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(15A04712) VLSI & EMBEDDED SYSTEMS LABORATORY   

 

Note: The students are required to perform any Six Experiments from each Part of the following. For 

the following list of experiments students are required to do the following. 

 

• Target Device Specifications 

• Simulation 

• Synthesize the design 

• Generate RTL Schematic. 

• Generate Technology Map. 

• Generate Synthesis report. 

• Design Summary. 

 

Part-A: VLSI Lab 

List of Experiments: 

 
1. Realization of Logic Gates. 

2. 3- to - 8Decoder- 74138. 

3. 8 x 1 Multiplexer-74151 and 2 x 4 De-multiplexer-74155. 

4. 4-Bit Comparator-7485. 

5. D Flip-Flop-7474. 

6. Decade counter-7490. 

7. Shift registers-7495. 

8. ALU Design. 

 

 

 

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi9so2u-b7bAhWYbn0KHf0UBisQjRx6BAgBEAU&url=https://www.prnewswire.com/news-releases/xilinx-ships-industrys-first-16nm-all-programmable-mpsoc-ahead-of-schedule-300151415.html&psig=AOvVaw0VTa5XNMUJVU1egY7UwlID&ust=1528371385132153
https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjP9on8-L7bAhVWWX0KHQsVBf0QjRx6BAgBEAU&url=http://nethd.org/xilinx-ise-design-suite-14-7-build-1015-1-x86-x64-torrent-107206.html&psig=AOvVaw1vn9TTJZUmlitsfqtFfZCh&ust=1528371282282067
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      EXPERIMENT NO 1   Date: 

Realization of Logic Gates 

AIM: 

 To design and simulate various logic gates using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

 

entity logic is 

    Port ( a : in  STD_LOGIC; 

           b : in  STD_LOGIC; 

C_AND,C_OR,C_NOT,C_NAND,C_NOR: OUT STD_LOGIC); 

end logic; 

 

architecture Behavioral of logic is 

begin 

C_AND<=A AND B; 

C_OR<=A OR B; 

C_NOT<= NOT A; 

C_NAND<= A NAND B; 

C_NOR<=A NOR B;  

end Behavioral; 

 

THEORY: 

Digital systems are said to be constructed by using logic gates. These gates are the AND, OR, NOT, 

NAND, NOR, EXOR and EXNOR gates. The basic operations are described below with the aid of truth 

tables. 

AND gate  

   

http://www.ee.surrey.ac.uk/Projects/CAL/digital-logic/gatesfunc/#truth
http://www.ee.surrey.ac.uk/Projects/CAL/digital-logic/gatesfunc/#truth
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The AND gate is an electronic circuit that gives a high output (1) only if all its inputs are high.  A dot (.) 

is used to show the AND operation i.e. A.B.  Bear in mind that this dot is sometimes omitted i.e. AB 

OR gate 

   

The OR gate is an electronic circuit that gives a high output (1) if one or more of its inputs are high.  A 

plus (+) is used to show the OR operation.  

NOT gate  

   

The NOT gate is an electronic circuit that produces an inverted version of the input at its output.  It is 

also known as an inverter.  If the input variable is A, the inverted output is known as NOT A.  This is 

also shown as A', or A with a bar over the top, as shown at the outputs. The diagrams below show two 

ways that the NAND logic gate can be configured to produce a NOT gate. It can also be done using 

NOR logic gates in the same way. 

 

NAND gate  

   

This is a NOT-AND gate which is equal to an AND gate followed by a NOT gate.  The outputs of all 

NAND gates are high if any of the inputs are low. The symbol is an AND gate with a small circle on the 

output. The small circle represents inversion. 

 NOR gate 
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This is a NOT-OR gate which is equal to an OR gate followed by a NOT gate.  The outputs of all NOR 

gates are low if any of the inputs are high.The symbol is an OR gate with a small circle on the output. 

The small circle represents inversion. 

  

EXOR gate 

   

The 'Exclusive-OR' gate is a circuit which will give a high output if either, but not both, of its two inputs 

are high.  An encircled plus sign ( ) is used to show the EOR operation.  

EXNOR gate 

   

The 'Exclusive-NOR' gate circuit does the opposite to the EOR gate. It will give a low output if either, 

but not both, of its two inputs are high. The symbol is an EXOR gate with a small circle on the output. 

The small circle represents inversion. 

The NAND and NOR gates are called universal functions since with either one the AND and OR 

functions and NOT can be generated. 

Note: 

A function in sum of products form can be implemented using NAND gates by replacing all AND and 

OR gates by NAND gates.  

A function in product of sums form can be implemented using NOR gates by replacing all AND and OR 

gates by NOR gates.  

 

RESULT: 
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EXPERIMENT NO 2   Date: 

   Decoder 

AIM: 

To design and simulate 3 to 8 decoder using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 
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THEORY  

Decoder is a combinational circuit that has ‘n’ input lines and maximum of 2n output lines. One of 

these outputs will be active High based on the combination of inputs present, when the decoder is 

enabled. That means decoder detects a particular code. The outputs of the decoder are nothing but 

the min terms of ‘n’ input variables (lines), when it is enabled. 
 

2 to 4 Decoder 
 

Let 2 to 4 Decoder has two inputs A1 & A0 and four outputs Y3, Y2, Y1 & Y0. The block diagram of 2 to 4 

decoder is shown in the following figure. 

 

 
 

One of these four outputs will be ‘1’ for each combination of inputs when enable, E is ‘1’. The Truth 

table of 2 to 4 decoder is shown below. 

 

Enable Inputs  Outputs 

E A1 A0 Y3 Y2 Y1 Y0 

0 x x 0 0 0 0 

1 0 0 0 0 0 1 

1 0 1 0 0 1 0 

1 1 0 0 1 0 0 

1 1 1 1 0 0 0 

 

From Truth table, we can write the Boolean functions for each output as 

 

Y3=E.A1.A0Y3=E.A1.A0 

Y2=E.A1.A0′Y2=E.A1.A0′ 

Y1=E.A1′.A0Y1=E.A1′.A0 

Y0=E.A1′.A0′Y0=E.A1′.A0′ 

 

Each output is having one product term. So, there are four product terms in total. We can implement 

these four product terms by using four AND gates having three inputs each & two inverters. Therefore, 

the outputs of 2 to 4 decoder are nothing but the min terms of two input variables A1 & A0, when 

enable, E is equal to one. If enable, E is zero, then all the outputs of decoder will be equal to zero. 

Similarly, 3 to 8 decoder produces eight min terms of three input variables A2, A1 & A0 and 4 to 16 



SIETK, ECE      [VLSI & EMBEDDED SYSTEMS LAB] 

 

 8 

decoder produces sixteen min terms of four input variables A3, A2, A1 & A0. The circuit diagram of 3 to 

8 decoder is shown in the following figure 

 

 
 

 
RESULT: 

 

https://www.google.co.in/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiz5ezZjbfbAhUOWysKHWdJAbkQjRx6BAgBEAU&url=https://www.quora.com/How-do-I-design-a-3-by-8-decoder-using-only-two-2-by-4-decoders-with-enable-inputs&psig=AOvVaw3oT3DLP7B_nInPHPdUd6UE&ust=1528101943033425
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        EXPERIMENT NO 3(a)    Date: 

   Multiplexer 

AIM: 

To design and simulate 8 to 1 MULTIPEXER using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 
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THEORY: 

Multiplexer: 

Multiplexing is the property of combining one or more signals and transmitting on a single channel 

This is achieved by the device multiplexer. A multiplexer is the most frequently used combinational 

circuits and important building block in many in digital systems. These are mostly used to form a 

selected path between multiple sources and a single destination. A basic multiplexer has various data 

input lines and a single output line. These are found in many digital system applications such as data 

selection and data routing, logic function generators, digital counters with multiplexed displays, 

telephone network, communication systems, waveform generators, etc. 

 

The multiplexer or MUX is a digital switch, also called as data selector. It is a combinational circuit with 

more than one input line, one output line and more than one select line. It allows the binary 

information from several input lines or sources and depending on the set of select lines, particular 

input line, is routed onto a single output line. 

 

The basic idea of multiplexing is shown in figure below in which data from several sources are routed 

to the single output line when the enable switch is ON. That is how the multiplexers are also called as 

‘many to one’ combinational circuits. 

 

8-to-1 Multiplexer: 

 

An 8-to-1 multiplexer consists of eight data inputs D0 through D7, three input select lines S2 through 

S0 and a single output line Y. Depending on the select lines combinations, multiplexer decodes the 

inputs. 

 
The above figure shows the block diagram of an 8-to-1 multiplexer with enable input that enable or 

disable the multiplexer. Since the number data bits given to the MUX are eight then 3 bits (23=8) are 

needed to select one of the eight data bits. The truth table for an 8-to1 multiplexer is given below with 

eight combinations of inputs so as to generate each output corresponds to input. For example, if S2= 

0, S1=1 and S0=0 then the data output Y is equal to D2. Similarly, the data outputs D0 to D7 will be 

selected through the combinations of S2, S1 and S0 as shown in below figure. 

https://www.electronicshub.org/wp-content/uploads/2015/07/8-to-1-MUX.jpg
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From the above truth table, the Boolean equation for the output is given as 

 
 

From the above Boolean equation, the logic circuit diagram of an 8-to-1 multiplexer can be 

implemented by using 8 AND gates, 1 OR gate and 7 NOT gates as shown in below figure. In the circuit, 

when enable pin is set to one, the multiplexer will be disabled and if it is zero then select lines will 

select the corresponding data input to pass through the output. 

 

https://www.electronicshub.org/wp-content/uploads/2015/07/8-to-1-MUX-Truth-Table.jpg
https://www.electronicshub.org/wp-content/uploads/2015/07/exp3.bmp
https://www.google.co.in/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjt6oumkrfbAhXWXisKHSFBCQgQjRx6BAgBEAU&url=http://www.dpi.inpe.br/~carlos/Academicos/Cursos/ArqComp/?C%3DM;O%3DA&psig=AOvVaw1LppdfqjPB6jqRqaykWjOR&ust=1528103222787969
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A typical IC 74151 is an 8-to-1 multiplexer with eight inputs and two outputs. The two outputs are 

active low and active high outputs. It has three select lines A, B and C and one active low enable 

input. The pinout of this IC is given below. 

 

 
 

 
 

RESULT: 

  

https://www.electronicshub.org/wp-content/uploads/2015/07/74151-IC.jpg
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        EXPERIMENT NO 3(b)    Date: 

    De-Multiplexer 

AIM: 

To design and simulate 1 to 4 DE-MULTIPEXER using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 
library IEEE; 

use IEEE.STD_LOGIC_1164.all; 

entity demux_1to4 is 

 port(    F : in STD_LOGIC; 

  S0,S1: in STD_LOGIC; 

  A,B,C,D: out STD_LOGIC ); 

end demux_1to4; 

  

architecture bhv of demux_1to4 is 

begin 

process (F,S0,S1) is 

begin 

 if (S0 ='0' and S1 = '0') then 

 A <= F; 

 elsif (S0 ='1' and S1 = '0') then 

 B <= F; 

 elsif (S0 ='0' and S1 = '1') then 

 C <= F; 

 else 

 D <= F; 

 end if; 

end process; 

end bhv; 

 

THEORY: 
 

A demultiplexer (or demux) is a device that takes a single input line and routes it to one of several 

digital output lines. A demultiplexer of 2n outputs has n select lines, which are used to select which 

output line to send the input. A demultiplexer is also called a data distributor. 

 

Demultiplexers can be used to implement general purpose logic. By setting the input to true, the 

demux behaves as a decoder. The reverse of the digital demultiplexer is the digital multiplexer 

http://electronics-course.com/mux
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1-to-4 Channel De-multiplexer 

 

 
 TRUTH TABLE: 

 

 
 

The Boolean expression for this 1-to-4 Demultiplexer above with outputs A to D and data select lines 

a, b is given as: F = abA + abB + abC + abD. 

 

The function of the Demultiplexer is to switch one common data input line to any one of the 4 output 

data lines A to D in our example above. As with the multiplexer the individual solid state switches are 

selected by the binary input address code on the output select pins “a” and “b” as shown. 

 

Demultiplexer Output Line Selection 

 

 
 

As with the previous multiplexer circuit, adding more address line inputs it is possible to switch more 

outputs giving a 1-to-2n data line outputs. Some standard demultiplexer IC´s also have an additional 

“enable output” pin which disables or prevents the input from being passed to the selected output. 

http://allaboutfpga.com/wp-content/uploads/2016/02/Demux-1-to-4-truth-table.png
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Also some have latches built into their outputs to maintain the output logic level after the address 

inputs have been changed. However, in standard decoder type circuits the address input will 

determine which single data output will have the same value as the data input with all other data 

outputs having the value of logic “0”. 

 

The implementation of the Boolean expression above using individual logic gates would require the 

use of six individual gates consisting of AND and NOT gates as shown. 

 

4 Channel Demultiplexer using Logic Gates 

 

   
 

 

 

 

RESULT: 
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         EXPERIMENT NO 4    Date: 

  Comparator 

AIM: 

To design and simulate a 4 – bit comparator using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

entity comp is 

    Port ( a : in  STD_LOGIC_VECTOR (3 downto 0); 

           b : in  STD_LOGIC_VECTOR (3 downto 0); 

           agtbout : out  STD_LOGIC; 

           aeqbout : out  STD_LOGIC; 

           altbout : out  STD_LOGIC); 

end comp; 

architecture Behavioral of comp is 

begin 

process(a,b) 

begin 

agtbout<='0'; 

aeqbout<='0'; 

altbout<='0'; 

if a=b then aeqbout<='1'; 

elsif a>b then agtbout<='1'; 

elsif (a<b) then altbout<='1'; 

end if; 

end process; 

end Behavioral; 
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THEORY: 

Data comparison is needed in digital systems while performing arithmetic or logical operations. This 

comparison determines whether one number is greater than, equal, or less than the other number. A 

digital comparator is widely used in combinational system and is specially designed to compare the 

relative magnitudes of binary numbers. 

 

These are also available in IC form with different bit comparing configurations such as 4-bit, 8-bit, etc. 

More than one comparator can also be connected in cascade arrangement to perform comparison of 

numbers of longer lengths. Whenever we want to compare the two binary numbers, first we have to 

compare the most significant bits. 

 

If these MSBs are equal, then only we need to compare the next significant bits. But if the MSBs are 

not equal, then it would be clear that either A is greater than or less than B and the process of 

comparison ceases. 

 

For example, the two 2-bit number are A = A1A0 and B=B1B0. If A1 is not equal to B1, then it is clear 

that A is greater than B for A1 =1 & B1= 0 or else A is less than B for A0= 0 & B0 =1. At this stage the 

process of comparison ceases. 

 

If the MSBs are equal, i.e., A1=B1 only then we need to compare the next significant bits A0 and B0 

and decide whether the number is greater than, less than or equal. So, the comparator produces three 

outputs as L, E and G corresponds to less than, equal and greater than comparisons. 

 

4-Bit Comparator 

It can be used to compare two four-bit words. The two 4-bit numbers are A = A3 A2 A1 A0 and B3 B2 

B1 B0 where A3 and B3 are the most significant bits. It compares each of these bits in one number 

with bits in that of other number and produces one of the following outputs as A = B, A < B and A>B. 

The output logic statements of this converter are 

 

• If A3 = 1 and B3 = 0, then A is greater than B (A>B). Or 

• If A3 and B3 are equal, and if A2 = 1 and B2 = 0, then A > B. Or 

• If A3 and B3 are equal & A2 and B2 are equal, and if A1 = 1, and B1 = 0, then A>B. Or 

• If A3 and B3 are equal, A2 and B2 are equal and A1 and B1 are equal, and if A0 = 1 and B0 = 0, 

then A > B. 

 

From the above statements, the output A > B logic expression can be written as 

 

https://www.electronicshub.org/wp-content/uploads/2015/07/exp3.jpg
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The equal output is produced when all the individual bits of one number are exactly coincides with 

corresponding bits of another number. Then the logical expression for A=B output can be written as  

E = (A3 Ex-NOR B3) (A2 Ex-NOR B2) (A1 Ex-NOR B1) (A0 Ex-NOR B0) 

From the above output Boolean expressions, the logic circuit for this comparator can be implemented 

by using logic gates as given below. In this the four outputs from Ex-NOR gates are applied to AND 

gate to give the binary variable E or A = B. The other two outputs are also use Ex-NOR outputs to 

generate the Boolean functions as shown figure. 

 
 

The 4-bit comparator is mostly available in IC form and common type of this IC is 7485. This IC can be 

used to compare two 4-bit binary words by grounding I (A>B), I (A<B) and I (A=B) connector inputs to 

Vcc terminal. The figure below shows the pin diagram of IC7485 comparator. 

 

In addition to the normal comparator, this IC is provided with cascading inputs in order to facilitate 

the cascading several comparators. Any number of bits can be compared by cascading several of these 

comparator ICs. 

 

https://www.google.co.in/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi14eyGn7fbAhWHP48KHeojCTEQjRx6BAgBEAU&url=https://www.electronicshub.org/digital-comparator-and-magnitude-comparator/&psig=AOvVaw19AKDVhIYdOVD5m6rSq4K7&ust=1528106652208313
https://www.electronicshub.org/wp-content/uploads/2015/07/7485.jpg
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TRUTH TABLE: 

 

 
 

 

 

 

 

RESULT: 

  

https://www.google.co.in/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjF8P3SorfbAhUMPo8KHdVQA2UQjRx6BAgBEAU&url=https://www.electronicshub.org/digital-comparator-and-magnitude-comparator/&psig=AOvVaw2B2fzvZCJbwzz1ttaRTLZw&ust=1528107623280728
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     EXPERIMENT NO 5          Date: 

D- Flipflop 

AIM: 

To design and simulate D-FLIPFLOP using VHDL program 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM:  

 

library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity dflipflop is 
    Port (D : in  STD_LOGIC; 
           CLK : in  STD_LOGIC; 
           Q : out  STD_LOGIC); 
end dflipflop; 
 
architecture Behavioral of dflipflop is 
begin 
    process(clk) 
  begin 
  if(clk='1' and clk'event) then 
  Q<=D; 
  end if; 
  end process; 
  end Behavioral; 
 

THEORY: 

 

The computers and calculators use Flip-flop for their memory. A combination of number of flip flops 

will produce some amount of memory. Flip flop is formed using logic gates, which are in turn made of 

transistors. Flip flop are basic building blocks in the memory of electronic devices. Each flip flop can 

store one bit of data.These are also called as sequential logic circuits.  

 

Flip – flops have two stable states and hence they are bistable multivibrators. The two stable states 

are High (logic 1) and Low (logic 0).The term flip – flop is used as they can switch between the states 

under the influence of a control signal (clock or enable) i.e. they can ‘flip’ to one state and ‘flop’ back 

to other state. 
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• Flip – flops are a binary storage device because they can store binary data (0 or 1). 

• Flip – flops are edge sensitive or edge triggered devices i.e. they are sensitive to the transition 

rather than the duration or width of the clock signal. 

• They are also known as signal change sensitive devices which mean that the change in the 

level of clock signal will bring change in output of the flip flop. 

• A Flip – flop works depending on clock pulses. 

• Flip flops are also used to control the digital circuit’s functionality. They can change the 

operation of a digital circuit depending on the state. 

 

Some of the most common flip – flops are SR Flip – flop (Set – Reset), D Flip – flop (Data or Delay), JK 

Flip – flop and T Flip – flop. 

 

Latches vs Flip-Flops 

 

Latches and flip – flops are both 1 – bit binary data storage devices. The main difference between a 

latch and a flip – flop is the triggering mechanism. Latches are transparent when enabled ,whereas flip 

– flops are dependent on the transition of the clock signal i.e. either positive edge or negative edge. 

The modern usage of the term flip – flop is reserved to clocked devices and term latch is to describe 

much simpler devices.  

 

D flip flop 

 

• In the SR flip flop an uncertain state occurred. This can be avoided by using D flip flop. Here 

D stands for “Data”. 

• It is constructed from SR flip flop. The two inputs (S &R) of the clocked SR flip flop are 

connected to an inverter. 

• It is one of the most widely used flip – flops. It has a clock signal (Clk) as one input and Data 

(D) as other. There are two outputs and these outputs are complement to each other. The 

symbol of D flip – flop is shown below. 
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Working 

• D flip flop will work depending on the clock signal. 
• When the clock is low there will be no change in the output of the flip flop i.e. it remembers 

the previous state. 
• When the clock signal is high and if it receives any data on its data pin, it Changes the state of 

output. 
• When data is high Q reset to 0,while Q is set to 0 if data is low. 

A master slave D flip flop can be constructed using D-flip flop. 

 

 
 

 

RESULT: 
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     EXPERIMENT NO 6          Date: 

Decade Counter 

AIM: 

To design and simulate a Decade Counter using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 

library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity decadecounter is 
    Port ( clk : in  STD_LOGIC; 
           rst : in  STD_LOGIC; 
           Q : out  STD_LOGIC_VECTOR (3 downto 0)); 
end decadecounter; 
architecture Behavioral of decadecounter is 
begin 
process(clk,rst) 
variable T:std_logic_vector(3 downto 0); 
BEGIN 
 if RST='1' then 
T:="0000"; 
  else 
    if(clk='1' and clk'event)then 
      if T<9 then 
T:=T+1; 
     else 
T:="0000"; 
    end if; 
end if; 
Q<=T; 
         end if; 
end process; 
end Behavioral; 
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THEORY: 
 
A decade counter is very common in today’s electronics. Most commonly available as IC CD7490, 
contains multiple flip flops to convert BCD-to-decimal and is incorporated as part of larger integrated 
circuits. Basically, counters can be implemented quite easily using register type circuits. Besides 
decade counter, there are various others that are also used regularly. Let’s take a look. 
 
Asynchronous counter 
An asynchronous counter is a simple D-Flip flop, with the output fed back as input. The output changes 
state for each clock input. This creates a circuit that can store one bit of information. This counter will 
increment once for every clock cycle and takes two clock cycles for a transition from 0 to 1 and a 
transition from 1 to 0 creating a new clock with a 50% duty cycle. 
 
Synchronous counter 
The clock inputs of all the flip-flops are connected together and are triggered by the input 
pulses.  Thus, all the flip-flops change state simultaneously. An advantage of synchronous counters is 
that there is no cumulative time delay because all flip-flops are triggered in parallel. 
 
Ring counter 
A ring counter is a shift register with the output of one flip flop connected to the input of the next in 
a ring. Typically, a pattern consisting of a single bit is circulated so the state repeats every n clock 
cycles if n flip-flops are used. It is initiated such that only one of its flip-flops is the state one while 
others are in their zero states 
 
Johnson Counter 
A Johnson counter is a kind of modified ring counter, where the output of the last stage is inverted 
before being fed back into the first flop. The register cycles through a sequence of bit-patterns, whose 
length is equal to twice the length of the shift register, continuing indefinitely. It is very commonly 
found in digital-to-analog converters. 
 
Decade Counter 
The basic decade counter is an electronic circuit with a 4-bit binary output and an input signal (called 
a clock). With each clock pulse the outputs advance to the next higher value, resetting to 0000 when 
the output is 1001 and a subsequent clock pulse is received. Decade counters are used in clock circuits, 
frequency dividers, state machines, and sequencers, just to name a few applications. 

 

 
 

 

https://electronicsforu.com/resources/learn-electronics/flip-flop-rs-jk-t-d
https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwimzYqt7L7bAhVTX30KHdwyBT4QjRx6BAgBEAU&url=https://www.electronics-tutorials.ws/counter/count_2.html&psig=AOvVaw3V-wYmxbN3nYqdhnq7Y578&ust=1528367917672197
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TRUTH TABLE: 
 

 
 

 

 

 

RESULT: 
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          EXPERIMENT NO 7          Date: 

Universal Shift Register 

AIM: 

To design and simulate a Universal shift register using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_arith.ALL; 

use IEEE.STD_LOGIC_unsigned.ALL; 

entity reg is 

port(din:in STD_LOGIC_VECTOR(3 downto 0); 

clk,rst: in std_logic; 

S:in STD_LOGIC_vector(1 downto 0); 

dout:inout std_logic_vector(3 downto 0)); 

end reg; 

 

architecture Behavioral of reg is 

signal msbin,lsbin:STD_LOGIC; 

begin 

process(clk,rst) 

begin 

dout <= din; 

if(rst='1') then 

dout <= "0000"; 

elsif(clk'event and clk='1') then 

msbin <= din(3); 

lsbin <= din(0); 

case S is 

when "00" => dout <= dout;--hold 

when "01" => dout <= msbin & din(3 downto 1);-- right shift 

when "10" => dout <= dout(2 downto 0) & lsbin;-- left shift 

when "11" => dout <= din;-- parallel 

when others => dout <= "XXXX"; 

end case; 

end if; 
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end process; 

end Behavioral; 

 

THEORY: 

 

Universal Shift Register is a register which can be configured to load and/or retrieve the data in any 

mode (either serial or parallel) by shifting it either towards right or towards left. In other words, a 

combined design of unidirectional (either right- or left-shift of data bits as in case of SISO, SIPO, PISO, 

PIPO) and bidirectional shift register along with parallel load provision is referred to as universal shift 

register. Such a shift register capable of storing n input bits is shown by Figure 1. 

 

 
 

The design shown by Figure 1 uses n 4×1 multiplexers to drive the input pins of n flip-flops in the 

register which are also connected to clock and clear inputs. All of the multiplexers in the circuit share 

the same select lines, S1 and S0 (pink lines in the figure), in order to select the mode in which the shift 

registers operates. It is also seen that the MUX driving a particular flip-flop has its  

 

1. First input (Pin Number 0) connected to the output pin of the same flip-flop i.e. zeroth pin of 

MUX1 is connected to Q1, zeroth pin of MUX2 is connected to Q2, … zeroth pin of MUXn is 

connected to Qn. 

 

2. Second input (Pin Number 1) connected to the output of the very-previous flip-flop (except 

the first flip-flop FF1 where it acts like an serial-input to the input data bits which are to be 

shifted towards right) i.e. first pin of MUX2 is connected to Q1, first pin of MUX3 is connected 

to Q2, … first pin of MUXn is connected to Qn-1. 

3. Third input (Pin Number 2) connected to the output of the very-next flip-flop (except the first 

flip-flop FFn where it acts like an serial-input to the input data bits which are to be shifted 

https://www.electrical4u.com/serial-in-serial-out-siso-shift-register/
https://www.electrical4u.com/serial-in-parallel-out-sipo-shift-register/
https://www.electrical4u.com/parallel-in-serial-out-piso-shift-register/
https://www.electrical4u.com/parallel-in-parallel-out-pipo-shift-register/
https://www.electrical4u.com/bidirectional-shift-register/
https://www.electrical4u.com/shift-registers/
https://www.electrical4u.com/multiplexer/
https://www.electrical4u.com/latches-and-flip-flops/
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towards left) i.e. second pin of MUX1 is connected to Q2, second pin of MUX2 is connected to 

Q3,… second pin of MUXn-1 is connected to Qn. 

 

4. Fourth input (Pin Number 3) connected to the individual bits of the input data word which is 

to be stored into the register, thus providing the facility for parallel loading. 

 

The working of this shift register is explained by the Table I. The corresponding truth table and the 

wave forms are given by Table II and Figure 2, respectively. 

 

 
 

 
  

https://www.electrical4u.com/shift-registers/
https://www.electrical4u.com/truth-table/
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RESULT: 
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                          EXPERIMENT NO 8          Date: 

ALU 

AIM: 

To  design and simulate a 16 bit ALU using VHDL program. 

 

APPARATUS REQUIRED: 

• Personal Computer 

• Xilinx Software 

 

PROGRAMS AND OBSERVATIONS: 

PROGRAM: 

 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 

 

--  Uncomment the following lines to use the declarations that are 

--  provided for instantiating Xilinx primitive components. 

--library UNISIM; 

--use UNISIM.VComponents.all; 

 

entity alu4 is 

    Port ( r : in std_logic_vector(15 downto 0); 

           w : in std_logic_vector(15 downto 0); 

           d : in std_logic_vector(3 downto 0); 

           f : out std_logic_vector(15 downto 0)); 

end alu4; 

 

architecture alu3 of alu4 is 

begin 

process(r,w,d) 

begin 

case d is 

when "0000"=> 

f<= w and r; 

when "0001"=> 

f<=w or r; 

 when "0010"=> 

f<=w nor r; 

  when "0011"=> 

f<=w xor r; 
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 when "0100"=> 

f<=w xnor r; 

 when "0101"=> 

f<=w nand r; 

 when "0110"=> 

f<=not r; 

 when "0111"=> 

f<=w + r; 

when "1000"=> 

f<=r - w; 

when "1001"=> 

f<=r+"0000000000000001"; 

when "1010"=> 

f<=w-"0000000000000001"; 

when "1011"=> 

f<=r; 

when others => 

f<="0000000000000000"; 

end case; 

end process; 

end alu3; 

 

THEORY: 

 

A CPU consists of three main sections: memory for variables (registers), control circuitry (microcode), 

and the ALU. The ALU (Arithmetic Logic Unit) is the part of a CPU that actually does calculations and 

condition testing. 

 

For example, if you wish to add two binary numbers, it is the ALU that is responsible for producing the 

result. If your program needs to execute some code if two values are equal it is the ALU that performs 

the comparison between the values and then sets flags if the condition is met or not. 

 

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwipl6yV9r7bAhUCfH0KHQQBDrMQjRx6BAgBEAU&url=https://en.wikipedia.org/wiki/X86&psig=AOvVaw3AaPIb5JmRV5eKw7F_GI1Y&ust=1528370548021473


SIETK, ECE      [VLSI & EMBEDDED SYSTEMS LAB] 

 

 32 

Modern CPUs consist of millions of transistors (even billions now!) and cannot possibly be duplicated 

at home. But a simple CPU (say, a Z80, for example) has only 8500 transistors. Computers in the past 

(such as many of the IBM mainframe computers) were actually built with discrete 4000 and 7400 

series chips. 

 

 
 

 

 

RESULT: 

  

https://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi-7Jzb9b7bAhUGXCsKHaKbCk4QjRx6BAgBEAU&url=http://www.mathcs.emory.edu/~cheung/Courses/355/Projects/pj3.html&psig=AOvVaw1t8YURSBBbaB_yLLEPP9ju&ust=1528370411873439
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Part-B: Embedded C Experiments using TM4C processor: 
 

1. Learn and understand how to configure EK-TM4C123GXL Launchpad digital I/O pins. Write a C 

program for configuration of GPIO ports for Input and output operation (blinking LEDs, push buttons 

interface). 

Exercises: 

a) Modify the code to make the red LED of EK-TM4C123GXL Launchpad blink. 

b) Modify the code to make the green and red LEDs blink: 

I. Together 

II. Alternately 

c) Alter the code to turn the LED ON when the button is pressed and OFF when it is released. 

d) Modify the delay with which the LED blinks. 

e) Alter the code to make the green LED stay ON for around 1 second every time the button   

is pressed. 

f) Alter the code to turn the red LED ON when the button is pressed and the green LED ON 

when the button is released. 

2. Learn and understand Timer based interrupt programming. Write a C program for EK-TM4C123GXL 

Launchpad and associated Timer ISR to toggle onboard LED using interrupt programming technique. 

Exercises: 

a) Modify the code for a different timer toggling frequency. 

b) Write the code to turn on interrupt globally. 

3. Configure hibernation module of the TM4C123GH6PM microcontroller to place the device in low 

power state and then to wake up the device on RTC (Real- Time Clock) interrupt. 

Exercises: 

a) Write a program to configure hibernation mode and wake up the EK-TM4C123GXL 

Launchpad when onboard switch SW2 is pressed. 

4. Configure in-build ADC of TM4C123GH6PM microcontroller and interface potentiometer with EK-

TM4C123GXL Launchpad to observe corresponding 12- bit digital value. 

Exercises: 

a) Tabulate ten different position of the Potentiometer and note down the Digital value and 

calculate the equivalent analog value. 

b) Use the ADC to obtain the analog value from the internal temperature sensor. 

c) Configure Dual ADC modules to read from 2 analog input (could be from 2 potentiometers) 

d) What are the trigger control mechanism for this ADC? 

e) What does the resolution refer on ADC Specification? 
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f) The current sampling method is single ended sampling. This ADC could also be configured 

to do differential sampling. What is the difference between the two methods of sampling? 

5. Learn and understand the generation of Pulse Width Module (PWM) signal by configuring and 

programming the in-build PWM module of TM4C123GH6PM microcontroller. 

Exercises: 

a) Change the software to output a set Duty Cycle, which can be user programmed. 

b) Change the frequency of the PWM Output from 6.25 KHz to 10 KHz and do the tabulation 

again. 

c) Generate Complementary signals, route it to two pins, and observe the waveforms. 

d) What is dead band generation mean and where is it applied? 

e) Is it possible to construct a DAC from a PWM? Identify the additional components and 

connection diagram for the same. 

f) Sketch the gate control sequence of 3 phase Inverter Bridge and how many PWM generator 

blocks are required? Can we generate this from TIVA Launchpad? 

6. Configure the PWM and ADC modules of TM4C123GH6PM microcontroller to control the speed of 

a DC motor with a PWM signal based on the potentiometer output. 

Exercises: 

a) With the same ADC input configure 2 PWM generator modules with 2 different frequencies. 

b) Read the Internal temperature sensor and control a DC Motor that could be deployed in 

fan Controller by observing the unit or ambient temperature. 

c) What is the resolution of the PWM in this experiment? 

d) What would be the maximum frequency that can be generated from the PWM generator? 

e) Briefly explain an integrated application of ADC and PWM based control. 

7. Learn and understand to connect EK-TM4C123GXL Launchpad to PC terminal and send an echo of 

the data input back to the PC using UART. 

Exercises: 

a) Change the baud rate to 19200 and repeat the experiment. 

b) What is the maximum baud rate that can be set in the UART peripheral of TIVA? 

c) Modify the software to display “Switch pressed” by pressing a user input switch on the 

Launchpad. 

8. Learn and understand interfacing of accelerometer in Sensor Hub Booster pack with EK-

TM4C123GXL Launchpad using I2C. 

Exercises: 

a) Make a LED ON when the acceleration value in the x axis crosses a certain limit, say +5. 
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b) What is the precaution taken in this experiment in order to avoid the overflow of UART 

buffer? 

c) Change the value of PRINT_SKIP_COUNT to 100 and see the difference in the output. 

d) Change MPU9150_ACCEL_CONFIG_AFS_SEL_2G to 

MPU9150_ACCEL_CONFIG_AFS_SEL_4G on line 461 of the same source file and Observe the 

difference. 

9. USB bulk transfer mode: Learn and understand to transfer data using bulk transfer mode with the 

USB2.0 peripheral of the TM4C123GH6PM device. 

Exercises: 

a) What are the different modes offered by USB 2.0? 

b) What are the typical devices that use Bulk transfer mode? 

10. Learn and understand to find the angle and hypotenuse of a right angle triangle using IQmath 

library of TivaWare. 

Exercises: 

a) Change the base and adjacent values in the program to other values, build the program and 

observe the values in the watch window. 

b) Open IQmathLib.h and browse through the available functions. What function is to be used 

if the IQ number used in the program is to be converted to a string? 

11. Learn and understand interfacing of CC3100 WiFi module with EKTM4C123GXL Launchpad and 

configuration of static IP address for CC3100 booster pack. 

Exercises: 

a) Try pinging the same IP address before connecting to the Access Point (AP) and note down 

the observation. 

b) What is the difference between static IP address and dynamic IP address? 

12. Configure CC3100 Booster Pack connected to EK-TM4C123GXL Launchpad as a Wireless Local Area 

Network (WLAN) Station to send Email over SMTP. 

Exercises: 

a) In the terminal output window, we have received a debug message “Pinging…!”. Search in 

the code and change the message to “Pinging the website”. Repeat the experiment to observe 

this change in the Serial Window. 

b) In line no:62 of main. C replace www.ti.com with any non-existing web address and repeat 

the experiment and observe what happens 

c) In line no: 62 of main. C replace again with www.ti.comand repeat the experiment. 

d) Identify the code that helps in establishing connection over SMTP. Modify the code to 

trigger E-mail application based upon external analog input. 
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e) How to configure the AP WLAN parameters and network parameters (IP addresses and 

DHCP parameters) using CC3100 API. 

13. Configure CC3100 Booster Pack connected to EK-TM4C123GXL Launchpad as a HTTP server. 

Exercises: 

a) Where are the webpages stored in the CC3100? 

b) What happens if we try to access a webpage, which is not there inside the CC3100? 

c) List 3 applications with a 3 to 4-line brief description that you think can be performed with 

this experimental setup. 
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Overview 

Introduction to Tiva C Series 

The Texas Instruments Tiva C Series microcontrollers (MCUs) are low-power, versatile and smart 

devices. The Tiva C Series consists of several devices that feature different sets of peripherals and are 

targeted for various applications. 

The Tiva C Series MCUs provide both high performance for mixed-signal applications and low power 

architecture for power critical applications. The Tiva C Series MCUs are supported by TivaWare™ for 

C Series for software development. The Tiva EK-TM4C123GXL Launchpad kit is an easily available 

evaluation kit for users to get started with designing applications using Tiva C Series microcontroller. 

TM4C12x Microcontrollers 

The Tiva C series microcontrollers feature a powerful 32-bit ARM core, 80-MHz operation, and 

100DMIPS1 performance. The TM4C12x devices provide high performance and advanced integration. 

The TM4C123GH6PM microcontroller is used on the EK-TM4C123GXL. 

The features of TM4C123GH6PM microcontroller are: 

• It supports Thumb2 Technology, which means it supports 16/32-bit code. It consumes 26% less 

memory & is 25% faster when compared to pure 32-bit microcontrollers. This means, it provides the 

optimum mix of 16-bit and 32-bit microcontroller application requirements. 

• It consists of a battery-backed hibernation module that provides logic to switch power off to the 

main processor and its peripherals while the processor is idle. The features of this module include low-

battery detection, signaling and interrupt generation, with optional wake-up on low battery. 

• The power consumption is as low as 370 A/MHz. It takes 500 s to wake up from low-power 

modes. 

• The current consumption of Real Time Clock is 1.7 A and it also supports internal and external power 

control. 

• It has six physical GPIO (General Purpose Input Output) blocks, six 16/32-bit and six 32/64-bit general 

purpose timers, 32 dedicated 32-bit single-precision registers, also addressable as 16 doubleword 

registers. 

• TM4C123GH6PM devices support flexible clocking system. 

• It has an internal precision oscillator, external main oscillator with PLL(Phase Locked Loop) support, 

internal low frequency oscillator and real-time-clock through Hibernation module. 

• It has saturated math for signal processing. 

• It supports atomic bit manipulation and Read-Modify-Write using bit-banding. 

• It has single cycle multiply and hardware divider module. 

• The device has 256KB of Flash Memory, 32KB single-cycle SRAM and 2KB EEPROM. The memory is 

used efficiently because of unaligned data access. 

• It has two motion control modules each with eight high-resolution PWM outputs. 
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• The device supports IEEE754 compliant single-precision floating-point unit. 

• The debugger access that the device supports are JTAG and Serial Wire Debug - ETM (Embedded 

Trace Macrocell) available through Keil and IAR emulators. 

• The serial connectivity includes peripherals such as USB 2.0 (OTG/Host/Device), 8 - UART (with IrDA, 

9-bit and ISO7816 support), 6 - I2C, 4 - SPI (Serial Port Interface), Microwire or TI synchronous serial 

interfaces and 2 - CAN. 

The basic blocks in the Tiva C Series TM4C12x microcontrollers are shown in Figure 1. 
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Tiva C Series LaunchPad 

Introduction 

The Tiva C Series TM4C123GXL LaunchPad Evaluation Kit (EK-TM4C123GXL) is a low-cost evaluation 

platform for ARM Cortex-M4F-based microcontrollers from Texas Instruments. It is an easy to use 

startup kit that provides everything the user will need to evaluate the Tiva C Series microcontroller. 

The design of the EK-TM4C123GXL highlights the TM4C123GH6PM microcontroller with a USB 2.0 

device interface and hibernation module. The EK-TM4C123GXL also features programmable user 

buttons and an RGB LED for custom applications. The EK-TM4C123GXL includes: 

• A TM4C123G LaunchPad Evaluation board 

• On-board In-Circuit Debug Interface (ICDI) 

• USB Micro-B plug to USB-A plug cable 

• ReadMe First quick-start guide 
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Pin Configuration of TM4C123GH6PM controller 
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                            EXPERIMENT NO 1                                  Date: 

Blinking LED with TIVA GPIO  

AIM:  

The main aim of this experiment is to configure the Tiva GPIO pins to blink the green onboard LED 

(connected to PF3) using C program. 

INTRODUCTION: 

The EK-TM4C123GXL has three on-board LEDs which are connected to the GPIO pins PF1, PF2 and PF3 

of the TM4C123GH6PM microcontroller. The software code in the TM4C123GH6PM toggles the PF3 

output at fixed time intervals computed within the code. A HIGH on PF3 turns the LED On, while a 

LOW on PF3 turns the LED Off. Thus, a toggling output on the port pin PF3 blinks the LED connected 

to it. The functional block diagram as shown in Figure 1-1 illustrates the working principle of the 

experiment. 

 

Pin multiplexing of the GPIO signals allow alternate hardware functions of the pins. In the 

EKTM4C123GXL, the GPIO pins are configured with pin functions as shown in Table 1-1. 
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FLOWCHART 

The flowchart for the code is shown in figure. The software written in C configures and enables the 

system clock to 40MHz. It then enables GPIO Port F of EK-TM4C123GXL and configures pin 3 (PF3) as 

output. A HIGH output at the GPIO PF3 turns the green LED ON connected to it and a LOW output 

turns the LED OFF. Hence, to blink the LED, the output is toggled at regular time interval using a while 

(1) loop. The time interval between the LED turning ON and OFF can be programmed by specifying the 

delay count value in the SysCtlDelay() function. 

Calculation of Delay: The number of counts required to get a time delay is given by 

Number of Counts = Time delay required * System Clock Frequency 

In the program, for a time delay of 500ms 

Number of counts = 500* 10-3 * 40 * 106 = 20 * 106 

 

PROGRAM: 

#include <stdint.h> 

#include <stdbool.h> 

#include "inc/hw_types.h" 

#include "inc/hw_memmap.h" 

#include "driverlib/sysctl.h" 

#include "driverlib/pin_map.h" 

#include "driverlib/debug.h" 

#include "driverlib/gpio.h" 



SIETK, ECE      [VLSI & EMBEDDED SYSTEMS LAB] 

 

 43 

int main(void) 

{ 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ| 

SYSCTL_OSC_MAIN); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOF); 

GPIOPinTypeGPIOOutput(GPIO_PORTF_BASE, GPIO_PIN_1|GPIO_PIN_2| 

GPIO_PIN_3); 

while(1){ 

GPIOPinWrite(GPIO_PORTF_BASE,GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_3, 

0x08); 

SysCtlDelay(20000000); 

GPIOPinWrite(GPIO_PORTF_BASE,GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_3, 

0x00); 

SysCtlDelay(20000000); 

} 

} 

 

PROCEDURE: 

1. Connect the EK-TM4C123GXL to the PC using the USB cable supplied. 

2. Build, program and debug the code into the LaunchPad using CCS to view the status of the green 

LED. 

 

EXERCISES: 

a) Modify the code to make the red LED of EK-TM4C123GXL Launchpad blink. 

b) Modify the code to make the green and red LEDs blink: 

I. Together 

II. Alternately 

c) Alter the code to turn the LED ON when the button is pressed and OFF when it is released. 

d) Modify the delay with which the LED blinks. 

e) Alter the code to make the green LED stay ON for around 1 second every time the button is 

pressed. 

f) Alter the code to turn the red LED ON when the button is pressed and the green LED ON when the 

button is released 

 

 

 

RESULT: 
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EXPERIMENT NO 2                                  Date: 

Timer Based Interrupt Programming  

AIM:  

The main aim of this experiment is to toggle an LED by configuring the timer interrupt of the 

TM4C123GH6PM microcontroller. This experiment will help to understand the Timer Interrupt and its 

configuration. 

INTRODUCTION: 

In this experiment, the timer peripheral of the TM4C123GH6PM processor is configured in periodic 

mode. In periodic mode, the timer load register is loaded with a preset value and the timer count is 

decremented for each clock cycle. When the timer count reaches zero, an interrupt is generated. 

On each interrupt, the processor reads the current status of the LED connected to a GPIO port and 

toggles it. Consequently, the GPIO output is programmed by the timer interrupt. The functional block 

diagram as shown in Figure 2-1 illustrates the working principle of the experiment. 

 

 

Timer 

The programmable timer peripheral is used to count or time external events that drive the timer input 

pins. The GPT (General Purpose Timer) Module is one of the timing resource available on the Tiva™ C 

Series microcontrollers. Other timer resources include the System Timer and the PWM timer in the 

PWM modules. The features of the general purpose timer peripheral of the TM4C123GH6PM MCU 

are: 

• Six 16/32-bit general purpose timers and six 32/64-bit wide general purpose timers 

• Twelve 16/32-bit and twelve 32/64-bit capture/compare/PWM pins 
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• Timer modes supported: 

- One-shot 

- Periodic 

- Input edge count or time capture with 16-bit prescaler 

- PWM generation (separated only) 

- Real-Time Clock (concatenated only) 

• Count up or down 

• Simple PWM Support for timer synchronization, daisy-chains, and stalling during debug 

• Can trigger ADC samples or DMA transfers 

 

In this experiment, the timer is used in periodic mode. The capabilities of the general purpose 

timer in periodic mode are given in the Table 2-1. 

 

FLOWCHART: 

The flowchart for the code is shown in Figure 2-3. The software written in C configures and enables 

the system clock to 40MHz. It then enables GPIO Port F of EK-TM4C123GXL and configures pin 3 (PF3) 

connected to the green LED as output. The timer is configured in periodic mode and the timer 

interrupt is enabled. On interrupt in periodic mode, the Timer Interrupt service Routine (ISR) reads 

the GPIO pin connected to the LED. If the current status of the LED is HIGH, then the processor sends 

a LOW to the LED and vice-versa. Thus, the green LED is toggled for each timer interrupt whose 

frequency is based on the timer load register value variable ui32Period in the code. 

Calculation of timer period ui32Period 

The timer counts for every cycle of the system clock frequency. The number of timer counts required 

to obtain a given frequency is calculated by 

Number of clock cycles = System Clock Frequency / Desired Frequency 
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In the program, to toggle the GPIO at 10Hz and 50% duty cycle, 

ui32Period = Number of clock cycles * Duty cycle = (40 MHz /10 Hz) * (50/100) =2 * 106 counts 

 

PROGRAM: 

#include <stdint.h> 

#include <stdbool.h> 

#include "inc/tm4c123gh6pm.h" 

#include "inc/hw_memmap.h" 

#include "inc/hw_types.h" 

#include "driverlib/sysctl.h" 

#include "driverlib/interrupt.h" 

#include "driverlib/gpio.h" 

#include "driverlib/timer.h" 

int main(void) 

{ 

uint32_t ui32Period; 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ| 

SYSCTL_OSC_MAIN); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOF); 

GPIOPinTypeGPIOOutput(GPIO_PORTF_BASE, GPIO_PIN_1|GPIO_PIN_2| 

GPIO_PIN_3); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_TIMER0); 
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TimerConfigure(TIMER0_BASE, TIMER_CFG_PERIODIC); 

ui32Period = (SysCtlClockGet() / 10) / 2; 

TimerLoadSet(TIMER0_BASE, TIMER_A, ui32Period -1); 

IntEnable(INT_TIMER0A); 

TimerIntEnable(TIMER0_BASE, TIMER_TIMA_TIMEOUT); 

IntMasterEnable(); 

TimerEnable(TIMER0_BASE, TIMER_A); 

while(1) 

{ 

} 

} 

void Timer0IntHandler(void) 

{ 

// Clear the timer interrupt 

TimerIntClear(TIMER0_BASE, TIMER_TIMA_TIMEOUT); 

// Read the current state of the GPIO pin and+ 

// write back the opposite state 

if(GPIOPinRead(GPIO_PORTF_BASE, GPIO_PIN_2)) 

{ 

GPIOPinWrite(GPIO_PORTF_BASE, GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_3, 0); 

} 

else 

{ 

GPIOPinWrite(GPIO_PORTF_BASE, GPIO_PIN_2, 4); 

} 

 

PROCEDURE: 

1. Connect the EK-TM4C123GXL to the PC using the USB cable supplied. 

2. Build, program and debug the code into the EK-TM4C123GXL using CCS to view the status of the 

green LED. 

 

EXERCISES: 

a) Modify the code for a different timer toggling frequency. 

b) Write the code to turn on interrupt globally. 

 

RESULT: 
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EXPERIMENT NO 3                              Date: 

Hibernation & Wakeup on RTC Interrupt 

AIM: 

The main objective of this experiment is to understand and configure the Hibernation module of the 

TM4C123GH6PM device to place the device in a low power state and then to wake up the device on 

RTC (Real-Time Clock) interrupt. 

INTRODUCTION: 

The TM4C123GH6PM consists of a battery-backed hibernation module that provides logic to switch 

power off to the main processor and its peripherals while the processor is idle. In this experiment, the 

hibernation module of the TM4C123GH6PM processor is turned on by the software code. This is 

indicated by the green LED connected to a GPIO port (PF3). When the LED is ON, the device is in wake 

up mode, and when the LED is OFF the device is in hibernate mode and the Hibernation module is 

enabled. The device in hibernation can be woken up by two ways: 

• An external signal, SW2 input to the GPIO wake up pin 

• RTC wake up 

• In this experiment, the RTC is used to wake up the processor after 5 seconds. The RTC is used in the 

RTC Match-Seconds mode. (Refer to TM4C123GH6PM Data Sheet for more details). 

The functional block diagram as shown in Figure 3-1 illustrates the working principle of the experiment 
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Hibernation Module 

The Hibernation Module manages removal and restoration of power to the device and hence helps 

reduce system power consumption. When the processor and peripherals are idle, power can be 

completely cut off with only the Hibernation module powered up. Power can be restored based on an 

external signal or after a certain time using the built-in Real-Time Clock (RTC). Power for the 

Hibernation module can be independently supplied from an external battery or an auxiliary power 

supply. 

Once in hibernation, the module signals an external voltage regulator to turn the power back on when 

an external pin (WAKE) is asserted or when the internal RTC reaches a certain value. The Hibernation 

module can also detect when the battery voltage is low and optionally prevent hibernation or wake 

from hibernation when the battery voltage falls below a certain threshold. 

The Hibernation module of the Tiva TM4C123GH6PM MCU has the following features: 

• 32-bit real-time seconds counter (RTC) with 1/32,768 second resolution and a 15-bit sub-seconds 

counter 

- 32-bit RTC seconds match register and a 15-bit sub seconds match for timed wake-up and 

interrupt generation with 1/32,768 second resolution 

- RTC predivider trim to make fine adjustments to the clock rate 

• Two mechanisms for power control 

- System power control using discrete external regulator 

- On-chip power control using internal switches under register control 

• Dedicated pin to wake up the processor using an external signal 

• RTC operational and hibernation memory valid as long as VDD or VBAT is valid 

• Low-battery detection, signaling, and interrupt generation, with optional wake on low battery 

• GPIO pin state can be retained during hibernation 

• Clock source from a 32.768-kHz external crystal or oscillator 

• Sixteen 32-bit words of battery-backed memory to save state during hibernation 

• Programmable interrupts for: 

- RTC match 

- External wake 

- Low battery 
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FLOWCHART: 
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The flowchart for the experiment is shown in Figure 3-2. The C program code enables and configures 

the system clock to 40MHz. The green LED on the EK-TM4C123GXL (connected to GPIO PF3) indicates 

if the device is in hibernate mode or wake up mode. For this purpose, the GPIO Port F of 

TM4C123GH6PM processor is enabled and pin 3 (PF3) configured as output. A HIGH is written on the 

GPIO pin to turn the green LED on. 

The C code then enables the Hibernation module and configures the clock that feeds the module. It 

enables the GPIO pin state to be retained during hibernation and provides a 4-second delay for the 

user to observe the LED which is ON. The time interval for which the LED is ON can be programmed 

by specifying a the delay count value in the SysCtlDelay() function. 

Calculation of delay 

The number of counts required to get a time delay is given by 

Number of Counts = Time delay required * System Clock Frequency 

In hibernation mode, the processor uses the clock from the external crystal or oscillator. Hence in the 

program, the clock source used in hibernation mode is 16MHz. To get a required time delay of 4 

seconds. 

Number of counts = 4 * 16 * 106 = 64 * 106 

The program configures the device to be woken up either by an input on the wake-up pin or by the 

RTC. It sets the RTC wake up parameters and turns the RTC on. The wake-up time is set to 5 seconds. 

The wake-up pin on the EK-TM4C123GXL is connected to SW2 on the board. When the switch SW2 is 

pressed and held, the device is woken up from the hibernation mode. Hence, the device can be woken 

up by either the switch SW2 or the RTC. 

After setting the wake-up pin parameters, the device enters the hibernation mode and the green LED 

turns off. The Hibernation module is powered by a battery or an auxiliary power supply. If the supply 

to the Hibernation module is low or not present, the device may not enter the hibernate mode. Once 

in hibernate mode, the device can be woken up by pressing and holding the switch SW2 or by the RTC 

which is set for 5 seconds, whichever occurs earlier. 

 

PROGRAM: 

#include <stdint.h> 

#include <stdbool.h> 

#include "utils/ustdlib.h" 

#include "inc/hw_types.h" 

#include "inc/hw_memmap.h" 

#include "driverlib/sysctl.h" 

#include "driverlib/pin_map.h" 

#include "driverlib/debug.h" 

#include "driverlib/hibernate.h" 

#include "driverlib/gpio.h" 

int main(void) 

{ 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ| 

SYSCTL_OSC_MAIN); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOF); 

GPIOPinTypeGPIOOutput(GPIO_PORTF_BASE, GPIO_PIN_1|GPIO_PIN_2| 

GPIO_PIN_3); 
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GPIOPinWrite(GPIO_PORTF_BASE,GPIO_PIN_1|GPIO_PIN_2|GPIO_PIN_3, 0x08); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_HIBERNATE); 

HibernateEnableExpClk(SysCtlClockGet()); 

HibernateGPIORetentionEnable(); 

SysCtlDelay(64000000); 

HibernateRTCSet(0); 

HibernateRTCEnable(); 

HibernateRTCMatchSet(0,5); 

HibernateWakeSet(HIBERNATE_WAKE_PIN | HIBERNATE_WAKE_RTC); 

GPIOPinWrite(GPIO_PORTF_BASE,GPIO_PIN_3, 0x00); 

HibernateRequest(); 

while(1) 

{ 

} 

} 

 

PROCEDURE: 

1. Connect the EK-TM4C123GXL to the PC using the USB cable supplied. 

2. Build, program and debug the code to view the status of the green LED. 

3. After 4 seconds, the green LED will switch off, indicating that the TM4C123GH6PM device has gone 

into hibernation. 

4. Observe the status of the LED. After 5 seconds (RTC wake up time set in the code), the LED turns 

ON, indicating the RTC has woken the processor. 

5. Also you can press and hold the SW2 button located at the lower right corner of the EKTM4C123GXL 

to wake up the processor at any time. 

6. On wake up the green LED will turn ON again. 

 

EXERCISE: 

a) Write a program to configure hibernation mode and wake up the EK-TM4C123GXL Launchpad 

when onboard switch SW2 is pressed. 

 

RESULT: 
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EXPERIMENT NO 4                                Date: 

Interfacing Potentiometer with TIVA GPIO  

AIM: 

The main objective of this experiment is to interface a potentiometer with EK-TM4C123GXL GPIO (PE3) 

by configuring it as an Analog Input (AN0) and to observe its corresponding 12-bit digital value. In this 

experiment, we will also understand the Analog-to-Digital Conversion (ADC) and processing of the 

analog signals in a digital environment. 

INTRODUCTION: 

In this experiment, the potentiometer is interfaced to the TM4C123GH6PM processor via a GPIO (PE3) 

configured as analog input. The potentiometer input is read by the 12-bit ADC peripheral of the 

processor and the analog input voltage is converted to corresponding digital values. These 12-bit 

digital values are stored in a temporary register.The functional block diagram as shown in Figure 4-1 

illustrates the working principle of the experiment. 

 

Analog to Digital Conversion Module 

TM4C123GH6PM MCUs consists of two ADC modules (ADC0 and ADC1) that can be used to convert 

continuous analog voltages to discrete digital values. Each ADC module has a 12-bit resolution, 

operates independently, can execute different sample sequences, can sample any of the shared 

analog input channels and generate interrupts & triggers based on the conversion process. 

The features of the ADC module are: 

• Two 12-bit 1MSPS ADCs giving a digital range of 0 to 4095 

• 12 shared analog input channels 
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• Single ended & differential input configurations 

• On-chip temperature sensor 

• Maximum sample rate of one million samples/second (1MSPS) 

• Fixed references (VDDA/GNDA) due to pin-count limitations 

• 4 programmable sample conversion sequencers per ADC 

• Separate analog power & ground pins 

• Flexible trigger control 

• 2x to 64x hardware averaging 

• 8 Digital comparators per ADC 

• 2 Analog comparators 

• Optional phase shift in sample time between ADC modules is programmable from 22.5° to 337.5° 

The TM4C123GH6PM ADC collects sample data by using a programmable sequence-based approach. 

Each sample sequence is a fully programmed series of consecutive (back-to-back) samples, allowing 

the ADC to collect data from multiple input sources without having to be re-configured or serviced by 

the processor.  

The programming of each sample in the sample sequence includes parameters such as the input 

source and mode (differential versus single-ended input), interrupt generation on sample completion, 

and the indicator for the last sample in the sequence.  

Each ADC module of the TM4C123GH6PM has four sample sequencers that handle the sampling 

control and data capture. All of the sequencers are identical in implementation except for the number 

of samples that can be captured and the depth of the FIFO (First In First Out). 

FLOWCHART: 

The flowchart for the program is shown in Figure 4-2. The software controls the GPIO and ADC 

peripherals of the processor to convert the potentiometer input into digital values and store the 

converted 12-bit digital values in an array variable. A temporary array variable 'ui32ADC0Value' is 

initialized in the program for storing the 12-bit digital output of the ADC. The system clock is set to 

40MHz and the GPIO port E (PE3) configured and enabled as analog input to the ADC0 module which 

is used for A/D conversion.  

The ADC0 module is configured to interrupt on conversion and then enabled. The program then waits 

for an interrupt from the ADC0. The ADC0 module reads the analog input from the potentiometer and 

converts to digital output and interrupts the processor.On interrupt from the ADC0, the program 

enables the processor trigger event and stores the converted digital value in a temporary variable. The 

process continues for the next analog input from the potentiometer. 
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PROGRAM: 

// HEADER FILES 

#include<stdint.h> 

#include<stdbool.h> 

#include"inc/hw_memmap.h" 

#include"driverlib/gpio.h" 

#include"inc/hw_types.h" 

#include"driverlib/debug.h" 

#include"driverlib/sysctl.h" 

#include"driverlib/adc.h" 

// TO STORE THE VALUE IN VARIABLE ui32ADC0Value FOR EVERY SAMPLING 

uint32_tui32ADC0Value[1]; 

intmain(void) 

{ 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_OSC_MAIN| 

SYSCTL_XTAL_16MHZ); // SYSTEM CLOCK AT 40MHZ 

SysCtlPeripheralEnable(SYSCTL_PERIPH_ADC0); // ENABLE ADC0 MODULE 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOE); // ENABLE GPIO for ADC0 

MODULE 

GPIOPinTypeADC(GPIO_PORTE_BASE,GPIO_PIN_3);// ENABLE AN0 OF ADC0 

MODULE 

// ADC0 MODULE, TRIGGER IS PROCESSOR EVENT, SEQUENCER 0 IS 

CONFIGURED 

ADCSequenceConfigure(ADC0_BASE, 1, ADC_TRIGGER_PROCESSOR, 0); 

// ADC0 MODULE, SEQUENCER 0 , FOR 1 SAMPLING, INPUT IS FROM CHANNEL 

0 PE3 

ADCSequenceStepConfigure(ADC0_BASE, 1, 0, ADC_CTL_CH0); 

// ENABLE THE SEQUENCE 1 FOR ADC0 

ADCSequenceEnable(ADC0_BASE, 1); 

while(1) 

{ 

// CLEAR INTERRUPT FLAG FOR ADC0, SEQUENCER 1 

ADCIntClear(ADC0_BASE, 1); 

// TRIGGER IS GIVEN FOR ADC 0 MODULE, SEQUENCER 1 

ADCProcessorTrigger(ADC0_BASE, 1); 

// STORE THE CONVERTED VALUE FOR ALL DIFFERENT SAMPLING IN ARRAY 

//ui32ADC0Value 

ADCSequenceDataGet(ADC0_BASE, 1, ui32ADC0Value); 

} 

} 

PROCEDURE: 

Hardware Setup 

Figure 4-4 shows the hardware connections for the potentiometer with the EK-M4C123GXL. 

The procedure to be followed for the hardware connections is: 

1. Connect one lead of the potentiometer (Vcc) to +3.3V DC Supply Voltage (J1 connector Pin1). 

2. Connect the other lead of the potentiometer to the GND pin (J3 connector, Pin 2). 

3. Connect the center lead of the potentiometer to pin PE3 which is the Analog Channel AN0 (J3 

connector, Pin 9). 
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4. The Multimeter can be probed at the center lead of the potentiometer to observe the analog 

voltage input. 

5. This configuration varies the Analog Voltage from 0V to 3.3V depending on the wiper position on 

PE3 which is the AN0 or Analog Input 0 of the TM4C123GH6PM. 

6. The current configuration connects the VREFP of ADC to VDDA which is 3.3V and VREFP to GND 

which is 0V. 

 

Design Calculations 

For a 12-bit ADC, the range of the conversion values is from 0 to 4095 (0 to 0xfff in Binary). 

With the Conversion voltage span and the bit range we can calculate the following 

Resolution = 3.3V/ 4096 = 3300mV / 4096 = 0.8mV 

The resolution is the change in voltage per unit change in ADC code 

For example, if the digital code is equivalent to 1000 in decimal, 

The equivalent analog voltage for 1000 = Resolution * decimal equivalent of the digital code = 0.8mV 

*1000 = 800 mV = 0.8V. 

EXERCISES: 

a) Tabulate ten different position of the Potentiometer and note down the Digital value and 

calculate the equivalent analog value. 

b) Use the ADC to obtain the analog value from the internal temperature sensor. 
c) Configure Dual ADC modules to read from 2 analog input (could be from 2 potentiometers) 
d) What are the trigger control mechanism for this ADC? 
e) What does the resolution refer on ADC Specification? 
f) The current sampling method is single ended sampling. This ADC could also be configured to 

do differential sampling.What is the difference between the two methods of sampling? 
 

RESULT:  
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    EXPERIMENT NO 5                            Date: 

PWM Generation 

AIM: 
 

The main objective of this experiment is to generate a Pulse Width Modulation (PWM) signal using 
the PWM Module in the TM4C123GH6PM processor. 

 

INTRODUCTION: 
 
Pulse Width Modulation (PWM) is a method of digitally encoding analog signal levels. High-
resolution digital counters are used to generate a square wave of a given frequency, and the duty 
cycle of the square wave is modulated to encode the analog signal. Typical applications for PWM 
are switching power supplies, motor control, servo positioning and lighting control. 
 
Figure 5-1 shows a PWM signal for a simple analog signal. A large analog voltage increases the 
pulse width of the digital signal and a small analog voltage decreases the pulse width.. Hence, the 
analog voltage is encoded in the duty cycle of the digital signal. 

 

 
 
The TM4C123GH6PM has two PWM modules. Each PWM module consists of: 
• Four PWM generator blocks 
• A control block which determines the polarity of the signals and which signals are passed to 
the pins 
Each PWM generator block produces: 
• Two independent output signals of the same frequency 
• A pair of complementary signals with dead-band generation (for H-bridge circuit protection) 
• Eight outputs total 
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The Port D pin 0 (PD0) of the TM4C123GH6PM processor has multiple functions. It can be used 
as one of the following: 
• GPIO 
• ADC input 
• I2C module 3 clock 
• Motion Control Module 0 PWM 
• Motion Control Module 1 PWM 
• SSI Module Clock 
• Timer 2 Capture/Compare 
 
In this experiment, the GPIO pin PD0 is configured as M1PWM0 (Motion Control Module 1 
PWM0). The output signal on this pin is controlled by the Module 1 PWM Generator 0. Different 
pulse widths (duty cycle) for the PWM signal is set in the software program and resultant PWM 
signal is observed using the oscilloscope. The functional block diagram as shown in Figure 5-2 
illustrates the working principle of the experiment. 

 

 
 

FLOWCHART: 
 
The flowchart for the experiment is shown in Figure 5-3. The C program code enables and 
configures the system clock to 40MHz. It sets the PWM frequency based on Equation 5.2. 
 
Design calculations 
 
The PWM clock is the system clock divided by a factor, and the factor is configured to 64 in this 
program. To correlate with variation as a percentage change, the PWM period is set at 100. This 
allows the PWM period to change from 1 to 100. 
 
System Clock = 40MHz 
PWM Clock = System Clock /Dividing factor = 40MHz /64 = 625kHz (5.1) 
The dividing factor can range from 2 to 64 for the PWM generator. 
PWM Period = 100 
PWM frequency = PWM Clock / PWM Period (5.2) 
PWM frequency = 625 kHz / 100 = 6.25kHz 
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It initializes temporary variables for PWM pulse width adjustment. The GPIO port D pin PD0 is 
configured and enabled as PWM output. The code then configures and enables the PWM 
generator with counting mode of operation, period to 100 and enables bit 0 as PWM output (the 
output state of the PWM module). A PWM signal can be observed at output pin PD0 of the 
processor. Further, the code produces PWM outputs with varying pulse width in steps of 10% of 
duty cycle of the PWM generator. This is implemented in a while loop with each PWM signal 
output for 300 ms. 
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PROGRAM: 
 

// HEADER FILES 

#include<stdint.h> 

#include<stdbool.h> 

#include"inc/hw_memmap.h" 

#include"inc/hw_types.h" 

#include"driverlib/sysctl.h" 

#include"driverlib/gpio.h" 

#include"driverlib/debug.h" 

#include"driverlib/pwm.h" 

#include"driverlib/pin_map.h" 

#include"inc/hw_gpio.h" 

#include"driverlib/rom.h" 

//MAIN FUNCTION 

intmain(void) 

{ 

inti=0; 

volatileuint8_t ui8Adjust;//VARIABLE FOR PWM_WIDTH SET AS % FROM 0 

TO 100 

//CLOCK SETTINGS - SET SYSTEM CLOCK TO 40MHz 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_OSC_MAIN| 

SYSCTL_XTAL_16MHZ); 

//SET PWM CLOCK AS SYSTEM CLOCK DIVIDED BY 64 

SysCtlPWMClockSet(SYSCTL_PWMDIV_64); 

//PERIPHERAL CONFIGURATION 

SysCtlPeripheralEnable(SYSCTL_PERIPH_PWM1); //PWM PERIPHERAL ENABLE 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOD); //GPIO FOR PWM1 

GPIOPinTypePWM(GPIO_PORTD_BASE, GPIO_PIN_0); //GPIO PD0 FOR PWM1 

GPIOPinConfigure(GPIO_PD0_M1PWM0); //PD0 AS M1PWM0 

PWMGenConfigure(PWM1_BASE, PWM_GEN_0, PWM_GEN_MODE_DOWN); 

//SET PWM GENERATOR WITH MODEOF OPERATION AS COUNTING 

PWMGenPeriodSet(PWM1_BASE, PWM_GEN_0,100); //SET PERIOD OF PWM 

GENERATOR 

PWMOutputState(PWM1_BASE, PWM_OUT_0_BIT, true); //ENABLE BIT0 OUTPUT 

PWMGenEnable(PWM1_BASE, PWM_GEN_0); //ENABLE PWM_GEN_0 GENERATOR 

while(1) 

{ 

// PWM_WIDTH CHANGE FROM 0% - 100% IN STEPS OF 10% 

for(i=1;i<11;i++) 

{ 

ui8Adjust = i*10; //Step size of 10% 

//GPIO FOR PWM1 

PWMPulseWidthSet(PWM1_BASE, PWM_OUT_0, ui8Adjust); //SET THE PULSE 

WIDTH 

SysCtlDelay(4000000); //DELAY OF 300MILLISECONDS 

} 

} 

} 
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PROCEDURE: 
 

Hardware Setup 
Figure 5-5 shows the hardware connections for the EK-TM4C123GXL 
The procedure to be followed for the connections is: 
1. The PWM output M1PWM0 is available on PD0 (J3 connector Pin3). 
2. Probe pin 3 of J3 connector with an Oscilloscope. 
3. Connect the ground at J3 connector Pin 2. 

 
 

Implementing the Software 
1. Build, program and debug the code. 
2. Observe the output using an oscilloscope at J3 connector pin 3. 

 

EXERCISES: 
 

a) Change the software to output a set Duty Cycle, which can be user programmed. 
Hint: Comment the for loop and Delay function and set ui8Adjust to Duty Cycle% 
Tabulate the Duty Cycle from 10% to 90% in steps of 10% and note down the ON duration and 
OFF Duration for each of them in Oscilloscope. 

b) Change the frequency of the PWM Output from 6.25 KHz to 10 KHz and do the tabulation 
again. 

c) Generate Complementary signals, route it to two pins, and observe the waveforms. 
d) What is dead band generation mean and where is it applied? 
e) Is it possible to construct a DAC from a PWM? Identify the additional components and 

connection diagram for the same. 
f) Sketch the gate control sequence of 3 phase Inverter Bridge and how many PWM generator 

blocks are required? Can we generate this from TIVA Launchpad? 

 

RESULT: 
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EXPERIMENT NO 6                            Date: 

PWM Based Speed Control of DC Motor 
using Potentiometer 

AIM 
 

The main objective of this experiment is to control the speed of a DC Motor with a PWM signal based 
on the potentiometer output. In this experiment we will also understand working with both the ADC 
and PWM peripherals to control a DC Motor with PWM. 

 
INTRODUCTION: 

 
A DC motor is driven by a PWM signal that controls the speed of the motor. The TM4C123GH6PM 
generates the PWM signal for DC motor control. The user can control the speed of the DC motor via a 
potentiometer interfaced to the GPIO of the processor. The TM4C123GH6PM generates the PWM 
signal corresponding to the potentiometer output. In this experiment, the analog output of the 
potentiometer is connected to a GPIO port configured as input. This signal is input to the on-chip ADC 
peripheral that converts analog input to 12-bit digital value. The ADC value is read and directly passed 
on to the duty cycle configuration of the PWM register. The period of the PWM output is set to 4096 
(0xFFF) to match the resolution of the ADC and the duty cycle of the PWM output corresponds to the 
output from the analog potentiometer. The PWM signal controls the DC motor connected through the 
ULN2003, High Voltage, High Current Darlington Transistor Array, motor driver. Thus, the PWM signal 
that corresponds to the output of analog potentiometer is used for speed control of the DC motor. 
The functional block diagram as shown in Figure 6-1 illustrates the working principle of the 
experiment. 

 
 

 
Pulse Width Modulation 
 

Pulse Width Modulation (PWM) is a method of digitally encoding analog signal levels. High-resolution 
digital counters are used to generate a square wave of a given frequency, and the duty cycle of that 
square wave is modulated to encode the analog signal. Typical applications for PWM are switching 
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power supplies, motor control, servo positioning and lighting control. Using a PWM signal is one of 
the methods to control the speed of a DC motor. The speed of the motor depends on the speed in 
which the motor is switched ON and OFF. For example, a motor is continuously switched ON for a 
100% duty cycle control signal and therefore runs in full speed. For 50% duty cycle, the motor is ON 
for half the time period and OFF for the remaining half period. Thus the effective voltage applied to 
the motor will be 50% and the speed is also reduced to half. Varying the duty cycle will vary the average 
voltage and hence speed of the DC motor as shown in Figure 6-2. 

 
 

The TM4C123GH6PM has two PWM modules. Each PWM module consists of: 
• Four PWM generator blocks 
• A control block which determines the polarity of the signals and which signals are passed to the pins 
Each of the PWM generator block produces: 
• Two independent output signals of the same frequency 
• A pair of complementary signals with dead-band generation (for H-bridge circuit protection) 
• Eight outputs total 
 

ADC Module 
 

TM4C123GH6PM MCUs feature two ADC modules (ADC0 and ADC1) that can be used to convert 
continuous analog voltages to discrete digital values. Each ADC module has a 12-bit resolution, 
operates independently, can execute different sample sequences, sample any of the shared analog 
input channels and generate interrupts & triggers based on the conversion process. The features of 
the ADC module are: 
 
• Two 12-bit 1MSPS ADCs giving a digital range of 0 to 4095 
• 12 shared analog input channels 
• Single ended & differential input configurations 
• On-chip temperature sensor 
• Maximum sample rate of one million samples/second (1MSPS) 
• Fixed references (VDDA/GNDA) due to pin-count limitations 
• 4 programmable sample conversion sequencers per ADC 
• Separate analog power and ground pins 
• Flexible trigger control 
• 2x to 64x hardware averaging 
• 8 Digital comparators per ADC 
• 2 Analog comparators 
• Optional phase shift in sample time between ADC modules is programmable from 22.5° to 
337.5° 
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The TM4C123GH6PM ADC collects sample data by using a programmable sequence-based approach. 
Each sample sequence is a fully programmed series of consecutive (back-to-back) samples, allowing 
the ADC to collect data from multiple input sources without having to be re-configured or serviced by 
the processor. The programming of each sample in the sample sequence includes parameters such as 
the input source and mode (differential versus single-ended input), interrupt generation on sample 
completion, and the indicator for the last sample in the sequence. Each ADC module of the 
TM4C123GH6PM has four sample sequencers that handle the sampling control and data capture. All 
of the sequencers are identical in implementation except for the number of samples that can be 
captured and the depth of the FIFO. 

 
FLOWCHART: 
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The software programmed into the processor controls the GPIO, ADC and PWM peripherals of the 
processor to run the DC motor based on the input from a potentiometer. The flowchart for the 
program code is shown in Figure 6-3. A temporary array variable is initialized in the program to store 
the digital values. The system clock is set to 40MHz and PWM frequency set as per Equation 6.2. The 
GPIO ports D and E are enabled and configured. GPIO Port D pin 0 (PD0) is configured as PWM output 
and GPIO port E pin3 (PE3) is configured as analog input to the ADC module0.  
 
The code then configures and enables the PWM generator with counting mode of operation, period 
to 4096 and enables bit 0 as PWM output (the output state of the PWM module). The ADC module0 
is configured to use sample sequencer 1 and to interrupt on conversion. The program enables the 
sequencer and waits for an interrupt from the ADC0. 
 
The ADC peripheral reads the analog input from the potentiometer and gives the converted digital 
output with an interrupt to the processor. On interrupt from the ADC0, the program triggers the ADC0 
module sequencer 1 and stores the digital value in a temporary variable. The digital value is passed to 
the PWM generator as pulse width to generate a PWM signal wave. The code clears the interrupt flag 
and waits for the next interrupt from the ADC (next input from the potentiometer). The PWM signal 
corresponding to the potentiometer input is fed to the DC motor for speed control. 

 
Design Calculations 
 

- The calculations for the configuration of ADC and PWM are given below. 
- This configuration varies the Analog Voltage from 0V to 3.3V depending on the wiper position on 
PE3 which is the AN0 or Analog Input 0 of the TM4C123GH6PM. 
- The current configuration connects the VREFP of ADC to VDDA which is 3.3V and VREFP to 
GND which is 0V. 
- The range of the conversion values is from 0 to 4095 which is 0 to 0xfff in Binary since it is a 12- 
bit ADC. 
- With the Conversion voltage span and the bit range we can calculate the following: 
• Resolution = 3.3V/ 4096 = 3300mV / 4096 = 0.8mV 
• Voltage per ADC code = 3.3V / 4096 
• If Digital Code = 1000 in decimal, multiply this value by resolution 
• Equivalent Voltage for 1000 = 0.8mV *1000 = 800 mV = 0.8V 
- Varying the Potentiometer changes the Digital Value between 0 and 4095. 
- The PWM period is set to 4095 to match the resolution of the 12-bit ADC. 
- The ADC value is read and directly passed onto the duty cycle configuration of the PWM register. 
It is also possible to have other values but necessary scaling has to be done. 
 
Calculation for PWM 
 
• System Clock = 40MHz 
• PWM Clock = System Clock /64 = 625kHz (6.1) 
• PWM Period = 4095 
• PWM frequency = PWM Clock / PWM Period = 152.63Hz (6.2) 
- The PWM can be varied as the ADC varies with a 12-bit resolution, and the PWM frequency is 
152.63Hz. 
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PROGRAM: 
// HEADER FILES // 

#include<stdint.h> 

#include<stdbool.h> 

#include"inc/hw_memmap.h" 

#include"inc/hw_types.h" 

#include"driverlib/debug.h" 

#include"driverlib/sysctl.h" 

#include"driverlib/adc.h" 

#include"inc/hw_types.h" 

#include"driverlib/gpio.h" 

#include"driverlib/pwm.h" 

#include"driverlib/pin_map.h" 

#include"inc/hw_gpio.h" 

#include"driverlib/rom.h" 

uint32_tui32ADC0Value[1]; // TO STORE THE VALUE IN VARIABLE 

ui32ADC0Value FOR EVERY SAMPLING 

intmain(void) 

{ 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_OSC_MAIN| 

SYSCTL_XTAL_16MHZ); // SET SYSTEM CLOCK AT 40MHZ 

SysCtlPWMClockSet(SYSCTL_PWMDIV_64); //SET PWM CLOCK AT SYSTEM CLOCK 

DIVIDED BY 64 

SysCtlPeripheralEnable(SYSCTL_PERIPH_PWM1); //ENABLE PWM1 MODULE 

SysCtlPeripheralEnable(SYSCTL_PERIPH_ADC0); //ENABLE ADC0 MODULE 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOE); //ENABLE GPIO FOR ADC0 

MODULE 

GPIOPinTypeADC(GPIO_PORTE_BASE,GPIO_PIN_3); //CONFIGURE PE3 AS AN0 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOD); //ENABLE GPIO FOR PWM1 

MODULE 

GPIOPinTypePWM(GPIO_PORTD_BASE, GPIO_PIN_0); //CONFIGURE PD0 AS PWM 

OUTPUT 

GPIOPinConfigure(GPIO_PD0_M1PWM0);//SET PD0 AS M1PWM0 

PWMGenConfigure(PWM1_BASE, PWM_GEN_0, PWM_GEN_MODE_DOWN); 

//SET PWM GENERATOR WITH MODEOF OPERATION AS COUNTING 

PWMGenPeriodSet(PWM1_BASE, PWM_GEN_0,4095); 

//SET THE PERIOD OF PWM GENERATOR 

PWMOutputState(PWM1_BASE, PWM_OUT_0_BIT, true); //ENABLE BIT0 OUTPUT 

PWMGenEnable(PWM1_BASE, PWM_GEN_0); //ENABLE PWM GENERATOR 

ADCSequenceConfigure(ADC0_BASE, 1, ADC_TRIGGER_PROCESSOR, 0); 

// ADC0 MODULE, TRIGGER IS PROCESSOR EVENT, SEQUENCER 0 IS CONFIGURED 

ADCSequenceStepConfigure(ADC0_BASE, 1, 0, ADC_CTL_CH0); 

// ADC0 MODULE, SEQUENCER 0 , FOR 1 SAMPLING, INPUT IS FROM CHANNEL 0 PE3 

ADCSequenceEnable(ADC0_BASE, 1); // ENABLE THE SEQUENCE 1 FOR ADC0 

while(1) 

{ 

ADCIntClear(ADC0_BASE, 1); // CLEAR INTERRUPT FLAG FOR ADC0, SEQUENCER 1 

ADCProcessorTrigger(ADC0_BASE, 1); // TRIGGER IS GIVEN FOR ADC0 MODULE, 

SEQUENCER1 

// STORE THE CONVERTED VALUE FOR ALL DIFFERENT SAMPLING IN ARRAY 

ui32ADC0Value 

ADCSequenceDataGet(ADC0_BASE, 1, ui32ADC0Value); 

PWMPulseWidthSet(PWM1_BASE, PWM_OUT_0, ui32ADC0Value[0]); 

// SET THE PULSE WIDTH 

} 

} 
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PROCEDURE: 
Hardware Setup 
Figure 6-4 shows the hardware connections for the potentiometer and the DC motor with the 
EKTM4C123GXL. 

 
 
The procedure to be followed for hardware setup is as follows: 
1. Position DIP IC ULN2003A on a Breadboard. 
2. Connect one terminal of the DC motor to the Common pin (IC Pin 9) of ULN2003. 
3. Connect the junction of the above 2 terminals to the VBUS (5V Power from USB) (available at 
J3 Connector Pin 1). 
4. Connect the other terminal of the DC motor to the Drive Pin (IC Pin 16) of ULN 2003. 
5. Connect J3 Connector Pin 2 (GND) to the Ground Pin (IC Pin 8) of ULN2003. 
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6. Connect the PWM Output PD0 (J3 connector Pin 3) to Input Signal (IC Pin 1) of ULN2003. 
7. Connect one lead of the Potentiometer to the +3.3V Supply Voltage (J1 connector, Pin 1). 
8. Connect other lead of the Potentiometer to the GND Pin of ULN2003 (IC Pin 8). 
9. Connect the center lead of the Potentiometer (variable analog output) to PE3 (J3 Connector 
Pin 9) which is the AN0 or Analog Input 0 of the Tiva TM4C123GH6PM. 
After connecting the hardware, the setup appears as shown in Figure 6-5. 
 

 
 

Software Execution 
 
1. Build, program and debug the code. 
2. Vary the position of the potentiometer wiper and observe the corresponding digital output on the 
CCS window. 
3. Also, observe the PWM waveform at J3 connector pin 3 using an oscilloscope. 
4. Observe the motion of the DC motor connected to the PWM output. 
 
Observation 
 
The digital value for two arbitrary positions of the potentiometer wiper and the corresponding PWM 
outputs are as shown in Figure 6-6 and Figure 6-7. 
1. The digital value of the analog signal is 632. 
The corresponding duty cycle% is: 
(632 / 4096) * 100 =15.4% 
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Figure 6-6 Digital Output and PWM Signal for Position 1 
 

2. The digital value of the analog signal is 3366 and the corresponding duty cycle% is:  
(3366 / 4096) * 100 = 82% 
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Figure 6-7 Digital Output and PWM Signal for Position 2 
 

Also, the DC motor speed is observed to be different for the two outputs. The DC motor speed is 
greater in the second case as compared to the first case. 

 
EXERCISES: 
 

a) With the same ADC input configure 2 PWM generator modules with 2 different frequencies. 
b) Read the Internal temperature sensor and control a DC Motor that could be deployed in fan 

Controller by observing the unit or ambient temperature. 
c) What is the resolution of the PWM in this experiment? 
d) What would be the maximum frequency that can be generated from the PWM generator? 
e) Briefly explain an integrated application of ADC and PWM based control. 

 

RESULT: 
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EXPERIMENT NO 7                            Date: 

UART - ECHO! 

AIM: 
 

The main objective this experiment is to connect the EK-TM4C123GXL to a PC terminal and send an 
echo of the data input back to the PC using UART. In this experiment, we will also understand the 
basics of serial communication to send and receive data. 

 
INTRODUCTION: 
 
The SCI (Serial Communication Interface) modules support digital communications between the CPU 
and other asynchronous peripherals that use the standard non-return-to-zero (NRZ) format. The SCI 
receiver and transmitter each have a 4-level deep FIFO for reducing servicing overhead. Each FIFO has 
its own separate enable and interrupt bits. Both can be operated independently for half-duplex 
communication, or simultaneously for full-duplex communication. The bit rate is programmable to 
different speeds through a 16-bit baud-select register. 
 
In this experiment, the SCI module is configured to transmit the received data from an external device 
along with some message to indicate the reception. The functional block diagram as shown in Figure 
7-1 illustrates the working principle of the experiment. The UART of the EKTM4C123GXL is connected 
to the serial port of the PC that runs over the debug USB cable. The serial port can be monitored by 
the PC with the help of Tera Term or any other serial interface software. In this experiment, the UART 
receives serial data via the USB cable and displays the data received on the serial monitor (Tera Term) 
through serial communication. 
 

 
 
UART Module 
 

The TM4C123GH6PM controller includes eight Universal Asynchronous Receiver/Transmitter (UART) 
with programmable baud-rate generator, allowing speeds of up to 5 Mbps for regular speed (divide 
by 16) and 10 Mbps for high speed (divide by 8). It has separate 16x8 transmit (TX) and receive (RX) 
FIFOs (First In First Out) to reduce CPU interrupt service loading. It has a programmable FIFO length, 
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including 1-byte deep operation providing conventional double-buffered interface. The FIFO trigger 
levels available are of 1/8, 1/4, 1/2, 3/4, and 7/8. It also has standard asynchronous communication 
bits for start, stop, and parity and detects and generates line-break. 
 
The characteristics of fully programmable serial interface are: 
• 5, 6, 7, or 8 data bits 
• Even, odd, stick, or no-parity bit generation/detection 
• 1 or 2 stop bit generation 
 
It supports Standard FIFO-level and End-of-Transmission interrupts and efficient transfers using Micro 
Direct Memory Access Controller ( DMA)1 which has separate channels for transmit and receive. The 
EK-TM4C123GXL has an internal USB to UART converter to connect to the UART of the processor. 
 

TeraTerm Setup 
 

The serial port configuration for the Tera Term is: 

• Baud rate is 115200, Parity is none, 8 Data Bits and Stop Bit is 1. 

• Select the configuration and Press OK as shown in Figure 7-2. 
 
Note: COM Port varies in different PCs based on the hardware 
 

 
 

Figure 7-2 Tera Term Serial Port Setup Window 

 
FLOWCHART: 
 

The flowchart for the program is shown in Figure 7-3. The system clock is configured and enabled to 
40MHz. The GPIO Port A pins 0 and 1 are enabled and configured as UART receiver and transmitter 
respectively. The UART peripheral is configured with Baud rate 115200, Parity none, 8 Data Bits and 
Stop Bit 1. The default message "Echo output" is transmitted by the UART to the serial terminal in the 
PC. The program then waits for serial input from the PC using a while loop. When the UART receives 
an input, it sends the same data to PC terminal as output. Thus, the input is echoed on the Terminal 
window. 
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PROGRAM: 
 

// HEADER FILES 

#include<stdint.h> 

#include<stdbool.h> 

#include"inc/hw_memmap.h" 

#include"inc/hw_types.h" 

#include"driverlib/gpio.h" 

#include"driverlib/pin_map.h" 

#include"driverlib/sysctl.h" 

#include"driverlib/uart.h" 

#define GPIO_PA0_U0RX 0x00000001 // UART PIN ADDRESS FOR UART RX 

#define GPIO_PA1_U0TX 0x00000401 // UART PIN ADDRESS FOR UART TX 
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intmain(void) 

{ 

// SYSTEM CLOCK AT 40 MHZ 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_OSC_MAIN| 

SYSCTL_XTAL_16MHZ); 

// ENABLE PERIPHERAL UART 0 

SysCtlPeripheralEnable(SYSCTL_PERIPH_UART0); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_GPIOA); 

// ENABLE GPIO PORT A,FOR UART 

GPIOPinConfigure(GPIO_PA0_U0RX); // PA0 IS CONFIGURED TO UART RX 

GPIOPinConfigure(GPIO_PA1_U0TX); // PA1 IS CONFIGURED TO UART TX 

GPIOPinTypeUART(GPIO_PORTA_BASE, GPIO_PIN_0 | GPIO_PIN_1); 

// CONFIGURE UART, BAUD RATE 115200, DATA BITS 8, STOP BIT 1, PARITY NONE 

UARTConfigSetExpClk(UART0_BASE, SysCtlClockGet(), 115200, 

(UART_CONFIG_WLEN_8 | UART_CONFIG_STOP_ONE | UART_CONFIG_PAR_NONE)); 

UARTCharPut(UART0_BASE, 'E'); 

UARTCharPut(UART0_BASE, 'c'); 

UARTCharPut(UART0_BASE, 'h'); 

UARTCharPut(UART0_BASE, 'o'); // SEND "Echo Output: " IN UART 

UARTCharPut(UART0_BASE, ' '); 

UARTCharPut(UART0_BASE, 'O'); 

UARTCharPut(UART0_BASE, 'u'); 

UARTCharPut(UART0_BASE, 't'); 

UARTCharPut(UART0_BASE, 'p'); 

UARTCharPut(UART0_BASE, 'u'); 

UARTCharPut(UART0_BASE, 't'); 

UARTCharPut(UART0_BASE, ': '); 

UARTCharPut(UART0_BASE, ' '); 

UARTCharPut(UART0_BASE, '\n'); 

while (1) 

{ 

//UART ECHO - what is received is transmitted back // 

if (UARTCharsAvail(UART0_BASE)) UARTCharPut(UART0_BASE, 

UARTCharGet(UART0_BASE)); 

} 

} 

 
PROCEDURE: 
 

1. Connect the EK-TM4C123GXL to the PC using the USB cable supplied. 
2. Build, program and debug the code. 
3. Open Tera Term UART terminal window and configure which is explained in Tera term Setup. 
4. Type characters on the keyboard and observe the terminal window. 

 
EXCERCISES: 
 

a) Change the baud rate to 19200 and repeat the experiment. 
b) What is the maximum baud rate that can be set in the UART peripheral of TIVA? 
c) Modify the software to display “Switch pressed” by pressing a user input switch on the 

Launchpad. 
 
RESULT: 
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EXPERIMENT NO 8                            Date: 

Interfacing an Accelerometer with TIVA 
using I2C 

AIM: 
 

The main objective of this experiment is to interface an accelerometer in BOOSTXL-SENSHUB Booster 
Pack with TM4C123GH6PM using I2C interface. In this experiment, we will also learn how to obtain 
the data from the accelerometer and display on a serial terminal. 
 

INTRODUCTION: 
 

The Texas Instruments Sensor Hub BoosterPack (BOOSTXL-SENSHUB) is an add-on board designed to 
plug into Tiva™ C Series EK-TM4C123GXL along with all of TI's Launch Pads. It allows developers to 
create products with up to nine axes of motion tracking and multiple environmental sensing 
capabilities. 
The Sensor Hub BoosterPack comprises of the following sensors: 
• TMP006 Infrared Temperature Sensor - Performs non-contact temperature measurement 
• BMP180 Digital Pressure Sensor - Obtains air pressure and temperature measurements 
• MPU-9150 9-axis Motion Sensor - Consists of 3 axis Accelerometer, 3 axis gyro meter and 3 axis 
magnetometer for motion sensing 
• ISL29023 Ambient & Infrared Light Sensor - Obtains ambient and infrared light measurements 
• SHT21 humidity and ambient temperature sensor- Obtains temperature and relative humidity of 
the environment. 

 
 
As shown in Figure 8-1, the IC MPU9150 present inside the Sensor Hub BoosterPack is the 9-axis 
motion sensor that performs motion sensing. The 3-axis MEMS (Micromechanical System) 
accelerometer measures the earth gravity minus the acceleration. There are a host of applications for 
the accelerometer sensor such as image stabilization in vision applications, orientation sensing as 
done in smart phones, target monitoring, vibration alarm etc. The MPU9150 (in the Sensor Hub 
BoosterPack) communicates with the microcontroller TM4C123GH6PM (of the Tiva C Series EK-
TM4C123GXL) using I2C interface. The Inter-Integrated Circuit (I2C) bus of the TM4C123GH6PM 
provides bi-directional data transfer through a two-wire design (a Serial Data Line SDA and a Serial 
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Clock Line SCL), and interfaces to external I2C devices. The advantages of I2C interface over other 
interfaces are: 
• It requires only two signal lines 
• It has a wide range of transmission speeds 
• Each I2C device is addressable independently 
• The devices have a master/slave relationship with capability of having multiple masters and/or 
multiple slaves 
 
This experiment demonstrates the basic use of the TivaWare sensor library, EK-TM4C123GXL and 
Sensor Hub Booster Pack. In this experiment, MPU-9150 sensor fuses the nine axis measurements into 
a set of Euler angles: roll, pitch and yaw (See Figure 8-2). 
 

 
Figure 8-2 Set of Euler Angles 

 
It also produces the rotation quaternion1. The Direct Cosine Matrix (DCM) algorithm (complimentary 
filtered DCM) in the library file compdcm_mpu9150 provided as part of the TivaWare Sensor Library, 
fuses the MPU-9150 sensor measurements into a single set of Euler angles2. The scope of the 
experiment is to monitor only the accelerometer values. An accelerometer sensor output value is a 
scalar corresponding to the magnitude of the acceleration vector. The raw sensor measurements after 
computation in the Sensor Library will be in float type and is converted to real before printing on the 
serial terminal. The raw accelerometer (in g) reading will be loaded in the variables pfAccel, pfAccel+1, 
pfAccel+2(three axis, x, y, z value). The functional block diagram for interfacing the accelerometer with 
the EK-TM4C123GXL is shown in Figure 8-3. 
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FLOWCHART: 
 

 
 

Figure 8-4 Flowchart for Interfacing an Accelerometer with EK-TM4C123GXL 

 
The flowchart for the program is shown in Figure 8-4. The main program first initializes the GPIO, UART 
and I2C peripherals of the EK-TM4C123GXL. Then, it initializes the driver for the MPU9150 motion 
sensor available in TivaWare. The motion sensor is configured with application specific settings and 
enabled. 
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When the MPU9150 senses the acceleration, it sends a floating point acceleration value and sets a 
data ready flag. For a period interval, the IC MPU9150 sets the data ready flag in the controller through 
the MOTION INT pin. The acceleration values are read by the processor and converted to integer. To 
prevent the overflow of the UART buffer, a skip counter is used so that the UART will print the data 
only once for the 10 readings available. These integer values are sent to the serial terminal via UART 
for display on the terminal window. 

 
Steps for Creating, Building and Debugging Project: 
1. Install TivaWare. 
2. Open CCS and create a new workspace. 
3. Choose the Import Project link on the TI Resource Explorer page. 
4. Import compdcm_mpu9150 project from TivaWare using the following steps: 
• Choose the Import Project link on the TI Resource Explorer page 
• Select the Browse button in the Import CCS Eclipse Projects dialog box 
• Select the compdcm_mpu9150 directory within 
C:\ti\TivaWare_C_Series-2.1.0.12573\examples\boards\ek-tm4c123gxl-boostxl- 
SENSHUB\compdcm_mpu9150 
5. Open compdcm_mpu9150.c and comment the portion from the Line No. 659 to 690. 
6. Add the 3 lines of code given below after the commented portion. This is the code to print the x, y 
and z values in the serial terminal. The code is now modified to print only the 3 axis values as x, y & z. 

// Print the x,y,z measured in a table format. 
UARTprintf("x=%3d.%03d\n", i32IPart[0], i32FPart[0]); 
UARTprintf("y=%3d.%03d\n", i32IPart[1], i32FPart[1]); 
UARTprintf("z=%3d.%03d\n", i32IPart[2], i32FPart[2]); 

7. Save, Build, Debug the Project and Run. 
 
Note: This modification prints only the x, y and z axes which can be read on the serial terminal. If the modification 
is not done, then all the additional parameters will be displayed. 

 

PROCEDURE: 
 

1. Connect TM4C123GXL and BOOSTXL-SENSHUB Booster Pack 
2. Configure Tera Term serial terminal for Baud rate 115200, Data bits 8, Stop Bit 1 and No Parity. 
3. Build, program and debug the code into the LaunchPad using CCS. 

 

OBSERVATION: 
 

The RGB LED on the LaunchPad begins to blink at 1Hz after initialization is completed. The 
accelerometer sensor measurements are displayed on the terminal. Tilt the LaunchPad with 
BoosterPack in different axes and observe the change in the x, y and z in the terminal software. 
 

EXCERCISES: 
 

a) Make a LED ON when the acceleration value in the x axis crosses a certain limit, say +5. 
b) What is the precaution taken in this experiment in order to avoid the overflow of UART buffer? 
c) Change the value of PRINT_SKIP_COUNT to 100 and see the difference in the output. 
d) Change MPU9150_ACCEL_CONFIG_AFS_SEL_2G to MPU9150_ACCEL_CONFIG_AFS_SEL_4G on line 
461 of the same source file and Observe the difference. 

 
RESULT:  
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EXPERIMENT NO 9                            Date: 

USB Bulk Transfer Mode 

AIM: 
 

The goal of this experiment is to transfer data using bulk transfer-mode with the USB 2.0 peripheral 
of the TM4C123GH6PM processor. In this experiment, we will understand and work with Bulk transfer 
mode of Universal Serial Bus (USB). 
 

INTRODUCTION: 
 

This experiment demonstrates the bulk transfer of data via USB using the TivaWare USB Bulk example 
application (usb_dev_bulk). The application initially finds the TM4C123GH6PM device on the USB bus. 
If the TM4C123GH6PM is found, it prompts the user to enter strings on the serial terminal. The strings 
are then sent to the EK-TM4C123GXL board via USB which again returns the data to the USB host for 
display on the serial terminal. The functional block diagram as shown in Figure 9-1 illustrates the 
working principle of the experiment. 
 

 
 
Universal Serial Bus Controller 
 

The TM4C123GH6PM USB controller operates as a full-speed or low-speed function controller during 
point-to-point communications with USB Host, Device, or OTG (On the Go) functions. The controller 
complies with the USB 2.0 standard, which includes SUSPEND and RESUME signaling. 16 endpoints 
including two hard-wired for control transfers (one endpoint for IN and one endpoint for OUT) plus 14 
endpoints defined by firmware along with a dynamic sizable FIFO that support multiple packet 
queuing. The presence of DMA access to the FIFO allows minimal interference from system software. 
Software-controlled connect and disconnect allows flexibility during USB device start-up. The 
controller complies with OTG Standard's Session Request Protocol (SRP) and Host Negotiation 
Protocol (HNP). The USB has four different transfer modes for different applications: 
• Control transfer - For command and status operations 
• Interrupt transfer - For transfer of small data 
• Bulk transfer - To transfer large amount of data in bursts 
• Isochronous - To transfer data continuously and periodically 
The TM4C123GH6PM USB module has the following features: 
• Complies with USB-IF (Implementer's Forum) certification standards 
• USB 2.0 full-speed (12 Mbps) and low-speed (1.5 Mbps) operation with integrated PHY 
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• 16 endpoints 
- 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint 
- 7 configurable IN endpoints and 7 configurable OUT endpoints 
• 4 KB dedicated endpoint memory: one endpoint may be defined for double-buffered 1023-byte 
isochronous packet size 
• VBUS droop and valid ID detection and interrupt 
• Efficient transfers using Micro Direct Memory Access Controller ( DMA) 
- Separate channels for transmit and receive for up to three IN endpoints and three OUT endpoints 
- Channel requests asserted when FIFO contains required amount of data 
 

FLOWCHART: 
 

The flowchart for the application is shown in Figure 9-2. The application initializes the GPIO to USB. It 
initializes the USB transmit and receives buffers and sets the USB stack mode to device mode. The 
application checks for USB connection with the PC. If connected, it waits for user input. On receiving 
data from the PC, the case of alphabetical characters is inverted and data is transferred to the transmit 
buffer to resend to the PC terminal for display. 
 

 
Figure 9-2 Flowchart for USB Bulk Transfer Mode of the TM4C123GH6PM Processor 
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PROCEDURE: 
 

1. Install TivaWare. 
2. Open CCS and create a new workspace. 
3. Choose the Import Project link on the TI Resource Explorer page. Import usb_dev_bulk project 
from TivaWare using the following steps: 
• Choose the Import Project link on the TI Resource Explorer page. 
• Select the Browse button in the Import CCS Eclipse Projects dialog 
• Select the below link for importing the USB bulk example as shown in Figure 9-3. 
C:\ti\TivaWare_C_Series-2.1.0.12573\examples\boards\ek-tm4c123gxl\usb_dev_bulk 
 

 
 

Figure 9-3 Importing USB Bulk Example 
 

4. Build, Debug the Project and Run. 
5. Click the Terminate button, when CCS returns to the CCS Edit perspective. 
6. Unplug the USB cable from the DEBUG port of the LaunchPad. 
7. Move the PWR SELECT switch on the board to the DEVICE position (nearest to the outside of the 
board) as shown in Figure 9-4. 
8. Plug your USB cable into the USB DEVICE connector on the side of the Launch Pad board as shown 
in Figure 9-4. 
9. The green LED in the emulator section of the Launch Pad should be lit, indicating that the power is 
applied to the board. 
10. Within a short duration, the computer will detect that a generic bulk device has been plugged into 
the USB port. 
11. Install the driver for this device from C:\TI\Tivaware_C_Series-1.1\windows_drivers. Alter the path 
if the CCS and TivaWare are installed in other drivers or a different path. 
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Figure 9-4 Power Switch Position and USB Device Connector on LaunchPad Board 
 
12. The Windows side USB examples have to be installed from www.ti.com/sw-usb-win. 
13. Click Start All Programs→ Texas Instruments Stellaris➔ USB Examples →USB Bulk example. 
14. The terminal window appears as shown in Figure 9-5. 
15. Type the text string that you want to transfer in Bulk Mode via USB to the LaunchPad board. 
Typing EXIT exits from this application. 
 

 
 

Figure 9-5 Terminal Window for USB Bulk Transfer 
 

EXCERCISES: 
 

a) What are the different modes offered by USB 2.0? 
b) What are the typical devices that use Bulk transfer mode? 
 

RESULT: 
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EXPERIMENT NO 10                            Date: 

Using IQmath Library 

AIM: 
 

The goal of this experiment is to find the angle and hypotenuse of a right angle triangle using IQmath 
library of TivaWare. In this experiment, we will learn computing precision math with float and double 
data types and work with IQmath Library. 
 

INTRODUCTION: 
 

IQmath Library 
IQmath (High Accuracy Mathematical Functions) Library is a collection of highly optimized and high 
precision mathematical function library for C/C++ programmers to seamlessly port the floating-point 
algorithm into fixed point code. These routines are typically used in computationally intensive real-
time applications where optimal execution speed and high accuracy is critical. By using these routines, 
execution speeds that are considerably faster than equivalent code written in standard ANSI C 
language can be achieved. In addition, by providing ready-to-use high precision functions, IQmath 
library can significantly shorten the application development time. 
 

Trigonometry 
A Right-Angled Triangle is a triangle in which one angle is at a right angle (90-degree). The relation 
between the sides and angles of a right triangle is the basis for trigonometry. The side opposite the 
right angle is called the Hypotenuse as shown in Figure 10-1. 

 
 

Figure 10-1 A Right Angled Triangle 
 

1. To find Hypotenuse: 
According to Pythagoras theorem, 

base2 + adjacent2 = hypotenuse2  (10.1) 
We can use the above equation to find hypotenuse of the right-angled triangle. To find out the square 
root of a number using IQ numbers, IQmath library provides a function _IQmag. It is only needed to 
pass the base and adjacent variables to the _IQmag function. 
2. To find Alpha ( ): 

sin( ) = adjacent / hypotenuse 
                                   = sin-1(adjacent / hypotenuse)   (10.2) 

To find the sin-1(x) IQmath library provides a function_IQasin. 
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3. To find Beta( ): 
cos( ) = adjacent / hypotenuse 

  = cos-1(adjacent / hypotenuse)        (10.3) 
To find the cos-1(x) IQmath library provides a function _IQacos. 
 
This experiment uses the IQmath library of Texas Instruments to perform mathematical computations 
to find the angle and adjacent of a right angled triangle. The IQmath functions can be used in 
the C program by including the IQmathLib.h header file and linking the code with the IQmath.lib 
object code library. 

 

FLOWCHART: 
 

The flowchart for the program is shown in Figure 10-2. The IQ variables required for calculation are 
defined. Floating point variables are defined to store and view the result. The system clock is 
configured to 40MHz. In this program, the base of the triangle is set to 4 and adjacent is 3. The 
hypotenuse and the angles and are calculated using IQmath library functions. The result obtained is 
in radians. The angles in radians are converted to degrees and the results in IQ format are converted 
to double by multiplying with 2-16. The result is stored in a variable which can be viewed in the watch 
window. 
 

 
Figure 10-2 Flowchart for Computing Angle and Hypotenuse of A Right Angled Triangle 
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Addition of IQmath Library 
The steps to be followed to add the IQmath Library into the project are: 
1. Click on File Search Path under ARM Linker. 
2. Add "IQmathLib.lib" from IQmath\ccs\IQmathLib\Debug inside the TivaWare_C_Series installation 
directory to the "Include Library" section as shown in Figure 10-3. 
 

 
 

Figure 10-3 Including IQmath Library in Properties Window 

PROGRAM: 
 

#include<stdint.h> 

#include<stdbool.h> 

#include"inc/hw_memmap.h" 

#include"inc/hw_types.h" 

#include"driverlib/sysctl.h" 

#include"math.h" 

#include"IQmath/IQmathLib.h" 

//one radian in degree 

#define DEGREE 57.2957795 

//Declared as global variables to access in watch windowon ccs 

doubleg_result_hypo; 

doubleg_result_angle_alpha_R, g_result_angle_beta_R; 

doubleg_result_angle_alpha_D, g_result_angle_beta_D; 

intmain(void) 

{ 

//Local Variables 

double IQ_Num_2_Float_Mul_Const; 

_iq16 base, adj, hypo, angle_alpha_R, angle_beta_R, angle_alpha_D, 

angle_beta_D; 

//Configure system clock to 80MHz 

SysCtlClockSet(SYSCTL_SYSDIV_5|SYSCTL_USE_PLL|SYSCTL_XTAL_16MHZ| SYSCTL_ 
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OSC_MAIN); 

//Set base of the right triangle to 3cm 

base= _IQ16(3); 

//Set adjacent of the right triangle to 4cm 

adj= _IQ16(4); 

//Computes the square root of A2 + B2 using IQ numbers 

hypo = _IQ16mag(base, adj); 

//Results in radian, which is in IQ number format 

angle_alpha_R = _IQ16asin(_IQ16div(adj, hypo)); 

angle_beta_R = _IQ16acos(_IQ16div(adj, hypo)); 

//Results in degree, which is in IQ number format 

angle_alpha_D = _IQ16mpy(angle_alpha_R, _IQ16(DEGREE)); 

angle_beta_D = _IQ16mpy(angle_beta_R, _IQ16(DEGREE)); 

//Convert IQ number to double: multiply IQ number by 2-n 

IQ_Num_2_Float_Mul_Const = pow(2, -16); 

g_result_hypo= hypo * IQ_Num_2_Float_Mul_Const; 

g_result_angle_alpha_D= angle_alpha_D * IQ_Num_2_Float_Mul_Const; 

g_result_angle_alpha_R= angle_alpha_R * IQ_Num_2_Float_Mul_Const; 

g_result_angle_beta_D= angle_beta_D * IQ_Num_2_Float_Mul_Const; 

g_result_angle_beta_R= angle_beta_R * IQ_Num_2_Float_Mul_Const; 

while(1); //program halted here 

return 0; 

} 

 

PROCEDURE: 
Build, program and debug the code. 
 

OBSERVATION: 
Figure 10-4 shows the result for a right angled triangle of base 3 cm and adjacent 4 cm. 
Angle alpha and beta are provided both in radian (_R) and degree (_D). All these variables have to be 
added to the watch window to observe the results before running the program. 
 

 
 

Figure 10-4 Output Result for Right Angled Triangle of Base 3cm and Adjacent 4cm 
 

EXERCISE: 
 

a) Change the base and adjacent values in the program to other values, build the program and observe 
the values in the watch window. 
b) Open IQmathLib.h and browse through the available functions. What function is to be used if the 
IQ number used in the program is to be converted to a string? 
 

RESULT: 
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EXPERIMENT NO 11                            Date: 

Setting of Static IP Address 

AIM: 
 

The goal of this experiment is to configure a static IP address for CC3100 Booster Pack plugged into 
the EK-TM4C123GXL. 
 

INTRODUCTION: 
 

An Internet Protocol address (IP address) is a numerical label assigned to each device (e.g., PC, Printer) 
connected to a computer network which uses the Internet Protocol for communication. IP addresses 
are required by any network adapter on any computer that needs to connect to the Internet or any 
another computing device in the network. Addresses are given out to network computers in either 
dynamic or static. 
 

Addresses which are provided dynamically are done from a server on the network called a "DHCP" 
(Dynamic Host Configuration Protocol) Server. The server accesses a database that contains all of the 
IP addresses available for use on the network. The DHCP server ensures that the same IP address is 
not given to two different computers. By default, all computer operating systems use DHCP to 
configure their IP settings. Any of the computing devices that are plugged into the network will try to 
obtain an IP address from the DHCP. 
 

The dynamic address keeps changing for every session. If the requirement is to have a fixed address, 
then a static IP address is to be sought which comes with a cost. More details on the advantages and 
disadvantages of Dynamic and Static IP can be referred from the Internet. This experiment 
demonstrates the configuration of a static IP address for CC3100. The device acts as a station and 
connects to the Access Point (AP) with the configured static IP. The static IP address is stored inside 
the non-volatile memory of the CC3100. The functional block diagram as shown in Figure 11-1 
illustrates the working principle of the experiment. 
 

 
 
CC3100 Booster Pack 
The SimpleLink Wi-Fi CC3100 solution provides the flexibility to add Wi-Fi to any microcontroller 
(MCU). This Internet-on-a-chip solution contains all that is needed to easily create IoT1 solutions - 
security, quick connection, cloud support, publicly available documentation, E2E support forums and 
more. The CC3100 BoosterPack can be directly connected to a compatible LaunchPad using the 
standard 2x20 pin connectors. 
 

The features of CC3100 are: 
• CC3100 Wi-Fi Network Processor in QFN package 
• 2 20-pin stackable connectors (BoosterPack headers) to connect to TI LaunchPads and other 
BoosterPacks 
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• On-board chip antenna with option for U.FL-based testing 
• Power from on-board LDO using USB OR 3.3V from MCU LaunchPad 
• 0.8 megabit serial flash 
• 40 MHz crystal, 32 KHz crystal and oscillator 
• U.FL and chip antenna 
• USB 
 

The Wi-Fi subsystem has several configurable parameters that control its behavior. The host driver 
uses different APIs to configure these parameters. If not configured, by default the CC3100 device will 
operate as a station. The IP address, which is a network parameter, is configured to the Wi-Fi 
subsystem by the host (here, TM4C123GH6PM MCU of the EK-TM4C123GXL). In case of static IP 
address configuration, the user can set the IP address. 
 

FLOWCHART: 
 

 
 

Figure 11-2 Flowchart for Configuration of Static IP address to the Device 
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PROCEDURE: 
1. Install CC3100 SDK. 
2. Open CCS and create a new workspace. 
3. Choose the Import Project link on the TI Resource Explorer page. Import "getting started with 
wlanap" project from CC3100 SDK using the following steps: 
a. Choose the Import Project link on the TI Resource Explorer page. 
b. Select the Browse button in the Import CCS Eclipse Projects dialog. 
c. Select the getting_started_wih_wlan_ apdirectory within 
C:\TI\CC3100SDK_1.1.0\cc3100-sdk\platform\tiva-c-launchpad\example_project_ 
ccs\getting_started_wih_wlan_ap 
4. Create a copy of the project in the same workspace and rename the copy as ip_configuration. To 
copy the project just right click on the project name, click copy, then right click on the project explorer 
window and paste it. 
5. Go to C:\TI\CC3100SDK_1.1.0\cc3100-sdk\examples\ip_configuration. Open the main.c, copy the 
code and paste it in the main.c of ip_configuration just created. 
6. Edit following parameters in sl_common.h(line 49 of main.c) - The device connects to this Access 
Point (AP) on getting the corresponding command from application. Open sl_common.h by clicking on 
sl_common.h while pressing ctrl key. The sl_common.h can be also opened by right clicking on 
sl_common.h and select "open declaration". 
 

#include "simplelink.h" 

#include "sl_common.h" 

#define SSID_NAME "STEPS" /* Security type of the Access point */ 

<< Line 49 Replace STEPS with your Access Point Name. 
Specify Security Type and Password as below if network is protected with security. 
#define SEC_TYPE SL_SEC_TYPE_WPA_WPA2 /*Security type of the Access point*/ 

If the Security is open type with no security replace the definitions as below 
#define SEC_TYPE SL_SEC_TYPE_OPEN/*Security type of the Access point */ 

Replace 123456 with your network password, if network is protected with security 
#define PASSKEY "123456" /* Password in case of secure AP */ 

If the Network has no password 
#define PASSKEY "" /* No password for open type */ 

 
7. Connect the Access Point on your PC with the following steps. 
a. Goto Control Panel Network and Internet Network and Sharing Center 
b. Click on Wireless Network Connection as shown in Figure 11-4. 

 

 
 

Figure 11-4 Connection to Access Point 

 
c. Click on Details as shown in Figure 11-5. 
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Figure 11-5 Wireless Network Connection Status 

 
d. From the Network Connection Details window, note the IPv4 Address format, MASK, DNS and 
GATEWAY address of your Access Point. 
8. The static IP address is defined in the main.c, line 59. This will be the IP address with which the 
device will be connected to the Access Point(AP). 
/* Static IP to be configured, last value can be changed to your own 

value */ 

#define CONFIG_IP SL_IPV4_VAL(xxx,xxx,xxx,45) 

/* Subnet Mask for the station */ 

#define AP_MASK SL_IPV4_VAL(xxx,xxx,xxx,xxx) 

/* Default Gateway address */ 

#define AP_GATEWAY SL_IPV4_VAL(xxx,xxx,xxx,xxx) 

/* DNS Server Address */ 

#define AP_DNS SL_IPV4_VAL(xxx,xxx,xxx,xxx) 

 
Note: xxx denotes the values noted down in the previous step. 

 
9. Double click on the project name go to spi and open spi.c. 
• Comment the line 76 
ROM_GPIOPinWrite(GPIO_PORTE_BASE,GPIO_PIN_0, PIN_HIGH); 

/* Enable pull up on PB1, CC3100 UART RX */ 

//GPIOPadConfigSet(GPIO_PORTB_BASE, GPIO_PIN_1, GPIO_STRENGTH_4MA, // 

GPIO_PIN_TYPE_STD_WPU); 

<< Line 76 to be commented 
SysCtlPeripheralEnable(SYSCTL_PERIPH_SSI2); 

10. Open the project property by right clicking on project name and selecting properties. Update 
TIVAWARE_ROOT variable available under Resource Linked Resources with TivaWare root directory 
as shown in Figure 11-6. 
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Figure 11-6 Updating TIVAWARE_ROOT Variable in Project Properties 

 
11. Save, Debug and Run. 

 
OBSERVATION: 
1. Open Tera Term Terminal Software on the PC where the EK-TM4C123GXL is connected. The serial 
window outputs the debug messages received from the Tiva Hardware. The serial port parameters to 
be set are 115200 baud rate, data bits 8, No parity and 1 stop bit. 
2. The device connects to the 'STEPS' access-point with the Static IP defined in 'CONFIG_IP' as shown 
in Figure 11-7. 
 

 
 

Figure 11-7 Debug Messages on Terminal Window for Connection to the STEPS Access Point 
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3. The connection could be checked by pinging CC3100 on the static IP address as shown in Figure 11-
8. 
 

 
 

Figure 11-8 Pinging to CC3100 on the Static IP Address by the Tera Term 

 

EXERCISES: 
 
a) Try pinging the same IP address before connecting to the Access Point (AP) and note down the 
observation. 
b) What is the difference between static IP address and dynamic IP address? 

 
RESULT: 
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EXPERIMENT NO 12                            Date: 

CC3100 as WLAN Station 

AIM: 
 

The goal of this experiment is to configure the CC3100 Booster Pack as a Wireless Local Area Network 
(WLAN) Station. In this experiment, we will also understand the WLAN concepts and communication 
between Station and Access Point. 
 

INTRODUCTION: 
 

A Wireless Local Area Network (WLAN) is a wireless computer network that connects two or more 
devices without wires within a confined area, for example: within a building. This facilitates the users 
to stay connected without physical wiring constraints and also access the Internet. Wi-Fi (Wireless 
Fidelity) is based on IEEE 802.11 standards including IEEE 802.11a and IEEE802.11b. 
 
All nodes that connect over a wireless network are referred to as Stations (STA). Wireless stations can 
be categorized into Wireless Access Points (AP) or clients. Access Points (AP) work as the base station 
for a wireless network. A simple WLAN setup consists of the access point and stations as shown in 
Figure 12-1. The wireless clients could be any device such as computers, laptops, mobile devices, smart 
phones, etc. 

 
Figure 12-1 A WLAN Setup 

 
This experiment demonstrates to configure CC3100 in WLAN-Station mode and connect to a Wi-Fi 
access-point. The application connects to an access-point and pings the gateway. It also checks for 
internet connectivity by pinging the website www.ti.com. The functional block diagram as shown in 
Figure 12-2 illustrates the working principle of the experiment. 
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FLOWCHART: 
 

 
 

Figure 12-3 Flowchart for Configuring CC3100 as a WLAN Station to Connect to the Internet 
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The flowchart for the experiment is shown in Figure 12-3. The CC3100 Booster pack is powered up in 
the default state. The CC3100BOOST is started as a station and a static IP address is configured to the 
device. On successful configuration of an IP address, the device is connected to the access point, and 
communication is established. Then, it checks for LAN and internet connectivity and tries to connect 
to the www.ti.com website 
 

PROCEDURE: 

1. Install CC3100 SDK. 
2. Open CCS and create a new workspace. 
3. Choose the Import Project link on the TI Resource Explorer page. Import "getting started with 
WLAN station" project from CC3100 SDK using the following steps: 
• Choose the Import Project link on the TI Resource Explorer page 
• Select the Browse button in the Import CCS Eclipse Projects dialog 
• Select the getting_started_wih_wlan_stationdirectory within 
C:\TI\CC3100SDK_1.1.0\cc3100-sdk\platform\tiva-c-launchpad\example_project_ 
ccs\getting_started_wih_wlan_station 
4. Double click on the project name, go to spi and open spi.c. 
• comment the line 76 
ROM_GPIOPinWrite(GPIO_PORTE_BASE,GPIO_PIN_0, PIN_HIGH); 
/* Enable pull up on PB1, CC3100 UART RX */ 

//GPIOPadConfigSet(GPIO_PORTB_BASE, GPIO_PIN_1, GPIO_STRENGTH_4MA, GPIO_ 

PIN_TYPE_STD_WPU); << Line 76 to be commented 

SysCtlPeripheralEnable(SYSCTL_PERIPH_SSI2); 

5. Open sl_common.h(line 50 of main.c) and change SSID_NAME, SEC_TYPE and PASSKEY as per the 
properties of your Access Point (AP). SimpleLink device will connect to this AP when the application is 
executed. Open sl_common.h by clicking on sl_common.h while pressing ctrl key. sl_common.h can 
also be opened by right clicking on sl_common.h and select "open declaration". 
#include "simplelink.h" 

#include "sl_common.h" << Line 50 

Replace STEPS with your Access Point Name. 
#define SSID_NAME "STEPS" /* Security type of the Access point */ 

Specify Security Type and Password as below if network is protected with security. 
#define SEC_TYPE SL_SEC_TYPE_WPA_WPA2 /*Security type of the Access 

point */ 

If the Security is open type with no security replace the definitions as below. 
#define SEC_TYPE SL_SEC_TYPE_OPEN /*Security type of the Access point 

*/ 

Replace 123456 with your network password, if network is protected with security. 
#define PASSKEY "123456"/* Password in case of secure AP */ 

If the Network has no password. 
#define PASSKEY ""/* No password for open type */ 

6. Open the project property by right clicking on project name and selecting properties. Update 
TIVAWARE_ROOT variable available under Resource Linked Resources → with Tivaware root directory 
as shown in Figure 12-5. 
  



SIETK, ECE      [VLSI & EMBEDDED SYSTEMS LAB] 

 

 97 

 
 

Figure 12-5 Updating TIVAWARE_ROOT Variable in Project Properties 
 

7. Save, Debug and Run. 
 

OBSERVATION: 
 

Open Tera Term Terminal Software on the PC where the EK-TM4C123GXL is connected. The serial 
window outputs the debug messages received from the Tiva Hardware. The serial port parameters to 
be set are baud rate 115200, No parity, 8 data bits and 1 stop bit. 
 

EXERCISES: 
 

a) In the terminal output window, we have received a debug message “Pinging…!”. Search in the code 
and change the message to “Pinging the website”. Repeat the experiment to observe this change in 
the Serial Window. 
b) In line no:62 of main. C replace www.ti.com with any non-existing web address and repeat the 
experiment and observe what happens 
c) In line no: 62 of main. C replace again with www.ti.comand repeat the experiment. 
d) Identify the code that helps in establishing connection over SMTP. Modify the code to trigger E-mail 
application based upon external analog input. 
e) How to configure the AP WLAN parameters and network parameters (IP addresses and DHCP 
parameters) using CC3100 API. 
 

RESULT: 
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EXPERIMENT NO 13                            Date: 

Setting Up CC3100 as a HTTP Server 

AIM: 
 

The goal of this experiment is to configure the CC3100 Booster pack as HTTP web server. We will also 
understand the HTTP web server concepts on embedded devices. 
 

INTRODUCTION: 
 

HTTP is an acronym for Hyper Text Transfer Protocol. HTTP is a client/server protocol used to deliver 
hypertext resources (HTML web pages, images, query results, and so forth) to the client side. HTTP 
works on top of a predefined TCP/IP. (Transmission Control Protocol / Internet Protocol). HTTP web 
server allows end-users to remotely communicate with the CC3100 by using a standard web browser. 
 

The HTTP web server enables the following functions: 
• Device configuration 
• Device status and diagnostic 
• Application-specific functionality 
 

The Simple link HTTP web server is an embedded network application running on the Network 
processor, which runs on top of the TCP stack as shown in Figure 13-1. The Simple link HTTP server 
handles the HTTP request by listening on the HTTP socket ID which is by default 80. Based on the 
request type, such as HTTP GET or HTTP POST, the server handles the request URI (Uniform Resource 
Identifier) resource and content. The server then composes the appropriate HTTP response and 
returns it to the client. The server communicates with the serial flash file system, which hosts the web 
page files. The files are saved in the serial flash with their individual filenames. 
 

 
 

Figure 13-1 Block Diagram for Simple Link HTTP Server 

 
This experiment configures the CC3100 in Access Point (AP) mode with a pre-defined SSIDNAME and 
uses the sample HTML pages stored in Flash which can be accessed by the clients. Clients can connect 
to CC3100 and request for web-pages using the IP of device from any standard web browser. The 
functional block diagram of the experiment as shown in Figure 13-2 illustrates the working principle 
of the experiment. 
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There are pre-programmed html pages already residing on the flash and new HTML pages can be 
downloaded on serial-flash of CC3100 using CCS_UniFlash utility using a separate tool EMUBOOST. 
The scope of this experiment will be to use the existing html pages already pre-programmed in the 
flash by default. 
 

FLOWCHART: 
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PROCEDURE: 
 

1. Install CC3100 SDK. 
2. Open CCS and create a new workspace. 
3. Choose the Import Project link on the TI Resource Explorer page. Import "getting started with wlan 
station" project from CC3100 SDK using the following steps: 
• Choose the Import Project link on the TI Resource Explorer page 
• Select the Browse button in the Import CCS Eclipse Projects dialog 
• Select the getting_started_wih_wlan_ ap directory within 
C:\TI\CC3100SDK_1.1.0\cc3100-sdk\platform\tiva-c-launchad\example_project_ccs\getting_ 
started_wih_wlan_ap 
4. Create a copy of the project in the same workspace and rename the copy as SetupServer. To copy 
the project, just right click on the project name, click copy, then right click on the project explorer 
window and paste it. 
5. Go to C:\TI\CC3100SDK_1.1.0\cc3100-sdk\examples\http_server. Open the main.c, copy the code 
and paste it in the main.c of SetupServer project just created. 
6. Comment the source code from line 204 to 296 in main.c using /* */ block comment to adapt to 
the Tiva hardware as shown below. 
CLI_Write(" [HTTP EVENT] NULL Pointer Error \n\r"); 
return; 

} 

Line 204: /* switch (pEvent->Event) 

{ 

case SL_NETAPP_HTTPGETTOKENVALUE_EVENT: 

{ 

_u8 status = 0; 

_u8 *ptr = 0; 

........... 
} 

break; 

default: 

break; 

Line 296: }*/ 

} 

After this comment Line 404 of main.c 

/* Stop WDT and initialize the system-clock of the MCU */ 

stopWDT(); 

initClk(); 

Line 404: // initLEDs(); 

/* Configure command line interface */ 

CLI_Configure(); 

displayBanner(); 

7. Double click on the project name go to spi and open spi.c 

• Comment line 76 
ROM_GPIOPinWrite(GPIO_PORTE_BASE,GPIO_PIN_0, PIN_HIGH); 

/* Enable pull up on PB1, CC3100 UART RX */ 

Line 76: //GPIOPadConfigSet(GPIO_PORTB_BASE, GPIO_PIN_1, GPIO_ 

STRENGTH_4MA, GPIO_PIN_TYPE_STD_WPU); 

SysCtlPeripheralEnable(SYSCTL_PERIPH_SSI2); 

8. Open sl_common.h and change SSID_AP_MODE to ACCESS_POINT_NAME. 
To open this file, click sl_common.h (line 49 of main.c) while holding the Ctrl key OR right click on 
sl_common.h and select Open declaration on the pop up menu. 
#include "simplelink.h" 

#include "sl_common.h" << Line 49 

9. Open the project property by right clicking on project name and selecting properties. Update 
TIVAWARE_ROOT variable available under ResourceLinked Resources with Tivaware root directory 
(See Figure 13-5) 
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Figure 13-5 Updating TIVAWARE_ROOT Variable in Project Properties 

 
10. Save, Debug and Run. 

 
OBSERVATION: 
 
1. Open Tera Term Terminal Software on the PC where the EK-TM4C123GXL is connected. The serial 
window outputs the debug messages received from the Tiva Hardware. The serial port parameters to 
be set are 115200 baud rate, 8 data bits, No parity and 1 stop bit. 
2. The Client Device could be a WiFi enabled PC or Smartphone. Ensure that the WiFi is enabled on 
the Client Device. This could be the same PC which is used for debugging/programming or a different 
PC. 
3. Check and update your IPV4 settings on the Client your PC Control Panel Network and Internet 
Settings and ensure it is set to "Obtain an IP address automatically & Obtain DNS server address 
automatically.” 
4. On successful connection the CC3100 sever name will be listed as <ap_mode_ssid>in the available 
Connections on the Client Device. 
5. If the connection is successful, the authentication parameters and domain name will be displayed 
in the serial terminal window as shown in Figure 13-6. Please note down the Name and Password 
which are admin. 
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Figure 13-6 Terminal Window on Successful Connection with Client 

 
Note: In the serial terminal window if the last line Device URN = mysimplelink does not appear, then comment 
the source code lines 539 to 545 in the file main.c as shown below. 

 
// Line 539: retVal = get_device_urn(g_device_urn); 

// if(retVal< 0) 

// LOOP_FOREVER(); 

// 

// CLI_Write((_u8 *)"\r\n Device URN = "); 

// CLI_Write(g_device_urn); 

// Line 545: CLI_Write((_u8 *)"\r\n"); 

Save, debug, run and try connecting WiFI again. 

 

Open any Web browser in the client device and enter the IP address of the server (192.168.1.1 which 
is the default) or mysimplelink.net to access the webpage. 
 
Enter the user name as admin and password as admin. This user name and password is also displayed 
in the serial terminal window. The web page is open and displayed as shown in Figure 13-7 after the 
authentication. 
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Figure 13-7 Webpage Opened from Server 

 

EXERCISE: 
 
a) Where are the webpages stored in the CC3100? 
b) What happens if we try to access a webpage, which is not there inside the CC3100? 
c) List 3 applications with a 3 to 4-line brief description that you think can be performed with this 
experimental setup. 
 

RESULT: 
 


