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Abstract— The binary counter is a fundamental unit of computer 

operation. The goal of this project is to lower the supply voltage 

and find the optimal supply voltage which provided less power 

consumption.  
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I.  INTRODUCTION  

Low-power is a current need in VLSI design. The 

components of power include transition power, short-circuit 

power and leakage power [1]. And one of the best ways to 

reduce the power consumption is to lower the transistor supply 

voltage. The formula of power dissipation is   

Ptrans =Etrans α fck=α fckCV
2
/2  (1) 

Where α is activity factor, and fck is clock frequency. The 

power reduces proportionally with the square of the supply 

voltage. So the power dissipation can gain great benefits on 

minimizing transistor supply voltage, which leads to low 

power consumption. This project aims to find the lowest 

operating voltage to successfully operate the 16-bit counter, 

which means that the 16-bit counter can be run correctly under 

this low voltage.  

 The experiment was completed in several steps. The 

remainder of this report is organized as follows. Section 2 

reviews some knowledge of counters and introduces related 

circuit design. Section 3 discusses the implementation of the 

project including the steps of the project and the choice of the 

software. Section 4 describes the result of the project.  Section 

5 gives some future consideration and conclusions are given in 

section 6. 

II. BACKGROUND 

A. Background of counters 

In digital logic and computing, a counter is a device which 

stores (and sometimes displays) the number of times a 

particular event or process has occurred, often in relationship to 

a clock signal. The most common type is a sequential digital 

logic circuit with an input line called the "clock" and multiple 

output lines. The values on the output lines represent a number 

in the binary or BCD number system. Each pulse applied to the 

clock input increments or decrements the number in the counter. 

A counter circuit is usually constructed of a number of flip-

flops connected in cascade. Counters are a very widely-used 

component in digital circuits, and are manufactured as separate 

integrated circuits and also incorporated as parts of larger 

integrated circuits [4]. 

There are lots of types of counter. The one is asynchronous 

(ripple) counter that changing state bits are used as clocks to 

subsequent state flip-flops. Synchronous counter is that all state 

bits change under control of a single clock. And there are also 

decade counter, up/down counter, ring counter, Johnson 

counter, cascaded counter and modulus counter [4]. For an 

asynchronous counter, a single d-type flip-flop with its J (data) 

input fed from its own inverted output. Synchronous counter 

uses the clock inputs of all the flip-flops connected together 

and triggered by the input pulses 

B. Circuit Design 

There are numbers of factors to be considered when 
choosing an appropriate design for a low voltage counter. By 
using 32 nm COMS technology, a large number of transistors 
in the design can be operated under a low power consumption 
mode. So it can keep the circuit size to be as small as possible. 
The simplest counter is asynchronous counter with fewer gates 
in Fig.1. This type of counter can be constructed only with flip-
flops. The circuit can store one bit and can counter from zero to 
one before it overflows. This counter increases once for every 
clock cycle and takes two clock cycles to overflow. 

 

Fig.1  Asynchronous counter created from two JK flip-flops 

 

Synchronous counters solve the ripple effect problem by 

clocking every flip-flop simultaneously. Thus all the flip-flops 

change state simultaneously. Like in Fig.2, the circuit is a 4-bit 

synchronous counter. 

http://en.wikipedia.org/wiki/JK_flip-flop


 

Fig.2  A 4-bit synchronous counter using JK flip-flops 

 

In my project, I choose synchronous counter for simulation 

as it adding minimal amount of delay per bit and easily scaling 

up to higher number of bits. 

III. IMPLEMENTATION 

A lots of VLSI simulation and synthesis tools are be 

provided. Like QuestaSim for designing, compiling and 

simulating designs, LeonardoSpectrum for ASIC and standard 

cell synthesis, DesignArchitect-IC for Schematic Capture, 

HSPICE for Circuit simulation and verification, PowerPlay for 

Logic simulation based power estimator, PrimeTime PX for 

Early stage power estimator, and NanoSim for Analog Circuit 

Engine (ACE) simulator [2]. Firstly, I wrote 16-bit counter 

VHDL code and used Mentor Graphics’ ModelSim to check 

the correctness of the function. Once it was verified I used 

Leonardo Spectrum to convert VHDL file to Verilog file and 

optimize the design. Then I used Design Architecture to 

generate corresponding netlist. After that, HSPICE was chose 

to simulate the netlist generated with the input vector file and 

32 nm CMOS technology file. After the simulation, I checked 

the output of simulation by EZwave. 

For 32 nm CMOS technology, NMOS threshold voltage is 

0.63 V and PMOS threshold voltage is -0.5808 V. And the 

nominal Vdd is 1V.  

Here I show how my works done. In the Fig.3, it is the 

schematic generated by Design Architecture. In order to make 

sure the clear result of schematic, I didn’t give the whole 

schematics of the circuits. And Fig.4 is the detail of the one 

flip-flop in the schematic. And in the Fig.3, we can see that 

each flip-flop shares the same input to insist the corresponding 

output with simultaneous triggers. 

 

Fig.3  Part of Schematic 

 

Fig.4  One of the flip-flop in the Circuit 

 

The goal of this project is to measure the performance of 

the counter circuit at decreasing voltages levels to determine 

the minimum operating voltage.  I performed a transient 

analysis on the counter circuit and then used EZwave to 

measure the voltage and delay over a period of time as shown 

in Fig.5.  

 

Fig.5  Example EZWAVE output 

 

And for this simulation, the input vectors are shown below: 

 For clock: 101010101010101010101010101010101010 

 For reset: 1100000000000000000000000000000000000 

I use 20 cycles in the simulation. Firstly, I set reset to 

initialize all output to be zero. Then using the clock signal as 

input, the rise edge triggers the counter to increase. After that, 

the counter outputs the corresponding results.  

IV. RESULTS AND ANALYSIS 

The results are generated in the HSPICE simulation. 

Because in the 32 nm CMOS technology model the nominal 

Vdd is 1V, I started the supply voltage from 1.2V. Before I 

noticed it, I spent lots of time on figuring out the weird results 

with more than 1.5 V supply voltage. 

A. Sub-threshold Operation 

I began my simulation from 1.5 V and reducing it until the 

circuit would no longer function correctly. In the Fig.6, it is 

obviously that the power dissipations decrease with the 

decrement of the supply voltage [4]. And comparing with the 

1.2 V supply voltage and the values just above the threshold 

voltage, we found a great performance on power saving. At its 

lowest voltage, this circuit consumed very low power 

consumption of 4.706μ. This translates to a power savings of 

37.98% of the maximum tested voltage. And the lowest work 

voltage is 0.83 V. 



 

Fig.6  Power Dissipations of Sub-threshold Voltage  

 

As shown in Fig.7, the delay of the carryout signal 

increases exponentially as supply voltage is lowered. The 

circuit works under the lowest voltage 0.83 V, which lower 

than the |Vtp|+Vtn value of 1.2108 V from the 32 nm CMOS 

technologies. Obviously, the NMOS and PMOS operated in 

the saturation region. 

 

Fig.7  Delay vs Voltage 

 

The product of power and delay can be leveraged to find the 

optimal voltage. In the Fig.8, the curve shows that the lowest 

dot is the minimum of power and delay product. At this point, 

the circuit runs at the least trade off at least power and delay. 

As we can see in the figure, the optimal voltage is 0.86 V. And 

the average power consumption is 71.37μw and delay is 

14.18 ns. 

 

Fig.8  Power Delay Product vs Voltage 

 

When comparing the optimal voltage with the nominal 

supply voltage, the supply voltage decreases 14% and 

increases 40% of delay, and 42% of power consumption. 

Therefore, it achieves the low power operation.  

And for Sub-threshold Operation, the corresponding 

EZwave output is shown in Figure 5. With the clock input, the 

output indicates the increasing number corresponding to the 

input number of clock. By checking the EZwave output, I can 

figure out the function is correct or not under such supply 

voltages. 

B. Incorrectness Operation 

Incorrectness operation means that the circuit operates 

under the lowest operation supply voltage or 20% higher than 

nominal supply voltage. Obviously, there is no correct 

function existing under these voltages.  

When the supply voltage is above 1.2 V, the waves can 

show the wrong results, like in Fig.9. Apparently, the circuit is 

ruined by such high supply voltage. 

 

Fig.9  EZwave Output of Above 1. 2V  Supply Voltage 

 

When the supply voltage is lower than 0.83 V, the result 

probed is shown in Fig.10. 

 

Fig.10  The EZwave Output of lower than 0.83 V 

 

However, by graphing these values, we can see that the 

trend as the voltage is lowered, the delay power product 

increases.   



V. FUTURE WORK 

In order to minimize the power dissipation, we should 

consider choosing asynchronous counter which has fewer gates 

and can keep the circuit size to be as small as possible. So 

maybe under this circumstance, we can find a lower optimal 

power consumption point. 

VI. CONCLUSIONS 

One of the best ways to reduce the power consumption is to 

lower the transistor supply voltage. Reducing supply voltage 

can decrease the power consumption, but also increase delay. 

As we find in our simulation, the lowest supply power is 0.83 

V. However, considering the delay and power, we choose the 

0.86V as the optimal supply voltage to obtained 16-bit counter 

low power operation. 
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