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ABSTRACT
This paper presents a top – down design methodology for designing and implementation of a Real time clock
(RTC) on a field programmable gate array (FPGA) using Very High-Speed Integrated Circuit Hardware
Description Language (VHDL) in a Quartus II environment. The RTC module is sub divided into three modules
namely the clock divider, the modulo counter and seven segment display modules. It has a functionality to display
accurate time and the time can also be manually adjusted using appropriate switches on the FPGA board.
Keywords: Real time clock, FPGA, clock divider, VHDL

1. INTRODUCTION
Time is such an important concept, to the extent that it is exceptionally difficult to characterize. To measure time
requires quantity that will repeat itself at regular interims. The quantity of interims checked gives a quantitative
measure of the length of time. The early references for the estimation of the time are the moon and sun. At the
point when the sun and the moon were not noticeable, it was difficult to know the precise time. Along these lines,
timekeepers were created to allot the hours between the sun and the moon [1]. The procedure of measuring time
has logically turned out to be more precise, and the gadgets more sophisticated from what is used in the early days.
In the present day, the time is predominately measured by mechanical, and as of late by electronic timers. Truly,
timers and clocks of various types lie at an imperative intersection of science, innovation, and society. Changes in
timekeeping innovation have impacted the character of investigative perception, supported the improvement of
other machine advances and noteworthy improvement is the way individuals consider and carry on in time [1] [2].
A clock is an instrument for measuring time. On a basic level, it requires some physical procedure occurring at a
known rate, and an approach to measure to what extent that procedure has been occurring.
There are different types and sizes of clocks that are available in the market. Depending upon the format of
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presentation, clocks can be classified into three categories namely (i) analogue clock (ii) Word clock (iii) digital
clock. An analogue clock is a circular - faced clock with the numbers one to twelve around the outside and two
hands, having a shorter one to measure hours and a longer one to measure minutes. A word clock is a clock signal
used to synchronise other devices such as digital audio tape machines and compact disc players, which
interconnect via digital audio signals. Digital clock shows a numeric representation of time. Two numeric
characters arrangements are normally utilized on advanced clocks. They are: 24-hour documentation with hours
running 00 to 23- and 12-hour documentation with AM/PM marker [2] [3].
A real time clock (RTC) is utilized to monitor the present time. In spite of the fact that the term frequently used
to classify devices in PCs, servers and other devices, RTCs are available in any electronic gadget which needs to
keep exact time for exact work to be kept up [4] [4].There are diverse advanced digital integrated circuits available
in the market for designing digital circuits but as the systems gets complex there may be some capabilities that
cannot be performed by these readily available ICs. Thus, the utilization of Very High-Speed Integrated Circuit
Hardware Description Language (VHDL) for circuit design becomes very useful. For the programmable logic
gadgets to be programmed the codes must go through some stages, for example, synthesis, simulation and route
and generation [2] [5].
This work will be based on design and implementation on a real time clock on an Altera manufactured FPGA
boards using manual set. The real time clock will display hour from (0-23) on seven segment display HEX 7-6,
will display minutes from 0-59 and display it om HEX 5-4 and seconds will count 0-59 and displayed on HEX32 [6] [7]. There are several others manufacturers of FPGA board in the market such as Xilinx Inc, Perfect Parts
Corporation, Achronix Semiconductor Corporation, Atmel Corporation to mention a few. It is a known fact that
both Xilinx and Alter are very popular and have tools that are easy to use in addition to the University Program
that both offer. But Altera is best known for simplicity and easy schematic entry [8].
2. REAL TIME CLOCK ALGORITHM DESIGN TIME COUNTING PROCESS
At start of the time counting procedure the hour, minute and second are set to zero. In the wake of passing every
second, second is increased and checked in the event that it counts to fifty-nine. At the point when second surpasses
fifty-nine then second is set to zero and minute is increased [9]. In the wake of passing one minute, it is checked if
minute surpasses fifty-nine. At the point when minute surpasses fifty-nine then moment is set to zero and hour is
incremented. In the wake of passing 60 minutes, it is checked if hour surpasses twenty-three. At the point when
hour surpasses twenty-three then hour is set to zero and the process continue from start again[10] [11].
2.1 Manual time adjustment process
The main function of this process is time adjustment. The process begins involving pressing the reset key which
return the hour, minutes and second on the display to zero segment display. Then the hour can be adjusted
manually by using switches SW (15 DOWNTO 8) to input two- digit BCD numbers. By toggling the appropriate
switches, the hour can be increased or decreased. Similar process for the hour adjustment is performed for the
minute adjustment. The minutes can c be adjusted manually by using switches SW (7 DOWNTO 0) to input twodigit BC numbers. By toggling the appropriate switches, the hour can be increased or decreased.
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Seven Segment Display
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Figure 1: Time counting process for the RTC
2.3 VHDL implementation of real time clock
The code for all functionalities of the real time clock was designed using a hierarchical model. The top-level
module (real time clock) module contains the full design entity which determines the function of the clock.
The top-level module contains three sub modules namely:
1. The Clock Divider Module
2. The Modulo Counter Module
3. The Seven Segment Display Module
2.3.1 Clock Divider Section
The clock divider section of the real time clock contains the code which provides the clock pulse needed by the
clock to work perfectly. The Altera DE2 -115 FPGA is designed to operate at a frequency of 50MHz. The 50MHz
is not applicable for the timing in the digital clock; therefore, it needed to be reduced to the required value of 1Hz
that is applicable for the digital clock. This was achieved by dividing the FPGA board oscillator frequency to obtain
a frequency. This was done using the clock enable command as follows:
IF (CLOCK_50'EVENT AND CLOCK_50 = '1') THEN
slow_count <= slow_count + '1';
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2.3.2 The Modulo counter Section
This section of the design contains the codes for the counter. The signals E_hr_ 0 and E_hr_ 1 representing the
two numeric character hour of the clock and E_min_0 and E_min _1 representing two numeric characters of the
minutes of the clock are all produced inside modulo counter. These signals are driven by a clock frequency of
approximately 1Hz.The time counting process for the clock is as follows. When the clock pulse is high E_min_0
value is increased by 1. E_min_0 can count from 0 to 5 then it start counting from zero up. E_min_1 can count
from 0 to 9, then it go back to 0 and start counting up to 9. E_hr_0 can only count from 0 to 2 then start from 0
again. E_hr_1 can count from 0 to 9 then it will start counting from 0. If the value of E_hr _1 is more than 3 and
the value of E_hr_0 is 2. This will cause the value of both E_hr_0. For every rising edge of the clock pulse the
second signal is increased by 1. In summary it can be explained as follows when the seconds signal counts up to
59. The minute is incremented by and the seconds signal return to 0. When the minute signal counts to 59; the
hour is increased by 1. This process continues until the hour count up to 23 and all the values of the hour, minute
and second returns back to zero.
2.3.3 The seven-segment display section contains
This section contains the codes that drives the display of the seven-segment display of the FPGA. The BCD
output signal from the counter is port map on the component bcd7seg and the output is displayed as the time on
seven segment display HEX 7-2. The seven-segment display HEX1-0 WAS blanked out.
2.4 Flow Summary of the Design
The flow summary of the process is shown the figure below. It flows process was successful and we can also see
that the less that 1% of the total logic element was utilized in the design.

Figure 2: Shows the Flow Summary
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3. RESULTS

Figure 3: Illustrates the bird view of the register transfer level

Figure 4: Depict the implementation of the real time clock on the FPGA (Altera DE2115) board
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4. CONCLUSION
The real time clock was designed and implemented using VHDL and the code was compiled using Quartus 15
software. Necessary pin assignment was done to implement the circuit on the board. The VHDL file passes the
synthesis without any error. The bit was generated and downloaded onto the Altera DE2115 board to test the
functionality of the clock. The circuit performed the required function as specified in figure 4 and deducing the
flow summary it can be seen that the resources are efficiently utilized.
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