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FPGA Architecture
• Lookup Tables (LUT) are the fundamental building block

– The inputs index a table loaded with values
– Programming write the LUTs 
– Many variations (ex. LUT-2, LUT-4, LUT-6 (most common), 

LUT-8 (rare))
• Logic block (CLB) connected by programmable interconnect

– Programming configures MUXes



LUT Mapping
• Process assigning logical functions to LUTs
• Efficiently mapping is important, but placement is 

even more critical
• Considering the Boolean function: AB + BC + AC + D

– This maps to six LUT-2s
– Or, a single LUT-4



ASIC Architecture
• Transistors at this level
• Standard cells are pre-made logic cells

– All have the same height
– Can have different widths

• The die area is composed of rows and standards cells 
are placed in row efficiently to make routing easier.



Shift Registers
• Daisy-chained registers
• Each register can be multibit
• A fundamental hardware structure 

– Common in serial RX and TX interfaces
– LFSR (pseudo-random number generator)

• Shift registers with 1-bit width can be implemented 
with a single multibit register

Borrowed from: http://tinyurl.com/ukctskza



Testbenches (Quickly)
• Testbenches are Verilog modules which instantiate your DUT to 

drive inputs and verify outputs
– Testbenches have no inputs or outputs

• File name should match module name
• Use delays (#) or timing event @(posedge clk) to sequence events 
• Things to have:

1. Simulated clock (should be reg)
2. A reset signal (should be reg)
3. Initial block (always assert reset first), several test cases
4. Instantiated DUT
5. Process to verify outputs or print to console ($display)



Problems
• First, we will work on each problem alone for 5ish 

minutes
• Then break into groups of 3-4 and discuss your 

solutions for 5 minutes
• I’ll have one the groups share their answer and we’ll 

go over as a class
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Problem 3:

*borrowed from EECS 151/251A Spring 2023 hw3
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