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Abstract 

This report presents the design, implementation and critical evaluation of the 8x8 Braun’s 
and Wallace tree parallel multiplier architectures using VHDL to program a Xilinx Artix-7 
FPGA. Both multipliers were designed to produce a 16-bit output from two 8-bit operands, 
and their performance in doing so was assessed through simulation, timing analysis and 
report evaluations. The Braun’s multiplier showed a simple, regular structure but a longer 
critical path due to ripple-carry propagation, while the Wallace tree multiplier achieved a 
faster operation through carry-save reduction whilst maintaining similar LUT and power 
usage to the Braun’s multiplier. The study shows that Wallace tree multipliers are better 
suited for high-speed FPGA applications, while Braun’s multipliers suit simple, low-power 
designs. 

  



1. Introduction 

Parallel multipliers are essential in modern digital systems to achieve high-speed computation, 
which is an important requirement in modern embedded electrical systems. This report 
investigates two parallel multiplier architectures, known as the Braun’s multiplier and the 
Wallace Tree multiplier, and evaluates their suitability for FPGA (Field Programmable Gate 
Array) implementation using VHDL. Although both architectures generate a 16-bit product 
from two 8-bit input operands, they differ in structure, critical path depth and hardware 
utilisation. The design of the multipliers will be developed and simulated using the Xilinx 
Vivado Design Suite, targeting the Artix-7 FPGA (xc7a35tcpg236-1). 

The aim of this report is to design, simulate and critically evaluate both multipliers. The report 
will include partial-product generation, VHDL designs, simulation results, FPGA synthesis and 
a detailed comparison of timing delay, critical path behaviour, power consumption and 
hardware utilisation of the two multipliers. By analysing the results of the strengths and 
limitations of each architecture, the report will provide a strong recommendation for 
selecting multipliers in embedded applications. 

  



2. Background Research 

Parallel multipliers have been thoroughly studied due to their importance in high-speed 
circuits. The two dominant architectures are the Braun’s multiplier and the Wallace Tree 
multiplier, where both generate partial products in parallel but are different in how they 
reduce and accumulate these products. This leads to differences in speed, area and power 
consumption. 

2.1 Braun’s Array Multiplier 
The Braun’s multiplier, also known as an Array multiplier, is consistently described as a regular, 
grid-structure array made up of AND gates and ripple carry adders [1, 2]. Each bit of one 
operand is multiplied with each bit of the other operand to generate partial products, which 
are then summed in a fixed, predictable manner [3]. The routing of the Braun’s multiplier is 
predictable, and it has a simple layout, making it popular for FPGA implementations [4].  

Although the Braun’s multiplier brings the advantage of being simple and predictable, they 
suffer from a long critical path as carries must propagate sequentially through multiple adder 
stages. Existing literature suggests they also bring a higher power consumption, as all adders 
toggle every cycle and there is no carry-save feature [5]. These disadvantages make the 
Braun’s multiplier less suitable for high performance applications where speed is important. 

2.2 Wallace Tree Multiplier 
The Wallace tree multiplier is a high-speed digital circuit used in processors to multiply and 
was introduced by C.S.Wallace in 1964 [6, 7]. Instead of summing partial products sequentially, 
the Wallace tree uses a carry-save adder tree to reduce multiple partial products using many 
full adders and half adders [8]. The structure of the Wallace tree significantly reduces the 
number of sequential adder levels, resulting in shorter critical paths and higher operating 
frequencies [9, 10]. 

There are fewer active adders when operating compared to a Braun’s multiplier, leading to 
lower power use and making it highly suitable for high-speed DSP applications [7]. Existing 
research suggests the drawbacks of Wallace tree multipliers are that they require more 
complex wiring and careful optimisation [11]. 

  



2.3 Dadda multiplier 
In addition to the Braun’s and Wallace tree multipliers, many other multiplier architectures 
have been developed to increase performance in speed, area and power consumption.  

One popular alternative is the Dadda multiplier, which has a similar concept to the Wallace 
tree multiplier but uses a more structured and conservative reduction strategy [12]. The 
Dadda multiplier aims to minimise the total number of adders by delaying reduction wherever 
possible [13]. It does this by limiting the maximum number of bits per column at each stage. 
This results in less complex hardware and reduced area compared to the previously 
mentioned multipliers, whilst still achieving high performance and operating speeds [14]. 
However, the Dadda multiplier tends to be less intuitive due to its reduction process. 

2.4 Applications 
Braun’s multipliers are typically used in low-complexity embedded systems where ease of 
implementation and predictable behaviour is preferred. On the other hand, Wallace tree and 
Dadda multipliers are preferred in performance critical applications such as finite impulse 
response (FIR) filtering, image processing, and cryptographic engines, where a reduced delay 
and a high performance is essential [15, 16]. 

  



3. System Operation 

To explain the operation of each multiplier, flowcharts have been created. Figure 1 shows the 
operation of the 8x8 Braun’s multiplier, where the Braun’s multiplier generates partial 
products through ‘AND’ operations between the two input operands. The partial products are 
then arranged in a regular array based on their binary weights and added sequentially using 
full adders. After all partial products have been combined, the final carry stage will produce a 
16-bit output product [3]. The Braun’s architecture is easy to follow and has a regular layout, 
making it suitable for simple hardware designs [3]. 

As seen in Figure 2, the 8x8 Wallace tree multiplier operates by also generating all partial 
products through AND operations between the input operands. Each partial product is then 
assigned to a ‘P’ column, where these columns are then reduced in parallel using a Wallace 
tree structure consisting of half adders and full adders [6]. The adders decrease the number 
of operands at each stage whilst minimising any delays. This process is repeated until each 
column contains a maximum of 2 bits. A final carry addition stage then combines the 
remaining sums and carries to produce a 16-bit product output [8].  

 



 

Figure 1 – 8x8 Braun’s multiplier operation. 



 

Figure 2 – 8x8 Wallace tree multiplier operation. 



3.1 Block Diagrams and Algorithms of Multipliers 
The block diagram for the 8x8 Braun’s multipliers (seen in Figure 3) shows the operation of 
the multiplier begins by generating the partial products, which are then arranged by weight 
and summed using a regular array of full adders and half adders. Sum outputs progress 
vertically, while carries ripple through the array. The final product bits (P0:P15) are then 
shown at the bottom. 



 

Figure 3 – 8x8 Braun’s multiplier block diagram. 

  



The operation of the 8x8 Wallace tree multiplier is displayed in the block diagram and dot 
diagram, shown in Figure 4 and Figure 5 respectively. The block diagram shows the physical 
implementation with the adders, whilst the dot diagram illustrates how column heights are 
reduced at each stage. The multiplier first generates the partial products and arranges them 
by weight as shown in level 1. The reduction process is then performed across levels 2 to 4 
using full adders and half adders [11]. At each level, bits of equal weight are combined, where 
the sum outputs remain in the same column and carry outputs move to the next column. By 
level 5, the partial products are reduced to 2 rows, and a final 16-bit output is then produced. 

 

Figure 4 - 8x8 Wallace tree multiplier block diagram. 



 

Figure 5 - 8x8 Wallace tree multiplier dot diagram. 

  



Based on the block diagram and the dot diagram, a multiplication table was created to aid 
the coding process (seen in Figure 6). The full VHDL code of both multipliers can be found in 
Appendix A, along with a short description of the declarations that take place.  

 

Figure 6 – 8x8 Wallace tree multiplication table 

  



4. Timing diagrams and schematics of the designs 

4.1.1 Timing Performance – Braun’s multiplier 
After synthesis, the Worst Negative Slack (WNS) was shown to be 35.084ns (seen in Figure 7) 
whereas after implementation, the WNS was 27.496ns (seen in Figure 8). This indicates that 
the design meets timing expectations, with the critical path delay being below the target clock 
period. The Braun’s multiplier demonstrates a very strong time performance both after 
synthesis and after implementation. The design is shown to be an efficient, low power Braun’s 
multiplier which performs within timing requirements. 

 

Figure 7 – 8x8 Braun’s multiplier timing summary after synthesis. 

 

Figure 8 – 8x8 Braun’s multiplier timing summary after implementation. 

  



4.1.2 Timing performance – Wallace tree multiplier 
After synthesis, the WNS was 38.554ns with all timing constraints being met (shown in Figure 
9). After implementation, the WNS drops to 32.928ns (shown in Figure 10). This shows the 
Wallace tree multiplier has an excellent timing performance both after synthesis and after 
implementation. Although the WNS drops after implementation, the design keeps a large 
positive timing margin. This confirms the effectiveness of the Wallace tree reduction in 
minimising the critical path and that it is well suited for FPGA implementation. 

 

Figure 9 - 8x8 Wallace tree multiplier timing summary after synthesis. 

 

Figure 10 – 8x8 Wallace tree multiplier timing summary after implementation. 

4.2 Longest Delay of the multipliers 
The longest delay of the multipliers was calculated by treating the initial AND gate delay as 
1ns and each full/half adder as 2ns. The following formula was used: 

𝐿𝑜𝑛𝑔𝑒𝑠𝑡	𝐷𝑒𝑙𝑎𝑦 = 𝐷𝑒𝑙𝑎𝑦	𝑜𝑓	1𝑠𝑡	𝐴𝑁𝐷	𝑔𝑎𝑡𝑒 + (𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑎𝑑𝑑𝑒𝑟𝑠 ∗ 2𝑛𝑠) 

Therefore, the longest delay of the 8x8 Braun’s multiplier was: 

𝐿𝑜𝑛𝑔𝑒𝑠𝑡	𝐷𝑒𝑙𝑎𝑦 = 1𝑛𝑠 + (20 ∗ 2𝑛𝑠) = 41ns 

Also, the longest delay of the 8x8 Wallace tree multiplier was: 

𝐿𝑜𝑛𝑔𝑒𝑠𝑡	𝐷𝑒𝑙𝑎𝑦 = 1𝑛𝑠 + (15 ∗ 2𝑛𝑠) = 31ns 

The Wallace tree is shown to be faster as it uses fewer adder stages, and most of the carry 
delays only occur in the final adders. 

 

  



 

4.3 Schematics 
The RTL schematics of both multipliers can be seen in Figure 11 and Figure 12. The RTL 
schematic of the Braun’s multiplier shows a regular array structure formed by AND gates, 
full adders and half adders. This multiplier type has a simple layout, but results in a longer 
critical path due to sequential carry propagation. The RTL schematic of the Wallace tree 
multiplier displays a multi-level reduction structure, where partial products are reduced in 
parallel using half adders and full adders. Although the logic and routing is more complex 
than the Braun’s multiplier, this structure significantly reduces the critical path and enables 
higher operating speeds. This same conclusion is also reached with the implementation 
schematics, seen in Figure 13 and Figure 14.

 

Figure 11 – 8x8 Braun’s multiplier RTL schematic. 



 

Figure 12 - 8x8 Wallace tree multiplier RTL schematic. 



 

Figure 13 – 8x8 Braun’s multiplier implementation schematic. 

 

Figure 14 - 8x8 Wallace tree implementation schematic.  



5. FPGA Design 

In terms of the FPGA design of the 8x8 Braun’s multiplier, Figure 15 shows the schematic of 
devices and Figure 16 shows the I/O planning schematic. 

 

Figure 15 - 8x8 Braun's multiplier schematic of devices 

 



 

Figure 16 - 8x8 Braun's multiplier I/O planning schematic. 

  



For the Wallace tree multiplier, the schematic of devices is shown in Figure 17 with the I/O 
planning schematic shown in Figure 18. 

 

Figure 17 - 8x8 Wallace tree multiplier schematic of devices. 



 

Figure 18 - 8x8 Wallace tree multiplier I/O planning schematic. 

  



6. Simulation results 

This section focuses on the simulation results of both multipliers. The simulations were 
conducted within the Vivado software. Under the ‘Force Clock’ section, both A and B were 
forced to have a leading edge of 1 and a trailing edge of 0 (as shown in Figure 19) . From this 
point, the ‘Force Constant’ tool was used to input different values on A and B to fully test the 
capabilities of the multipliers. Both multipliers were put under four simulation examples, with 
the results shown in Figures 20 to 27: 

• Low example – 15 x 10 
• Medium example – 9F  x 7E 
• High example – DE x EF 
• Final example – FF x FF 

 

Figure 19 - 'Force Clock' section of simulation tool. 

  



6.1 8x8 Braun’s multiplier simulation results 
• Low example – 15 x 10 

 

Figure 20 - 8x8 Braun's multiplier low example simulation result. 

• Medium example – 9F x 7E 

 

Figure 21 - 8x8 Braun's multiplier medium example simulation result. 



• High example – DE x EF 

 

Figure 22 - 8x8 Braun's multiplier high example simulation result. 

• 4th example – FF x FF 

 

Figure 23 - 8x8 Braun's multiplier final example simulation result.  



6.2 8x8 Wallace tree multiplier simulation results 
• Low example – 15 x 10 

 

Figure 24 - 8x8 Wallace tree multiplier low example simulation result. 

• Medium Example – 9F x 7E 

 

Figure 25 - 8x8 Wallace tree multiplier medium example simulation result. 

 

 



• High Example – DE x EF 

 

Figure 26 - 8x8 Wallace tree multiplier high example simulation result. 

• Final Example – FF x FF 

 

Figure 27 - 8x8 Wallace tree multiplier final example simulation result. 

  



From the simulation examples, the Braun’s multiplier achieved the following results shown in 
Table 1: 

Table 1 – 8x8 Braun’s multiplier simulation results summary. 

Example Value of A Value of B Result 
Low 15 10 0150 
Medium 9F 7E 4E42 
High DE EF CF42 
Final FF FF FE01 

 

Similarly, the results from the Wallace tree multiplier’s simulations can be seen in Table 2. 

Table 2 – 8x8 Wallace tree multiplier simulation results summary. 

Example Value of A Value of B Result 
Low 15 10 0150 
Medium 9F 7E 4E42 
High DE EF CF42 
Final FF FF FE01 

 

6.3 Comparison, analysis and interpretation of results 
Functional testing was carried out on both the Braun’s multiplier and the Wallace tree 
multiplier using the Vivado simulation environment. A range of input constants were forced 
to validate the function of the multipliers across low, medium and high operand values. From 
the simulation results, it is shown that both multipliers function as expected and give the 
desired output. Appendix B (Figures 42 to 49) show the FPGA results of these simulations and 
all of the results were validated using a hexadecimal calculator, seen in Figure 28. The FPGA 
results confirm that both multipliers behave consistently in hardware, but the internal 
operation of each multiplier differs, leading to the Wallace tree multiplier providing better 
scalability and timing performance. 

The expected FPGA results can be seen in Table 3 below: 

Table 3 – Expected 8x8 simulation results. 

Value of A Value of B Expected Binary Result 
15 10 0000 0000 1001 0110 
9F 7E 0100 1110 0100 0010 
DE EF 1100 1111 0100 0010 
FF FF 1111 1111 0000 0001 

 



 

Figure 28 – Verification of simulation results using calculator. 



7. Interpretation of utilisation and power reports 

7.1 Utilisation Reports 
In terms of the utilisation reports, Figure 29 shows the report of the Braun’s multiplier and 
Figure 30 shows the report of the Wallace tree multiplier. The Braun’s multiplier used 92 LUTs 
(Look-Up Tables) and the Wallace tree multiplier used 91 LUTs out of an available 20800, 
coming in at 0.44% usage. This meant that the logic used in the multipliers synthesizes very 
efficiently and there is room for further scaling (e.g. 16x16, 32x32 versions). Both multipliers 
used 32 input/output pins out of an available 106 (a 30.19% usage). 

 

Figure 29 – 8x8 Braun’s multiplier utilisation report. 

 

Figure 30 - 8x8 Wallace tree utilisation report. 

  



7.2 Power Reports 
Overall, both the synthesis and implementation power reports demonstrate that the 8x8 
Braun’s multiplier operates comfortably within the allocated 0.25W power budget. Figure 31 
and Figure 32 show the power reports of both multipliers at the synthesis and 
implementation stages. The minimal difference between the two stages shows the suitability 
of the architecture for low power FPGA applications. 

 

Figure 31 – 8x8 Braun’s multiplier power report after synthesis. 

 

Figure 32 – 8x8 Braun’s multiplier power report after implementation. 

  



In terms of the 8x8 Wallace tree multiplier, the reports at the two stages can be seen in Figure 
33 and Figure 34. The total on-chip power stays at 0.078W and similarly to the Braun’s 
multiplier, most of the power consumption is down to the device static power. The Wallace 
tree multiplier is shown to operate comfortably within the power budget and shows the 
increased logic to achieve higher speeds does not introduce a significant power increase. 

 

Figure 33 – 8x8 Wallace tree multiplier power report after synthesis. 

 

 

Figure 34 – 8x8 Wallace tree multiplier power report after implementation. 

 

 

 

 



8. Conclusion and recommendations for future improvements 

This report presented the design, simulation and evaluation of the 8x8 Braun’s and Wallace 
tree parallel multiplier architectures. These architectures were implemented using VHDL and 
targeted to an Artix-7 FPGA using Xilinx Vivado. The Braun’s multiplier had fewer carry and 
sum signals compared to the Wallace tree multiplier, but both architectures were verified 
through simulation and produced correct 16-bit outputs through simulation and on the FPGA 
board across a range of different test examples.  

The Braun’s multiplier demonstrated a simple and regular structure, with a predictable 
routing style and a basic implementation but did suffer from a longer critical path due to the 
ripple-carry propagation [1, 5]. On the other hand, the Wallace tree multiplier utilised carry-
save reduction to minimise sequential adder stages [6]. This allowed the Wallace tree 
multiplier to be faster whilst still remaining in the specified power and utilisation ranges [9].  

In terms of future work and improvements, expanding the designs to larger systems (e.g. 
16×16 or 32×32) would allow more investigations of scalability and performance under 
increased complexity. There is also the possibility of replacing standard full adders with higher 
order compressors to allow more bits to be combined in a single reduction stage. This would 
reduce the number of reduction levels required, which will then shorten the critical path and 
improve operating speeds [14]. Another example of a future improvement is the use of booth 
encoding, which reduces the number of generated partial products [17]. This is done by 
encoding groups of bits together instead of producing one partial product per bit. The use of 
Booth encoding would shorten the critical path, and also improve speed and power efficiency 
[17]. 

Overall, the completed work shows that whilst Braun’s multipliers are well suited for simple, 
low-power applications, Wallace tree multipliers provide a better performance for high-speed 
FPGA and DSP based systems. The multiplier choice should be made based on the speed, 
power and complexity requirements of the multiplier’s application. 
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Appendix 

Appendix A. VHDL Codes 
VHDL Code explanation 

The first stage of the program imports standard logic types (std_logic_vector) to define the 
two 8-bit unsigned inputs A and B, as well as the 16-bit output P. Figure 35 shows the entity 
declaration stage that both multipliers follow, just with different entity names to suit the 
multiplier e.g. the Wallace tree multiplier has the entity name ‘EightEightWallace’ 

 

Figure 35 – 8x8 Braun’s multiplier entity declaration. 

The programs then declare the FullAdder and HalfAdder components, as shown in Figure 36. 
The half adder adds two bits to produce a sum and a carry. The full adder adds three bits, 
with the carry-in bit from a previous adder being considered as well as the two input bits. 

 

Figure 36 – Half adder and full adder components. 

  



A series of AND gates are used to be able to generate partial products, as shown in Figure 
37. Each AiBj signal corresponds to A(i) multiplied by B(j), and these continue from B(0) to 
B(7). 

 

Figure 37 – Partial product generation through AND gates. 

  



In terms of carry signals, they are in a PxCy format where x is the output bit position and y is 
the carry index within that column e.g. P2C1. These are shown in Figure 38, and can be 
matched to the block diagram in Figure 3. 

 

Figure 38 – Carry signals declarations example. 

The sum signals are intermediate sums, passed from one adder to the next within the same 
vertical column e.g. S2_1. These sum signals are shown in Figure 39. 

 

Figure 39 – Sum signals declaration. 

  



The full adder and half adder components are then used to work through the Braun’s 
multiplier and give the outputs P(0) to P(15). The half adder functions by assigning partial 
products to A and B, and then stating the sum signals and the carry-out. An example of the 
use of a half adder is seen in Figure 40. 

 

Figure 40 – Half adder component in use 

The full adder functions by also assigning partial products to A and B, but also considers a 
carry-in from a previous adder. The full adder also produces a sum signal and a carry-out, as 
shown in Figure 41. This process continues until a 16-bit output is produced. 

 

Figure 41 – Full adder component in use. 

  



Full 8x8 Braun’s multiplier VHDL code: 

 



 



 



 



 



 



 



 

  



Full 8x8 Wallace tree multiplier VHDL Code 

 



 



 



 



 



 



 



 

  



Appendix B. FPGA Simulation Results 

 

Figure 42 – 15x10 result from Braun’s multiplier on FPGA board. 

 

Figure 43 - 15x10 result from Wallace tree multiplier on FPGA board. 



 

Figure 44 – 9Fx7E result from Braun’s multiplier on FPGA board. 

 

Figure 45 - 9Fx7E result from Wallace tree multiplier on FPGA board.  



 

Figure 46 - DExEF result from Braun’s multiplier on FPGA board. 

 

Figure 47 - DExEF result from Wallace tree multiplier on FPGA board. 

 



 

Figure 48 - FFxFF result from Braun’s multiplier on FPGA board. 

 

Figure 49 - FFxFF result from Wallace tree multiplier on FPGA board. 

  



 

Appendix C. Handwritten labels on 8x8 Braun’s multiplier block diagram. 

 


