
A 10 GHz , 420µW Surface-Mounted LC oscillator
with Copper Coils

Johan van der Tang, Ronald Dekker1, and Arthur van Roermund

Eindhoven University of Technology (TU/e), Mixed-signal Microelectronics (MsM) Group, EH 5.10
P.O. Box 513, 5600 MB Eindhoven, The Netherlands

phone: +31 40 247 2664, fax: +31 40 245 5674
email: j.d.v.d.tang@tue.nl

1 Philips Research Laboratories

Abstract— An ultra low-power differential varactor-less
10 GHz LC oscillator has been fabricated. The implementa-
tion IC technology allows surface-mounting, eliminates sub-
strate losses and has a copper back-end. The quality fac-
tor of the used 0.63nH inductor is estimated by measuring
the required start-up current of the oscillator. With a sup-
ply voltage of 3V, the estimated quality factor is as high as
39 at 10 GHz. At 10 GHz the dissipation of the oscillator
core is 420µW (with 3V supply voltage) and the measured
phase noise better than -94.7dBc/Hz at 1 MHz offset of the
carrier. By increasing the bias current, the frequency can
be tuned from 10.2 GHz to 8.7 GHz, which corresponds to
15.8% tuning range. The highlighted fabrication technol-
ogy eliminates bond-wires, reduces cross-talk and yields ex-
cellent passives.

Keywords— High-Q passives, low-power RF technologies,
LC-oscillators, ultra low-power transceivers

I. I NTRODUCTION

New wireless applications put a constant pressure on RF
technologies. Sustained effort is directed to improve tech-
nology figures of merit (FOMs) like transition frequency
( fT ), input and output bandwidth (fV , fOUT ) and unity
power gain frequency (fMAX ), as well as power consump-
tion and integration level [1], [2]. An example of a new
application is ultra low power transceivers in the ambient
intelligent home of the future that will require high qual-
ity passives [3]. Power consumption is also of high im-
portance for portable WLAN transceivers operating at 2.4
GHz, 5.x GHz and 17 GHz. In the future, WLAN appli-
cations might well extend to 60 GHz, where a global fre-
quency band is allocated for wireless networks [4]. On top
of the low power requirements (and also related to a low
power dissipation), packaging of a RF IC technology is an
important aspect, especially at 17 GHz and 60 GHz. A
bond-wire of only 0.5 mm (≈ 500 pH) already represents
an impedance of 16Ω, 53 Ω and 188Ω at 5 GHz, 17
GHz and 60 GHz, respectively. Although advanced pack-

ing technologies like chip-scale packages reduce package
parasitics, surface mounting of the silicon die provides ad-
ditional performance improvement.

This paper highlights the combination of two fabrica-
tion techniques that address the need for low power RF
technologies, as well as a way to minimize the negative
effects of packaging on RF performance. Specifically, a
surface mounted technology (SMT) is described in which
a substrate transfer technology to a glass is used. The com-
bination of both fabrication technologies is used for the
realization of a 10 GHz LC oscillator. This demonstrator

IC has copper coils that are realized during one process
step of the surface mounted fabrication process, yielding
very high quality factors. Obviously, other RF building
blocks will greatly benefit from the presented fabrication
techniques. For example, device and assembly parasitics
greatly affect the performance of power amplifiers, and
these parasitics can be significantly reduced by the pro-
posed technology [5].

Section 2 describes the surface mounted technology.
Next, the design of the LC oscillator is highlighted in
section 3, followed by measurements of this oscillator in
section 4. The performance of the oscillator is compared
against the state of the art in section 5. Finally, some con-
clusions are made in section 6.
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II. SURFACE MOUNTEDRF IC TECHNOLOGY

Substrate Transfer Technology (STT) combines the ad-
vantages and performance of main stream silicon process-
ing with a complete freedom on the choice of the substrate
[5]. STT is based on gluing a processed silicon wafer, up-
side down, to an alternative substrate followed by a partial
or complete removal of the original substrate. The alter-
native substrate is usually glass as it is low cost and has
excellent RF properties. The benefits of an excellent insu-
lator as a substrate are threefold:
• Better passive device are obtained. For example, quality
factors of inductors are greatly improved since substrate
losses are minimized. In addition, parasitics of other pas-
sive devices (resistors, capacitors) are reduced as well.
• Cross-talk is reduced. Capacitive paths between circuits
on one die are greatly reduced. This leads to shorter design
cycles as the prediction of cross-talk is still cumbersome
and strongly dependent on IC technology.
• Power consumption is reduced. Interconnect to sub-
strate capacitance, collector/drain to substrate capacitance
and others are minimized.

Substrate transfer can be combined with an SMT
that tackles package parasitics. The proposed technol-
ogy is based on a combination of (thick-film) SOI sub-
strates, a standard or slightly modified front-end technol-
ogy (CMOS, BICMOS or bipolar), followed by a substrate
transfer to glass and, finally, surface mounted assembly.
The proposed surface mounted RF IC fabrication technol-
ogy is illustrated by Figure II, using a bipolar front-end as
an example.

SOI substrates with 0.2µm top silicon and 0.4µm thick
buried oxide are used as starting material. The top sili-

con is dopedn++ to 1020 cm−3 by diffusion from an ar-
senic doped glass to form a blanket buried layer. After
epi growth, a bipolar front-end (see Figure II(A)) is fabri-
cated based on a 25 GHz double poly-silicon technology
[6]. Normally device isolation is performed before the last
high temperature step (RTA emitter anneal), but uncon-
ventionally in this case it is done after the RTA step. This
is realized by etching trenches down to the buried oxide,
High Density Plasma (HDP) oxide filling and Chemical
Mechanical Polishing (CMP). By designing the trenches
sufficiently far away from any p-type diffusions, junction
leakage along trenches is avoided.

Figure II(A) shows a schematic cross-section of the fin-
ished wafer. The back-end trench procedure makes it pos-
sible to remove all the silicon in the areas reserved for in-
ductors, filling it with oxide and at the same time retaining
a fully planar surface. After transfer to glass, the wafers
are flipped and processing continues on the former buried
oxide layer. First the oxide is wet etched at the locations
where a contact to the backside of the devices is needed
(e.g. vias). Next 10µm thick copper patterns are platted to
form contacts and inductors. After dicing, the front-end is
ready for surface mounting by reflow soldering as show in
Figure II(B). The backside contacted devices allow for an
efficient heat removal in the case of RF power devices and
minimal series resistance in the case of large decoupling
capacitors.

The highlighted SMT in this section is used to realized
a 10 GHz LC oscillator as technology demonstrator. Its
design and measurement results are discussed in the fol-
lowing two sections, respectively.
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III. A 10 GHZ LC OSCILLATOR DESIGN

The circuit diagram of the LC oscillator is shown in Fig-
ure 1. At design time only rough estimates of the device
parameters for both active (25 GHzfT double poly tech-
nology) and passive devices in the discussed SMT were
available. Therefore, a robust simple cross-coupled pair
was chosen to implement the active oscillator pair. Al-
though bipolar transistors (using the emitter-base junction
or the collector-base junction) could have been used to re-
alize a varactor, the resonator has been implemented var-
actorless. Hence, in absence of lumped capacitance, the
resonator of the LC oscillator is formed by the 0.63nH
coils and parasitic capacitance of the active devices and
the inter-connect. This allows estimation of the inductor
quality factor at 10 GHz by measuring the start-up current,
as will be discussed below.
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Fig. 1. Circuit diagram of the varactorless 10 GHz technology
demonstrator: a LC oscillator, with a 50Ω output buffer.

The output buffer in Figure 1 consists of emitter fol-
lowers, followed by a differential stage with 50Ω collec-
tor resistors. This limiting buffer is designed (excluding
insertion loss in measurement cables and connectors) to
deliver -20 dBm at the 50Ω input of a spectrum analyzer.

IV. EXPERIMENTAL RESULTS

Figure 2 shows the surface mounted LC oscillator. The
active oscillator part has been enlarged and photographed
with backside illumination, and is shown below the photo
of the oscillator die with PCB. A fine grid of trenches is
used in the region of the active circuitry, for a maximum
reduction of inter-connect and inter-device capacitances.

The power dissipation of the chip for several combina-
tions of currentIbias and VCC is given in Table I. As in-
dicated in Figure 1, the tail current of the active oscillator
part is 2Ibias. The buffer dissipation, with on-chip biasing

Fig. 2. Die photo and detailed view of the active part of the
surface mounted 10 GHz LC oscillator.

VCC Ibias =
100µA

Ibias = 2mA

3 V 39 mW 60 mW
2 V 12.7 mW 25.6 mW

TABLE I
MEASURED POWER DISSIPATION OF THE OSCILLATOR CORE

PLUS OUTPUT BUFFER.

network, substantially increases when VCC is increased
and dominates the total power dissipation. For example,
for VCC=3V andIbias = 70µA, the LC oscillator core dis-
sipates only 0.42 mW.

Table II shows the measuredIbias current for which the
oscillator starts-up for two VCC values. In other words,
it shows for which tail current (2· Ibias) the gain condi-
tion for oscillation is fulfilled. Using this current value for
biasing, the transconductance (gm, see Figure 1) of the ac-
tive oscillator part is simulated at 10 GHz. The effective
parallel resonator resistance is equal to−1/gm. With this
parameter a first order estimation of the quality factor of
the 0.63nH inductor can be derived:

Ql′ ≈
−1/gmstart−up

2π ·10GHz·2·0.63nH
(1)

Sincegm is defined differentially, two times 0.63 nH is
used in (1). For VCC equal to 3V and 2 V the estimated Q
is 39 and 25, respectively.

A lower Q value for a supply voltage of 2 V can be
expected since the junction capacitances in the bipolar ac-
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VCC meas.
start-up
Ibias

sim.
start-up
gm@10
GHz

Ql′@10GHz

3 V 9.7 µA -318µS 39
2 V 37.5µA -492µS 25

TABLE II
ESTIMATED INDUCTOR QUALITY FACTOR AT 10 GHZ.

tive oscillator part are larger for this voltage, and represent
(e.g. by their parasitic series resistance) more losses at 10
GHz. The Q values in Table II make clear that excellent
Q factors are achievable at 10 GHz, when the discussed
surface mounted fabrication technology is used with its
copper back-end processing step.
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Fig. 3. Oscillation frequency versusIbias for VCC is 2V, 2.5V
and 3V.

Although the oscillator has a varactorless resonator, a
significant tuning range can be achieved by varying the
base-emitter diffusion capacitance, which value is a func-
tion of Ibias. For a practical application, varactors are
preferable since we now use a parasitic effect to tune,
and the carrier amplitude variation (and thus the phase
noise to carrier levelL ( fm)) and tuning range are di-
rectly coupled, making oscillator optimization more dif-
ficult. Nonetheless, a significant tuning range can be ob-
tained withIbias as shown in Figure 3. For VCC equals 3V,
the tuning range is slightly lower compared to 2V, because
the buffer then has a higher biasing level (see Table I), and
is loading the oscillator core more.

Figure 4 shows the power spectrum of the LC oscilla-
tor close to the maximum frequency at 10 GHz and with
3V supply voltage. The observedL (1 MHz), verified by
repeated measurements, is better than -94 dBc/Hz. With a
supply voltage of 2V and a slightly higherIbias (120µm),

Fig. 4. The power spectrum of the oscillator at 10 GHz
(VCC=3V andIbias=70 µm).

L (1MHz) is about -95 dBc/Hz at 10.2 GHz.

V. BENCHMARKING

Table III compares the performance of this work, with
the phase noise normalized for power, frequency and off-
set frequencyfm [1], with three other designs. With the
lowest power dissipation in absolute sense, an excellent
L norm( fm) is obtained. Note that phase noise measure-
ments are performed with standard power supplies, and a
battery-operated oscillator is expected to be more stable,
due to a minimum amount of external noise that modu-
lates the oscillator.

Ref. freq.
(GHz)

Pdiss

(mW)
L norm( fm)
(dBc/Hz)

This work 10 0.42 -178
[7] 11 24 -173
[8] 13 39 -159
[9] 17 10.5 -182

TABLE III
BENCHMARKING OF SEVERAL PUBLISHEDLC OSCILLATOR

RUNNING AT 10 GHZ AND HIGHER.

VI. CONCLUSIONS

Surface mounted technology is an important enabler to
achieve better performance of passives at high frequen-
cies, to significantly reduce package parasitics, to elimi-
nate bond-wires and to reduce cross-talk. These advan-
tages translate into ultra low-power circuits. The surface
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mounted RF IC technology discussed in this paper uses
copper to form the contacts as well as high-Q inductors.
The achieved (loaded) quality factor at 10 GHz was esti-
mated at 39. A 10 GHz LC oscillator has been integrated
in a 25 GHz fT surface mounted double poly technology.
It dissipates 0.42mW at 10 GHz and has aL (1MHz) bet-
ter than -94 dBc/Hz, with 3V supply voltage.
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