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ArticleInfo ABSTRACT
Article history: Designing low power, low noise, wide tuning rangel amall size circuit in

. one single chip is very challenging. This papercdbss alow power, wide
ReC?'VEd Jarz 112012 tuning range three-stage current-controlled ringliasor (CCO) which has
Revised Jan1® 2012 been designedon 018 CMOS technology. The CCO circuit has tuning
Accepted Feb 2% 2012 range from 251 MHz to 5.5 GHz or it has tuning Wwidi83%. Using 1.8V

supply voltage, the CCO circuit consumes current frd4rpA to 9.76mA.

Phase noise is -104 dBc /Hz at 5.5 GHz and 4Mhzoffsquency. FoM is

Keyword: -154.4 dBc /Hz which is the best among publishechtampart papers. The
Current-controlled oscillator size of the core oscillator circuits without borglipads is only 0.0003 nfm
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1. INTRODUCTION

Oscillator is a crucial component in phase-lockeabl (PLL) and phase locked loop is one of the
key elements in many communication devices andiitircAccording on its controlling input, oscillatoan
be classified into two groups, voltage-controlletibator (VCO) and current-controlled oscillat@GO) as
shown in Fig. 1(a) and 1(b).Among the oscillatquey, LC oscillator is widely used because it hatebe
phase noise. However, LC oscillators have narravinirange and need large die area. Ring osciflator
the other hand provide wide tuning range, relagiveinstant voltage swing and low voltage operafign[2],

[7]. These oscillators also require less die arempared with LC counterpart and can be built in any
standard CMOS processes.

Various topologies of ring oscillator circuits hakieen reported in the literatures. Among them,
three-stage ring oscillator topology has been teplosuccessfully in [8], [11] and [12]. This sucsesakes
three-stage topology very attractive.

This paper presents the analysis and design osbl5 controlled oscillator in which its frequency
varies linearly with its load current source orcén be written as a current controlled oscillat8CQ).
Circuit architecture is described in Section llrjavith a simplified analysis for its frequencyascillation.
Section Il presents oscillator design and posbudysimulation results. Finally, Section IV conahsdthe
paper.
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Figure 1.A block diagram of a VCO (a) and CCO (b).
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Figure 2Circuit of theproposed three-stage ring oscillator wéthrrent loa.
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Figure3.Simplified steady state oscillating waveforms.
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2. CIRCUIT ARCHITECTURE

Fig. 2 showsgeneral topology of thproposedcurrentontrolled ring oscillatc. It is based on a
threestage inverting ring oscillat [2]. Inverting stage consist of NMOS invertehdving a current sourc
Current source can be implemented by uresistive load circuit.

A simplified analysis of this circuit bysing a switch model of NMQS$ provided by [5]. The
NMOS assumed becomes short circuit when its-source voltage ¥s exceeds its threshold vcge Vrh.
By this assumption,only onldMOS canturn onat any given time. Assumed the three NMOS device:
identical or in other worthey have same TH, the total period T can be divided equally by the @Mation
of each transistor as shown in F3.

It can be seen from the picture one NMOS can turnon for Tp&riod andturn off for another
2T/3when the chargingrocess in the capaci is taking place. ANMOS is ON when its gate voltage ree
threshold voltage (M) and OFF when its gate voltage ch 2Vfu. Voltage rises from tHto 2Vrwin T/3
period. Thus NMOS is ON in T/3 periotFor examplejn the first T/3 periode when the output of M1 (\
rises from zero to some point beformH, the next transistor (M2) is still turned offi2 is turned on when
V1 reach some point abover¥M2 is turned onuntilV1l reach 2\Min T/3 period. When Mzturn on, its
output (V2) goes to groundhtis, tecause V2 supply the gate of M3, M3 change it& Stamturning on to
turning off which then theharging process of C2 is taking plaEach transistor isirned ol for T/3when its
output is zero and is turned of for another T/3 during charging time afitput capacitor tl.Thus,the output
rises from zero at a slope GC andthen turn on the next transistor in the rifidnerefor,based on this
mechanism, we can derifermulaeto obtain the period of the oscillation as follows

r=Ey, o
Thus
|
f = 2
3CV;, @)

It shows that frequaay varies linearly withcurrent which is a desirable property for ph-locked
applications. The minimum supply voltage can bewated by looking at the maximum output voltager
added by the minimum operating voltage of the aqurseurce as belc

Vpo(min)= 2V, +V, 3)

where\Mis the minimum operating voltage of the currentrse thatcan be minimized by the use of PMt
device as current sourdé can bias low as PMOS overdrive voltage.

In practice, steady state oscillating waveform carrehave as ideal asown in Fig.3 because the
circuit needs a small duratio 9 ) for discharging each output capacitor since an@8Vcannot have ro
resistance when turn on. Figldistrates this behavior.

IVrH V2 \'%1 V3

Figure4.Steady state waveforms when each NMOS has finitnaL.
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This behavior haan increasing effect on its period of oscillatidn, (which is derived as follow

5
Vig =V +=—r

4
c (4)

IT
V, =V, +— (5)
H TH 3C
where VL= 0 is the minimm drain voltage of an NMOS to carry current. Thealyic equation during th
duration is derived as

242
Cgl: - It ﬁ (6)
dt 2C
. : \W
where voltage at t = 0 ®is Vi and Viu, while 5= ,unCOXT

By doing some integration and algebrmanipulation at the above equation® can come up with
an exact formulae to determining T as give

2 3 2 3
x| v —vL)+3/”+ n+m+3/n_ [, m
2 4 27 \2 4 27

T= I (@)

3. CIRCUITSDESIGN AND POST LAYOUT SIMULATION RESULTS

Fig.5 shows the coreircuit of the proposed current-controlled oscillatircuit. M1, M2, M3 are
the main inverting stage, while M4, M5, Narethe resistive load circuits. However, resistivedaievices
that commonly formed using NMOS static inverters aow replace by PMOS resistive load so tl power
consumptio depends directly on the current. Hence, sthat iscaused by voltage supgwhich is typically
found in a static invertehas bee removed. Using PMOS as current source mdedecan be as low as
overdrive voltage that increasestput voltage swing. PMOS load gateojserated in saturation region
connecting the gate to ground to obtain maximummerurload. There is no capacitance used in ordget
high frequency output, but there are parasitic cagaces at the output nodes that cannot beinated
which canreduce frequency outp

The chip is implemented in 0.um CMOS technology. Picture of the chip layout iswh in Fig.6.
The size of the core oscillator and digital coniituits include bonding pads is 0.09 2 (0.0003 mm
without banding pads). This is noted as the smallest chip eoenpare to the published pape.

Vdd Vdd Vdd

T T T
_L_M4 _L_MS _TL_M6

o L ﬁﬁ_%s

Figure 5.Schematic of the designed circuit.
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Figure 6 Chip layout of the proposed CCO
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Figure7. Tuning curve of the proposed CCO.
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Figure 8 Output waveform at 5.5 GHz.

A 5.9 GHz Low Power and Wide Tuning Range CMOSe@t-controlled ... (Prapto Nugroho)



298 O ISSN:2088-8708

Phase Noise; dBc/Hz, Relative Harmonic = 1
-60.0

-70.0

-80.0

-90.0

100.0 4MHz, -104.0dBc/Hz |

Phase Noise (dBc/Hz)

-110.0

-1200
10% 2x10%  3x10° 108 2x10%  3x108 107

Frequency Offset (Hz)

Figure 9 Phase noisofthe proposed currembntrolled oscillator 5.5 GHz

Table 1.Performancedinparisor

Freq. Area Tuning PN Offset FoM
R (GHz) ~ Technology - Pdc(mW) o) range (dBc/H2) (MH2) (dBc/H2)
18] 2 Bé%"ﬁzs 17 0.023 19% 75 1 -140.2
[9] 2.2 B(')CS":ES 100 0.5 84% -106 2 -146.8
. . 0 - . - .
3 3.6 oci\?aﬁi 17 0.24 70% 90.1 1 148.9
[10] 2.2 B(')%":'lgs 11.8 - - -94 1 -150.3
[4] 11.5 5605%(;15 75 0.13 16% -94.3 2 -150.7
. . - 0 - - .
12 35 oci\faﬁi 16.2 189% 106 4 152.7
[11] 10 inP HBT 250 0.85 - -97 1 -153
6] 18 Bipolar 22.5 - 32% -82 1 -153.6
This 55 EMOS 17.5 0.0003 183% -104 4 -154.4
work 0.18 pm
————— Not Available

Fig. 7 shows the measured CCO tuning range. It showsearlituning curve. Tuning range
obtained by varying its voltage supply fron8V to 1.8V resulting output frequencies from 251 Mtdz5.5
GHz or aboutl83% wide.Output waveform in 5.5 GHz is shown ig. 8 whichshows voltage swing mo
than 1.5 Volt. Phase nois&04 dBc/Hz at 4 MHz offset frequency from 5.5 GHareer frequenc is shown
in simulation result in Fig..9 Current consumption noted as low as 9.76 mA&¥ Bupply voltage. At 25
MHz, phase noise and power consumptio-79 dBc/Hz and 68.4 mW respectively.

Table | summarizeand compare the performance of the proposedren-controlled oscillator
(CCO)to the recently published papeon the same technology. It can be seentti@proposed (CCO) has
the best FoM performanck.has also wider tuning ran. The proposed CCO alsxhibits a low power fo
high frequency output with adequate phase noisgur€iof merit (FoM) of the proposed CCO-154.4
dBc/Hz, by using FoM definitic as

IJECE Vol. 2, No. 3, June 2R1 292 — 300
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FoM = —20l0 Af—f + L(AF) +1010GPy sy ©

withfose 1, L (1/f ), andPysspimw) denoting oscillation frequency, offset frequenpliase noise in dBc/Hz
and power consumption in mW, respectively.

4. CONCLUSIONS

In conclusion, a CMOS three-stage current conttlotiag oscillator based on an inverting NMOS
with current load is analyzed and designed. The [msut simulation shows that the proposedcurrent-
controlled oscillator (CCO)circuit consumes smaitrent to produce high frequency output. The predos
CCO has better performance compared to the pullisbferred papers. FOM comparison result shows
proposed CCO to be the best among published re#uttzs linear and wide tuning range and has sersl|
chip area which makes it suitable for PLL and clgekeration.
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