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6.1.1 What is Synthesis?

• What is synthesis? 
– Conversion

• Convert register-transfer level (RTL) descriptions into gate-
level representations suitable for implementation on ASICs or 
FPGAs. 

• The goal is to maintain equivalence between the RTL design 
and the synthesized netlist. 

– Optimization
• Improve various design aspects, including area reduction, 

power consumption minimization, and timing constraint 
optimization.
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6.1.2 Mismatches Between Simulation and 
Synthesis

• Mismatches Between Simulation and Synthesis 
– Incomplete statements

• Simulation: may cause simulation failures since the changes of 
missing signals cannot trigger the associated statements. 

• Synthesis: synthesis tools can automatically analyze the design 
code and complete the sensitivity list.

– Delay statements
– Logic comparison

• Hardware can only distinguish logic levels of zeros and ones, 
rendering comparisons to unknown values and high impedance 
states in simulation irrelevant for synthesis.
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6.1.3 Synthesizable Verilog HDL

• Synthesizable Verilog HDL
– Verilog HDL is a large and comprehensive IEEE standard 

however, most of them are unsynthesizable, meaning they 
cannot be translated into hardware by synthesis tools. 

• For instance, delays, system tasks, display statements.
– RTL description 

• The subset of Verilog that is considered synthesizable is 
commonly referred to as RTL description. 

• RTL code describes the flow of data between registers and is 
more hardware-oriented, making it suitable for synthesis. 

• RTL designers need to adhere to the subset of constructs and 
coding styles supported by synthesis tools. 

– Summary 
• Synthesizable Verilog descriptions encompass a small subset 

constructs that are suitable for hardware synthesis, including 
– concurrent assign, conditional assign, level-triggered 

always blocks, and edge-triggered always blocks.
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6.1.3 Synthesizable Verilog HDL

• Concurrent assignment 
– Describe combinational circuits. 

• Conditional assignment 
– Describe various combinational circuits. 

• Level-triggered always blocks 
– Describe both combinational and sequential circuits. 

• Edge-triggered always blocks
– Describe registers
– Should typically include only ``posedge clock'' and 

``posedge/negedge reset'' in the sensitivity list.
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6.1.3 Synthesizable Verilog HDL

• Design Guidelines for Synthesizable Verilog Descriptions
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6.2.1. Fundamental Combinational Logic

• Fundamental 
Combinational Logic 
– Fundamental logic 

descriptions using 
concurrent assign
and conditional 
assign blocks
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6.2.1. Fundamental Combinational Logic
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6.2.2 Uni-Directional and Bi-Directional Buses

• Fundamental Combinational Logic 
– Uni-directional bus (lines 1-6), 
– Bi-directional bus (lines 8-16).



ADSD CENG5534

6.2.3 Multiplexer

• Multiplexer
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6.2.3 Multiplexer

• Multiplexer
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6.3.1 Intentional Latches Design with Verilog

• Intentional Latch Design with Verilog
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6.3.1 Intentional Latches Design with Verilog

• Intentional Latches Design with Verilog 
– Combination of the combinational logic and sequential latches 

includes the incorporation of an omitted else statement
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6.3.1 Intentional Latches Design with Verilog

• Intentional Latches Design with Verilog 
– Divides the design of combinational logic from the sequential 

latch
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6.3.2 Accidental Design Latches with Verilog

• Accidental Design Latches with Verilog 
– Incomplete case-endcase
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6.3.2 Accidental Design Latches with Verilog

• Accidental Design Latches with Verilog 
– B. Incomplete Sensitivity List

• Simulation: any modifications to the signal ``c'' will not activate 
the always block during simulation. 

• Synthesis: the synthesis tool may automatically analyze the 
design code and complete the sensitivity list to generate the 
desired hardware.



ADSD CENG5534

Outline

6.1 Introduction to Synthesis
6.2 Synthesis of Combinational Logic
6.3 Synthesis of Sequential Latches
6.4 Synthesis of Sequential Registers
6.5 Synthesis of Counter and Timer



ADSD CENG5534

6.4.1 Single-Bit Register with Asynchronous 
and Synchronous Reset

• Single-Bit Register with Asynchronous Reset
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6.4.1 Single-Bit Register with Asynchronous 
and Synchronous Reset

• Single-Bit Register with Synchronous Reset
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6.4.2 Multi-Bit Register with Asynchronous and 
Synchronous Reset

• Multi-Bit Register with Asynchronous and 
Synchronous Reset
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6.4.3 Shift Register

• Shift Register
– Applications: 

• Serial data reception and the introduction of clock cycle delays 
for data processing. Typically, the shift register design allows for 
the propagation of input data over multiple clock cycles. The 
number of clock cycle delays is determined by the number of 
registers connected in series.

– Big-endian input and little-endian input:
• In the big-endian input mode, the data stream begins with the 

input of the most-significant bit (MSB), followed by the 
successive single-bit data in sequential order until reaching the 
least-significant bit (LSB) of the data stream. 

• Conversely, in the little-endian input mode, the process starts 
with the input of the LSB, followed by the input of the remaining 
data in sequential order.
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6.4.3 Shift Register

• Shift Register
– A. Design Specification

• A 4-bit shift register, or 4-bit shifter, consists of four single-bit 
registers connected in series. 

• Allows the data input to be shifted out by four clock cycles, with 
each cycle moving the data to the next register in the series.

– B. Verilog Design and Synthesis
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6.5.1 Counter 0-f

• Counter 0-f
– Application: 

• Counters play a critical role in controlling timing and 
sequencing across multiple clock cycles.

– For instance: serial buses like I2C, SPI, SDIO, GPIO, 
UART, etc., as well as numerical designs involving long 
datapaths such as vector-vector multiplications. 

– A. Design Specification
• A counting loop from 
hexadecimal 4'h0 to 4'hf
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6.5.1 Counter 0-f

• Counter 0-f
– B. Verilog Design and Synthesis
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6.5.2 Timer 0-f

• Timer 0-f
– A. Design Specification

• The first level consists of a counter that counts 16 clock cycles, from 
hexadecimal 4'h0 to 4'hf. 

• In the second level, the timer counts the number of units, with each unit 
comprising 16 clock cycles. Every 16 cycles, the timer increments by one, 
starting from hexadecimal 4'h0 and progressing up to the maximum value 
of hexadecimal 4'hf. 
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6.5.2 Timer 0-f

• Timer 0-f
– B. Verilog Design and Synthesis
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6.5.2 Timer 0-f

• Timer 0-f
– B. Verilog Design and Synthesis
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