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I nver se Sine Phase Detector Phase L ocked L oop Associated with Modified Multi
Band L C Quadrature Voltage Controlled Oscillator for Wireless
Communication Systemsat 0.9, 1.8, 2.4, 3.5 GHz

Mahmoud Abdellaoui
National Institute of Electronics and CommunicasioBfax, Tunisia

Abstract: Problem statement: In this study and in consequence of the restripedormance of the
multi standard wireless receiver utilizing the siaal architectures, we proposed and presentedva ne
architecture of multi band wireless receiver bagadan Inverse Sine Phase Detector Phase Locked
Loop (ISPDPLL) associated with modified multi bah@ quadrature Voltage Controlled Oscillator
(VCO), supporting GSM/DCS/DECT/Bluetooth/WiMax sgsts.Approach: To accomplish the multi
standard receiving architecture at sufficiently ggmerformance and at a low hardware cost, the
proposed circuit, using an ISPDPLL associated M@0 based on switched capacitors utilizing a
several numeric controlled capacitive branch andszcoupled transistors, was implemented in 0.35 um
CMOS technology and designed to yield quadratutpuiuwsignals (I-Q) allowing to eliminate the
dephasing block (90°) employed in a multi band 2&rarchitecture receiver, that make the proposed
architecture amenable for monolithic integratiord &G multi standard applicatiofResults: This
novel system presented high performance and gotehtiality to cover perfectly the wireless multi
standard receiving on the large band with the santensmission condition.
Conclusion/Recommendations; The performance of this system was analyzed ambdstrated to have

a minimum phase noise, a good Factor Of Merit (F@NY wide tuning for these standard applications.

Key words. Wireless receiver architecture, ISPD PLL, multi #drC quadrature VCO, phase noise,
tuning range, FOM

INTRODUCTION called Inverse Sine Phase Detector Phase Locked Loo
(ISPDPLL). The ISPDPLL is a PLL structure without
Phase Locked Loop (PLL) is used widely in theusing any filters and the phase detector and tbe lo
implementation of modern systems, particularlyhie t filter used generally in the standard PLL are repth
field of communication applications. But, This PLL, by a Inverse Sine Phase Detector (ISPD) including a
called classical PLL, presents many disadvantagds a track and Hold circuits (T/H), an inverse convered
limitations due especially by the loop filter which a Voltage Controlled Oscillator (VC&Y. The
causes many problems such as aliasing effect and tisuppressed filter in the ISPDPLL makes the systelm a
limitation of bandwidth because if the filter baridit to operate in a large band frequency without using
is decreased, the capture process became sloveer, t§ain block and minimizes the lock up time of the
capture range decreases and the lock up time B&sea circuit. The ISPD is the useful way to enhance the
In the other hand, the aim problem for the standdrid  limitation of the locking range of the conventional
is the phase error/phase noise. Many studies amLL”. To accomplish the multi band receiving
developed to reduce phase error and phase noiseby architecture (Fig. 1) at a low hardware cost, many
addition of feedback |OOB§ In this way, the standard propositions are presented based on:
PLL can be tuned by first designing the transiemd a

steady state of a second-order PLL and then tatang « A PLL with two selectable ring VCOs or LC VCO

of the working operation under steady frequencirdth or the accumulation MOS varactor followed by a
order) and frequency ramps (fourth order). divide by N and frequency selector (Fig. 2). A ring
Those including eluded because it is very complex.  VCO™ has a benefit of a wide tuning range and a
Anything else, the conventional PLL stay to opeiate drawback of a high phase noise to enable that is
a wide hold range with important phase error and disqualified for most structures in modern RF
higher phase noise’s due to employ three loopréilte transceivers. Accordingly, most investigations are

For thus, a new architecture of the PLL is proposed focused on the LC VCO design. Owing to the
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limited range of the variable capacitance of the
varactor, the tuning range of CMOS LC VCOs is
very small. Hend® proposed that the varactor was
controlled by the DC potentials at both of its ihpu
terminals to enable the LC VCO yielding a wide
tuning range. Fol§ developed the accumulation
MOS varactor to provide wide band tuning
capability at a low supply voltage. However, many
studies explore the tuning range of LC VCO but
may not meet the multi band requirement

An ISPDPLL multi band synthesizer with
frequency calculator is proposed herein to achieve
a low phase noise with a narrow tuning range for
GSM / DCS and WiMax systems (Fig. 3). This
multi band synthesizer using the ISPDPLL
architecture associated with frequency calculator
block responsible to generate all the frequency
bands and three numeric controlled blocks which

control the band selection, the steps selectighén
selected band and the variation of the step selecte
and that's why the different band are usually didn’
have the same characteristics. The frequency
calculator, which be conceived by a combination of
a frequency operators like dividers and multipliers
allows to translate the frequency generated by the
ISPDPLL to the frequency range of the desirable
band. The step selection and the variation of the
step selected was conceited by programmable
dividerd®l. Owing to the limited covering range of
the operators (doubler or divide by 2), the
frequency range of the multi band wireless receiver
and especially the tuning range of the VCO is very
small. However, many studies explore the tuning
range of VCO with a low phase noise, but may not
meet the multi band requirement
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To overcome this drawback, the ISPDPLL using Ve = 0.950
the multi band LC quadrature VCO is proposed to Bir3 = 0000000, Bit 1 = 0.000000

m2

achieve a wide tuning range with low phase noisegph 3,365 -
error and supporting many bands of the wireless
communication. Improvements about the wireless
receiver structure consist particularly to mergetor
unit the dephasing block (90°), used generallyhia t

m 1

vtune = 2.975

Freq[1] = 2.274E9

Bit 2 = 0.000000, Bit 1 = 0.000000

2.865 4

2.365 4 ml

DCS/UMTS

[1]. GHz

m4

multi band Zero IF architecture receiver, with €O ERR S A ] \ 20
. .. . . Freq[1] = 2.217E9 ms o T
allowing obtaining a unit cell called multi band LC | Jsi> 00000 bt 300000 e 3212
. . . m38 -
guadrature VCO which associated with ISPDPLL. W Gswo0p Bt = 0000000, Bit 1 =3.000000 ﬁ
10
085505 1'0 1‘5 2‘0 2‘5 3‘1) 3I51> !
MATERIALSAND METHODS me
Freq[1] = 9.434E8 ne  Fred[1]=8833E8
Bit 2 =3.000000, Bit 1 = 3.000000 Bit 2 = 3.000000, Bit 1 = 3.000000
The aim of this research is to give a clear and S 1006 mT e
concise exposition of the proposed system operating B oto06, Bt 1 = 0.000000 B 1 =0.000000

cycle. This provide sufficient detail to allow therk to

be repeated by the others. In this research, waepted  Fig. 4: Frequency oscillation vs. control voltagéthw
and described a detailed of the design of the novel switching combinations

synthesizer based on ISPDPLL associated with a

modified multi band LC quadrature VCO to insistam System description: ISPDPLL with LC quadrature

originality of the system and his performance. VCO: The proposed multi-band synthesizer using ISPD
associated with multi band quadrature LC VCO and

Synthesizer based on ISPDPLL associated with a  two digital controlled blocks which control the e

modified multi band LC quadrature VCO: To face  sglection in the selected band and the variatiothef

the enormous demand of mobile multi mediagep selected to make the synthesizer able to pata

applications with a very high data rates, the 48 gitfarent bands, is shown in Fig. 5. The systemsisia

end transceiver needs a high performance whictbean q¢\sppp| | associated with a modified multi band LC

obta_lned mainl _1\1I]\.Ilth an optlma_ll arc_h|tec_ture and_ aquadrature VCO (LC QVCO).

multi banq ve ; for thus,_our idea, in this StUdY’ 'S Recall to the ISPDPLL is a PLL structure without

to associate and to combine the ISPDPLL with ausing any filters and the phase detector and tbe lo

modified LC quadrature VCO for multi standards fil él v in th dard PLL

application. This modification reside to generate liter use generally In the standar are fe@.“"

separated bands (two bands for GSM900, one band o @n Inverse Sine Phase Detector (ISPD) including

DCS1800-UMTS-Bluetooth and one band for WiMax: frack and hold circuits, an inverse sine conveatel a

the VCO can cover the GSM standard at two separa@uadrature voltage controlled oscillator using th@

bands (from 0.83-0.938 and 0.943-1 GHz) and thdank (LC QVCO). The key assumptions and

DCS/DECT/Bluetooth standards at one band (fron@Pproximations of the ISPD involved with employing

1.69-2.21 GHz) and the WiMax fixed standard also athe ~ mathematical ~ description of the ISPD

one band (from 2.27-3.5 GHz) (Fig. 4) by using acharacteristics. A new mathematical model of tHeDS

several numeric controlled capacitive branchesrimat ~ characteristic is already studied and designed in

employed a binary weighted li&&'®, to enlarge the previous study™ and given as:

frequency coverage according the desired band., Also

the main object, in this study, is to combine the _ T

advantages of the ISPDPPland the advantages of the fx) -a(\/m X) + o4y (1)

multi band LC quadrature VG indeed to conceive a

new architecture of multi band frequency syntheasizeWwith c(x)=ax x+ax X

supporting GSM/DCS/UMTS/Bluetooth and WiMax. !

In the other hand, improvements, about the wireless

receiver structure, using the new architecturesispio ~ Where:

merge or to unit the dephasing block with the LCa = 1.37

quadrature VCO allowing to obtain a simples and & = -0.37

robustness circuit. & = -0.025
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Fig. 6: ADS Simulation’s diagram of the ISPD

Figure 6 shows the ADS simulation’s diagram of | v F«f_l
the mathematical model of the ISPD. The suppressec . als
filter in the ISPDPLL makes the synthesizer able to S—
operate in a large band frequency without using any
gain block and minimizes the lock up time of the
circuit. This structure became completely integiaite

the same wafer. The LC QVCO is designed to include
cross-coupled transistors, switched capacitorstalspi
inductors and varactor. The QVCO using LC tank is B B
choose herein to achieve a low phase noise and low "
hardware cost for multi band applications. This @/C

can produce quadrature signals at different centred

frequencies at a shared circuit block with the miged  Fig. 7: Transistor scheme of the multi band LCQVCO:

&)

overhead to support multi standards. Accordingrése (a): Resonator circuit; (b): Active circuit of each
commonly used standards, the GSM, DCS-UMTS- cell; (c): Equivalent scheme for the parasitic
bluetooth and WiMax have centred frequencies of 0.9 capacitance extraction

1.8, 2.4 and 3.5 GHz. So, the conception of the

proposed synthesizer is reduced to conceive anpghase I, the second in Quadrature Q) and eachscell
optimize the Multi-Band VCO which will determinegh composed by cross-coupled transistors MP1, MP2,
performance of the Local Oscillator circuit. The MN3 and MN4, to drive the LC tanks to generate-full
adaptation of the LC VCO architecture, for the swing output voltages, spiral inductor and a capace
GSM/DCS/DECT/Bluetooth and WiMax application, block to induce the required oscillation frequencie
reside mainly on the determination of the number ofThe capacitance block is made by a varactor torassu
switched capacitors branches needed to cover all ththe continuously variation of the frequency and a
desired bands and the capacitors values. The raddifi switched capacitors to assure the discrete vaniatio
LC quadrature VCO core consists of two cellse(on  the bands (Fig. 7a, b and c).
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Design and analysis of the system: In order to surpass In our application, we used a varactor structure
the risk of the worst coverage of the minimal freqcy  composed by two PMOS transistors which each
band (GSM), we chose to divide the GSM coverage ifunction’s in I-MOS capacitance. This structureendf

two under-bands: The first can cover the uplinkmore stability opposite to the temperature effétts
frequency range and the second can cover the dawnli  The sizing of the two branches capacitances is can
frequency range. Therefore, we need generate folfequced by calculating the maximal total capacganc
bands: The first to cover the WiMax standard$<(2 gjue needed (Guma), including the parasitic

3.5 GHz), the second to cover the anacitances of the active circuit and the minitogdl
DCS/DECT/Bluetooth standards (1.71-2.4 GHz), thecapacitance value needed (&), including the

third and the fourth to cover respectively the mipland s . ; L
the downlink bands of the GSM standard. Besides, i@:::i;g? g:pggi';[:gg: g;he active circuiyée) and the
order to optimize the LC QVCO architecture, both th P '
varactor circuit, using of two capacitive branchies —C +C. +C +C )
sufficient to cover four frequency bands, since the ©® Tw T Tewz Fmo

numeric command voltage «vcl» and "vc2" can take
four numeric combinations, knowing that the low and
the high logical states are respectively equivalertVvV
and 3V. Concerns Our conception’s algorithm, wet sta

According to the Fig. 7c, the parasitic capacieanc
of the active circuit (CMOS) can be approximateyy b

with sizing the active circuit according to consita of Cios = Coport Copat Comost C o “)

0.35 pum process technology as supply voltage aad th, ...

polarization current, after that we conceive the ith: . .

resonator circuit calibrated to cover the maximalCproi@nd Gpa = The equivalent capacitance of the

frequency band (WiMax), then we pass to size the PMOS and NMOS polarization

switching capacitances in order to assure the epeer stages .

of the minimal frequencies band (GSM). Cpmosand Guos = The equivalent capacitance of the
To minimize the corner frequency of ffhase differential CMOS structures

noise, the active circuit (negative resistance) is S by determi h valent it
indispensable to have a symmetrical CMOS structure 0, by determineé ihe equivalent —capacitance

ith the identical T duct the PMO& variation of the.two branches, the sizin_g of thestfi
Vl\\l"I\/IOSetrlarfsnisIf[::t%” rans conductance on the @M pranch must switch the VCO from the WiMax band to

In the other hand, the grid Length (L) must be inthe DCS/DECT/UMTS band and the sizing of the second
general the smallest ’possible to decrease the ﬂhermcapacitance branch must switch the LC quadratur® VC
noise and to increase the transition frequencyhef t from the DCS/DECT/UMTS band to the GSM band.
transistor (either L = 0.35 pm) One of the main challenges of multi band

! synthesizer design based on ISPDPLL associated with

The main constraint imposed on the sizing of the e )
varactor circuit, it is that it must allow the coage of modified LC quadrature VCO is to extend the narrow

the largest frequency band, so, the capacitandaticar tuning range W“ho_“t. d_egrading noise performan%g; f
of the varactor can determined by: thus, we s_hould minimized th_e corner_fr_equency/ 1
phase noise versugqf: allowing obtaining a lowest
AC,yyn AC, , intersection  frequency range between? 1#hd 1/f .
AC,, > max{ Wiax CS’DECT’“MTS} (2)  (Afyffomser is neglected). In this case, the phase noise
asm,er8Cosm 2 performance of the proposed multi band circuit is

] ] o simulated, which integrates the following expressio
where, ACwivax iS the needed capacitance variation to

cover the WiMax band; that is similar with K. TAf ¢ 2

ACpcsipectiumts ACcsme1 aNdACsgy g2 PN(foeed) = 10|0§{GNB>{ 1+ ("SC] ﬂ (5)
The Inversion mode (I-MOS) and the accumulation dis 2Qf e

mode (A-MOS) varactor structures present many

advantages compared to the MOS structure like & widWhere:

and monotonous capacitance varidtfdn but the ay

choice of the structure A-MOS involved replacing th kg

p+ diffusions by a n+ diffusions, that impose aT

technology constraints. Then, in order to concave Py

flexible and adaptable circuit by all technologidsis Q

amenable to use the I-MOS varicap structure. foftset
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Table 1:Phase noise and fom simulated values of the propussuit

Frequency Phase noise FOM
Bands GHz @1 MHz @1 MHz
WiMax 2.3 -137 dBc -196 dB o
35 -128 dBc -186 dB 8
DCS/UMTS/... 1.7 -125 dBc -189 dB ]
2.1 -118 dBc -187 dB £
GSM 0.8 -122 dBc -180 dB
1.0 -119 dBc -179 dB
In EqQ. 5:
fosc :[ZTE\/[L(C var+C sw1+C sw2+ C MOQ]]_l (6)
With: z
Cswiz = The equivalent first and second cell 3;
capacitance value E
Cwar = The varactor capacitance
Usually, Figure Of Merit for the VCO is defined
ad’:
FOM = PN(f .. )+ 10log(R, /1mW @)
- 20|Og(fosc /foffset)
g
where, B¢ is the DC power consumption of the QVCO. £
=
o

RESULTSAND DISCUSSION

In this research, we was taken as application the .

Multi standard wireless receiver based on ISPDPLL
associated with a modified multi band LC quadrature
VCO. Then, we summarized the major results in imiat

to any hypotheses advanced in this study. Discusset
these results and compared with the literatureentes.

To study the performance of the system
suggested, we determine its phase noise, Figure O
Merit, lock up time, keep/capture range and tuning
range, as well as the output spectrum at all staisda

according to several parameters such as resonator: ~

components sizes. For the analysis, the circuit
dissipates 10.3 mA from a 3V supply. The Inductor
was set to 15 pf; the varactor, the first capagitivanch
and the second capacitive branch for each cell sete

to (200 um /30 pm), (10 pf/ 100 um / gén) and

(10 pf / 225um / 30pum). The phase noise and Figure
Of Merit of the system for all standards were
summarized in the Table 1. Table 1 shows the
simulated values of phase noise and Factor Of Merit
(FOM) (using Fong expressiéh of the proposed circuit
at 1MHz Offset frequency, at the different geneatate
bands. As can be seen in these results, the bastph
noise of the proposed multi band circuit is-137dRc
2.3GHz and the best FOM is -196 dB. The phase noise
at all standards is shown in Fig. 8a-e.
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To show the improvement made by the system  We can also notice that the keep and capture sange
suggested, we have carried out a comparative studyre the important characteristics of the frequency
with a system based on standard PLL and classicaynthesizer, they describe its frequency performanc
VCO. The results obtained show that the lock ugetim Generally, the keep range is limited by the lintyaoif
of the system suggested is better than the othghe VCO, whereas the capture range depends of the
systems. Knowing that the lock up time of the syste gain and the speed of the synthesizer. To simulete
based on the classical PLL/VCO is in order of 36°hs keep and capture ranges of the proposed synthesizer
the lock up time of the system suggested at theve varied the frequency of the input reference aigpy
WiMax band is 8ns (Fig. 9a-c). It is noticed thdathw using another VCO controlled by the "Freq_command"
configuration, the tuning range is wider than tbat signal. According to the Table 1, we can concluus t
the system using standard PLL and classical VCQhe synthesizer, with its keep range, can cover the
(78% versus 54%), which confirms that when the locktotality of all the desired bands
up time is better, the capture/keep range is laaget (GSM/UMTS/DCS/DECT/WiMax) with a good and
the tuning range is wide. According to Fig. 10ahe  large capture range.
keep and capture range are higher than that of the Figure 11 and 12 show the spectrum simulations of
system with standard PLL and classical VCO (0.7/1.4he proposed circuit respectively at minimal and
GHz versus 100/ 380 MHz). maximal frequencies of each band. So, the sition
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minimum frequency synthesized

results show that by using the frequency synthesize
based on ISPD PLL without any filters and withony a

controlled

gain block, we —can cover the

GSM/DCS/DECT/Bluetooth/WiMax bands with a good
performance and a wide band frequency range, that
make the proposed architecture receiver based b IS
PLL amenable for monolithic integration and multi- g
band application.

multi-band LC quadrature VCO,

CONCLUSION

Due to the good performance of the modified
the frequency

synthesizer architecture based on ISPD PLL predente
high performance and good potentiality to cover

GSM/DCS/DECT/Bluetooth

and WiMax

bands. 9.

Moreover, the simplicity of this architecture allew

saving area and power in favor of 4G programmable

single chip-multimode-very high scale integration.
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