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Introduction 
This report firstly contains a review of 3 popular digital multipliers that are used for digital signal 

processing and control applications.  The Braun multiplier, the Wallace Tree multiplier and the Booth 

multiplier have been described. The report then looks at completing task 1 of the assignment and 

contains the basics of a Braun 12 x 4 bit multiplier that has been designed and simulated on Xilinx 

software using VHDL code.  The report closes with an FSM design using the discreet gate solution. 



Chapter 1 - Research 

1.1 Literature  Review 
The binary multiplier is an electronic device/circuit capable of multiplying two binary 

numbers with the use of half adders and full adders. The result of the two binary numbers is 

known as the product. These multipliers are vitally important and play a fundamental role in  

digital signal processing (DSP) and are required  for many electrical applications such as 

mobile phones, microprocessors and all computers. [1] [2] 

It was only in the late 70's when minicomputers began to operate with multiply instructions, 

notably the Motorola 6809 was one of the first processors to utilise the multiply instruction. 

[3] 

Microprocessors and DSP systems largely use the multiplication as the basic arithmetic for 

their design. At the beginning the multipliers were very slow due to the number of 

transistors per chip. [3] During design, area optimization and speed are key consideration 

due to the demand from applications and components that require high speed processing 

systems.  Multiplier design firstly involved reusing a single adder to handle each partial 

product at a time. This changed when more transistors per chip became available allowing 

for enough adders on a single chip to sum all partial products at once. [3] 

To achieve higher processing speeds, parallel multipliers are usually adopted at the expense 

of high area optimization. 

The main considerations when designing a successful and efficient multiplier are accuracy, speed, 

area utilization and power requirements [3] 

 

 

 

 



1.2 Multiplier types 

1.2.1 Serial Multipliers involve sequential circuits with feedback. Serial multipliers are 

typically slower than parallel multipliers due to the fact that each bit of the multiplication is 

added sequentially. [4] 

1.2.2 Parallel Multipliers can be considered as 2 parts, the partial product accumulation 

and partial product generation. It is the number of partial products to added that 

determines the length of the delay caused.  Parallel multipliers generally require less 

hardware and power compared to alternatives.  [4] 

1.2.3 Serial Parallel Multiplier commonly referred to as SPM. This multiplier uses the 

parallel adder for partial product accumulation but operates on each bit of multiplier 

serially.  These multipliers will have the speed of the parallel and small area similar to serial 

multiplier. [4] 

1.3 Booth Multiplier 
The Booths multiplier is a conventional multiplication algorithm that is highly powerful and 

effective however, it generally requires a larger space of silicon than alternative algorithms.  

The booth multiplier has a performance speed advantage over alternative multiplier designs 

as a result of reducing the amount of partial products by considering 2 bits of the multiplier 

concurrently. [5] It is possible for binary integers that are signed to be multiplied using two's 

compliment representation. [6] 

1.4 Wallace Tree Multiplier 
The Wallace tree multiplier a parallel multiplier that is very efficient and offers superior sped 

for large operands . The first process of the multiplier is to form a partial product array of N2 

bits. For the second step of the process 3 adjacent rows are collected in groups. Half adders 

and full adders are then used in different ways to reduce the rows. The full adders are used 

in columns with 3 bits and the half adders are used in columns with 2 bits. This process is 

repeated until the rows are reduced and only 2 remain [8] Due to the design the Wallace 

tree multiplier has speed advantages however, the higher gate count can cause increased 

gate delays. The multiplier also has a large area and an irregular layout. [7] 



1.4 Braun Multiplier  
The Braun Multiplier is a parallel array multiplier. There are 3 main components which make 

up the multiplier including carry save adders, AND gates & 1 ripple carry adder. This is 

commonly referred to as non-additive multipliers. [9] [10] This multiplier is easier to design 

than alternatives due to the fact there is no requirement for logic registers.  Due to the 

design and function, the amount of building blocks required increases quadratically  for 

every additional bit. This will result in an increased power consumption,  area and time 

delay. The multiplier will be unsuitable for any application greater than 16 bit. It is also know 

that there is a glitch potential due to the Ripple Carry Adder [9] 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 Design of 12 x 4 Bit Braun Multiplier  

2.1 Design Overview 

As per the assignment brief a 12 x 4  bit Braun Multiplier will need to be designed using 5 

different VHDL Modules. The first 4 smaller sub modules are very important as they provide 

the base for the design. The fifth module will be the biggest and will contain the all codes as 

one 12x4 bit multiplier. 

Module 1 & 2 - The half adder and full adder are two circuits which will provide a solid base 

for the multiplier and once designed correctly can be used multiple times. The half adder 

takes 2 inputs and produces two outputs in the form of the sum and a carry bit. The full 

adder takes 3 inputs and produces 2 outputs in the form of the sum and carry out. 

Module 3 - Module 3 is line 0. This is the top line of the multiplier and contains AND gates. 

signals between the adders can be controlled with the Part Map. 

Module 4 - Module 4 is line x which contains 12 adders.  This line also includes port mapping 

and can be reused. 

Module 5 - The 12x4 bit Braun multiplier can be constructed only on completion of module 

1, 2 , 3 & 4. Those modules can be copied into the main multiplier module and connected 

via port mapping. Final bench tests can be carried out to prove the functionality of the 

design  

When all VDHL modules have been created the code will need to be synthesised.  this 

process takes place in order to check the functionality and design. The Xilinx software has a 

synthesise program built in. If synthesise is completed successfully then the next stage will 

be to complete a bench test which will simulate via DUT (Design under test). Each module 

will require unique test benches to be written. 

 

 

 



2.2 Module 1 - Half Adder 
The half adder circuit  is an important component for the 12x4 multiplier as it will be used multiple 
times. The half adder circuit will add input 'A' & 'B' and produce 2 outputs of 'SUM' and 'CARRY BIT'. 
This cannot be used for applications which require a 'carry' input. 

A B SUM CARRY  BIT 

0 0 0 0 
0 1 1 0 
1 0 1 0 
1 1 0 1 

Figure 1 - Half Adder Truth Table 

Figure 2 below shows the VHDL code that has been designed on Xilinx.  Lines 33 - 36 state the inputs 
and outputs. Lines 43 & 44 show the SUM and CARRY outputs. 

 

Figure 2 - Half Adder VHDL Code 

On completion of writing the code it is a requirement to synthesize. This highlights any errors within 
the code before moving forward.  When the code has been synthesized  a test bench will need to be 
created that is capable of simulating the design.   

Figure 3 shows the test bench created.  Ports A and B are stimulated via the test bench with the aim 
of generating the outputs as required.  stim_proc0 is used to switch the inputs from 0 to 1. Input A is 
switched every 10ns and input B is switched every 20ns. 



 

Figure 3 - Half Adder Test Bench 

The simulator mode on Xilinx is used to simulate the code. As the value of A and B changes so does 
the output value.  This can be compared with the appropriate truth table to check for correct 
function. 

 

Figure 4 - Example of Simulator & Truth Table 

  

 

 

Figure 5 - Example of Simulator & Truth Table (A=1, B=1) 

A B SUM CARRY  
BIT 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

A B SUM CARRY  
BIT 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 



2.3 Module 2 - Full Adder 
The main difference with the full adder is it contains a Carry input (Port C), as a result there are 3 
inputs, 2 outputs and 3 more logic gates within its construction. Due to the extra input there are 8 
possible combinations within the truth table. 

A B Carry In (C) SUM CARRY  BIT 

0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 1 0 0 0 
1 1 1 1 1 

Figure 6 - Full Adder Truth Table 

Figure 7 below shows the full adder VHDL code. Lines 33 - 37 state the inputs and outputs. The 
relationship between the ports and interconnections between logic gates are expressed between 
lines 40 and 55. 

 

Figure 7 - Full Adder VHDL Code 



As per the half adder, a test bench is required to simulate the design of the full adder. Figure 8 
shows the code of the test bench created.  To create the correct cross over and to ensure all states 
are covered input A is switched every 10ns, input B every 20 ns and input C every 40 ns. 

 

Figure 8 - Full Adder Test Bench 

Figure 9 & 1 show 2 examples of the simulator in operation with the full adder wave form. The truth 
table can be used to check accuracy off results.   

 

Figure 9 - Full Adder Simulator & Truth Table 

 

A B Carry 
In (C) 

SUM CARRY  
BIT 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 1 0 0 0 

1 1 1 1 1 



 

Figure 10 - Full Adder Simulator (A=0, B=1, C=1) 

2.4 Module 3 - Line 0 
The next step is to create the line 0 behavioural will be the top line of the multiplier and consist of 12 
AND gates. Figure 11 shows VHDL code created  which states the inputs, outputs, architecture body 
and relationship between ports. 

 

 

Figure 11 - Line 0 VHDL Code 

A B Carry 
In (C) 

SUM CARRY  
BIT 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 1 0 0 0 

1 1 1 1 1 



A VHDL test bench has been designed to test the code written.  The test bench will create an input 
stimuli which will make the circuit react and generate the required outputs. the inputs are first set to 
0 and the stim_proc command is used to switch from 0 to 1. The first input is switched every 10ns, 
the time delay for every input after that is doubled. The last process (stim_proc12) is 81920ns 

 

 

Figure 12 - Line 0 Test Bench Lines 35 - 90 

 

Figure 13 - Line 0 Test Bench Lines 90 - 145 



 

Figure 14 - Line 0 Test Bench Lines 146 - 200 

 

 

Figure 15 - Line 0 Test Bench Lines 203 - 253 

 



 

Figure 16 - Line 0 Simulator 

2.5 Module 4 - Line X 
Line x consists of 1 half adder and 11 full adders  from the previous modules using internal and 
external connections.  The lines below show the input and output signals, the half adder and full 
adder references, the gate sequence and the port mapping.  

 

Figure 17 - Line X, Lines 32 to 87 

 



 

Figure 18 - Line X, Lines 88 to 143 

 

 

Figure 19 - Line X, Lines 143 to 184 

 



 

Figure 20 - Hierarchy 

Test bench 

Module 5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 3 

 

3.1 Design, Simulate and Synthesise the FSM described by the state diagram 
below as both a VHDL and discrete gate solution. 
This part of the report looks at how a Finite State Machine can be designed using both VHDL code 

and the discrete gate solution. A Finite State Machine, or FSM, is a form of computation that is used 

to model Logic. An FSM found in a specific state from a finite set of possible states. [11] Only by 

accepting an input can it transition to the next state.  

Figure 21 shows the state diagram. An FSM will need to be designed to describe it. The circuit has 

only 1 input which is either 0 or 1. 

 

Figure 21 - State Diagram 

The next step is to design a state and next state table based on the information in figure 21 

 
 



3.2 State & Next State Table 
Below shows the State & Next State tables that have been designed from the state diagram. 

 

The next stage is to use the information from the next state table and use it to design Karnaugh 

Maps. A telecommunications engineer, Maurice Karnaugh, developed the Karnaugh map whilst 

designing digital logic based telephone switching circuits in 1953 [12] Karnaugh maps are an 

effective way of reducing logic functions by having a lower number of gates.  

The Karnaugh map allows us to combine terms that are adjacent to each other within the table.  

When the grouping happens it allows for 1 or 2 terms to drop out of the final function. This reduces 

the total function length and simplifies the circuit which results in less components. 

 

Figure 22 - State 'A' K-Map 

Figure22  shows the Karnaugh map and simplified expression for state 'A'. 

 

Figure 23 - State 'B' K-Map 

Figure23  shows the Karnaugh map and simplified expression for state 'B'. 



 

Figure 24 - State 'C' K-Map 

Figure24  shows the Karnaugh map and simplified expression for state 'C'. 

3.3 Schematic Diagram 
Figure 25 is a complete schematic diagram that has been derived from the Karnaugh Maps above. 

The diagram which has been created on Proteus contains logic gates and D-Type flip flops. This 

shows the FSM as a discrete gate solution. This known as a class A machine as an X input goes 

straight to an output. 

 

 

Figure 25 - Schematic Diagram 



3.4 FSM Using VHDL 
Xilinx is the software that has been used to design the FSM using VHDL.  A VHDL module was created 

and all inputs/outputs listed. For this task the inputs were 'X' & 'CLK' and the outputs were 'Z' & 'Y'. 

The value for input x is either 0 or 1. 

Figure 26 & 27 show the VHDL code that has been written. Both have been successfully synthesized  

which proves the code to be error free. 

 

Figure 26 - FSM in VHDL part 1 

 

Figure 27 - FSM in VHDL part 2 

 

 

 



Figure 28 & 29 below show the design summary. These show the logic utilization and that the code is 

error free. 

 

 

Figure 28 - Design Summary 1 

 

Figure 29 - Design Summary 2 
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