








































































Full adder using half adder
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Quantization error: 

An analog to digital converter changes analog signal into digital signal. It is important to note that in D/A 

converter  the number of input is fixed. In 4 bit D/a converter there are 16 possible inputs and in 6 bit D/A 

converter there are 64 possible inputs. However, in A/D converter the analog input voltage can have any value in 

the specified range but the digital output can have only  2� discrete levels (for N bit converter). This means that 

there is a certain range of input voltage which correspond to every discrete output level. 

Consider a 4 bit A/D converter having a resolution of 1 count per 100 mV. Fig (b) shows the analog input and 

digital output. It is seen that for input voltage range of 50 mV to 150 mV, the output is same i.e. 0001, for input 

voltage range of 150 mV to 250 mV, the output is the same, i.e. 0010. Thus we have one digital output for each 

100 mV input range. If the digital signal of 0010 is fed to a D/A converter, it will show an output of 200 V 

whereas the original input voltage was between 150 V and 250 v. This error is called quntisation error and in this 

case this quntisation error can be ±50 mV and is equal to ±1/2 LSB. 

 
                                                     Fig (a) A/D  Converter 

 



 
                                                            Fig (b) Quantisation error 

Stair Step A/D Converter / Ramp A/D converter: 

This converter is also called digital ramp or the counter  type A/D converter. Figure shows the configuration for 8 

bit converter. As seen in figure it uses a D/A converter and a binary counter to produce the digital number 

corresponding to analog input. The main components are comparator, AND gate, D/A converter, divide by 256 

counter and latches. The analog input is given to non-inverting terminal of comparator. The D/A converter 

provides stair step reference voltage. 

Let he counter be in reset state and output of D/A converter be zero. An analog input is given to non-inverting 

terminal of comparator. Since the reference input is 0, the comparator gives High output and enables the AND 

gate. The clock pulses cause advancing of counter through its binary states and stair step reference voltage is 

produced from D/A converter. As the counter keeps advancing, successively higher stair step output voltage is 

produced. When this stair step voltage reaches the level of  analog input voltage, the comparator output goes 

Low and disables the AND gate. The clock pulses are  cut off and counter stops. The state of counter at this point 

is equal to the number of steps in reference voltage at which comparison occurs. The binary number 

corresponding to this number of steps is the value of the analog input voltage. The control logic causes this 

binary number to be loaded into the latches and counter is reset. 

This converter is rather slow in action because the counter has to pass through the maximum number of states 

before a conversion takes place. For 8 bit device this means 256 counter states. 

  

 
             

                               Fig (a)  8 bit up-down counter type A/D converter    



 

 
                  

                                         Fig (b)  Tracking action of updown counter  type 

                                                                      A/D Converter 

 

 
 

                                              Fig (c)  Single slope A/D converter 

 

Dual slope A/D converter: 

The single slope A/D converter is suscetible to noise. The dual slope converter is free from this problem. It uses 

an op-amp used as integreting amplifier for ramp generator. It is dual slope device because it uses a fixed slope 

ramp as well as variable slope ramp. Fig. Shows the configuration. 

It is seen that the integreting op-amp uses a capacitor in the feedback path. 

Output voltage of integreting op-amp =  -  
�

�
 ∫ � �� = - 

�

��
 ∫ ��� dt  

Thus the output voltage is integral of analog input voltage. If  ���  is constant, we get an output  - ��� 
�

��
 which is 

a fixed slope ramp. If ��� is varing we get a ramp with fixed as well as variable slope. 

Let the output of the integreting amplifier be zero and counter be reset. A positive analog input ��� is applied 

through switch S, we get a ramp output and the counter starts working. When counter reaches a specified 

count, it will be reset again and the control logic switches on the negative reference voltage   -  ���� (through 

switch S). At this instant the capacitor C is charged to a negative voltage  - V proportional to analog input 

voltage. When -  ���� is connected the capacitor starts discharging linearly due to constant current from -  ����. 

The output of integreting amplifier is now a positive fixed slope ramp starting at – V. As capacitor discharges, the 

counter advances from the reset state. When the output of integretor  becomes zero, the comparator output 



becomes  Low  and disables the clock signal to the AND gate. The counter is therefore stopped and the binary 

counter is latched. This completes one conversion cycle. The binary count is propor tional to analog input  ���. 

 

 
 

Successive Approximation A/D  Converter: 

This  is the most widely used  A/D converter. As the name suggests  the digital output  tends towards analog 

input through successive approximations. Fig. Shows the configuration. The main components are op-amp 

comparator, control logic, SA (successive approximation) register  and D/A converter. As shown it is a six bit 

device using a maximum reference of 64 V. 

Let the analog input be 26.1 v. The SA register is first set to zero. Then 1 is placed in MSB. This is fed to D/A 

converter whose output goes to comparator. Since the analog input (26.1 V) is less than D/A output (i.e. 32 V) the 

MSB is set to zero. Then 1 is placed in bit next to MSB. Now the output of D/A is 16 V. Since analog input is more 

than 16 V, this 1 is retained in this bit position. Next 1 is placed in third bit position. Now the D/A output is 24 V 

which is less than analog input. Therefore this 1 bit is retained and 1 is placed in the next bit. Now the D/A output 

is 28 V, which is more than analog input. Therefore this 1 bit is set to zero and 1 is placed in 5
th
 bit position 

producing a D/A output of 26 V. It is less than analog input. Therefore this 1 bit is retained. Now 1 is placed in LSB 

producing a D/A output of 27 V which is more than analog input. Therefore LSB is set to zero and the converter 

gives an output of 26 V. 

The successive approximation method of A/D converter is very fast and takes only about 250 ns/ bit. 

 

Performance Characteristics of A/D converters: 
The performance characteristics of A/D converters are resolution, accuracy, A/D gain and drift and A/D speed. 

(a) Resolution:  A/D rsolution is the change in voltage input necessary for a one bit change in output. It can also 

be expressed as percent. 
(b) A/D Accuracy:  The accuracy of A/D conversion is limited by the ±1/2 LSB due to quantisation error and the 

other errors of the system. It is defined as the maximum deviation of digital output from the ideal linear 

reference line. Ideally it aproaches ±1/2 LSB. 
(c) A/D gain and Drift:  A/D gain is the voltage output is devided by the voltage input at the linearity reference line. 

It can usually be zeroed out. 
Drift means change in circuit parameters with time. Drift errors of upto ±1/2 LSB will cause a maximum errors 

of one LSB between the first and the last transition. Very low drift is quite difficult to achieve and increases  

cost of the device.  



(d) A/D speed:  It can be defined in two ways, i.e. either the time necessary to do one conversion or the line 

between successive conversion at the highest rate possible. Speed depends on the settling time of 

components and the speed of the logic. 
 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





TTL Logic Levels 
 

 
 

CMOS Logic Levels  
 
Noise Immunity:- 

 Noise is the unwanted voltage that is induced in electrical circuits and can present a threat to the poor 
operation of the circuit. In order not to be adversely effected by noise, a logic circuit must have a certain 
amount of 'noise immunity'. 

 This is the ability to tolerate a certain amount of unwanted voltage fluctuation on its inputs without 
changing its output state is called Noise Immunity. 

Noise Margin:- 
 A measure of a circuit's noise immunity is called 'noise margin' which is expressed in volts.  
 There are two values of noise margin specified for a given logic circuit: the HIGH (VNH) and LOW (VNL) 

noise margins. 
These are defined by following equations : 
VNH = VOH (Min) - VIH (Min) VNL = VIL (Max) - VOL (Max) 
 
Power Dissipation:- 

 A logic gate draws ICCH current from the supply when the gate is in the HIGH output state, draws ICCL 
current from the supply in the LOW output state. 

 Average power is 
PD = VCC ICC where ICC = (ICCH + ICCL) / 2 

Propagation Delay time:- 
 When a signal passes ( propagates ) through a logic circuit, it always experiences a time delay as 

shown below. A change in the output level always occurs a short time, called 'propagation delay time' , 
later than the change in the input level that caused it. 

Fan Out of Gates:- 



 When the output of a logic gate is connected to one or more inputs of other gates, a load on the driving 
gate is created. There is a limit to the number of load gates that a given gate can drive. This limit is 
called the 'Fan-Out' of the gate. 
 

TRANSISTOR-TRANSISTOR LOGIC:- 
 

 In Transistor-Transistor logic or just TTL, logic gates are built only around transistors. 
  TTL was developed in 1965. Through the years basic TTL has been improved to meet performance 

requirements. There are many versions or families of TTL.  
 For example 

 Standard TTL 
 High Speed TTL (twice as fast, twice as much power) 
 Low Power TTL (1/10 the speed, 1/10 the power of “standard" TTL) 
 Schhottky TTL etc. (for high-frequency uses ) 

 All TTL logic families have three configurations for outputs 
1. Totem pole output 
2. Open collector output 
3. Tristate output 

 
Totem pole output:- 

 Addition of an active pull up circuit in the output of a gate is called totem pole. 
 To increase the switching speed  of the gate which is limited due to the parasitic capacitance at the 

output totem pole is used. 

 The circuit of a totem-pole NAND gate is shown below, which has got three stages 
1. Input Stage 
2. Phase Splitter Stage 
3. Output Stage 

 
 Transistor Q1 is a two-emitter NPN transistor, which is equivalent two NPN transistors with their base 

and emitter terminals tied together. 
 The two emitters are the two inputs of the NAND gate 

In TTL technology multiple emitter transistors are used for the input devices 
Diodes D2 and D3 are protection diodes used to limit negative input voltages. 

 When there is large negative voltage at input, the diode conducts and shorting it to the ground Q2 
provides complementary voltages for the output transistors Q3 and Q4. 

 The combination of Q3 and Q4 forms the output circuit often referred to as a totem pole arrangement 
(Q4 is stacked on top of Q3). In such an arrangement, either Q3 or Q4 conducts at a time depending 
upon the logic status of the inputs 

Diode D1 ensures that Q4 will turn off when Q2 is on (HIGH input) 
The output Y is taken from the top of Q3 



 
Advantages of  Totem  Pole Output:- 

 The features of this arrangement are 
1. Low power consumption 
2. Fast switching 
3. Low output impedance 

OPEN COLLECTOR OUTPUT:- 
 Figure below shows the circuit of a typical TTL gate with open-collector output  Observe here that the 

circuit elements associated with Q3 in the totem-pole circuit are missing and the collector of Q4 is left 
open-circuited, hence the name open-collector. 

 
  An open-collector output can present a logic LOW output. Since there is no internal path from the 

output Y to the supply voltage VCC , the circuit cannot present a logic HIGH on its own. 
Advantages of Open Collector Outputs:- 

 Open-collector outputs can be tied directly together which results in the logical ANDing of the outputs. 
Thus the equivalent of an AND gate can be formed by simply connecting the outputs. 

 Increased current levels - Standard TTL gates with totem-pole outputs can only provide a HIGH current 
output of 0.4 mA and a LOW current of 1.6 mA. Many open-collector gates have increased current 
ratings. 

 Different voltage levels - A wide variety of output HIGH voltages can be achieved using open-collector 
gates. This is useful in interfacing different logic families that have different voltage and current level 
requirements. 

Disadvantage of open-collector gates:- 
 They have slow switching speed. This is because the value of pull-up resistor is in kW, which results in 

a relatively long time Constants 
 
Comparison of Totem Pole and Open Collector Output:- 

 The major advantage of using a totem-pole connection is that it offers low-output impedance in both the 
HIGH and LOW output states 

 

 
 
TRISTATE (THREE-STATE) LOGIC OUPUT:- 

 Tristate output combines the advantages of the totem-pole and open collector circuits. 
 Three output states are HIGH, LOW, and high impedance (Hi-Z). 



 
 For the symbol and truth table, IN is the data input, and EN, the additional enable input for control. For 

EN = 0, regardless of the value on IN(denoted by X), the output value is Hi-Z. For EN = 1, the output 
value follows the input value. 

 Data input, IN, can be inverted. Control input, EN, can be inverted by addition of  "bubbles" to signals IN 
OUT EN. 

 This requires two inputs: input and enable EN is to make output Hi-Z or follow input. 
STANDARD TTL NAND GATE: 
 

 
CMOS TECHNOLOGY:- 

 MOS stands for Metal Oxide Semiconductor and this technology uses FETs. 
 MOS can be classified into three sub-families: 

PMOS (P-channel) 
 NMOS (N-channel) 
CMOS (Complementary MOS, most common) 

 The following simplified symbols are used to represent MOSFET transistors in most CMOS. The gate 
of a MOS transistor controls the flow of the current between the drain and the source. The MOS 
transistor can be viewed as a simple ON/OFF switch. 

Advantages of MOS Digital ICs:- 
 They are simple and inexpensive to fabricate. 
 Can be used for Higher integration and consume little power. 

Disadvantages of MOS Digital ICs:- 
 There is possibility for Static-electricity damage. 
 They are slower than TTL. 

 
 



 

 
 

ECL: EMITTER-COUPLED LOGIC:- 
 The key to reduce propagation delay in a bipolar logic family is to prevent a gate’s transistors from 

saturating. It  is possible to prevent saturation by using a radically different circuit structure, called 
current-mode logic (CML) or emitter-coupled logic (ECL). 

 Unlike the other logic families in this chapter, ECL does not produce a large voltage swing between the 
LOW and HIGH levels but it has a small voltage swing, less than a volt, and it internally switches 
current between two possible paths, depending on the output state. 

Basic ECL Circuit 
 The basic idea of current-mode logic is illustrated by the inverter/buffer circuit in the figure. This circuit 

has both an inverting output (OUT1) and a non-inverting output (OUT2). 
 Two transistors are connected as a differential amplifier with a common emitter resistor. 
 The supply voltages for this example are VCC = 5.0, VBB = 4.0, and VEE = 0 V, and the input LOW 

and HIGH levels are defined to be 3.6 and 4.4 V. This circuit actually produces output LOW and HIGH 
levels that are 0.6 V higher (4.2 and 5.0 V). 



 
INTERFACING OF TTL TO CMOS  INTERFACING OF CMOS TO TTL 
 

                       
 
TTL vs. CMOS:- 

 TTL has less propagation delay than CMOS i.e. TTL is good where high speed is needed. 
  And CMOS 4000 is good for Battery equipment and where speed is not so important. 
 CMOS requires less power than TTL i.e. power dissipation and hence power consumption is less for 

CMOS. 
 
 
 
 
 
 
 
 
 
 

      
 

 

 

 

 

 


