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Abstract: This paper presents a high-speed Direct Digital Frequency Synthesizer (DDFS), using a new 
technique for designing a Phase Accumulator (PA) by merging the Carry-Lock-Ahead Adder (CLA) in 
each pipeline stage consisting of D-flip flops (DFF) and the Ripple-Carry-Adder (RCA) between these 
stages. The proposed PA exploits the advantage of the CLA to get the carry out of many input bits at 
the end of the final stage, directly with minimum gate delay. Thus it can reduce the time gate delay 4-
times less than the conventional PA. The development of 24-bit design block PA was done using 
MATLAB simulink environment. ALTERA (QUARTUS II) is used to model the PA in DDFS using 
VHDL language (After successfully simulation by the proven software, the developed system can be 
implemented using FPGA board for its functionality verification. The developed design block of PA 
can be fabricated using the advantage of 0.18µm CMOS technology). The newly developed 24-bit PA 
of the DDFS is expected to have significant improvement such as high speed, high frequency 
resolution and smaller die area.        
 
Key word: direct digital frequency synthesizer, carry-lock- ahead adder, ripple carry adder, phase 

accumulator.                                                             
 

INTRODUCTION 
 
 DDFS or Direct Digital Synthesizer (DDS) has been developing rapidly in recent years. Many 
characteristics such as low phase noise, high speed frequency hopping function, high frequency resolution and 
capacity of generating complicated modulation signals can feed the needs of communication system (Baoxue, et 
al., 2009). DDFS or DDS is a technique to generate time-varying digital signal and late to be converted into 
analog form (Murphy 2004). DDS has some advantages comparing with the other frequency synthesizing 
technique such as Voltage Control Oscillator (VCO) and Phase Looked Loop (PLL), such as giving more 
flexibility for  modulation capability, fast frequency channel with frequency phase, high frequency resolution 
and  wide tuning range of frequency (Gaopeng, et al., 2010). The standard DDFS consists of PA, ROM look-up-
table (LUT), Digital to Analog Convertor (DAC) and low-pass filter (LPF) to remove the unwanted high 
frequency harmonic before getting the output analog signal (Xueyang, et al., 2010: 2008).  
 The operation of the DDFS is shown in Fig.1. 
 The input Frequency Control Word (FCW) is added to PA and the accumulator is triggered by the system 
clock. The K–bit of the accumulator is the signal truncated to the (phase) P–bit at the input of the LUT. The 
LUT converts the discreet phase into amplitude of sinusoidal waveform. The DAC transforms the digital 
representation of the sinusoidal signal waveform to its analog  replica, then LPF output the signal (Baoxue, et 
al., 2009). 
 

 
 

Fig.1: Proposed Block diagram of the direct digital frequency synthesizer (DDFS).  
 
 The output frequency of the DDFS depend on the following parameters considering of fclck , FCW,  and k- 
bit, as shown in the following equation in below:  
fout  =FCW *(Fclck/2

k)(McCune 2010).  
 where, 
 Fout: Output frequency of the DDFS 
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 FCW: Frequency control word 
 Fclck : Clock frequency  
 k :  The bit number of the phase accumulator. 
 The size of the ROM in the DDS increases exponentially with the increasing number of bits which are used 
to address the LUT. This increasing of the ROM size leads to higher power consumption and large area in 
ROM-based DDS design (Xueyang, et al., 2010: 2008). The new design of the ROM-less DDS replace both  
linear DAC and ROM in non-liner DAC (Xuefeng, et al., 2008).  
 
Literature Review: 
 In recent years, many studies have been conducted for the development of the DDFS and its applications. . 
Among the areas that being studied is to improve the speed of the PA which is using added as the key element. 
For this purpose, pipelining techniques have been chosen to increase the speed of the PA. Some of the 
techniques used is described in the following text.  
 A novel parallel architecture for PA is described, and a comparison is made between  the parallel and 
pipelined PA architecture in 0.18µm Technology (Horowitz and La Rue 2005). The parallel architecture 
dissipated at least 1/3 less power while achieve performance at least as high as the pipeline architecture. A new 
high speed DDFS using a low power Pipelined Parallel Accumulator (PPA). The PPA use both pipelining and 
paralleling technique (Byung-Do, et al., 2002). to increase speed and reduce power consumption. An 
accumulator optimized for use in DDFS system with 24-bit of frequency resolution and 13-bit of phase 
resolution (Chappell and McEwan 2004). 8-stage pipeline accumulator (1 bit per stage) using the Double- Edge-
Triggered (DET) of clocked pulse (Murphy 2004; Gaopeng, et al., 2010). to achieve speed of PA two time 
faster. Two PA with 10-bit and 8-bit resolution, 7 and 15 GHz maximum clock rate and power consumption 
237mw and 302.5 mw for use in DDFS (Laemmle et al., 2009). the accumulator has been designed to retain 
phase coherency. A 9-bit with 2.9GHz clock frequency implement in two level CLA without pipeline stage 
(Xueyang, et al., 2009). for a new design of DDFS with sine-weighted DAC to get high output frequency in 
GHz. 16-bit and 32-bit PA was be designed (Langlois and Al-Khalili 2003). The 16-bit PA it generates a single 
phase sinusoidal digital sequence with 60dBc of Spur Free Dynamic Range (SFDR). The second 32-bit PA is 
generates sinusoidal digital sequence with 84dBc of SFDR. 11-bit PA with RCA, the clock frequency is 8.6GHz 
implemented with sine-weighted DAC (Xueyang et al., 2010; 2008). It consumes 4.8W with best report power 
efficiency Figure-Of-Merit (FOM) of 182GZHz*2ENOB/W and the best reported SFDR of 40dB. 12GHz DDFS 
MMIC with 9-bit pipeline accumulator (Xuefeng, et al., 2008). the maximum clock frequency of the DDS is 
measured as 11.9GHz at the Nyquist output and 12.3GHz at 2.31GHz output, the SFDR of DDS measured at 
Nyquist  output with an 11.9GHz clock is 22dBc. 24-bit PA with 5.0 GHz used for design a DDS (Xueyang, et 
al., 2010). The DDS include 24-bit RCA for phase accumulator, a 12-bit RCA for phase modulation and 10-bit 
segmented sine-weighted DAC convertor. 
 This paper proposes a new architecture for PA design with 8-bit CLA pipeline stage. In order to reduce the 
complexity of the design which increases with the number of k-bit input, RCA is used between the stages 
(Brown 2005). 
 Table 1 shows the performance comparison between the previous research works. It is expected for the new 
proposed idea to achieve higher speed and consumes less area. 
 
High Speed PA design: 
 The adder is the key element in PA, therefore it was necessary to improve the performance of the adder. 
 The problem can be stated as: 
 The delay time for the RCA can be calculated by the following equation: 
       Tdelay time  = 2k + 1      
 where, 
 Tdelay time- Total delay time, 
  k-is the bit number in phase accumulator 
 In our research work, we are proposing the following techniques to improve the PA block in DDFS. 
 The carry out of the CLA (Brown 2005), which used in each of the pipeline stage is given by, 
 Ck = gk + pkgk-1 + pkpk-1gk-2 + ------ + pkpk – 1pk -2 ----g0 + pkpk – 1pk – 2 ----p0co                         (1) 
 where, 
 g: generate gate. 
 P: propagate gate. 
  K: bit number 
 To calculate the carry out of the CLA for 8-bit number, we have used the following equation. 
 C8 = g7 + p7g6 +p7p6g5 + p7p6p5g4 + p7p6p5p4g3 + p7p6p5p4p3g2 + p7p6p5p4p3p2g1 +  p7p6p5p4p3p2p1g0 + 
p7p6p5p4p3p2p1p0c0                                                                                                                                                  (2)              
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 The parameters of the carry out of the CLA is consist of two gate delay only (OR & AND) with 9 inputs for 
each gate, but the technique consideration for this gate delay output is impossible to use two gate delay only 
(because there is a big problem, where AND & OR gate require 9 inputs ). To meet the fan-in constraint, we can 
rewrite the expression of C8 as follows: 
C8 = (g7 + p7g6 +p7p6g5 + p7p6p5g4) + ((p7p6p5p4) (g3 + p3g2 + p3p2g1 + p3p2p1g0)) +  
+ (p7p6p5p4) (p3p2p1p0c0)                                                                            (3) 
 
 To implement this expression, we need 11 AND gate and 3 OR gate, the propagation delay to generate the 
C8 is a valid after 5 gate delays rather the 3 gate delay that we needed without the fan-in constraint, it means that 
we need 8 gate delays for the carry out of the CLA and 2 gate delay between each blocks (pipeline stage), the 
total delay time which we need for (24–bit input) in three pipeline stage, 
Considering the parameters of CLA, we have, 
8 gate delay for each CLA used in PA. 
2 gate delay for RCA between the pipeline stages. 
 The total gate delay in propose PA design: 
8+1+1 = 10 gate delay 
 Considering the parameters of RCA, we have, 
 The total gate delay for the same work (24-bit) when using only RCA if it worked in three pipeline stage 
with 8-bit RCA also is: 
 2*k + 1 = 2*24 +1 = 49 gate delay  
 So, using this PA design with CLA we can be achieved (4 times) speeds faster than PA using RCA. 
 The block diagram of 24-bit pipeline based PA using 8-bit CLA (in each pipeline stage) and RCA between 
the pipeline stages is shown in Fig. 2. 
 
Table 1: High-speed DDFS performance comparison results from past researcher’s works. 

 
No 

 
Name 

Bits  & 
Pipeline 

stage 

 
Fclock 

Power 
Consumption 

 
SFDR  &    

Fout

 
Area 
mm2 

 
Technology 

 
1. 

High Speed Low Power 
Phase Accumulators for   

DDS 
2008 IEEE 

(a)   8  (2×4) 
2 bit Adder 
(b)  10(2×5) 
2bit Adder 

 
15GHz 

 
7GHz 

 
237mW 

 
302.5mW 

 
 

Not -reported 

 
0.106 mm2 

 
0.122 mm2 

 
SiGe Bipolar 
Technology 

 
 

2. 

An Ultra-high-speed Direct 
Digital Synthesizer 

MMIC 
2010 IEEE 

8-bit (1×8) 
1 bit Adder 

using(double 
edge trigger)    

 
10GHz 

 
2.4mW 

 
23.24 dB 

 
    Fout=  5GHz 

 
2.4×2.0 

mm 

 
1µm GaAs 

HBT 

 
 

3. 

A 12 GHz 1.9 W DDS 
MMIC 

Implemented in 0.18 µm 
SiGe BiCMOS Technology 

IEEE2008 

 
 

9- bit 
(9×1 ) 

pipelining 

 
 
 

12 GHz 

 
 
 

1.9 W 

 
 
 

22 dB 

 
 
 

2.3×0.7 
mm2 

 
 

0.18 µm 
SiGe Bi 
CMOS 

 
 
 4. 

A 9-bit 2.9 GHz 
D DS MMIC 

with DDF. &PM IMS 2009 

 
9 -bit 

 
2.9GHz 

 
2.0W 

 
35dB 

 
2.5×3.0 

mm 

 
Bi CMOS 

TECHNOLO
GY 

 
 

5. 

An 11-Bit 8.6 GHz DDS 
MMIC  With Sine-
Weighted DAC 

IEEE2010 

 
11- bit 
(11×1) 

 
 

8.6GHz 

 
 

4.8W 
 
 

 
 

33dB 

 
4×3.5 mm2 

Fout=4.298 
GHz 

 
SiGeMMIC 

DDS 

 
6. 

A HIGH SPEED DDFS 
SING  A LOW POWER 
PIPELINED PARALLEL 
ACUMULATOR 
2002 IEEE 

 
32 bit 
4×2 

 
1 GHz 

 
85.1 

mW/1GHz 

 
Not -reported 

 
450×440 

µm2 

 
0.35 µm 
CMOS 

 
 
7. 

 
Propose work 

Mr.Salah Hasan 
(2011) 

 
24-bit 
(3×8) 

 

 
 

5GHz 

 
 

-- 

 
 

-- 

 
 

-- 

 
0.18 
µmCMOS 
TECHNOLO

GY 
 
 

 
 

 



Aust. J. Basic & Appl. Sci., 5(11): 393-397, 2011 

396 

 
 
Fig. 2: Block diagram of 24-bit pipeline based phase accumulator in the DDFS.                                                           
 
The objective of the proposal work: 
1. To develop and design the fast phase accumulator (PA) of the DDFS system. 
2. To simulate the pipeline based 24-bits PA using MATLAB platform. 
3. To implement the developed 24-bits PA using FPGA board for its functionality verification. 
4. To achieve the higher-speed PA and smaller die area. 
 
Methodology: 
 The proposed work can be performed using the following flowchart as shown in Fig.3.  
                                 

 
 
Fig. 3: Flowchart for implementing the PA block of DDFS.  
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 The new PA model will be designed with the advantages of the CLA to improve the speed of the PA and 
achieve high frequency resolution using high bit (24-bit) numbers. Implementing the new PA model to improve 
the performance of the DDFS. The new suitable design model can be performing with MATLAB simulation. 
Modeling of the PA in DDFS using VHDL software under ALTERA environment. Synthesis process will be 
applied to get the gate-levels (Hardware block) and the designed PA block will be downloaded into FPGA board 
for its functionality verification, and then it will be implemented as fabrication process using 0.18µm CMOS 
technology. 
 
Conclusion: 
 The modeling of the PA block in DDFS will be performed using MATLAB simulation platform. Once the 
modeling is corrected, then we move to the CAD tools, ALTERA (Quartus II) environment. Here, we will 
perform the PA block in behavioral level using VHDL language for designing the SoC of the PA block, to get 
the gate-levels of the block, using synthesis process in Quartus II. The designed codes of the PA block will be 
downloaded into FPGA board for its functionality verification. Finally, it can be fabricated with the advantages 
of the 0.18µm CMOS technology to achieve the goal of obtaining the model to be manufactured.  Implementing 
the developed PA in DDFS can be improved the performance of DDFS in the application of the communication 
systems. It can be achieved with few parameters values of higher speed, high frequency resolution and smaller 
die area. 
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