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Abstract

A new topology for a monolithic VCO is presented. 3 element ring oscillator is mged with a 5
element ring oscillator by using a linear combining circ8y. adjusting the controlaltage, the oscillation
frequeny can be @aried from 1/(2x 3 X Tyae daiay) 10 Y(2% 5% Tyae gaay). Thecircuit concept requires no
off-chip parts, and can betended to greater than 1 ogtauning range.

Experimental results are presented for the oscillator implemented in the HP RFIC GaAs process.
Measured frequenaange vas 1.4 GHz to 2.4 GHzZPower dissipation ws 1.3 Vdtt, with die size of .5x.5
mm. Simulatiorresults are also gén for an HP1X bipolar implementation.

These chips are intended to be used as clock sources for a digital data link timiegy reiccuit.

1. Introduction

Voltage controlled oscillators are widely used in communication syst&mrscost reasons, it is
always desirable to minimize both chip count and the numbextefreal parts needed taitd a gven sys-
tem. Thefollowing oscillator design fulfills these needs by beinggrable on the same chip with other
functions and requiring nocernal frequeng determining elements. The oscillator described is rapidly tun-
able and thus capable of wideband FM or RMher rapidly tunable VCO designs, such as Schmidt trigger
oscillators, operate in a saturated switching mode and are consequently limited in sp&ag[biscilla-
tors, in contrast, may be operated in a non-saturating mode epytbigh frequencies.

2. Background

A corventional ring oscillator is shven in figure 1. The ring consists of an odd number oferting
stages. Thigonstraint ensures that the oscillator will self-stdfta rising logic edge propages around
the ring it will, after one round trip, becomeallihg edge. After two such round trips it will be a rising
edge agin. Ifthe delay of a ate isT, then the frequencof oscillation will be 1/(Z4N); whereN is the
number of stages in the loop.

Ring oscillators used for process characterization typically consist ofj@ tarmber of iverters.
This is done to ensure a saturated logic swing to realistically test the digital performance of the process.
The oscillators described in this papeffetifin that thg consist of a small number ofvierters and run in a
guasi-linear mode with near sinusoidaws&orms.



3. Circuit Operation

A description of the ne circuit is based on figure ZThe functional block labeleM is uncowen-
tional. OutputV, is a linear combination of inputs, andV,. The combination coétients are controlled
by an inputC; where O< C < 1. If V,(t),V,(t) are the wltages at port¥, andV,, then the outputaltage
V,(t) is gven by

V(1) = CVx (1) + (1 - C)V() 1)

The output of theM stage is a weighted sum ofdwinusoids that are of the same frequebat dif-
ferent phasesThe sum is also a sinusoid with a phase (and delay) that can be found from the phasor dia-
gram shan in figure 3. Consider the tw gecial cases wher€ =0 and C =1. In the first case
V,(t) =V,(t). Figure2 then reduces to a three element ring oscillator consistingverftens 1,2 and 5.
This gives an oscillation frequeng of 1/(2 x 3x Ty) Hz. Inthe second cas¥,(t) = V,(t), giving a five de-
ment ring, and an oscillation frequemaf 1/(2 x 5 x T4) Hz. Theresulting tuning range ratio is then 5/3.

In order for the circuit to wrk correctly wherC is an intermediatealue, tw conditions must be
met. First,the wavdorms must be approximately sinusoiddlhis is normally the case when there are a
small number of stages since the resulting oscillation is near the maximum speed wrtbresinSecond,
the waveorms atV, andV, must hae less than 180of phase shift between them (preferably close .90
We will now assume the second condition andverd later in equation (6).

The circuit will oscillate at a frequepavhere there is>actly 360 phase shift around the loop.
There is already 18Qlue to the imersion in the loop, so the oscillation frequgins where the propagion
delay contrilnites an xtra 180. The phase shift due toverters 1,2 and 5 is fed, while the phase shift
due to the combination ofverters 3, 4 and th& stage is adjustabldf we let ¢ be the phase ddrence
betweenV,(t) andV,(t), then the wavdorm at the output of th# cell is

V,(t) = Csin(wt - ¢) + (1 - C) sin(wt). 2
The phase of this avdorm is
0 Csing 0
O=tan! - — 3
an U(C-1)+Ccosp U )
Equation 3 is somwehat intractable, it can be approximated to first order with acceptable error for
¢ <120C° by
0=Cy. “4)
The total loop phase shift is th€y + 3 x 27 f,T4. Substituting in forg =2 x 27 f,. Ty and setting the
loop phase shift equal togives the oscillation frequernc

1

fop=— .
o (6+4C)Ty

®)

We @n nav verify our initial requirement tha¥,(t) and V,(t) haveless than 180phase shift
between themThe phase shift betwe&hy(t) andV(t) caused by the twinverters is,

_ 360

~3+2C

< 120° (6)

4. GaAs RFIC Results

Figure 4 shws the oscillator implemented in GaA3he tune line labeled "C" is d#rential. The
output is tapped 6bf inverter 4 to minimize loading on the high speed ring consistingveftiers 1, 2 and
5. Figure5 shows the measured frequeneersus tune altage. Results are summarized able 1. As has
been seen in otherdoQ GaAs oscillator designs, the circuit has relyi poor spectral purity [2]. The
output spectrum shes 1/f components about the carriérhis is probably due to the highflhoise corner
of the GaAs FEB wed. for the intended use in a clock timing reey circuit, the oscillator will be
phase lockd to an incoming signalThe short term stability of the oscillator is thenfisignt to properly
sample data between adjustment periods.



5. Si Bipolar HP1X Simulations

An oscillator of the type describedag also designed in the HP1X bipolar proceBse inverter
stages were implemented with fully féifential ECL. Figure 6 shas the circuit for thevl stage along with
a representate inverter. Smulation results are also shin in Table 1. It is expected that the bipolareyw
sion will have letter phase noise performance than the Gahsion, due to the betterflhoise of the Si
devices.

Table 1. Summary of Results

Paameter RFIGGaAs (measured) HP1X (simulated)
circuit area 5x.5mm .05x1.7mm
power 1.3watt 0.1watt
yield >95% -
tuning range 1.4GHz - 2.4GHz 634MHz - 1.08GHZz
phase noise -40dBc@500KHz -
output amplitude 12dBm 0dBm

6. Extensionsto the Concept

The basic topology of the oscillator may beéemded to hae hgher tuning range as sha in figure
7. This modification allrs tuning ranges of 3/7, 3/9, etthe use of multiplevl stages is required taekp
the phase diérence at the input of ead¥t stage less than 180 The practical limit with this topology is
reached when the resultingawdorm is no longer approximating a sinusoithis limit will be a function
of the technology used.

7. Summary

A technique for making monolithic high-speed VG@h both GaAs and silicon 1G’ has been
described. Theircuit described has the folling adwantages:

1) Can be operated atny high speeds

2) Fully integrable along with digital circuitry

3) Lage tuning range and rapid frequegradjustment

4) No ternal frequeng determining elements required
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