics of a shielded microstrip line with double-
layer substrate, Fig. 1, were investigated by using the spectral-
domain analysis in which hybrid mode representation is used
{11], [12]. Since spectral-domain analysis has been described for
shielded multilayer dielectric with arbitrary coplanar conductors
[13], [14], it is briefly reviewed here for double-layer substrate.

The total field in the structure can be obtained by a superposi-
tion of the TE and TM fields, which can be derived from the
scalar electric and magnetic potentials ¢ and ", respectively.
Here the field components in each layer can be obtained as
follows:
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where the subscript ¢ denotes the regions inside the shield and
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