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47 GHz VCO With Low Phase Noise Fabricated in a
SiGe Bipolar Production Technology
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Abstract—A low-phase-noise and low-cost millimeter-wave - T B L
voltage-controlled oscillator (VCO) has been fully integrated in LC[I] = Cp 50Q 4 H]
commercial SiGe bipolar technologies. By varying the bias voltage (ext.)
of the on-chip varactor, the frequency can be continuously tuned SN S, o TP (e
from 43.6 to 47.3 GHz. In this frequency range, single-sideband = Lg Q Q | Vs
phase noise between-103 and —108.5 dBc/Hz at 1 MHz offset T T T
frequency was measured. The output voltage swing of the differ- A <7, Lg — K 4
ential circuit is about 0.85 V,,_,, for the single-ended and 1.7 \_,,
for the differential output. K4 I £ S
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I. INTRODUCTION

I\/I ILLIMETER-WAVE voltage-controlled oscillators Fig. 1. Circuit diagram of the differential VCO. Apart from the SCexternal

. ._load and (potentially) the bond inductancg, the complete circuit is integrated
(VCOs) are key components in advanced communlcg}; the chip.L 5 andL¢ are microstrip lines.

tion and sensor systems. Potential applications which require
oscillation frequencies around 40 GHz are optical-fiber TDM
(time-division multiplexing) systems with data rates of 40 and
80 Gbit/s, respectively, and automotive radar systems (possibly ,
in conjunction with a frequency doubler). Here, LC oscillators
are preferred to other approaches due to their lower phase
noise. 38 GHz and 62 GHz monolithically integrated VCOs In
with low phase noise (but with comparatively small tunin%Scil

range) have been presented which were fabricated in Iaborat8 Yransistor?” and virtual ground shows a negative real part

IEP—baied 'T(BT tlec(:mologizcs) ([Sll]—| [%}.Clgow_e;]/?r, to rt]he bes'; And a capacitive reactance, both influenced by the varactor
t € authors nowledge no zV with low phase noisg, , - g varactor, which allows to tune the oscillation fre-
wide frequency tuning range and high output power has b?&uency by varying the bias voltagés (e.g., via an external

monolithicqllyiqtegrqted (.., including the resonant CirCUi,t) I'Botentiometer), is realized by the shunted base—emitter and
a commercial S|G_e bipolar tech_nology: The_refore,, we des'g_nﬁgse—collector junctions of a transistor. The required inductive
several VCOs which were fabricated in Infineon’s productio

fbactance at the base is realized by a short microstrip/line
technology B7HF. One of them shall be presented here. with the signal line in the third and the ground plane in the first

metallization layer. The characteristic impedance is abo@t.50
Another microstrip line with inductive behavidk,, optimizes
The circuit diagram is shown in Fig. 1. A fully differentialthe load impedance at the collector nodeZaf mainly with
configuration was chosen because of the following advantagespect to maximum output power. Besides, this load is
(compared to an unsymmetrical configuration). given by the bond pad capacitanCg, the external 50 load,
« It simplifies clock generation in multi-Gbit/s optical-fiber@nd—if the chip is mounted—by the bond inductarcg
systems due to the differential clock input of the driven !norderto demonstrate reliable operation in a wide frequency
circuits. range and to avoid redesigns if the oscillator shall be used for
« On-chip noise problems are substantially reduced.  different applications, the lengths 6f; and Lc are adjustable
« High-frequency grounding as well as on- and off-chip davithin awide rangeé. This can easily be done by cutting shorting

coupling of supply and bias voltages are less critical due &S in the upper metallization layer between the two comple-
mentary lines of aifferentialmicrostrip line, e.g., by using an
, _ _ ultrasonic cutter (of course, for higher-volume production this
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the virtual ground nodes. Thus, e.g., mounting and pack-
aging are simplified.

The virtual ground nodes allow to realize easily adjustable
on-chip inductances (see below) and thus to use the same
IC for different applications in a wide frequency range.

the circuit of Fig. 1, the principle of a negative-resistance
lator is applied. The impedancg; between the base
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Fig. 2. Chip photo of the VCO (0.4 mmx 0.9 mm). RF probe  bond wires oscillator chip

in the Chip photograph of Fig 2. 1t should be noted that for O@jg. 3. Schematic section of the measurement substrate with the mounted chip.
. hg hatched areas of the teflon substrate represent the upper copper layer.

eration near the oscillator's upper frequency range (presente
below) the long scratchable part of lidg: in the right half of the

chip is not required so that the chip area could be reduced co ' ' ' ' ' ' —1-%0 ~
siderably. The distance between the shorting bars was chosw %
in such a manner that—in combination with the varactor—th% Tr 1-9 g
oscillation frequency can be continuously adjusted within th'S Q
total range of interest depending on the applications, here b & 171005
tween about 35 and 48 GHz. 2 @

The oscillator was designed by ac and transient simulatior & 43 1-105 §
with a modified version of SPICE 3 and by harmonic balanc% g
simulations with SERENADE/Ansoft (especially for mini- 44 [ ~110 &
mizing phase noise). In the operating point, a collector currel

of 15 mA flows through each transist@t. The transistor size 43 — ) ' ' ' : == -115
. - . . . -25 -2 -15 -1 -05 0 0.5
proved to be optimal if designed for the maximum admissibl bias voltage [V
collector current density. The characteristic impedances ar.u ge [V]
the required lengths of _the mICI’OSFI‘Ip. Ilne_s were runhly Cail'ig. 4. Measured oscillation frequency and SSB phase noise in dependence
culated by use of classical transmission line equations. Thes@ias voltagd’s.
results were checked by the more accurate computer programs
FastHenry [3] and FastCap [4], which additionally allow t

: . i %robe was placed near the ends of two elongated pads of the
calculate the line losses at high frequencies.

teflon substrate which are connected to the output pads of the
oscillator chip by bond wires (see Fig. 3).

The measuring results of oscillator chips mounted in this way

The circuit was fabricated in the SiGe bipolar produddiffer only slightly from on-wafer measurements. This expe-
tion technology of Infineon, B7HF. It is a self-alignedrience was confirmed by simulations which especially show
double-polysilicon technology with a gradient of the Genly a small influence of the bond inductances (about 0.2 nH)
concentration in the epitaxial base. The transit frequeficy and the bond pad capacitances (about 25 fF) of the measure-
and the maximum oscillation frequengy,.,. are both between ment socket used here. Therefore, the experimental results pre-
70 and 75 GHz. For cost reduction, the present design waented now can be restricted to on-wafer measurements. These
restricted to three (Al) metallization layers with a thicknesmesults are obtained with the first technological run and without
of 2.8 um for the upper layer and 04m for the lower layer. any redesign. As shown in Fig. 4, the oscillation frequency can
From simulations, improved circuit performance is expecteddbntinuously be tuned from 43.6 to 47.3 GHz (i.e., by about
the maximum of four layers is used. 8%), if the corresponding bias voltad®@ (see Fig. 1) is varied

The circuit in Fig. 1 was measured mainly on wafer usinfjom —2.6 to+0.7. In this frequency range, the single-sideband
RF probes and a 50 GHz spectrum analyzer. For the differd®SB) phase noise varies betweeh03 and—108.5 dBc/Hz at
tial output signal a ground-signal-signal-ground (GSSG) prolieViHz offset from the carrier (see Fig. 4). This low phase noise
was used. On-wafer measurements, which are usual practicesibomparable to that presented in [1}108 dBc/H2 despite
nearly all publications on millimeter-wave oscillators, are justthe much wider tuning range of our oscillator. The differential
fied here, since for the intended applications, the oscillator wdutput voltage swing is quite high and changes between 1.6 and
probably drive a circuit which is located on the same chip. A8 V,,_,, for 50} loading of each node (not shown in Fig. 4).
another solution, a multichip module is also taken into considérhis corresponds to an output power of about 5.6 dBm for the
ation. This means that the two output pads of the oscillator chiffferential and 2.6 dBm for the single-ended output, respec-
are directly bonded to the input pads of the driven chip. To chetitely. The spectrum of the (uncorrected) single-ended output
the behavior of the oscillator in this environment, the chip wgswer at a center frequency of about 45 GHz is shown in Fig. 5.
mounted on a measuring socket with copper-clad teflon subke total power consumption of the oscillator is 280 mW at a
strate using conventional wire bonding [5]. In this case, the Rfpply voltage oy = —5.5 V.

I1l. EXPERIMENTAL RESULTS



LI etal: 47 GHz VCO WITH LOW PHASE NOISE FABRICATED IN A SiGe BIPOLAR PRODUCTION TECHNOLOGY 81

0
E
he)
2 MKR ’ SPAN 5.000MH
qg; -1.000 MHz RBW 30kHz
D
2 _g -104.8 dB/Hz MBW! 10kH=z
3 - /
-
3 \
£ 40|
=]
s
o
@
ge] |
c PE A ) 1 |
GI') T
Q@ 1
=) ! ;
£ i =
= i

CENTER 45.130300GHz

Fig. 5. Measured single-ended output power spectrum at a center frequencw
of 45.1303 GHz (0.5 MHz per division). Due to the losses of the coaxial
measurement cable, 5 dBm must be added to this plot to obtain the real outpuh]

power.

IV. CONCLUSION

SVWP 50.0ms

fully integrated oscillators in Si-based technologies. Since mil-
limeter-wave frequency dividers have been developed in the
same technology [6], powerful phase-locked loops can be built
at low costs.
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