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EC604 Microcontroller & Embedded Systems 

UNIT-V Input Output and Peripheral Devices: 

Timers and counters, watchdog timers, interrupt controllers, PWM, keyboard controller, analog to digital 

converters, real time clock. 

 

Timers and counters: 

A timer is a specialized type of clock which is used to measure time intervals. A timer that counts from 

zero upwards for measuring time elapsed is often called a stopwatch. It is a device that counts down from 

a specified time interval and used to generate a time delay, for example, an hourglass is a timer. 

A counter is a device that stores (and sometimes displays) the number of times a particular event or 

process occurred, with respect to a clock signal. It is used to count the events happening outside the 

microcontroller. In electronics, counters can be implemented quite easily using register-type circuits such 

as a flip-flop. 

Difference between Timer and Counter 

Timer Counter 

The register incremented for every machine 

cycle. 

The register is incremented considering 1 to 0 transition 

at its corresponding to an external input pin (T0, T1). 

Maximum count rate is 1/12 of the oscillator 

frequency. 

Maximum count rate is 1/24 of the oscillator frequency. 

A timer uses the frequency of the internal clock, 

and generates delay. 

A counter uses an external signal to count pulses. 

 

Watchdog Timers: 

 

Most embedded systems need to be self-reliant. It's not usually possible to wait for someone to reboot 

them if the software hangs. Some embedded designs, such as space probes, are simply not accessible to 

human operators. If their software ever hangs, such systems are permanently disabled. In other cases, the 

speed with which a human operator might reset the system would be too slow to meet the uptime 

requirements of the product. 

A watchdog timer is a piece of hardware that can be used to automatically detect software anomalies and 

reset the processor if any occur. A watchdog timer is based on a counter that counts down from some 

initial value to zero. The embedded software selects the counter's initial value and periodically restarts it. If 

the counter ever reaches zero before the software restarts it, the software is presumed to be 

malfunctioning and the processor's reset signal is asserted. The processor and the embedded software it's 

running will be restarted as if a human operator had cycled the power. 

Figure 5.1 shows a typical arrangement. As shown, the watchdog timer is a chip external to the processor. 

However, it could also be included within the same chip as the CPU. This is done in many microcontrollers. 

In either case, the output from the watchdog timer is tied directly to the processor's reset signal. 
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Fig. 5.1 A typical watchdog setup 

For those embedded systems that can't be constantly watched by a human, watchdog timers may be the 

solution. 

Interrupt controller: 

The interrupt controller presents “interrupt requests” to the CPU. An interrupt request (IRQ) may be 
generated by a variety of sources, such as a changing input on a change notification pin or by the elapsing 

of a specified time on one of the timers. If the CPU accepts the request, it will suspend whatever it is doing 

and jump to an interrupt service routine (ISR), a function defined in the program. After completing the ISR, 

program control returns to where it was suspended. Interrupts are an extremely important concept in 

embedded control. 

 

PWM: 

Pulse width modulation (PWM) is a powerful technique for controlling analog circuits with a 

microprocessor's digital outputs. PWM is employed in a wide variety of applications, ranging from 

measurement and communications to power control and conversion. A powerful technique for controlling 

analog circuits with a microprocessor's digital outputs 

 

Digital control 

By controlling analog circuits digitally, system costs and power consumption can be drastically reduced. 

What's more, many microcontrollers and DSPs already include on-chip PWM controllers, making 

implementation easy. 

In a nutshell, PWM is a way of digitally encoding analog signal levels. Using high-resolution counters, the 

duty cycle of a square wave is modulated to encode a specific analog signal level. The PWM signal is still 

digital because, at any given instant of time, the full DC supply is either fully on or fully off. The voltage or 

current source is supplied to the analog load by means of a repeating series of on and off pulses. The on-

time is the time during which the DC supply is applied to the load, and the off-time is the period during 

which that supply is switched off. Given a sufficient bandwidth, any analog value can be encoded with 

PWM. 

 

Fig. 5.2: PWM Signals of varying duty cycles 
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Figure 5.2 shows three different PWM signals. One with PWM output at a 10% duty cycle. That is, the signal 

is on for 10% of the period and off the other 90%. Second and third show PWM outputs at 50% and 90% 

duty cycles, respectively. These three PWM outputs encode three different analog signal values, at 10%, 

50%, and 90% of the full strength. If, for example, the supply is 9V and the duty cycle is 10%, a 0.9V analog 

signal results. 

Keyboard Controller: 

8279 programmable keyboard/display controller is designed by Intel that interfaces a keyboard with the 

CPU. The keyboard first scans the keyboard and identifies if any key has been pressed. It then sends their 

relative response of the pressed key to the CPU and vice-a-versa. 

 

Keyboard/ Display Controller 8279: 

The keyboard/display controller IC 8279 provides 

(i) a set of four scan lines and eight return lines for interfacing keyboards  

(ii) a set of eight output lines for interfacing display.  

The block diagram of 8279. key board controller is shown in Fig. 5.3 below. Each of block are described below. 

 

(a) I/O Control and Data Buffers: The I/O control section controls the flow of data to/from the 8279. The data buffer 

interface the external bus of the system with internal bus of 8279. the I/O section is enabled only if D is low. 
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Fig.: Internal Architecture of Key Board / Display Controller 8279 
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(b) Control and Timing Register and Timing Control : 

These registers store the keyboard and display modes and other operating conditions programmed by CPU. The 

registers are written with Ao=1 and WR =0. The timing and control unit controls the basic timings for the operation of 

the circuit. Scan Counter divide down the operating frequency of 8279 to derive scan keyboard and scan display 

frequencies. 

(c) Scan Counter: 

The Scan Counter has two modes to scan the key matrix and refresh the display. In the Encoded mode, the counter 

provides a binary count that is to be externally decoded to provide the scan lines for keyboard and display (four 

externally decoded scan lines may drive up to 16 displays). In the decoded scan mode, the counter internally decodes 

the least significant 2 bits and provides a decoded 1 out of 4 scan on SL0-SL3 (four internally decoded scan lines may 

drive up to 4 Displays). The Keyboard and Display both are in the same mode at a time.  

(d) Return Buffers and Keyboard Debounce and Control: This section scans for a Key closure row-wise. If it is 

detected, the Keyboard debounce unit debounces the key entry (i.e. wait for 10 ms). After the debounce period, if 

the key continues to be detected. The code of the Key is directly transferred to the sensor RAM along with SHIFT and 

CONTROL key status. 

(e) FIFO/Sensor RAM and Status Logic: In Keyboard or strobed input mode, this block acts as 8-byte first-in-first-out 

(FIFO) RAM. Each key code of the pressed key is entered in the order of the entry, and in the meantime, read by the 

CPU, till the RAM becomes empty. The status logic generates an interrupt request after each FIFO read operation till 

the FIFO is empty. In scanned sensor matrix mode, this unit acts as sensor RAM. Each row of the sensor RAM is 

loaded with the status of the corresponding row of sensors in the matrix. If a sensor changes its state, the IRQ line 

goes high to interrupt the CPU. 

(f) Display Address Registers and Display RAM: The Display address registers hold the addresses of the word 

currently being written or read by the CPU to or from the display RAM. The contents of the registers are 

automatically updated by 8279 to accept the next data entry by CPU. The 16-byte display RAM contains the 16-byte 

of data to be displayed on the sixteen 7-seg displays in the 

encoded scan mode. 

 

Modes of Operation of 8279 :There are two Modes of operation of 8279, namely 

i. Input (Keyboard) modes 

ii. Output (Display) modes 

Input (Keyboard) modes : It operates in three different modes 

1. Scanned Keyboard Mode : This mode allows a key matrix to be interfaced using either encoded or decoded scans. 

In the encoded scan, an 8 x 8 keyboard or with decoder a 4 x 8 Keyboard can be interfaced. The code of key pressed 

with SHIFT and CONTROL status is stored into the FIFO RAM. 

2. Scanned Sensor Matrix: 

In this mode, a sensor array can be interfaced with 8279 using either encoder or decoder scans. With encoder scan 8 

x 8 sensor matrix or with decoder scan 4 x 8 sensor matrix can be interfaced . The sensor codes are stored in the CPU 

addressable sensor RAM. 

3. Strobed Input : 

In this mode, if the control line goes low, the data on return lines, is stored in the FIFO byte by byte. 

 

Output (Display) Modes : 8279 provides two output modes for selecting the display options. 

1. Display Scan: In this mode, 8279 provides 8 or 16 character multiplexed displays those can be organized as dual 4-

bit or single 8-bit display units. 

2. Display Entry: The Display data is entered for display either from the right side or from the left side. 

 

Analog to Digital Converter:  

Conversion of analog and digital data requires the use of integrated circuits which can be interfaced with 

computers. The converter have following essential characteristics, 

(i) Parallel Data Bus (Tri-state, 8 Bit)            (ii) Control Bus (Enable, Read/Write, Ready/Busy). 
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It is required to identify the designer that, whether to use converter as a RAM memory location connected 

to the memory busses or as an I/O device connected to the ports. This selection limits the use of instruction 

sets to the programmer.  

There are two types of ADC, one flash type and other is successive approximation register (SAR). The easiest 

ADC to use is flash types, which make conversions based on an array of internal comparators. The 

conversion is very fast, typically in less than 1 microsecond. Modern successive approximation register 

(SAR) converters have conversion time in 2-4 microsecond for 8 bits. 

 

Real Time Clock: 

The purpose of an RTC or a real time clock is to provide precise time and date which can be used for 

various applications. RTC is an electronic device in the form of an Integrated Chip (IC) available in various 

packaging options. It is powered by an internal lithium battery. As a result of which even if the power of the 

system is turned off, the RTC clock keeps running. 

 

 It plays a very important role in the real time systems like digital clock, attendance system, digital camera 

etc. In applications where time stamp is needed, RTC is a good option. Using RTC for designing such 

application has always been a good designer’s choice although the beginning might be a bit difficult. 

 

While designing any real time system which deals with time, there are two ways of handling the time 

factor. One is to generate the time internally which is done by programming the timers of the controller; 

and the other is to use an RTC. The following table shows the comparison of these methods while designing 

a real time application. 

 

 

S.No. Parameter Internal Timers RTC 

1. Error High and keeps increasing 

with time 

Almost negligible. Of the 

order of 1 sec in 100 years 

2. Memory space usage High Low 

3. CPU usage High Low 

4. Ease of Interfacing Easy Difficult 

5. Program complexity High Low 

6. Efficiency of system Low High 

7. Achieving goals of the system Difficult Easy 

8. Cost Low High 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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