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Direct-Signal Modulation Using a
Silicon Microstrip Patch Antenna

Vincent F. FuscoSenior Member, IEEEANd Qiang ChenMember, IEEE

Abstract—In this paper, a microstrip patch antenna is fabri-
cated directly onto a high-resistivity silicon substrate without an
insulating barrier, thereby forming a distributed Schottky diode
between the patch radiator metallization and ground plane. By
applying dc bias control to the patch metallization, direct ampli-
tude modulation of a CW microwave carrier can be achieved. Ex-
perimental results are presented that show the far-field radiation
characteristics of the structure and its response to applied base-
band modulation signals. Also direct base-band signal detection
using the patch antenna is discussed.

|. INTRODUCTION
HE need for low-cost novel antenna structures for patch
portable wireless communication systems at microwave
frequencies is becoming a commercial imperative [1], [2]. This y I
paper describes the operating characteristics of a microstrip 0.63
patch antenna constructed on a high-resistivity silicon (HRS) ground .
substrate. Compared with previously published self-mixing A-A’ cross-section unit; mm

active antenna that use a discrete mixing diode, €.9. [Rlg. 1. Configuration of a silicon direct modulation patch antenna.
the antenna structure in this paper concurrently embodies an

integrated antenna with diode functionality making it usef%rming the ground plane has less intimate contact with the

for direct encoding of base-band data onto an RF carrier. ) o . )
The integral modulator/patch antenna thus formed Wgglcon wafer since it is formed on the etched side. This contact

constructed on a-type (100) orientation 10 K2-cm HRS IS equn:glentTtr?_ manyItmgtal-semr:co_nduct(?[r btagrle_zrs |fn shu(;\t
substrate, minimum carrier lifetime 6200S and doping _cl:_?]nnec 'Onli ﬁlstre?uths In-an tollmlg fort] ac emgi_ orme t.
concentration 3x 102 cm3. The wafer thickness and the, ¢ Overai efiect of tnese metaljsubstrate connections 1S 10

dimensions of the patch are shown in Fig. 1. A Li@- form a distributed rectifying diode between the patch and the

thick aluminum layer was evaporated in axi 10~ Torr ground plane, Fig. 1. Thus, the prospect for altering the dc bias

vacuum. Both sides of the wafer are metallized and the t plied to the patch antenna, hence antenna radiation behavior

side patterned in order to create a microstrip patch antenfi ISts. These effects will now be investigated.

The relative dielectric constant of the material is 11.9 and for

the metallization type used here the average conductivity of the

metal in the range 1-40 GHz is 2:3 10" S/m and substrate The current—voltage characteristic for the antenna with a

loss tangent is approximately 1.63 10~2 [4]. dc positive bias applied between the patterned antenna patch
The silicon process used here is unlike previous HRS8etallization and the grounded backplane is shown in Fig. 2.

microstrip realizations [5], [6] since no insulating Si@ayer For this structure, the negative bias leakage current is small

is incorporated beneath the upper conductor. In addition, (less than 2Q.A for a reverse bias voltage up 610 V). From

this paper, the patch pattern is produced on the polished sklg. 2 the nonlineat—V characteristic of the structure is seen

of the wafer with the ground plane on the etched side. The operate in series with an approximate 50-ohm resistance at

consequence of these actions is that intimate contact betwaeforward diode bias voltage of 3.3 V due to the substrate

the metal patch pattern and the silicon substrate exists msistance and ohmic contact formed between the backplane

the polished side of the wafer. This contact enables a metagtallization and the semiconductor substrate interface. From

semiconductor barrier to be created [4]. While the larger ard@s graph it is seen that diode action is available for direct

. . . modulation control purposes.
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Fig. 2. Antenna dc current-voltage characteristic.
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Fig. 3. Antenna reflection coefficient with dc bias.

antenna input match but it also changes the antenna’s resonant
frequency, this means we can tune the antenna’s working 600

frequency by changing the dc bias applied to it within a ,\60
certain range while still maintaining a reasonable radiation

power level (Fig. 5) and a good input match. The resonant

frequency is 10.09 GHz and for a VSWR of 1.4 the bandwidthy, 0 5090

of the antenna is 75 MHz at 0-V dc bias. When a 1-V bias is
applied, the resonant frequency decreases to 9.94 GHz, i.e., a
frequency shift of 150 MHz. (b)

Next, the boresight radiated power as a function of dc biglg- 5. Measured radiation patterns as afunction of dc bias. (a) 0-V bias

was measured, these results are shown in Fig. 4. From Figlo4~ 1-09 GHz. (b) 4.4-V biasfo = 10.09 GHz.

it can be seen that the radiated power level decreases Witheyt the far-field radiation pattern under two extreme dc
increased applied bias voltage. This is due to two effeCi§gs conditions—0-V wde off and 4.4-V dode on—were

the principal one is the dc bias controlled increased dio@gsasured and are presented in Fig. 5. It can be seen that the
controlled leakage current between the patch and the groyggiation patterns of the antenna under 4.4-V bias are similar to
plane due to forward bias diode action. Also from FigS3,  those under 0-V bias. However, the boresight radiated power
reduces as a whole with the increase of bias voltage. DueidQels under 4.4-V bias are approximately 21 dB less when
attenuation caused by diode leakage current between the pagfpared to those with measured with 0-V bias applied. These
and the ground plane, the patch resonance phenomena becqipggrvations suggest that by changing the bias voltage applied
less pronounced and finally disappears at a bias voltage arog\¢he patch antenna, direct base-band data encoding by way

4.8 V at which point the circuit works in a similar fashion agf amplitude modulation of the RF carrier can be achieved.
an attenuator rather than as an antenna. The second effect is

due to small variation of antenna resonant frequency with dc [Il. M ODULATED SIGNAL RESPONSE
bias which generates a mismatch in the neighborhood of therig. 6 shows the spectrum of the transmitted signal when
resonant frequency. square wave modulated with a 5-V (peak-to-peak) unipolar

relative power level (dB)
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Fig. 6. Spectra of the modulated RF signals. (a) 10 kHz. (b) 100 kHz. 5
4
signal at 10 and 100 kHz. These responses show that direct 3
dc bias modulation of the 10.09 GHz carrier is occurring. 2 7
The upper side band of the amplitude modulated waveforng 1
suffers a higher degree of attenuation than the lower sideban§ 0
This effect is due to the VSWR dependency on bias level -1 +
observed in Fig. 3. In addition, low-level intermodulation -2 generator — — detected response
effects as a result of diode mixer action can also be seen to -3 +
occur between the expected square wave harmonic sidebands. 4 T s ™ ™ U U TN
Harmonic filtering is also occurring and is now discussed in .5 ; J‘ ; §

the context of the signal detection properties of the antenna. 0 50 100 150 200 250
time(us) 20KHz
IV. HOMODYNE SIGNAL DETECTION ©

In this section, square waves are used as modulating signals7  petected signal. (a) 100 Hz. (b) 1 kHz. (c) 20 kHz.
in order to test the modulation speed and transmission char-
acteristics of the antenna. In order to restore the square wave

signal modulation without distortion, many harmonics witi@ntenna under test. A carrier signal level of 13 dBm was used
correct relative amplitude and phase information is require®. excite the patch antenna and a 20-dB wide-band amplifier

In the experimental work presented here, a negative bi#@s placed at the detector output.

crystal detector (HP423A) was used to detect a low-frequencylt can be seen that from Fig. 7 that at a modulation fre-
amplitude modulated square wave after it had been appligdency of 100 Hz there is no distortion in the detected
as a dc bias switch to the new antenna structure in ordersignal waveform when compared with the original input square
control a 10.09-GHz carrier signal. The detector was connectedve. At 1 kHz the detected signal waveform still tracks the
to the output of a pyramidal horn placed in the far field of theriginal input square wave but now exhibits some distortion.
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2 dc bias was presented in this paper. By direct aluminum
15 metallization deposition onto silicon substrate material, a dis-
' tributed rectifying diode was formed between the microstrip
1 patch metallization and the ground plane. It was shown that
__ 05 the major antenna characteristic—radiated power level—can
g 0 be directly controlled by the dc bias voltage applied to
> 05 the distributed diode intrinsically formed by the antenna on
silicon structure. This allows direct-signal detection showed
- that direct amplitude modulation of continuous wave RF
-1.5 signals applied to the patch. Far-field measurements show
2 ; ; ‘ that dc bias control of the patch antenna allows it to act as
) 1 2 3 4 5 an electronic attenuator, thereby reducing the radiation level
time(ms)  1KHz without significantly changing the radiation patterns associated
with the patch antenna.
Fig. 8. Patch antenna direct detection response. It was also shown that since the antenna is constructed on

a p-type 16 K2-cm HRS substrate, the minimum carrier life
With an increase of modulating signal frequency to 20 kHtime of 6200u.S of this material is the principal limiting factor
the waveform of the detected signal becomes distorted amml the upper modulation frequency response of the antenna.
attenuated. This frequency limitation is mainly due to two
effects, the principal one is the diode turn-off period limitation ACKNOWLEDGMENT

dominated by the long carrier lifetime (larger than 6200 The authors would like to thank Dr. S. H. Raza for con-

as quoted by manufacturer) associated with the HRS substragte” — . .
. structing the circuits used in this work.
used to construct the antenna. An analytical formula for the

diode turnoff period [7]
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