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Abstract
A first order of DWA (Data Weighted Averaging) algorithm with third order sigma-delta
modulator is proposed for application in sigma-delta fractional-N frequency synthesizer for
WiMAX. In addition, this paper discusses the impact of mismatch between Digital-to-Analog
convertor (DAC) unit elements. The simulation results show the effectiveness of the DWA
technique in reduction of spurs, also DWA technique proves its ability to solve DAC unit elements
mismatch. The fractional spur noise is converted into a broadband. Quantization noise with DWA is
improved by – 10 dB if the element mismatch 0.01 and – 5 dB if the element mismatch 0.08 with 8
bit PFD/DAC. Matlab (V.7) program is used for simulation.
Key words: WiMAX, Frequency synthesizer, DAC mismatch, DWA technique.

compensated PFD/DAC synthesizer is capable
of dramatically reducing quantization induced
phase noise [6, 7], as shown in Fig. (2). The
PFD/DAC block which is a combination of
PFD and DAC in one single element is used to
overcome non-idealities between them, as
shown in Fig. (1). The main source of
mismatch in the charge-pump portion of
the PFD/DAC is the mismatch between
the DAC unit elements, for this reason, a DAC
mismatch compensation block is used [6],
as shown in Fig. (2). Thermometer decoder
and data weight averaging (DWA) circuit, are
used to shape mismatch noise to high
frequencies [8].

Introduction
WiMAX (Worldwide Interoperability for
Microwave Access) also referred to as IEEE
802.16, is a broadband technology that
provides wireless services connectivity to
fixed, nomadic, portable, and mobile users [1].
However the present standards, such as
wireless fidelity (Wi-Fi), fail to provide
sufficient high data rate, long range and low
deployments costs, while WiMAX overcomes
the above problems [2]. However, common to
all
wireless communication system is the
frequency synthesizer (FS). The frequency
synthesizer is the heart and the most critical
part of these systems [3].The number of
frequencies generated, spurious levels and the
switching rate are the main quantities that
determine system capabilities of the
synthesizer itself. Recently, synthesizers used
sigma-delta modulator. This delta-sigma
modulator uses oversampling and noise
shaping to reduce the phase noise [4,5]. The
quantization
noise-bandwidth
tradeoff
associated with ΣΔ fractional-N synthesis can
be removed if quantization noise can be
reduced. Fig.(1) shows a block diagram of a
Σ∆ fractional-N PLL frequency synthesizer.
The key advantage of this proposed method is
that the circuitry that injects quantization noise
into the loop (the PFD and charge-pump) is
combined with the cancellation signal by DAC
to create an inherent gain match between the
two signals. The resulting mismatch

DWA Algorithm
Mismatch in the DAC unit elements causes
distortion in the signal band which reduces the
obtained signal to noise plus distortion ratio
(SNDR). To solve this problem, DAC uses
dynamic element matching (DEM) techniques.
The functional principle of all DEM
techniques is to transfer distortion that occurs
due to the fixed step-size errors into a noise
signal that is spread over the whole frequency
band up to half of the sampling frequency,
then shaping to high frequency [9]. The
components of the quantization noise and the
DAC noise outside of the signal band in
Fig. (3a) will be removed by the filter but
much of the DAC noise will be in band. Using
noise-shaping DEM techniques results in DAC
noise that pushes DAC noise outside the signal
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band as illustrated in Fig. (3b). There are
several DEM techniques which have been
published (Barrel-Shift, Individual Level
Averaging (ILA), and Data Weighted
Averaging (DWA) algorithms) [9]. Data
Weighted Averaging DWA [9,10] is the most
popular DEM technique, because of its simple
implementation and efficiency. The basic
DWA for a 4-bit DAC [6,8] is illustrated in
Fig.(4). Sigma-delta modulator output codes
denoted as y(n), range from one to four unit
( U1 ,U 2,U 3 ,U 4 ), as shown in Fig. (4). The
counter is used to create pointer (ptr(n)) that
shows the point of first unused unit element,
IM(ptr(n)), referred to as integral mismatch, is
the accumulation of the element mismatch
error. The code is converted to thermometer
code ( 2 B  1 ), and a logarithmic shifter is
used to move the origin of the thermometer
code to the new position. The algorithm
cycles through the DAC elements by
sequentially selecting the elements based are
upon the input data, as shown in Fig. (5).
Mathematically, DAC mismatch noise ( N DAC )
can be defined as a function of the IM(ptr(n))
in Z-domain [8]:

elements results in a gain mismatch between
the quantization noise signal and cancellation
signal. In order to match the unit elements, the
data weighted averaging (DWA) algorithm is
used. Without DWA enabled, the unit element
mismatch leads to a large amount of fractional
spur feed-through. Figs. (7) and (8) present the
results of simulation for several values of
DAC unit element mismatch (  ) with
different
multi-bit
PFD/DAC.
These
simulation results show the impact of increase
in mismatch value (  =0.01 and  =0.08)
between DAC unit elements on overall
performance of PLL, which causes increase in
the phase noise and large amount of fractional
spur feed-through at the output spectrum of
PLL. The minimum value of  result of
low spur appears at the output, as shown in
Fig. (7). As the mismatch value (  ), between
DAC unit elements, is increased, more
significant spurs result, and adversely affect
synthesizer performance, as shown in Fig. (8).
In order to evaluate the impact of increase in
DAC unit elements of current sources
mismatch on PFD/DAC performance, a suite
of simulations was run with the PFD/DAC
resolution set to 12 bit, as shown in Fig. (9).
Simulation results show that the high spurs
appear at the output of PFD/DAC block, and
result in high contents of spurs.

N dac ( z )  (1  z 1 )  IM(ptr(z)) ............ (1)
Where ( 1  z 1 ) is a first order high-pass
filtered of the integral mismatch error
generated and
ptr ( n ) 1

IM(ptr(n)) =

 (U
i 0

i

Conclusions
Mismatch between DAC elements is
studied and shows that the spurious levels
increase with increasing the mismatch between
DAC elements. It was found that DWA
algorithm proves its ability to solve this
problem. The net improvement in quantization
noise is obtained (- 10 dB) if  = 0.01 and
(-5 dB) if = 0.08 with 8 bit. However, the
quantization noise with DWA is improved by
(– 8 dB) if  = 0.01 and (- 3 dB) if = 0.08
with 12 bit PFD/DAC. Therefore DWA
technique is proposed to be used in
sigma-delta fractional-N frequency synthesizer
for WiMAX system.

 U mean ) /(U mean ) ..(2)

ptr1

=

e
i 0

i

................................. (3)

Where U mean is the average value of the DAC
1
N 1
unit elements, U mean  i 0 U i , U i is the
N
i th DAC unit element value, ei is the DAC
mismatch error of i th DAC unit element, and
N is the number of total DAC unit.
The flow chart of DWA algorithm is shown in
Fig. (6).
Simulation Results
The PFD/DAC is composed of 2 B unit
elements, where B is the number of bits in the
PFD/DAC. Mismatch between the unit
39
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Fig. (1) : Block diagram of PFD/DAC frequency synthesizer.
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Fig. (2) : PFD/DAC block diagram.
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Fig. (3): Typical power spectral densities at the output of the DAC
(a) without DEM (b) with DEM algorithm.
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Fig. (4) : DWA Circuit.

Fig. (5) : DWA operation.
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Fig. (6): The flow chart of the DWA algorithm.
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Fig. (7): Simulation showing the impact of unit element mismatch
(  = 0.01) with PFD/DAC-8 bit.

Fig. (8): Simulation showing the impact of unit element mismatch
(  = 0.08) with PFD/DAC-8 bit.
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a

b
Fig. (9): Simulation showing the impact DWA on the quantization
noise spectrum for PFD/DAC-12 bit (a)  = 0.01 (b)  = 0.08.
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