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A Radiating Monolithic Integrated

Planar Oscillator at 55 GHz
A. Stiller, K. M. Strohm, E. Sasse, E. Biebl, and J.-F. Luy

Abstract-A planar radiating oscillator consisting of a planar

resonant antenna and an IMPATT diode monolithically inte-
grated on a silicon substrate is presented. This oscillator finds
various applications in low-cost sensors, e.g., velocity sensors. The

design tools are discussed and the calculated results are compared
to measurements.

1, INTRODUCTION

M ONOLITHIC millimeter wave integrated transmitters

and receivers are key elements of sensor systems for

automotive applications. These sensor systems may be used

for speed measurement, side crash detection or evaluation of

road conditions. The transmitters may consist of an active

element such as an IMPATT diode and an integrated resonant

structure, In order to minimize the required chip dimensions,

the resonator simultaneously acts as an antenna, The lack of

additional microstrip lines for connecting the oscillator to an

external antenna reduces parasitic losses to a minimum [1].

But matching of the low-impedance IMPATT diode in a planar

configuration is critical and requires careful optimization of

diode structure, geometry, and resonator layout, By use of

resonator layouts based on planar asymmetric dipole antennas

[2], the impedance requirements are met. This impedance was
previously determined by on-wafer measurements of VW1OUS

IMPATT diodes. Dipole antenna and IMPATT diode have

been monolithically integrated on high resistive silicon with a

thickness of 100 pm. This small substrate thickness results in

high thermal stability of the oscillator. With such an integrated

IMPATT diode transmitter, a radiated output power of 6 dBm

at 55.27 GHz has been achieved.

11. ACTIVE ELEMENT DESIGN

Fig. 1 shows the doping profile of the employed quasi read

double drift IMPATT diode (QRDD) [3]. The design is slightly

modified with respect to the introduction of a diffusion buffer

in order to compensate for an outdiffusion of the boron-doped
buried layer. The n+ spike leads to a confinement of the

avalanche region with beneficial impact on the impedance
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Fig. 1. Doping profile of the QRDD type IMPATT diode.

level and the conversion efficiency, respectively. The complete

layer sequence was grown by silicon molecular beam epitaxy

(Si-MBE). The device with a diameter of 22 ~m is processed

following a published SIMMWIC process [4]. The impedance

of the QRDD IMPATT diode was measured up to 50 GHz by

means of network analyzer (NWA) attached to a CASCADE

wafer prober. To minimize the influence of the measurement

setup on the diodes a constant leveled NWA output power of

–27 dBm was used. During the measurements the IMPATT

diodes were operated as one port amplifiers, In the frequency

range from 50–60 GHz the impedance of the QRDD diode has

been extrapolated on basis of the measurements (Fig, 3).

III. RESONANT ANTENNA DESIGN

At 55 GHz IMPATT diodes are well suited as active ele-

ments on silicon substrates, but demand a resonator resistance

below 10 Q. To build an oscillator, the input impedance of the

resonator has to be matched precisely to the IMPATT diode

[5].

We calculated the impedance seen by the IMPATT diode

using a full wave analysis based on the method of moments
in the spectral domain. The electrical field integral equation

(EFIE) was used to analyze the impedance of the structure.

The EFIE gives the surface current distribution Js excited

by an incident electric field ~; by means of dyadic Green’s

functions ~E in the space domain [6]. In the spectral domain

the EFIE is transformed to

cc

I@?) = & I (T%.,k,)+z.)
—m

. ;S(kz,kv)e–i(kzz+kyy) d~z d~v. (1)

1051–8207/96$05.00 0 1996 IEEE



IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 6, NO. 2, FEBRUARY 1996 101

-— 3000 pm —1

f

-1 I-351Pm :

Fig. 2. Layout asymmetric dipole.

In this anallysis all the relevant loss phenomena such as

dielectric and ohmic losses, radiation, and surface waves have

been included.

The method of moments (MoM) is applied to convert

the integral equation into a matrix algebraic equation using

the subsectional basis function approach. The solution of

the resulting complex system matrix delivers all interest-

ing properties of the examined antenna as input impedance,

gain, radiation pattern, and radiation efficiency. By examining

various different layouts, the asymmetric dipole on a 100-

pm silicon substrate with backside metallization (Fig. 2) was

found to match the requirements of the IMPATT diode best.

By the asymmetric design of the anterma the ratio of resistance

to reactance clf the antenna has been improved. The negative

calculated input impedance of the asymmetric dipole seen by

the IMPATT diode versus frequency is depicted in Fig. 3.

Since matching is obtained for .zdi~d~ + zdipote = O the

intersection b~tween the negative reactance of the dipole and

the reactance {of the diode determines the oscillation frequency.

With the impedance of dipole and IMPATT diode known by

calculation and measurement, respectively, the loaded quality

factor is determined to Q = 14.7. The radiation efficiency of

an antenna is defined as

power radiated into free space
q = (2)

power fed into the antenna “

The calculated q = 51% is within a reasonable range for a

planar structure whereas the derived directivity D = 5.5 dBi

clearly shows the need of an additional beam shaping, e.g. by

a dielectric lms.

IV. RESULTS

For the monolithic integrated transmitter, the oscillation

frequency has been measured using a spectrum analyzer. For

better handling the 2 x 3 mm silicon chip with a resistivity
of 8000 Q/El is mounted on a T039 carrier. The measured

oscillation frequency f = 55.2768 GHz deviates by only

1.7% from the predicted 56.2 GHz. Additionally, the radiated

power P vemus the bias current Z is depicted in Fig. 4. For

measurement of the radiated power P a power meter HP 432A

with a V-band thermistor mounted on a standard gain horn
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Fig. 3. Impedance of QRDD diode and dipole.
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Fig. 4. Oscillation frequency .f and radiated power P,ad versus bias

current 1.

antenna has been employecl. Subsequently the total radiated

power p~ad has been calculated using

(3)

where P~~~8 is the power displayed by the power meter,
G,td is the gain of tlm standard gain horn antenna, D is the
calculated directivity of the asymmetric dipole, and r is the

distance of dipole and standard gain horn antenna. While the

radiated power is increasing with bias current, the oscillation

frequency exhibits a local minimum for a bias current 1 = 25

mA. The maximum radiated output power Prad = 6.1 dBm

at 55.2768 GHz was measured for an applied bias current
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Fig.5. ,?3plane pattern at.f= 55.342 GHz. _ co-polar. . x-polar.
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Fig. 6. H-planepatternatf = 55,342 GHz. — co-polar x-polar

of 31 mA and a voltage of 18.97 V. Hence the power Pgem

generated by the IMPATT diode is determined to

P
Pvad

gen = — = 9.1 dBm (4)
v

resulting in an efficiency of the diode of 1.4Y0. By employing

an HP 8510 NWA with external harmonic mixers the radiation

pattern of the oscillator depicted in Fig. 5 and in Fig. 6

was measured. Due to the 20-MHz intermediate frequency

processed by the NWA, the oscillator had to be stabilized by

subharmonic injection locking with f.ub = 18.451 GHz.

The ripple most distinct in the co-polar E-plane pattern is

induced by the finite extent of the substrate. The orthogonal

polarization state in E-plane and H-plane is suppressed by

12 dB at 0°. The deterioration of the polarization purity that

should be better than 20 dB is caused by the de-feed. By

rearranging this feed the polarization purity can be improved

substantially.

V. CONCLUSION

By exploiting the resonant characteristics of a planar an-

tenna and directly locating the active element in the planar

structure, a self-radiating oscillator has been fabricated. By

this configuration, space requirement and parasitic losses of the

presented transmitter are reduced to a minimum. Because of

reduced size and easy manufacturing, this kind of monolithic

integrated transmitter is excellent for low-cost sensor systems

in automotive applications.
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