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Fully Monolithically Integrated Feedback \Voltage
Controlled Oscillator
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Abstract—A fully monolithically integrated voltage controlled
oscillator (VCO) using feedback technique is presented here. The
circuit provides oscillation within the frequency range of 6.3-7.0 L
GHz. The corresponding tunable relative bandwidth is 10%. The T
feedback topology proves to provide a good linearity of the oscil- C, osc
lation frequency dependence versus tuning voltage. The maximal C G D
deviation of the frequency behavior from its linear fitis A f = 39 ="
MHz. It is shown in following that the feedback technique can be CiCss| |V

g.V

used for broadband VCO design. I -I-
Index Terms—Broadband VCO, Clapp-VCO, full monolithic in-

tegration, MMIC-VCO, voltage controlled oscillator (VCO). h
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Fig. 1. Principal schematic of considered Clapp-oscillator with transistor

I. INTRODUCTION presented by its equivalent circuit.
ICROWAVE monolithic integrated circuits (MMIC's)
recently find use in a variety of sensor, automotive, IIl. CIRCUIT DESIGN

and other applications and systems. One-chip systems makeClapp Voltage-Controlled Oscillator

essential the design of compact, high-performance, wide—band]. . . . Lo
. . h h h for th Il

fully integrated voltage controlled oscillators (VCO’s) based on € basic schematic chosen for the oscillator design is

(P)HEMT (pseudomorphic high electron-mobility transistorz derlva'qon Of. the _Clapp-osc!llator_[G]z 71 The_ S|_mpl|f|ed
e chematic of this oscillator configuration is shown in Fig. 1. The
epitaxial structure.

Two basic topologies can be used for oscillator design usiage c Fansistofosc is represented here by its most simple
) polog ) ) desIgn UsIug i alent circuit consisting of the gate-source capacitéhge

a transistor as active element: Negative differential re5|stan6(1: d the transconductange,

technique (reflection type oscillators) and the feedback arrangeAnalysing this circuit by ,simple means of small-signal tech-

ment [1], [2]. The reflection type oscillator circuit topology re- ique, the frequency of oscillation can be calculated to

alising negative differential resistance at one of the ports of the '

active element has often been used for RF-VCO circuit design 1 1 1 1

(e.q,. [3], [4]). Itis different for tunable oscillators based on the fose = A\ Ten {1 + (s <5 + m)} D)

feedback topology. Whereas this arrangement has often been T 3 2 L Ves

emplqyed for designs with oscillation freq_uency b_elow 1 GHz, ChoosingCy > C,, leads to the advantage that technolog-

there is only one recently reported realization for microwave frgs5| variations 0fC,, do not cause change of the oscillation fre-

quencies [S]. _ _ quency. Further, (1) simplifies to
This letter describes the design and measured performance of

aVCO realization that is based on the modified Clapp-oscillator 1 \/1 < 1 1 1 )

L
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topology. The circuit is fully monolithically integrated and was Jose = o

fabricated using the commercially available PHEMT-process

PH25 of UMS. The PHEMT gate-length featured by this processin order to apply this circuit configuration to a VCO design

is 0.25um. the capacitance elements have to be made variable. It can be
The circuit provides oscillations within the frequency rangehown using (2) that by altering the values of all the three ca-

Jose = 6.3=7.0 GHz, which leads to a relative bandwidth ofpacitorssimultaneously the maximal frequency tuning range
Af/fo = 10%. This is a good value for a fully monolithically can be achieve.

integrated VCO realization. Furthermore, the VCO realizations Based on these considerations, a fully monolithically inte-

based on the feedback technique prove to provide a very gafidted MMIC-VCO was designed. This circuit was developed
linearity of the oscillation frequency tuning. with the aim to achieve the maximal available bandwidth of os-
cillation.
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I Fig. 3. Microphotograph of the oscillator realized. Dimensioh$: x 1.0

Fig. 2. Principial schematic of the feedback VCO including the biasing 704
network.
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An 8 x 75 um PHEMT in common-source configuration acts
as the amplifying element within the circuit. In order to reduce
the required chip-area the active biasing concept was chos
to provide drain-source voltage to the active transistor. For thi
reason anothet x 75 um PHEMT is used, whose gate and
source are connected to each other. Capacitgss and spiral
inductors Lrr separate further RF- and DC-paths within the &3
CIrCUItry ) -0‘.6 -OIA -0’.2 0:0 otz '7(;4 0:8 OTS ) 110 152 154

The output power of the amplifier is fed back to its input Tuning Voltage, Vyyye/ V
via a passive network that fulfil the conditions for steady-state
oscillations. Thell-network consists of integrated capacitors;ig. 4. Oscillation frequency, its linear approximation, and the output power
and a transmission line as feedback inductadge;(in Fig. 2). 2s functions of applied tuning voltage.

The frequency tuning is achieved by employing the in-
tegrated planar0 x 75 um diodes. These diodes are not The design was implemented utilising the microstrip tech-
optimized for maximal capacitance change and, thus, th&@l0gy. The circuit is compact and the chip-area used by the
junction capacitance varies with the applied tuning voltagéCO amounts to the value df5 x 1.0 mm?. Fig. 3 presents a
within the range ofC ~ 0.5-1.6 pF. The low capacitance Photograph of the oscillator.
change ratio 00}, /Ciin = 3 is @ common value for such
MMIC diodes. [ll. M EASURED PERFORMANCE

It should be mentioned that this is the small-signal value. On-wafer measurements of the circuit were performed em-
The higher the RF-voltage at the diodes, the lower the effgstoying the spectrum analyzewrssese Beforehand, the cable
tive capacitance change ratio and, hence, the maximal bansses were determined in order to correct the measured power
width of oscillations. In order to reduce the RF-voltage at javel. The gate-source bias voltage was set to zero, whereas the
single diode four series-parallel connected devices are usedgisie of the drain-source bias supply wdg = 3.5 V at the
Dy andDs. The calculations using a simulation tool, e.g., MD®)C-pads. Approximately half of this is applied to the amplifying
of HP-EESOF, confirmed this effect. PHEMT. The DC current consumed by the circuitry amounts to

Of course, it is possible to achieve frequency tuning usinge value ofl . = 120 mA.
only the diodeD; as proposed by Clapp [7]. But as described in Fig. 4 shows the measured curves of the oscillation frequency
the previous subsection, the bandwidth of oscillations can sind the output power of the VCO versus applied tuning voltage.
nificantly be increased by simultaneous altering of all the thr@de output power of the circuit varies within the rangdbf; =
capacitive elements. These considerations could be confirmed.8—3.9 dBm. The variation of the delivered power versus
by the large-signal simulations performed. But due to difficutuning voltage is rather high. It is mainly due to the mismatch at
ties in connection with the tuning voltage supply to the gate tie oscillator output and can be improved by including a buffer
the active PHEMT, only the capacitafg andC, in Fig. 1 were amplifier into the design.
considered to be variable by employing the diodgsand D, The VCO provides oscillations within the frequency range of
(Fig. 2). This made the entire DC-biasing network very simpl¢,.. = 6.31-7.02 GHz. The relative bandwidth of oscillations
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Fig. 5. Oscillator phase noise for different tuning voltages.
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voltage and is always below70 dBc/Hz at 100 kHz offset from
carrier.

IV. CONCLUSIONS

This letter describes the design and the measured perfor-
mance of a fully monolithically integrated voltage controlled
oscillator with integrated diode frequency tuning. The circuits
oscillates in the frequency range of 6.3—-7.0 GHz. It bases on
feedback topology and is one of the first implementations of
this oscillator design techniques for microwave frequencies.
This design solution proves to exhibit a good linear behavior
of the oscillation frequency variation versus tuning voltage
with maximal linearity error ofAf/f.sc = 0.55%. Further,
the designed circuit demonstrates a fairly good value of phase
noise (below—70 dBc/Hz @100 kHz offset from carrier). This

performance make this kind of VCO'’s interesting for a variety

exhibits a value ofAf/fy =
for a fully monolithically integrated VCO realization with diode
frequency tuning.

The frequency dependence on tuning voltage shows a fairly
linear behavior. The linearity error is calculated as the differ- [1]
ence between the measured frequency tuning and its linear ap%é]
proximation that is also displayed in Fig. 4. This value varies in
the range ofA f = 438 MHz, which leads to a maximal abso-
lute linearity error ofA f / fosc = 0.55%. The average frequency
tuning sensitivity of the oscillator iStyng = 370 MHz/V. The 4]
good linearity of the circuit is advantageous for many applica-
tions such as phase-locked loop systems.

The oscillator phase noise was also measured by using thg’]
HP8565ESpectrum analyzer with thergse71APhase Noise Mea-
surement Utility. The behavior of the phase noise versus tuning®!
voltage is shown in Fig. 5 for offset frequencies of 100 kHz and 7
1 MHz carrier. The phase noise varies slightly with the tuning

(3]

10.7%, which is a good result of applications.
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