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Abstract - The channel achieving capacity of polar codes is one of the main reasons for the popularity of polar codes. The 
codes of long bit width are called protracted polar codes. They find application in designs that operate on long bit widths. 
Protracted polar codes have proven to be very efficient in error correcting capability. There is architecture present to encode 
polar codes. The existent design is intuitive and is easy to implement. But the VLSI perspective of the conventional encoder 
is not practical as area and power consumption is more. So a partially parallel polar encoder design is implemented in order 
to reduce the power consumption and also reduce the number of cells used in the design. The conventional and partially 
parallel polar encoders are implemented and are also verified in UVM based verification environment. 
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I. INTRODUCTION  
 
Polar codes are based on channel polarization. The 
channel capacity is either completely reliable or 
completely unreliable. So the information sent can be 
categorized into data with probability of error 0 or 1. 
This property was first exploited by Ariken in [1] and 
Ariken also developed the architecture to encode 
polar codes. This is the intuitive or conventional polar 
encoder. The polar encoder is based on two principles 
namely, Symmetric channel property and 
Bhattacharyya principle. The paper here demonstrates 
the implementation of 1024 bit conventional polar 
encoder. The architecture of 1024 bit partially parallel 
encoder which processes 256 bits at a time is also 
developed and implemented.  
The process of verifying the functionality of 1024 bit 
polar encoder is practically impossible by manual 
inspection. Also modern day design industry is well 
equipped with verification tools. The UVM based 
verification environment is developed and the designs 
are thoroughly verified. System Verilog is the 
language used to write test cases.  Finally, the result 
is analysed and compared based on synthesis results 

obtained. The advantages of choosing the partially 
parallel encoder in terms of area and power efficiency 
are demonstrated. 
 
II. DESIGN OF ENCODERS 
 
A. Full Parallel Polar Encoder 
The conventional polar encoder is based on 
multiplication with the generator matrix. The 
generator matrix is also called as the khronecker 
matrix or the kernel matrix. It is defined in order to 
make the code generation definable in simple 
arithmetic operations. 
The design is simple to perceive and is very easy to 
enact. The main disadvantage of this architecture is 
increase in circuit complexity with increasing number 
of bits. Since the protracted polar codes are 
considered, this method poses great difficulty. The 16 
bit implementation of conventional coder is shown in 
figure 1. The 8 bit implementation is shown for 
simplicity as the pictorial representation of the 1024 
bit design is impossible to create. The conventional 
encoder is also referred to as the fully parallel polar 
encoder. 

 
Fig 1: Fully parallel polar encoder for 8 bit code. 
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B. Partially Parallel Encoder 
The architecture for the 1024 bit implementation of 
fully parallel polar encoder is very similar and is an 
extension of the 8 bit design shown in figure 1. The 
second architecture presented is the partially parallel 
polar encoder. 

 
Fig 3: Modified design for partially parallel encoder design for 

16 bit code. 
 

The partially parallel design introduces the idea of 
pipelining into the process of encoding. The 
conventional encoder has to be modified slightly in 
order to introduce pipelining. The modified diagram 
is shown in the figure 2. The blocks A, B, C and D 
are mere representations of the kernal matrix. The 
implementation of partially parallel design for 16 bit 
is shown in figure 2. 
Finally, the circuit becomes as shown in figure 3. 
This shows the actual implementation of 16 bit polar 
codes with level 4 parallelism. This means that the 
partially parallel encoder takes 4 bits at a time and 
encoders it. So the encoder is supposed to run 4 times 
in order to encode 16 bits. The advantage of this 
method is the reduced usage of power and area. The 
partially parallel design operates on less number of 
bits at a given instance of time and hence the circuit 
is smaller. As the number of cells decreases, the 
power consumption also reduces. 
The architecture of the partially parallel design 
contains elements like multiplexer and  shift registers 
in the design, that was not present in the fully parallel 
design. But the latter is proven to be advantageous 
over the conventional design in terms of area and 
power efficiency. 

 

 
Fig 3: Circuit for partially parallel encoder for 16 bit code and level 4 parallelism. 

 
The levels of parallelism can be varied according to 
the resource availability. Considering level 2 
parallelism for 16 bit polar codes, the design takes 8 
bits at a time. The project implements 1024 bit polar 
encoder with level 4 parallelism. That is 256 bits are 
processed at a time by the encoder. 
 

Parallelism Gates required Registers 
required 

1 Log2 N N-1 

2 Log2 N N-2 
P [P/2] Log2 N N-P 
N [N/2] Log2 N 0 

TABLE 1. Gate and Register count in different levels of 
parallelism. 

 
The gate count and register requirement for various 
levels of parallelism for (N, k) polar codes is shown 
in TABLE 1. The same can be considered as the base 
for the choice of parallelism in the application. 

 
III. VERIFICATION AND SYNTHESIS 

 
Verification of the design is done using system verilog and UVM. UVM provides an apt platform to develop 
verification environment. System verilog is the language used to write the test cases for required aspect 
verification. System verilog combines the features of Verilog and object oriented programming in order to give 
the programmer flexibility. UVM is used mainly in the industry for reusability and inbuilt classes. The basic 
verification environment is shown in fig 4. 
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Fig 4: Verification environment of the design.  

 
The test plan is vital for the purpose of efficiently 
verifying all the aspects of the design. The test plan 
here involves three test cases. 
1. Verifying the functionality of the fully 
parallel polar encoder. 
2. Verifying the functionality of partially 
parallel polar encoder. 
3. Verifying if the encoded data in both 
architectures match with each other. 
 
The test cases are run on the Design Under test 
(DUT) which is compiled and saved as a snapshot in 
the verification environment. The design is in Verilog 
HDL, whereas the verification environment is in 
System verilog. The test cases are derived through the 
Driver component via the sequencer. Monitors are 
used to collect the data at the point they are directed 
at. So there are two monitors present. One at the entry 
of the test to DUT and one at the data out of DUT. 
The scoreboard is the component that compares the 
obtained result with the self-calculated data to 
determine if the encoding is done correctly or not. In 
first test case, the fully parallel design is considered 
as the DUT. In the second and third test case, The 
partially parallel lest is considered as DUT. This 
process of verification is very reliable and efficient. 
The process of synthesis maps the design, which is 
hardware described into gate level netlist. The 
process of synthesis is vital in arriving at the exact 
area, power and delay constraints. The synthesis is 
performed using Cadence. The area, power and the 
delay are calculated for both fully parallel 
architecture as well as the partially parallel 
architecture. Fig 5 shows the diagram of synthesized 
partially parallel encoder operating in 1024 bit data 
width. 
 

 
Fig 5 : Circuit seen after synthesis of partially parallel polar 

encoder. 
 
RESULT ANALYSIS 
 
The results obtained show that the partially parallel 
encoder is extremely helpful in reducing the cell 
count and the power consumption in the process of 
encoding. The results obtained are quantified in table 
2, 3 and 4. They represent the cell count, power and 
delay respectively. 
The tables show the main advantage of using the 
partially parallel polar encoder for reduction in area 
and power. The idea of using partially parallel 
encoder is not suitable for high speed applications. 
The increase in delay of the partially parallel design 
is a direct result of decrease in area due to pipelining. 
The pipelining process operates on few bits of the 
input data at a time.  

 
Partially 
Parallel 
Design 

Fully Parallel 
Design 

Number of bits 
operated in one 

cycle 
256 1024 

Number of cells 
present 2045 14332 

TABLE 2. Cell Count Comparison in encoders. 
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 Partially 
Parallel 
Design 

Fully Parallel 
Design 

Total on-chip 
power  
(nW) 

73113.6 718720.8 

Total operational 
power for 1024 

bits (nW) 

584909.60 718720.8 

TABLE 3. Power comparison in encoders. 
 

 Partially 
Parallel 
Design 

Fully 
Parallel 
Design 

Maximum Path 
delay(combinational 

block) 

- 2.4815 ns 

Maximum 
period/Frequency of 

operation 
(sequential design) 

453MHz/2.201 
ns 

- 

TABLE 4. Delay comparison in encoders. 
 
Considering the tabulation, the results can be 
consolidated and the choice of encoder can be made 
based on the requirement of constraints. The partially 
parallel design gives 82.3% reduction in area 
consumed and also 87.1% reduction in operational 
power, when compared to fully parallel encoder. The 
delay in partially parallel encoder is considerably 
higher than the conventional encoder. The partially 
parallel encoder is 71.45% slower than the 
conventional encoder. 
 
CONCLUSION 
 
The main advantage of using polar codes is the 
reliability of the data. Polar codes consider channel 
polarization concept and hence, the data bit received 
is either completely reliable or is completely 
unreliable. This is very handy when it comes to 
application where reliability is extremely important.  
The paper considers two architectures for encoding 
polar codes. The conventional or fully parallel design 
is easy to analyze and also to enact. But it is very 
difficult to visualize for long data widths like 1024 
bits. It is a hardware consuming and gives power 
overhead. Hence, partially parallel polar encoders are 
developed.  
The UVM based verification is a very efficient way 
of making sure that the design is functional beyond 
doubt. The design deals with long polar codes, that is 

1024 bits. Hence manual conformational of 
correctness is not possible. The test cases are written 
in system Verilog and the verification environment is 
in UVM.  
The partially parallel has lesser number of cells and 
also consumes considerably less power. The delay is 
the only constrain that is not very advantageous in the 
partially parallel encoder. The results show, with 
evidence that the  partially parallel polar encoder is 
very advantageous for low power and area 
constrained applications. 
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