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ABSTRACT

An integrated active antenna with a polariza-

tion purity better than 28 dB and a radiated

power of 8 dBm at 75.7 GHz is presented. The

linearly polarized radiator consists of a planar

resonant antenna and a transit-time diode mo-

nolithically integrated on a silicon substrate.

This active antenna finds various applications

in low-cost multi-channel sensor systems, e.g.

for object classification. Guidelines for the de-

sign are discussed. The characterization of the

fabricated SIMMWIC devices includes measu-

rements of output power, polarization purity,

and far-field pattern. Moreover, the oscillation

frequency of the devices has been successfully

stabilized using subharmonic injection locking.

The FM noise behavior of the locked oscillator

has been characterized. The measured results

are presented and compared to theoretical cal-

culations.

INTRODUCTION

Monolithic millimeter wave integrated trans-

mitters and receivers are key elements of sen-

sor systems for automotive applications. Mo-

nolithic implement at ion of the sensor system’s

complete mm-wave front-end provides the pos-

sibility of low-cost production, improved relia-

bility, small size, light weight, and easy assem-

bly. Some multi-channel sensor systems are ba-

sed on polarization multiplexing, e.g. systems

for object classification. These systems require

monolithically integrated oscillatclrs radiating

with high polarization purity.

RESULTS

The transmitters ccmsist of an active element

and an integrated resonant structure. In or-

der to minimize the required chip dimensions,

the resonator simultaneously acts as an anten-

na. Since no additional microstrip lines for

connecting the oscillator to an external anten-

na are needed parasitic losses are reduced to

a minimum [1]. On silicon so far only transit-

time diodes are available as active elements in

the frequency band around 76.5 GHz alloca-

ted to industrial applications. Matching of the

diode’s low-impedance in a planar configurati-

on is critical and requires careful optimization

of diode structure, geometry, resonator layout,

and a precise knowledge of the d~iode’s impe-

dance. The impedance of the employed quasi

Read double drift diode (QRDD) was deter-

m
mined by on-wafer measurements of various di-

odes (Fig. 2). By aid of this rneaaurernents

the impedance of the resonator can be matched

precisely to that of the QRDD diode [2]. The

resonator satisfying the requirements of impe-

dance matching and polarization purity is ba-

sed on a planar dipole [3] as depicted in Fig. 1.

This structure represents the complete passive

part of the SIMMWIC (silicon mm-wave inte-

grated circuit) front-end.
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We calculated the impedance seen by the

QRDD diode using a full wave analysis based

on the method of moments in the spectral do-

main [4]. In this analysis all the relevant loss

phenomena, such as dielectric and ohmic los-

ses, radiation, and surface waves, have been

included. The solution of the resulting com-

plex system matrix delivers all interesting pro-

perties of the examined antenna, namely input

impedance, gain, radiation pattern and radia-

tion efficiency. A symmetric dipole (Fig. 1)
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Fig. 1: Dipole layout, unit: pm

with L=680 ~m and B=380 /m was found to

match the requirements of the QRDD diode

resulting in a polarization purity better than

28 dB normal to the linearly polarized radia-

tor. The negative calculated input impedance

of the symmetric dipole seen by the QRDD di-

ode vs. frequency is depicted in Fig. 2. Since

matching is obtained for ZdzO& -1- Z&@e = O,

the intersection between the negative reactan-

ce of the dipole and the reactance of the diode

determines the oscillation frequency,

Dipole antenna and QRDD diode have been

monolithically integrated on high resistive sili-

con with a thickness of 125 #m and backside

metallization. This small substrate thickness

results in high thermal stability of the oscil-

lator and a calculated radiation efficiency of

q = 44 YO of the planar antenna.

plete layer sequence of the QRDD

The com-

diode was
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Fig. 2: Impedance of QRDD diode and dipole

grown by silicon molecular beam epitaxy (Si-

MBE). The device with a diameter of 22 pm

is processed following a published SIMMWIC

process [5]. The measured oscillation frequen-
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Fig. 3: Prad an f vs. 10

cy ~ = 75.8 GHz for a bias current of 45 mA

deviates by only 1.5 % from the predicted 74.6

GHz. Additionally, the radiated power P,ad



and the oscillation frequency vs. the bias cur-

rent 10 are depicted in Fig. 3. The maximum

radiated output power Pr.d = 8.2 dBm at 75.66

GHz was measured for an applied bias current

of 50 mA and a voltage of 22.8 V. Hence the

power l’~e~ generated by the IMPATT diode is

determined to

P
P,ad

gem= — = 11.7 dBm
v

resulting in an DC to RF conversion efficiency

of the QRDD diode of 1,3 YO. The measured

Due to the relatively short coherence lenght of

the free running active antenna an unstabilized

SIMMWIC front-end finds only short range ap-

plications [6]. For a larger operation range a

frequency stabilization of the oscillator is re-

quired, which is advantageously realised using

subharmonic injection locking. We locked the

oscillator with a third order subharmonic si-

gnal generated by a synthesizer and measured

the FM noise behavior for power levels of the

injected signal between -14 dBm and +5 dBm.

Fig. 6 shows the results. For a frequency offset
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Fig. 4: H-Plane radiation Pattern at 75.8 GHz

E-plane - -–– co-polar ----- x-polar

15 0 -15

90

Fig. 5: E-Plane radiation Pattern at 75.8 GHz

radiation pattern of the oscillator is depicted in

Fig. 4 and in Fig. 5. The ripple most distinct

in the co-polar E-plane pattern is induced by

the finite extent of the substrate. The orthogo-

nal polarization state in E-plane and H-plane

is suppressed by more than 28 dB at O.
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Fig. 6: FM noise behavior of the subharmonically

injection locked SIMMWIC

of 50 kHz or less the FM noise level does not

depend on the injection power level. For lar-

ger offset the FM noise decreases with increa-

sing injection power level and remains constant

above a certain power level. This behavior is

due to the fact that the synchronization band-

width increases with increasing pclwer of the in-

jected signal. Our lmeasurements show that an

injection power level of -3 dBm is sufficient for

a synchronization bandwidth of about 1 MHz,

which is sufficent for long range applications of

the SIMMWIC front-end.
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CONCLUSIONS

Monolithically integrated active antennas for

the frequency-range around 76.5 GHz have be-

en manufactured. Because of reduced size and

easy manufacturing this kind of monolithic in-

tegrated transmitter is well suited for low cost

sensor systems in automotive applications re-

quiring high polarization purity. By exploiting

the resonant characteristics of a planar anten-

na and directly locating the active element in

the planar structure a integrated active anten-

na has been fabricated. Space requirements

and parasitic losses of the presented transmit-

ter are reduced to a minimum while at the same

time the suppression of the orthogonal polari-

zation state is enhanced to 28 dB. The maxi-

mum radiated output power F!,.~ = 8.2 dBm

was achieved at 75,66 GHz. Even with a small

injection power level of -3 dBm efficient injec-

tion locking with the third subharmonic has

been demonstrated.
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