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Abstract — A systematic study of maximally broad-  cuitry has to satisfy the following oscillation condition:
band VCO designs is undertaken. The theoretical in-
vestigations lead to the practical realization of two fully

monoalithically integrated VCOs based on reflection-  \ynerer,.,, andT,., are the corresponding reflection coef-

type and feedback design techniques. Employing ef- ficients of the resonator and the active circuit, respectively.
ficient diode tuning, the practical implementations of

PHEMT-MMICs exhibit a variation of output frequency

Fres : 1—‘act =1 (1)

of 30% and 45%, respectively. i G Toc D
v le. 3
ch L T @ vi
|. INTRODUCTION T S ]ir e = H zZ
IDE-BAND voltage-controlled oscillators are an es- Rs =+ Ce
sential part in a variety of applications. The increas-
ing use of the monolithically integrated circuits (MMICs) Resonator ‘ Active Circuit
has also created the need of high-performance fully mono- T T (R

lithically integrated VCOs.
Two basic topologies can be applied for oscillator desigrf:ig' 1. Basic_ sch_ema_lt‘ic of th_e reﬂecti_on—_type VCO with transistor pre-
using a transistor as active element: Negative differential re- sented by its simplified equivalent circuit (dashed box).
sistance technique (reflection-type oscillators) and the feed- L . . .
back arrangement [1], [2]. The reflection-type oscillator The 'S|m'pI|f|ed schematlc of Fhe \./CO conS|der§d IS
circuit topology has often been used for RF-VCO circuits_hown inFig. 1. The active transistor is represe_n'_[ed n th.'s
design (e.g. [3]-[5]) whereas the feedback-type oscillatorg'gtu:je tt))y a 5|mple_tmodel._ 'I('jhetresone(ljtor cwc_mtt 'S SUbﬁ:“r;
have rarely been considered for microwave applications du ed by a capacilor, an inductor, and a resistance. €
to their higher complicity [6], [7] capacitorCrp realizes the positive feedback in order to
In this paper, both conce,pts .to design broadband Vcoachieve the negative differential resistance at the input of
- ctive circuit.
are systematically compared and the advantages of eac © active circu

articular topology are emphasized. The theoretical con Analyzing this circuit by means of small-signal tech-
P pology p ' niques, the frequency of oscillations and the condition for

S|derat|ons. are copﬂrmed by two examples of broadban?he transistor’s transconductance can be calculated to
fully monolithically integrated MMIC-VCOs manufactured

using a commercially available PHEMT process. The mea-

sured frequency tuning ranges gfg. = 4.8 — 6.5GHz f _ 11 1 @
and f,,. = 4.6 — 7.3 GHz for the reflection-type and the Orefl = 9m\|L o1 Crs Oy
feedback VCOs, respectively. FB+Cos
g 1 Crp - Cys
m,refl TN CppC,. 1Us
Il. THEORETICAL CONSIDERATIONS L C+gias

A. Reflection-Type Voltage Controlled Oscillator

The reflection type oscillator (also called negative resisB- Feedback VCO

tance oscillator) contains two parts: the active part with the A feedback oscillator whose simplified schematic is pre-
negative input resistance and the resonator. The entire cisented in Fig. 2 consists of two sub-circuits: an amplifier

0-7803-6540-2/01/$10.00 (C) 2001 IEEE



and a feedback loop. The two parts have to be designed torder to fulfill the condition (1). The resistandg, has a

fit the following small-signal oscillation condition: considerable impact on circuit performance although it is a
second-order parasitic.
S21,amp * S21,FB = 1 (4) In practice, a compromise has to be found between the

transistor size and the value of the feedback capacitance
wheresSs; amp andSy;, rp are the transmission coefficients . in such a way that the desired value of the negative
of the amplifier and feedback circuits, respectively. resistanceR,., is achieved in a wide frequency band for the
smallest transistdr,,. and and capacitan&grp possible.

The entire situation concerning the bandwidth of opera-
tion and the condition for the transistor’s transconductance
is more convenient in the case of the feedback oscilla-
| ) tor topology. In contrast to the considerations mentioned
Feedback S = = above and to the equation (3), the expression for the transis-
tor transconductance is constant for given value§oénd
Fig. 2. Basic schematic of the feedback VCO with transistor presented by”> and only depends on their ratio (Eq. (6)).

its simplified equivalent circuit (dashed box). Further, as it can be recognized from the equation (5), the

higher the values of the capacitars andC, in comparison

As in the case of the reflection-type oscillator, theto ¢ the more pronounced is the impact of the tuneable ca-
frequency of oscillations and the condition for HEMT's pacitanceC' on the oscillation frequencsy 5. Moreover,

transconductance can be expressed as: a nice by-effect is achieved: the choice of higher value of
C, with respect taC,,; lowers the impact of technological
1 /1 [1 1 1 variations on the oscillation frequency value.
fors = %\/L ' {(J tatar Cys ®) As the result of the above considerations, one may ex-
Cy+Cgs 1 1 pegthigherbandwidth of oscillation and lower outp_ut power
9m,FB = — 7. = const - 7 (6) variation for the VCO's based on the feedback design topol-
ogy.

C. Comparison of the VCO Design Techniques [1l. CIRCUIT DESIGNSCONSIDERED AND THEIR

Analyzing Eq. (2), it can easily be seen that the reduction MEASUREDPERFORMANCE

of the series connection @f,, andCrpg for a given value . . .
gs e 9 Two voltage-controlled oscillators were designed using

of C increases the tuneable bandwidth of oscillation. . . .
That means that boffl... andC'rr have to be minimized the concepts described above. The design basis was the
g8 rB PHEMT proces®H25 of UMS. The gate length featured

In order to increase the impact of the tuneable capacnancgy this process i9.25 um. Since varactor diodes are not
C on the oscillation frequencyb 1.

On the other hand, the analysis of the expression for thavanable with this processl0 x 75 um planar PHEMT

. . - Biodes with low capacitance-change rati@9f ... /Crnin ~
resistance of the active circuit 3 are used for frequency tuning for both oscillator circuits.

R _ Im @) In order to make design trade-off between the two
act wg - Cys - Crp oscillator-circuit topologies and define the element values
C 1 that would result in wide-band oscillators, large-signal S-
= —gm-L- (Ogs Crg + Cys + CFB) ®) parameters [9] were used to predict the frequency band-

width and the output power. This analysis was also per-
leads to the consequence that b6ty andCrp have to  formed to demonstrate the difference between both design
be increased to avoid the strong dependence of the negtechniques. During this analysis, the input power was in-
tive differential resistance on the tuning capacitance andgreased till the oscillation conditions (3) and (6) were ful-
therefore, on the oscillation frequency. Furthermore, sincdilled. This procedure was repeated for different values of
the values of the capacitancg; and transconductangg, the tuning voltage/ry v E.
are determined by the size of the active transistor (actually, , . )
the ratiog,, /Cy. is almost constant for a given process and” Negative Resistance Oscillator
a particular bias point), the design latitude is very small. The oscillator considered here is similar to the one pub-
This can also be seen from the Eq. (3) where the transconished in [8]. Moreover, the design was slightly modified in
ductancey,, has to be a function aR (V') andC (V) in  order to increase the bandwidth of operation.
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Fig. 3. Reflection-coefficients’ phase angle versus frequency of the activ&ig. 4. Phase angle of the transmission coefficients versus frequency of the
circuit and resonator (at different varactor tuning voltages) in the case  amplifier and the feedback circuit at different varactor tuning voltages
of the reflection-type VCO. in the case of the feedback VCO.

Analyzing this circuit as described above, a family of are described above for the case of the reflection-type VCO
curves was generated that is presented in Fig. 3. The phag@peared. As the consequence from this experience, only
vs. frequency curves of the resonator reflection coefficienthe capacitor’ in Fig. 2 is made variable for this example.
at different diode tuning voltages are shown there as well Analyzing separately the amplifier and the feedback cir-
as the inverted phase of the active circuit. The intersectionsuit using the method described at the beginning of this sec-
of these curves give the oscillation frequency at a certairtion, a family of curves were generated that is presented in
tuning voltage. Fig. 4. This figure shows that the maximal bandwidth of os-

From Fig. 3 can be seen that the potential bandwidttcillations is obtained. This curve constellation was achieved
of oscillation could be increased by “moving” the curve by optimizing the values of the feedback circuit — that actu-
—arg (Tuet) to lower values (e. g. by decreasing the valueally is a band-pass filter — as well as by introducing a small
of C'rp or choosing a smaller active transistor), but the fre-series inductance between the passive part and the gate of
quency range where condition (3) is fulfilled decreases irthe active transistor (not shown in Fig. 2).
this case. The increase of the tuning-voltage range with the feed-

The phase curve of the reflection coefficiéijt; of the  back VCO AVryng ~ 4V in comparisontaAVyyng ~
active circuit differs from the expected straight line due2.5V for the reflection-type realization) is a further advan-
to the different values of the input power applied to thetage of this design topology. Due to the fact that there is
circuit in order to fulfill condition (3). It had to be al- no RF connection between diodes and ground, positive tun-
tered fromP;,, = —6.5 dBm at the lowest frequency up ing voltages are possible without significant reduction of
to P;, = 0.8 dBm to the highest one. the loop gain. This effect also helps to increase the entire

bandwidth of VCO operations.

B. Feedback VCO
This circuit represents the further development of thec' Measured Restilts

feedback oscillator that was described in detail in [7]. On-wafer measurements of the circuits (VCOs including
The maximal bandwidth of oscillations would be corresponding buffer amplifiers, which cannot described
achieved if all capacitors{, C, and C;) were made vari- here in detail) were performed employing the spectrum an-
able and the tuning were performsithultaneously How-  alyzerHP856%5E. In Fig. 5, measured curves of the oscilla-
ever, due to the more difficult DC-voltage supply, odly  tion frequency and the output power of both buffered VCO
and C were replaced by the diodes within the first imple- realizations are shown.
mentation [7]. But in that case, the output power was ex- The reflection-type oscillator provides oscillations within
tremely variable with the tuning voltage. Considering thethe frequency range ¢f,. .1 = 4.84—6.54 GHz that cor-
equation (6), the reason for it can be fixed. Varying the caresponds to the relative bandwidthAff,..s;/ fo = 29.8 %.
pacitance’; while fixing the value of”; constant, leads to The oscillation frequency dependence on the tuning volt-
the fact that the transconductangg has to be a function age exhibits the non-linear behavior typical for this kind of
of C; = f (V). Having done so, the same problems thatVCOs. The mean output power of this circuit was measured
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Fig. 6. Microphotograph of the buffered VCO based on the negative resis-
tance technique. Dimensiorg4 x 1.0 mm?.
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Fig. 5. Measured oscillation frequency and output power of the bufferec
oscillators designed using different techniques

asP,ut .51 = 11.6 dBm. Confirming the consideration de-
scribed in Section IC., the variation of this value is rather
high and amounts t& P, ; .1 = £3.1dBm.

The feedback VCO generates RF-power in a wide rang
of fose,rB = 4.60 — 7.28 GHz that amounts to a very high
value of the relative bandwidth dA frp/fo = 45.1 %.
Furthermore, the output power of this circuit exhibits a
value of P,,;,rp = 14.1dBm with a very low variation
that was measured to be as high/eB,,; rg = £0.7dB.
This behavior confirms the theoretical considerations. ACKNOWLEDGMENT
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