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Abstract— Advantages of digital control in power 

electronics have led to an increasing use of digital pulse-

width modulators (DPWM). However, the clock frequency 

requirements may exceed the operational limits when the 

power converter switching frequency is increased, while 

using classical DPWM architectures. In this paper, we 

present two designs to increase the resolution of the DPWM 

signals. First architecture is asynchronous method using 

NAND and MUX this architecture gives higher switching 

frequency as well as good resolution. And second proposed 

architecture is based on the on-chip digital clock manager 

block.  These architectures have been designed, tested, and 

verified the performance of these architectures. 
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I. INTRODUCTION 

Digital pulse width modulators (DPWMs) have become a 

basic building block in digital control architectures of any 

power converter [1]–[7]. The DPWM frequency is mainly 

determined by the power converter operating conditions, 

whereas the DPWM resolution determines the accuracy in 

the output voltage/current control. As a consequence, the 

DPWM resolution has a direct impact in the power 

converter performance. Traditional DPWM implementations 

are based on counters and comparators, which generate the 

power converter gating signals according to several 

predefined thresholds [8]–[14]. For these designs, the 

minimum on-time step is equal to the counter clock period. 

Its equivalent number of bits       is 

      = log2 (
    

   
)                                                   (1) 

Where    is the DPWM frequency and      is the counter 

clock frequency. Nowadays, power converters are evolving 

toward designs with higher switching frequencies in order to 

reduce the size of inductors and capacitors. Besides, for the 

digital implementation, the number of bits       has to be 

higher than the A/D converter resolution to avoid limit 

cycling. As a consequence, an unfeasibly high clock 

frequency can result, increasing the complexity and the cost 

of the final implementation [18].  

HRPWMs are used in the dc–dc converters, where 

either the output voltage [voltage regulator modules 

(VRMs)], the duty cycle for output-power control [23], or 

the switching delay mismatch between power devices [24], 

need to be accurately tuned. As a conclusion, the evolution 

of both power electronics and digital control techniques 

makes the development of higher resolution DPWMs [26] 

necessary.  

Different methods have been proposed depending on 

whether the digital controller is implemented on a digital 

signal processor (DSP), an application-specific integrated 

circuit (ASIC), or a field programmable gate array (FPGA). 

In the case of DSPs, some of them include 

HRPWM peripherals. The HRPWM module extends the 

time resolution capabilities of the conventional PWM 

allowing a minimum time step that is a fraction of the 

system clock. 

Besides, several architectures have been proposed for IC 

implementation. They are usually based on a tapped delay 

line in combination with a multiplexer or a hybrid 

counter/delay line [25]. 

Several FPGA-based solutions have also been 

proposed in the literature. One common solution is to use a 

coarse resolution counter-based stage plus one or several 

NAND gates and MUX. The PWM signal is set at the 

beginning of the counter period, and it is reset after a given 

delay selected by the respective select bits. The circuits 

previously published and first approach discussed here for 

delaying the reset signal are not fully synchronous. 

Asynchronous circuits make harder to perform static timing 

analysis and can result in glitching since controlling the 

logic and routing delays in an FPGA is more difficult than in 

ASIC implementations. A synchronous design, therefore, 

improves the reliability of the circuit and eases the design 

process. Besides, it makes the design more independent of 

the technology, easing the design portability. 

The aim of this paper is to propose two 

architectures for high-resolution DPWM architectures in 

order to avoid the need of using unfeasible high clock 

frequencies, providing a more convenient final 

implementation. Both of them are based on the resources 

available in modern FPGAs. The first proposed architecture, 

use of NAND gates reduces the routing delays occurred in 

the existing methods. And the second architecture gives high 

resolution along with the optimized power. 

This paper is organized as follows. The proposed 

high-resolution asynchronous architecture using NAND and 

MUX blocks and synchronous architecture using DCM 

blocks are explained in Sections II and III, respectively. The 

experimental results for the proposed architectures are 

shown in Section IV. Finally, section V gives the 

conclusions of these two architectures. 

II. HYBRID DPWM BASED ON NAND GATES  AND MUX 

In Figure 1,  the  multiplexer devices  responsible  for  

implementing  the  fast  carry-chain  path  is  shown  

explicitly  as  the  delay  elements,  and  an  NAND  gate  is  

used  to  control  their  selection  input  so  that  propagation  

through the  carry  chain  is  only  allowed  to  begin  when  

the  trig  signal  goes  high.  By  gating  the  output  of  the  

decoder,  the  path  from  decoder  to  NAND  gate  is  no  

longer  critical  to  be  delay  matched; instead,  only  the  

delay  of  the “Trig”  signal  through  each  NAND  is  

critical,  where  the  reduced  matching requirements  

allowed  near-monotonic  operation,  with  full monotonicity  
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obtained  with  a  small-manual  placement  effort.  

However,  inherent Xilinx  routing  routines  can  be  used  

to  ensure  optimal  placement  natively  by instantiating 

devices  from  primitives  directly,  eliminating  the  need  

for  any  manual  placement  or  routing. Because  the  

NAND  function  can  be  implemented in  this  LUT,  

internal  to  the  same  CLB  as  the  multiplexer,  the  delay  

from  NAND  output  to  multiplexer  can  be  extremely  

well  matched  between  CLBs and  thus  between  delay 

elements. 

In  order  to  ensure  such  matching,  the lock_pins  

constraint  is used  on  each  LUT to  maintain  identical  

signal paths  from Trig to  each  delay  element.  Finally,  to  

ensure  that  the  Trig signal itself  is  delay  matched  to  

each  NAND,  a  clock  buffer  primitive is  used  to  give  

the  signal  access  to  low-skew  routing  paths.  

Default  routing  routines  inherent  to  the  Xilinx  

development  tools  for  the  Virtex  4  natively  maintain  

the  structure  of  the  carry  chain  for  optimal  timing,  so  

no  manual  placement  or  routing  is  necessary.  

Furthermore,  by  instantiating  carry-chain  multiplexers  

(MUXCY)  and  NAND  gates directly  from  primitives,  

the  LUT  elements  are  automatically  combined  into  the 

Same CLB as the carry  chain  they  control. 8 bits DPWM 

is designed using verilog the resulting simulation results can 

be observed in result section. 

 
Fig. 1: Architecture using NAND and MUX Block 

III. HIGH RESOLUTION DPWM BASED ON DCM 

A. Introduction:  

The key of this architecture is the on-chip DCM block 

provided in almost every state of the art FPGA. The 

following DCM [8] clock management features will be used.   

1) Phase shifting: The DCM provides four phase-

shifted clock signals derived from the source clock 

CLKIN. In addition to CLK0 for zero-phase 

alignment to the CLKIN signal, the DCM also 

provides the CLK90, CLK180, and CLK270 

outputs for 90
0
, 180

0
, and 270

0
 phase-shifted 

signals, respectively. Besides, all the outputs of the 

DCM can be phase shifted with finer resolution.  

2) Frequency synthesis:  The DCM can generate a 

wide range of output clock frequencies (CLKFX 

output port), performing clock frequency division 

and multiplication.  Besides phase shifting, the 

DCM is able to condition the clock input CLKIN 

 
Fig. 2: Pin out diagram of DCM 

In order to obtain clock outputs with 50%  duty 

cycle. The clock feedback signal CLKFB is used to compare 

and lock the output signals with the input CLKIN. The fine 

phase shifting can be fixed (specified at design time and set 

during the FPGA configuration process) or variable. It is set 

by means of the DCM attribute PHASE_SHIFT, an integer 

in the range [-255, +255]. Fig.3 shows the fine phase shift 

effects in the fixed mode of operation. A phase-shifted 

output with a resolution of (1/256)th of the input clock 

period can be obtained. 

 
Fig. 3: Fine Phase Shift Effects in DCM Block 

 
Fig. 4: DPWM Resolution Illustrated 

The variable phase-shifting feature has been used. However, 

this operating mode requires several clock cycles to change 

the duty cycle, degrading the dynamic performance.  

DPWM resolution is resolution can be calculated using two 

successive duty cycle values (din1 and din2) and the minimum 
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increment in ON–time step (∆t) in one switching period 

denoted by Tsw as expressed in Equation 2 and Fig. 4 shows 

the clear concept. 

             
     

   
 

    

   
 

         

   

 
  

   
          

B. Generalized Design of DCM Based Architecture:  

Let n = m+k be the bits of the duty cycle command dc, with 

k ≥ 2. Basically, the proposed circuit is made up of a 

synchronous m-bit counter, r DCMs, p = 4×r edge-triggered 

flip-flops, a p-to-1 multiplexer, and an SR latch whose 

output is the PWM signal. The modulus of the counter is 

configurable. The CLRD signal is set when the counter is 

equal to the m MSBs of dc. The SETD signal is set when the 

counter is zero and dc is different from zero. These signals 

are used to generate the SET and RESET signals that control 

the SR latch. The counter and all DCMs are clocked by the 

same input clock signal “CK.” Quadrant phase-shifted 

outputs CLK0, CLK90, CLK180, and CLK270 of DCMs are 

used to generate a set of p phase-shifted clocks {CKi} with 

0 ≤ i < p. 

All clock signals CKi have the same period TCK 

with 50% duty cycle. CKi is phase-shifted TCK/p time with 

respect to CKi-1. The fine phase shifting in the fixed mode 

shifts the phase of all DCM output signals by a fixed 

fraction of the input clock period. As an example, Fig.5 

shows an implementation with m = 8, and k = 3. It has been 

described in schematic editor. DCMx4 multiplies its input 

clock frequency by 4. The CLKFX output of DCMx4 is 

connected to the input clock of the counter, DCM0 and 

DCM1. The binary counter has 8 bits, and SETD and CLRD 

signals are generated from the counter output and the eight 

MSBs of dc as explained earlier. FFa and FFb store these 

signals. Negative edge-triggered flip-flops FFc and FFd 

avoid malfunctions due to the phase offset between CK and 

CK0. DCM0 and DCM1 generate eight phased clocks 

{CK0, CK7}. PHASE-SHIFT attribute of DCM0 is set to 0. 

DCM0 generates clocks CK0, CK2, CK4, and CK6. 

PHASESHIFT attribute of DCM1 is set to 32, and its 

outputs are shifted 32/256 of TCK. DCM1 generates clocks 

CK1, CK3, CK5, and CK7. In the implementation step of 

the design flow, DCM0 and DCM1 are manually placed at 

DCM_X0Y0 and DCM_X1Y0, respectively, in order to be 

close to each other and reduce routing delays. These two 

DCMs can drive up to four global clock lines. Then, the 

circuit must work with the rising and falling edges of only 

four phased clocks {CK0, CK1, CK2, CK3}, and FF4, FF5, 

FF6, and FF7 must be negative-edge triggered. This 

introduces nonlinearity in the on-time step due to duty-cycle 
variation but this effect cannot be solved due to the routing 

architecture of this FPGA. For this implementation, the 

maximum clock frequency is limited to 200 MHz, which is 

the maximum operating frequency for the CLK90 and 

CLK270 DCM outputs according to the FPGA datasheet. 

 
Fig. 5: High Resolution DPWM with M=8 And K=3 

IV. RESULTS 

A. Simulation Results Of Hybrid Dpwm Based On Nand 

And Mux:  

In Fig.6 “clk”, “reset”, and “duty [7:0]”, are input signals 

“d1” is output signal. “W[3:0]”  (counter  output  signal  

which  is  given  to  1
st
 and  2

nd
 comparator),  “w2”  (2

nd
 

comparator output signal which is used to set d1, “y” (output 

of AND gate which is used  to reset d1), “w3” output of 1st 

comparator  which  is  given  to  AND  gate  and  sequence  

of delay element, and “w4 [15:0]” (decoder output signal 

which  is  given  to  carry  chains)  are intermediate  signals.  

When reset signal is low then entire system will be disabled. 

We can try for different duty cycle command of 8 bits. 
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Fig. 6: Simulation  result of  hybrid  DPWM  based  on  

NAND  gate when  reset=1, trigger=1 and  Duty[7:0]  = 

10011011 

B. Dcm Based Dpwm Result 

The design is modeled by using Verilog Hardware 

description Language, and simulated by using Xilinx ISE 

DESIGN suite 14.3. 

The DCM blocks are modeled by using Schematic 

editor by taking DCM symbol and BUFG symbol, 

connections are made as necessary and properties of DCM 

blocks are changed by selecting each blocks and simulations 

are made to observe Clock Phase shift and Clock 

Multiplication with input clock. Input clock frequency of 50 

MHz is used.  The simulations are as shown in Fig.7. 

 
Fig. 7: Output of Dcm Based Architecture 

The advantage of this circuit with respect to others is that 

the digital circuit that generates the reset of the SR latch is 

synchronous. The use of asynchronous circuits to reset the 

latch makes harder to calculate timing using static timing 

analysis and can result in glitching since controlling the 

logic and routing delays in an FPGA is more difficult than in 

ASIC implementations. 

The performance of HRDPWM is measured by 

varying duty cycle command, the Pulse width and Pulse 

width increment values have been measured for consecutive 

duty commands differing in one LSB each other are as 

shown in the Fig.8. 

 

Fig. 8: Variation of Pulse width for different duty 

commands dc [3:0] LSBs. 

 
Fig. 9: Variation of Pulse width Increment for different duty 

commands dc [3:0] LSBs 

By using this architecture with 200MHz we can get upto 

320ps resolution for the on time of the switching period 

without any glitches and the circuit is fully synchronous. 

V. CONCLUSION  

This paper  has  demonstrated  a  very  simple ,  high 

resolution  DPWM  architecture  capable  of  high-frequency  

operation  suitable  for  implementation  in  standard  low 

cost  FPGAs.  The proposed  architecture  achieves  very  

high resolution  using  the  propagation  delay  through  

internal  carry  chains  normally  used  to  perform high-

speed arith -metic operations. This approach provides a low 

latency, low variability delay line that is automatically 

instantiated by the compiling tools. This fact, in conjunction 

with further use of specific internal FPGA   resources  that  

provide  matched  routing  delay   to  the  input  of  the  d lay  

chains,  allows  a  very  simple  DPWM  with excellent 

linearity and reliability that does not require  manual 

placement efforts by the designer.  The proposed approach 

has been demonstrated through a 50-M Hz switching 

frequency, 8-bit, 90ps resolution. 
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