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A 14-Band Low Complexity & High Performance
Synthesizer Architecture for MB-OFDM
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Member, IEEEand Christian Lereau

_ Abstract— This work presents a 14-band low complexity and GHz bandwidth must be less than -24 dBc compared to the
high performance synthesizer architecture for MultiBand Or-  desired frequency power and the phase noise of the generated
thogonal Frequency Division Multiplexing operating in the range frequency should be below -86.5 dBc/Hz at 1 MHz.

of 3.1 to 10.6 GHz. The synthesizer uses a single PLL with Th . fth f . be d
trivial divide-by-2 circuits, single side band mixers, low com- e generation of the center frequencies can not be done

plexity filters, and multiplexers. Specifications of the synthesizer Using a conventional Phase-Locked Loop (PLL) because the
components are chosen in order to minimize the total spurs power PLL locking transient takes a long time and requires a 10
and respect the IEEE802.15.3a recommandations. GHz reference frequency due to the settling time. In order to
Index Terms— Frequency synthesizer, single side band mixer, have a very short switching time, the common idea consists
ultra wide band, multiband orthogonal frequency division mul-  of generating all the desired frequencies and choosingeshth
tiplexing. with multiplexers.
Most work focuses on the “Mode 1“ [3]- [4] and some
. INTRODUCTION frequency synthesizers generate frequencies corresmpiali
LTRAWIDE Band (UWB) transmissions can be usedMOde ’1 with 4 additional frequencies [5], [6]. To the
. X authors’ knowledge, there are only three proposals thaticou
for USB wireless, Wireless 1394, and Personal Area .
. . . enerate all 14 frequencies [7], [8] and [2].
Networks (PANs) with small radio coverage and high dat% In [7], the synthesizer proposal describes an approach
rates (up to 480 Mbps at 10 meters). These emerging apQIi— ' y prop pp

. o or generating the 14 frequencies without the details of the
cations spurred new standardization efforts and two prapos rcr?itecture the synthegizer oroposed in [8] consists of 3
were promoted within the IEEE802.15.3a Task Group: direci— '

. I . ingle Side Band (SSB) mixers, filters, 2 PLLs, and a series
sequence impulse communication and MultiBand Orthogon0 different frequency dividers. The main disadvantagenis t
Frequency Division Multiplexing (MB-OFDM) systems. " equency divi ' in disadv 9

aéchltecture is the silicon area used due to the two PLLs, and
The efforts of the manufacturers to occupy the allocated, . : :
band is important. The WiMedia Alliance proposal, an amaft high performance broad-band tunable filter spanning akver
: ' igahertz. In [2], the frequency synthesizer consists oSB S

gation of the WiMedia and MultiBand OFDM Alliance, di- 9 . . ;
vides the 7.5 GHz bandwidth into 14 channels of 528 MHZ *¢'S: filters (low pass filters are not shown), a single PLL,

bandwidth [1] (Fig. 1), where band used is in a predefine"ﬂqd a series of trivial frequency dividers (top of Fig. 7).isTh

order. The “Mode 1" is mandatory and consists of the threaerchnecture has a good compromise between performance

. : ar}d silicon area because of the single PLL. However the
lower channels. The use of the other channels is optional Q . . . .
the moment. shortcomings of this architecture come from three of the five

: SSB mixers and the reconfigurable filtering which must be
Due to low cost requirements for consumer product a

. . : %road—band. The nonidealities expected from an integrated
plication, the UWB radio should have low complexity, low, . : -
: . . implementation could consequently yield a non negligilplers

power consumption, and highly integrable. The most promis- . . . .
evel. The aim of this paper is to present a low complexity

ing architecture is thus the zero-IF architecture. Theeefthe . : :
. : : and high performance synthesizer architecture that gergera
frequency synthesizer has the function of generating theece . . .
the 14 channel center frequencies according to the previous

frequency of all the channels. The transition time between” = . ~ .
sPeC|f|cat|ons.

two frequencies must be lower than 9.47 nsec [1]. In orde : . .
to have a negligible degradation of the sensitivity: i.essle Section Il presents the proposed architecture and its advan
! ges. Then the synthesizer specifications are given indBect

. . t
than 0.1 dB, it has been shown [2] that the synthesizer m : i . ) . )
satisfy two criteria: the total synthesizer spurs powehm 1.5 Ll% The S|mulgt|on re;ults are discussed in section IV.allin
we conclude in Section V.
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Fig. 1. Frequency plan from the MB-OFDM proposal and pritecipf the proposed architecture

these 5 main frequencies requires very constraining compo- . 7®; A
nents such as a broad-band SSB mixer (top of Fig. 7, mixer II) R Vi
and a broad-band reconfigurable band pass filter. Accordingt """ .

Sin @, r@ |® -

cos(@, +m, )t

the nonidealities expected from an integrated implemimtat
of a reconfigurable bandpass filter, the order of magnitude

of the deviation of the center frequency could be over ten of cos ®: 1+ A X
percent and where it could consequently yield a non nedéigib ., d sin(e, +a,)t
spurs level before the last up/down conversion. | — || ____ . +

To avoid such components, we propose to use only 3 main Sm“’ﬁ’@ ﬁ*

frequencies generated by SSB mixers with fixed inputs and

outputs frequencies. The principle of our architecturenery .. > DSE miser Leakases
in Fig. 1: (1) generation of 3 main center frequencies at

4488, 6600 and 9240 MHz; (2) up/down conversion of the&&. 2. SSB mixer with upconverter input configuration
frequencies by a shift of 528 or 1056 MHz in order to obtain

the 14 center frequencies. The only broad-band SSB mixergiaNer. Since the spurs generated by our synthesizer come fro

the one that up/down converts the 3 main frequencies. ThEiqe by > circuits and SSB mixers, we have the following:

proposed architecture is composed of a single PLL at 4224. A
MHz, 4 divide-by-2 circuits, 5 SSB mixers and filters (bottom The divide-by-2 outputs are always rectangular waves and

. have significant odd harmonic content. We must minimize
of Fig. 7).

The key component of our synthesizer is the SSB mixer. their power by IOV.V pass fllltenng.'
i . Lo . . .~ e Perfect image rejection is possible at the SSB outputs
The SSB mixer is built with the widely used configuration . .
: . : . only if the amplitude of DSB outputs are equal { = 0)
of 4 Double Side Band (DSB) mixers (Fig. 2). The inputs : . g .
: . . and if the inputs are strictly in quadrature(= ¢ =
must be in quadrature while the selection of the upper or . : , !
) . . ) 0°). But if the DSB mixers don’t have strictly the same
lower sideband is done according to the phase sign between . . .
. o LR S conversion gain corresponding v # 0, and lengths
the quadrature inputs. A divide-by-2 circuit is built with- D . . i
. . : : of line between mixers are not strictly equal then perfect
latch and provides perfedt and ) signals. The inversion of uadrature between inputs is not possilge, (s # 0°)
polarity between SSB quadrature inputs could be performed q P P ¥R '

. . . = see Fig. 2. Moreover the DSB mixers do not have perfect
gﬁtgll:tec(:ltzl?/gcr;c))o&ngﬁg or its complementary) at the D-latch isolation yielding leakagesi(z).

A large bandwidth implies a non-optimized adaptatio Thus, spurs power level depends on 5 parametersio,

circuit where it leads to an increase of insertion loss. %A’ Lqp, and the attenuation of harmonic of divide-by-2

summary of the SSB mixers bandwidth is given in Table ’EUtFﬁIS' In the_ff_olk:_wmg SUbf‘:’ezt'?ns’ we Stt?r?y t?e jSIg and
where it compares the complexity of our architecture and t I%e Hers specilications required to respect the standard.

architecture of [2]. A. SSB mixer specifications

TABLE | The total spurs power of the desired frequencies highly
SSBMIXERS BANDWIDTH OF SYNTHESIZER DESCRIBED IN2] AND depends on the Spurs power generated by the last SSB mixer.
PROPOSED ARCHITECTURE Thus, we have to characterize as best we can the last SSB
Synthesizer described in [2] Proposed Synthesizer mixer speC|f|cat|ons. .
SSB mixer T[njm ][N ][V [ [V ]V We assume that the inputs of the last SSB are perfectly well

Fuex 17 input e 1)1 filtered and spectrally pure. The spurs generated only depen

1 2
% 2input [[ 1] 1] 3 [22] 29 1 Y] *T]2] onthegain and phase mismatches, and the DSB leakages. For
Togoueut || 1[1]26]21]26 1111 ]3] the following discussion, we focus on the spurs level at the
SSB quadrature output. The performance of the SSB inphase

output is similar and will not be detailed in this paper.

[1l. SYNTHESIZER SPECIFICATIONS The power of the desired signal is [2]

1+2(1+ Aa)cos(pr — o) + (1+Ax)?
4R€ [ZL]

R

The total synthesizer spurs power in the 7.5 GHz bandwidth .
must be less than -24 dBc compared to the desired frequené;l/g

. Q@)

nalg =
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"= leakage = 2508 of a rectangular wavedtt,g denotes the total attenuation of
12 . the third harmonic
s oy —— no leakage
_ g Attyp = —9.54 dB — Ay )
< 08
iy o ) where A, is the attenuation of the low pass filter at this
R N W frequency.
= i R P . . . .
VI AN e ife The power of the third harmonic signal is
T S
o \ signalsrapgrm = [1 + (14+A4)%+2(1+Ay)
-4 -3 2 -1_ 0 1 ) 2 3 4 10Attd3/10
A=Y ) cospr = 92)] e (O
elZL

Fig. 3. Gain mismatch versus of phase mismatch for differentigakalues ; i~ ;
of DSB mixers for a fixedS R of 24 dBc The power of the third harmonic image is

Z.Tnagey'dhm’mQ = [1 + (1 + AA)2 - 2(1 + AA)
where Z;, denotes the charge load. 10Attan/10

-cos(p1 + 2)] ()

4Re [ZL] '
The total power of the third harmonic leakage signal is

The power of the signal image is [2]
1—2(1+ An)cos(pr + o) + (1 4+ Ay)?

mageq = 1Re [Z1)] ) )
The total power of the signal leakage is leakages inarmq = [((1 +Aa)+singy)” +
. . 10(LdB+Attd,B)/1O

leakageg = 2[1+ (14 Aa)(sin(p1) + sin(p2)) cos? ©1] T AReiz1 (8)
5y 10Fa5/10 e[Z1]
+(1+Ax)?] 1Re[Z0]° (3)  The total spurs power is
In the sequel, we assume that the charge Bads constant spurspower  —  imageo + leakageo + signal
over the 14 bands. The Spurs Rejection Ratio (SRR) of theé? " *P?e = JeQ geq ¥ SLgnAlsrdnarmQ

quadrature signal in a SSB mixer is +imagegraparmq + leakagegranarmq-(9)

o signalg
SRRq = 10108( 5050, teakageq )- “) Finally the SRR of the quadrature signal is

We can notice that if the DSB mixer has a perfect isolation;
i.e. Lqg — —oo, then the SRR ratio tends towards the well- SRRg = 10log(————
known SideBand Rejection Ratio (SBBR) [2]. SpUTs powerq

Figure 3 gives the gain mismatch versus of the phaseFigure 4 gives the gain mismatch versus the phase mismatch
mismatch for different leakage values of DSB mixers for for different third harmonic attenuation for a fixetiRR¢ of
fixed SRR of 24 dBc. The worst case for the inphase ang4 dBc. A 30 dB attenuation gives nearly the same tolerance as
quadrature outputs are when = —p, and p; = ¢3. The a perfect filtering. We choose third order low pass Chebyshev
common specifications for the leakage of DSB mixers are -8fers with a 0.5 dB ripple in the bandpass. Since the VCO
dB [10] and the degradation of the curve corresponding to thetput can be considered as a sine wave, then there is no need
leakage which is small compared to the curve with perfegs filter the 4224 MHz frequency.
isolation. Nevertheless, the leakage should not be grézder
-30 dB because the tolerance over the gain and phase mismiﬁfc
are too constraining. For example, if the leakage values aré

fixed at -30 dB, then a gain mismatch of 0.4 dB imposes aFor the following simulation, the filters at the divide-by-2
phase mismatch that should not exceesf. outputs attenuate by 30 dB the third harmonic. We use DSB

mixers with 30 dB leakage. Careful design of the layout alow
i o to minimize the delay error, yielding a phase mismatch of
B. Low pass filter specifications lo1], o] < 2.5° [4]. The SRR must not be below 24 dBc,
Now we assume that the three center frequencies are spgzwe fix the DSB gain mismatch at 0.423 dB corresponding
trally pure and the signal at 528 or 1056 MHz is rectangte A4 = 0.05. Those specifications are the same for all
lar wave. Due to the high power level of harmonics of SB mixers. The aim of the band pass filter is to have the
rectangular wave (the third harmonic is 9.54 dB below th& center frequencies as spectrally pure as possible with the
fundamental), it is necessary to filter the divide-by-2 otitpy smallest complexity. We choose band pass filters of order 2,
a low pass filter. For the following study, we will only takéan and the highest quality factor allowed is 10, which is a stli
account only the fundamental and the filtered third harmonéssumption in current CMOS technology [10].

ignal
signalg, ) (10)

hBand pass filter specifications
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The 4488 MHz center frequency is used to generate two
other center frequencies, and it must also be spectrallg pur &
because spurs of 4488 MHz will propagate to the others. Table
Il gives the frequency of the irremediable spurs due to thB SS
mixers at the 4 SSB mixers output and the Q value chosen for
the 4 band pass filters. The spurs must be well filtered in order ‘ ‘ ‘ ‘ ‘
to have 3 center frequencies as pure as possible. For example BT e
image and leakage signals at the 4488 MHz SSB output are
respectively 3960 and 4224 MHz, which are very close froffig. 6. BER degradation in presence of spurs generated bg§&h2 MHz
the desired frequency. Q value must be chosen to attenuatedgsired frequency
closest spurs to a minimum of 3 dB. Then Q value of 4488
MHz filter must be equal to 8.5. The spurs at the output of

the other mixers are far from filters center frequency, whicarllrgolzstgg fg)lloa\:wnges;m;fl:atggfs, V;IrZr?ssriLi{[maet t:;g 2!‘:126‘”23\1;
allows to have a non constraining Q of 1.6, 1.75 and 2.5. y a peer. P P

and other peers are considered as interferers. Because the

107k

TABLE I frequency spurs are multiple of 264 MHz and zero-IF archi-
IRREMEDIABLE SPURS DUE TOSSBMIXERS AT THE 4 SSBMIXERS tecture is used, all spurs downconvert another peer signal a
OUTPUTS the baseband level. Figure 6 gives the Bit Error Rate (BER) of

[ Filter center frequency (MHz) || 2640 | 4488 | 6600 | 9240 & coded 480 Mbps transmission [1] with an AWGN channel
T input leakage frequency (MHz)| 528 | 264 | 2112 | 2640 over the worst generated frequency. The target BER)IS’
274 input leakage frequency (MHz)| 2112 | 4224 | 4488 | 6600 and the degradation in term &b/N0, and so the sensitivity,
Image frequency (MHz) 1584 | 3960 | 2376 | 3960 is very low (< 0.1dB).
Filter quality factor (Q) 25| 85 ] 16 [ 175 The realistic phase noise of the integrated VCO and the
crystal oscillator are respectively -125 dBc/Hz at 1 MHz and
-135 dBc/Hz at 1 KHz [10], which are not constraining.
IV. SIMULATIONS The synthesizer phase noise has been simulated using AC
simulation and gives a phase noise lower than -105 dBc/Hz at
9"MHz for the worst generated frequency.

Simulations have been performed using Advanced Desi
System in a worst-case scenario correspondingy fo= 0.05,
lp1] = |e2| = 2.5°, and leakages fixed at 30 dB. The four V. CONCLUSION
low pass filters attenuate the third harmonic of the divide- '
by-2 circuits output by 30 dB. Harmonic Balance simulations Ve proposed a low complexity frequency synthesizer that
give the spurs generated in the FCC spectrum and the tcpws to generate all the 14 desired frequencies for UWB.
spurs power for | and Q channels in dBc (Table IIl). Thdhis synthesizer is composed by a single PLL, trivial divide
reference power is the power of the desired frequency. Ndg-2 circuits, four fixed frequencies, a broad-band SSB mixe
that powers smaller than 40 dBc are shown. The frequencil low orders filters. The total spurs power of each de-
used to generate the desired frequencies are multiple of Z6#d frequency is below the necessary 24 dBc because of
MHz, then spurs generated are also multiple of 264 MHRON-constraining characteristics. BER simulation shoat t
For the worst generated frequency (8712 MHz, Fig. 5), tiBe sensitivity degradation corresponding to the worseca
total spurs power is lower than the required -24 dBc. Withogeenario is below 0.1 dB. The transition time between two
any surprise, the best generated frequencies are the 3 cefiggluencies is fixed by the transition time of multiplexers,
frequencies and the worst are those which pass through ¥#eich is lower than the desired 9.47 nsec.
last SSB mixer.
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TABLE Il

SPURS GENERATED IN THEFCC SPECTRUM AND TOTAL SPURS POWER FORNPHASE AND QUADRATURE CHANNELS

Spurs generated in the FCC spectrum (Freq in MHz) Total spurs power for
for I and Q channels (dBc) I and Q channels (dBc
Band(MHz) || Freq [ Q Freq I Q Freq I Q Freq Q I Q
3432 3168 | 35 | 35.2| 4488 | 32.2 | 32.6 || 5544 | 25.6 | 29.2 - - - -24.6 -28.5
3960 3696 | 35 35 4488 | 31 | 35.3 || 5016 | 25.5 | 31.9 - - - -24.4 -29.1
4488 3960 | 39.2 | 35.7 || 4224 | 34.9| 35.3 - - - - - - -34.6 -33.6
5016 3960 | 31.7| 25.5| 4488 | 31.9| 32.2| 4752 | 35 35 6072 40 40 -28 -24.5
5544 3432 | 31.9| 255 4488 | 32.2 | 32.6 || 5280 | 35 35 7656 40 40 -28 -24.5
6072 3960 | 39 39 5808 | 36.2 | 36.2 | 6600 | 32.7 | 33.3 || 7128 | 25.6 | 31.9 | -24.6 -28.3
6600 6336 | 36.2 | 36.2 || 4488 | 39 | 39.4 - - - - - - -34.5 -34.5
7128 5016 | 39.1 | 39.4 | 6072 | 31.9| 25.6 || 6600 | 33.6 | 34 6864 | 36.2 | 36.2 | -28.4 -24.8
7656 5544 | 35.1| 27.3 || 6600 | 32.3 | 32.6| 7392 | 36.1| 36.1| 9768 40 40 -29.3 -25.9
8184 7656 | 34.2 | 34.2 || 7920 | 36.3 | 36.3 | 9240 | 33 | 33.4 | 10296 | 25.6 | 31.9 | -24.3 -27.7
8712 7656 | 38.3 | 385 8184 | 34.2 | 34.2 || 8448 | 36.3 | 36.3 - - - -24.1 -27.1
9240 8712 | 33.7 | 33.7| 8976 | 36.1| 36.1 - - - - - - -31.8 -31.8
9768 8712 | 32.2 | 26.3 | 9240 | 35.1 | 35.4 || 9504 | 36.3 | 36.3 - - - -29.4 -25.6
10296 8184 | 30.7 | 25.3 || 9240 | 33.8 | 34.3 | 9768 | 34.2 | 34.2 || 10032 | 36.3 | 36.3 || -27.4 -24.3
Control
Desired
Frequency
4488
9240
6600 Desired
Frequency
\ﬂ:omrol
MUX
Fig. 7. Frequency synthesizer proposed in @[ and the low complexity, high performance proposed syntkeesirchitecture l{ottorm)
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