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Abstract— A synchronous binary counter is one of the basic 

components widely used in VLSI design, and it is required to be 

fast and support a wide bit-width in many applications. However, 

most of the previous counters are associated with a limited 

counting rate due to large fan-outs and long carry chains, 

especially when the counter size is not small. This paper proposes 

a new fast structure for synchronous binary counting, which has 

a minimal counting period for practical counter sizes ranging 

from 8 to 128 bits. We first adopt an 1-bit Johnson counter to 

reduce the overall hardware complexity, and then duplicate the 

1-bit Johnson counter to decrease the propagation delay caused 

by large fan-outs. Implementation results show that the proposed 

design can be realized with a small number of flip-flops. This 

Project describes a more complex timer called the PWM or 

pulse-width modulation using counter timer. PWM timers are 

commonly used for motion control and dimming LEDs. 

Examples of these applications are included here. PWM Function 

has simplified by Proposed Counter module. This Design is 

implemented in FPGA XC3S 200 TQ-144 using Verilog HDL and 

simulated by Modelsim 6.4 c and Synthesized by Xilinx tool. 

 

Index Terms— fan-outs , Johnson counter,  PWM, Verilog HDL,   

VLSI, Xilinx tool. 

 

I. INTRODUCTION 

A counter is one of the basic components actively used in 

many applications such as measurement systems, analog-to-

digital converters, frequency dividers, phase-locked -loop 

frequency synthesizers, and so on.  

Asynchronous counters, sometimes called ripple counters, can 

be realized with a small number of logic gates, but the 

accumulated delay caused by the ripple propagation produces 

false outputs for a short period of time because the flip-flops 

(F/Fs) are connected to different clock signals. The ripple 

effect becomes worse when the counter size is large and can 

be critical for some applications where the counting value 

needs to be stable. 

We present a binary synchronous counter that operates with a 

constant delay for practical counter sizes ranging up to 128 

bits. In the proposed counter, the large fan-out issue is 

mitigated by duplicating the one-bit Johnson counter and by 

applying the backward carry propagation method to get rid of 

the additional delay induced by the ripple carry propagation. 

The proposed counter achieves the highest counting rate, and 

the counting rate is determined only by the least-significant 1-

bit counter regardless of the counter size. 

II. PULSE WIDTH MODULATION 

Pulse-width modulation (PWM), or pulse-duration modulation 

(PDM), is a method of reducing the average power delivered 

by an electrical signal, by effectively chopping it up into 

discrete parts. The average value of voltage (and current) fed 

to the load is controlled by turning the switch between supply 

and load on and off at a fast rate. The longer the switch is on 

compared to the off periods, the higher the total power 

supplied to the load. Along with maximum power point 

tracking (MPPT), it is one of the primary methods of reducing 

the output of solar panels to that which can be utilized by a 

battery. PWM is particularly suited for running inertial loads 

such as motors, which are not as easily affected by this 

discrete switching, because their inertia causes them to react 

slowly. The PWM switching frequency has to be high enough 

not to affect the load, which is to say that the resultant 
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waveform perceived by the load must be as smooth as 

possible. 

The rate (or frequency) at which the power supply must switch 

can vary greatly depending on load and application. For 

example, switching has to be done several times a minute in 

an electric stove; 100 or 120 Hz (double of the utility 

frequency) in a lamp dimmer; between a few kilohertz (kHz) 

and tens of kHz for a motor drive; and well into the tens or 

hundreds of kHz in audio amplifiers and computer power 

supplies.  

Duty cycle 

The term duty cycle describes the proportion of 'on' time to the 

regular interval or 'period' of time; a low duty cycle 

corresponds to low power, because the power is off for most 

of the time. Duty cycle is expressed in percent, 100% being 

fully on. When a digital signal is on half of the time and off 

the other half of the time, the digital signal has a duty cycle of 

50% and resembles a "square" wave. When a digital signal 

spends more time in the on state than the off state, it has a duty 

cycle of >50%. When a digital signal spends more time in the 

off state than the on state, it has a duty cycle of <50%. Here is 

a pictorial that illustrates these three scenarios.  

 

Fig 1: PWM Duty Cycle 

Time proportioning 

Many digital circuits can generate PWM signals (e.g., many 

microcontrollers have PWM outputs). They normally use a 

counter that increments periodically (it is connected directly or 

indirectly to the clock of the circuit) and is reset at the end of 

every period of the PWM. When the counter value is more 

than the reference value, the PWM output changes state from 

high to low (or low to high). This technique is referred to as 

time proportioning, particularly as time-proportioning control 

– which proportion of a fixed cycle time is spent in the high 

state. 

The incremented and periodically reset counter is the discrete 

version of the intersecting method's sawtooth. The analog 

comparator of the intersecting method becomes a simple 

integer comparison between the current counter value and the 

digital (possibly digitized) reference value. The duty cycle can 

only be varied in discrete steps, as a function of the counter 

resolution. However, a high-resolution counter can provide 

quite satisfactory performance 

Power delivery 

PWM can be used to control the amount of power delivered to 

a load without incurring the losses that would result from 

linear power delivery by resistive means. Drawbacks to this 

technique are that the power drawn by the load is not constant 

but rather discontinuous (see Buck converter), and energy 

delivered to the load is not continuous either. However, the 

load may be inductive, and with a sufficiently high frequency 

and when necessary using additional passive electronic filters, 

the pulse train can be smoothed and average analog waveform 

recovered. Power flow into the load can be continuous. Power 

flow from the supply is not constant and will require energy 

storage on the supply side in most cases. (In the case of an 

electrical circuit, a capacitor to absorb energy stored in (often 

parasitic) supply side inductance.)  

High frequency PWM power control systems are easily 

realisable with semiconductor switches. As explained above, 

almost no power is dissipated by the switch in either on or off 

state. However, during the transitions between on and off 

states, both voltage and current are nonzero and thus power is 

dissipated in the switches. By quickly changing the state 

between fully on and fully off (typically less than 100 

nanoseconds), the power dissipation in the switches can be 

quite low compared to the power being delivered to the load.  

Modern semiconductor switches such as MOSFETs or 

insulated-gate bipolar transistors (IGBTs) are well suited 

components for high-efficiency controllers. Frequency 

converters used to control AC motors may have efficiencies 

exceeding 98%. Switching power supplies have lower 

efficiency due to low output voltage levels (often even less 

than 2 V for microprocessors are needed) but still more than 

70–80% efficiency can be achieved.  

Variable-speed computer fan controllers usually use PWM, as 

it is far more efficient when compared to a potentiometer or 

rheostat. (Neither of the latter is practical to operate 

electronically; they would require a small drive motor.) 

Light dimmers for home use employ a specific type of PWM 

control. Home-use light dimmers typically include electronic 

circuitry which suppresses current flow during defined 

portions of each cycle of the AC line voltage. Adjusting the 

brightness of light emitted by a light source is then merely a 

matter of setting at what voltage (or phase) in the AC half-

cycle the dimmer begins to provide electric current to the light 

source (e.g. by using an electronic switch such as a triac). In 

this case the PWM duty cycle is the ratio of the conduction 

time to the duration of the half AC cycle defined by the 
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frequency of the AC line voltage (50 Hz or 60 Hz depending 

on the country). 

III. MODULES OF PROPOSED BINARY COUNTER 

DESIGN 

BACKWARD CARRY PROPAGATION 

 The reverse carry propagate adder have carry signal 

propagation from the most significant bit(MSB) to the least 

significant bit(LSB), which results in greater relevance to the 

input carry than the output carry. The technique of carry 

circulation in reverse order with delay variations increases the 

stability. 

 The conventional FA which is the key building block 

of the carry propagate adders has three inputs with the same 

weight. Moreover, it has two outputs for a summation result 

with the same weight as that of the inputs and a carry output 

with twice the weight. The carry propagation delay (tCP) is 

the most important timing parameter in an FA due to the fact 

that it determines the delay of the critical path of multi-bit 

adders (and multipliers). In the worst case, the delay of the 

carry propagation adder is n×tCP where n is the bit width of 

the adder. Hence, a clock period smaller than n×tCP can result 

in a setup time violation and hence a potential error. 

 

 

Fig 2: (a) Block diagram of the RCPFA. (b) n-bit RCPA 

A small, short-delay violation may lead to a large amount of 

error owing to the fact that the error occurs on the MSBs of 

the summation. This is the result of the generation and 

propagation of the carry input of the MSBs through small 

significant bit FAs. Based on this reasoning, if the order of the 

carry propagation is reversed, one may expect that the amount 

of error due to the timing violation decreases. This has 

inspired us with conceiving approximate FAs in which the 

carry propagation takes place in the reverse order (counter-

flow direction). We describe the approximate RCPFA. 

 

 

BINARY COUNTER 

 A binary counter is a hardware circuit that is made 

out of a series of flip-flops. The output of one flip-flop is sent 

to the input of the next flip-flop in the series. A binary counter 

can be either asynchronous or synchronous, depending on how 

the flip-flops are connected together. 

 Counters can be used for a huge array of applications. 

They can, for example, be used to count pulses from a sensor 

attached to a wheel to count the number of revolutions, which 

in turn can be used to calculate the speed of the wheel. 

Counters also can be used as digital clocks for different 

purposes. Another typical use of a digital counter is in central 

processing units (CPUs), where a certain kind of counter 

(program counters, or PCs) is used as a way for the CPU to 

walk through program instructions, one by one, from a 

memory. The model in this example consists of a 4-bit 

asynchronous up-counter that is fed with a clock pulse of 1 

Hz. Below, you can see a diagram of the model. 

 

Fig 3: Binary counter model 

CONSTANT-TIME COUNTER 

A synchronous binary counter is one of the basic components 

widely used in VLSI design, and it is required to be fast and 

support a wide bit-width in many applications. However, most 

of the previous counters are associated with a limited counting 

rate due to large fan-outs and long carry chains, especially 

when the counter size is not small. A new fast structure for 

synchronous binary counting, which has a minimal counting 

period for practical counter sizes ranging from 8 to 128 bits.  

 We first adopt a 1-bit Johnson counter to reduce the 

overall hardware complexity, and then duplicate the 1-bit 

Johnson counter to decrease the propagation delay caused by 

large fan-outs. Implementation results show that the proposed 

design can be realized with a small number of flip-flops, 

which is almost linear to the counter size, and it operates at a 

clock frequency of 2GHz in a 65nm CMOS technology, being 

limited only by the counting rate of the least significant bit. 

Counter is a sequential circuit. A digital circuit which 

is used for counting pulses is known counter. Counter is the 

widest application of flip-flops. It is a group of flip-flops with 

a clock signal applied. Counters are of two types :- 
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1. Asynchronous or ripple counters.  

2. Synchronous counters. 

Asynchronous or ripple counters 

 The logic diagram of a 2-bit ripple up counter is 

shown in figure. The toggle (T) flip-flop is being used. But we 

can use the JK flip-flop also with J and K connected 

permanently to logic 1. External clock is applied to the clock 

input of flip-flop A and QA output is applied to the clock 

input of the next flip-flop i.e., FF-B. 

 

Fig 4: Asynchronous ripple counter 

Synchronous counters 

 If the "clock" pulses are applied to all the flip-flops in 

a counter simultaneously, then such a counter is called as 

synchronous counter. 

2-bit Synchronous up counter 

 The JA and KA inputs of FF-A are tied to logic 1. So 

FF-A will work as a toggle flip-flop. The JB and KB inputs 

are connected to QA. 

 

Fig 5:  2-bit Synchronous up counter 

PRESCALED COUNTER 

 A pre-scaler is an electronic counting circuit used to 

reduce a high frequency electrical signal to a lower frequency 

by integer division. The pre-scaler takes the basic timer clock 

frequency (which may be the CPU clock frequency or may be 

some higher or lower frequency) and divides it by some value 

before feeding it to the timer, according to how the pre-scaler 

register(s) are configured.  

 Pre-scaled counters are based on the observation (or 

fact) that in the binary counting sequence; the LSB will toggle 

in the highest frequency (half that of the clock when working 

with the rising edge only). The next bit in line will toggle in 

half that frequency, the next with half of the previous and so 

on. In general, the n-th bit will toggle with frequency 2^(n+1) 

lower than the clock (we assume that bit 0 is the LSB here). A 

short look at the figure below will convince you. 

 

Fig 6:  counting sequence 

 

 We can use this to our advantage by “partitioning” 

the counter we wish to build. In essence we make the target 

clock frequency of operation independent of the counter size! 

This means that given that our clock frequency enables us to 

have a single flop toggling plus minimal levels of logic, one 

could in theory build am extremely wide counter.  

 If you really insist, the above statement is not 100% 

correct (for reasons of clock distribution and skew, carry 

collect logic of a high number of partition stages, etc.) , but for 

all practical reasons it is true and useful. Just don’t try to build 

a counter with googolplex bits. The basic technique for a 2-

partition is shown below.  

 We have an LSB counter which operates at clock 

frequency. Its width is set so it could still operate with the 

desired clock frequency. Once this counter rolls over an 

enable signal is generated for the MSB counter to make a 

single increment. Notice how we also keep the entire MSB 

counter clock gated since we know it cannot change its state. 

 The distance between the filtered clock edges 

(marked as “X”) of the MSB counter is determined by the 

width of the LSB counter. This should be constrained as a 

multi-cycle path with period X when doing synthesis. 

 

Fig 7:  Pre-scaled counter 
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IV. SYSTEM ANALYSIS 

EXISTING SYSTEM 

The carry chain was constructed with employing a 

tree structure. However, regarding a counter as a combination 

of an adder and a state register is not effective in achieving a 

constant clock period, since the lower bound of the adder 

delay is not constant. There have been other efforts to speed 

up the counter by improving the F/F. For example, high-speed 

synchronous counters were developed by using the F/F based 

on the true single-phase clock.  

PROPOSED SYSTEM 

In the proposed work, the fan-out delay and the hardware 

complexity are reduced by exploiting the redundancy made by 

duplicating 1-bit Johnson counters and applying the backward 

carry propagation in generating the PEN signal, which allow 

the proposed counter to achieve a high counting rate for 

practical counter sizes. 

The proposed N-bit counter is illustrated in Fig. 4. 

For the sake of simplicity, let we assume that n = ⌊log2 𝑁⌋ and 

m = ⌈(𝑁 − 𝑛)/𝐿⌉ , where L is the maximum fan-out to be 

determined by conducting simulations. An N-bit counter is 

partitioned into three different sub counters in order to take 

advantage of pre-scaling, and m 1-bit Johnson counters are 

employed to generate m PEN signals to be used for the last 

sub counter. The Johnson counter is initialized to 0, and the 

PEN signal is generated to enable the counting of the next sub 

counter when the Johnson counter undergoes a state change 

from 0 to 1.  

V.  SIMULATION RESULT 

 

Fig 8:  Simulation result of 1- bit counter 

 

Fig 9:  Simulation result of 

Backward_Carry_Propagation_Counter 

 

Fig 10:  Simulation result of Conventional 8-

bit Synchronous Binary Counter 

 

Fig 11:  Simulation result of Johnson counter 

 

Fig 12:  Simulation result of TFF 

 

Fig 13:  Simulation result of Main module 
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Fig 14:  Simulation result of    conventional 

PWM 

 

Fig 15:  Simulation result of Proposed PWM 

 

 

VI. SYNTHESIS RESULT 

DEVICE UTILISATION SUMMARY 

TABLE I 

Device utilization Summary of Conventional system 

 

TABLE II 

Device utilization Summary of Proposed system 

  

 

Fig 16:  RTL view of main block 

       

 

TABLE III 

Area and Delay Comparison 

 

 

Fig 17:  Area graph 

    

Fig 18:  Delay graph 
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Fig 19:  Power Result 

VI. CONCLUSION 

In this project, we have proposed a new synchronous 

binary counter architecture of which the delay is almost 

constant for practical counter sizes. The proposed counter 

design has used backward carry propagation and exploited 

redundant 1-bit Johnson counters to reduce the number of flip-

flops and the unwanted propagation delay caused by large fan-

out nodes. The proposed counter can be realized with a small 

number of flip-flops, which is a little higher than the counter 

size, Further improvement of this paper is based on proposed 

Counter design. We implement a Pulse width Modulation 

scheme based on proposed counter design.  

This Design is implemented in FPGA XC3S 200 TQ-144 

using Verilog HDL and simulated by Modelsim 6.4 c and 

synthesized by Xilinx tool. 
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