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Configuration on the go: PLD and FPGA

• PLD: Programmable Logic Device
▸ PROM: Programmable Read-Only Memory (1960s)
▸ PLA: Programmable Logic Array (1970s)
▸ PAL: Programmable Array Logic (1970s)

• FPGA: Field-Programmable Gate Array (1990s)



What is the meaning of hardware coding?

As a small dev:

There’s NO IC design. This is the only 
standard CMOS layout I can afford.
(2 input, 2 output, four D flip-flops).



What is the meaning of hardware coding?

But the top wiring (aka additional 
routing layer) is another story.

This is GA (Gate-Arrays).

The cost is greatly reduced since I 
only need to pay for the customized 
top layer.

This is a two 2-bit data I/O.

This is a one 4-bit data I/O.



What is the meaning of hardware coding?

And if there are built-in 
wiring on the IC level, we 
can greatly increase the 
speed of the chip.

The build-in wiring is 
called: Programmable 
Interconnect Points 
(PIPs).



How PIPs are done in the early days:
Do less by doing more: 

A or !A inputs

“Programming”/wiring 
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Example of codes (1989) that do the wiring:

http://www.pldworld.com/html/technote/Tour_of_PLDs.htm



Let’s do higher level of abstraction:

AND OR 
arrays Flip flops

Input Output

CLK

With the help of flip flops, now the system can store state variables.
The system can then output:
• Function of states (Moore machine)
• Function of sates and inputs (Mealy machine)
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With the help of flip flops, now the system can store state variables.
The system can then output:
• Function of states (Moore machine)
• Function of sates and inputs (Mealy machine)

FSM: Finite State Machine



Let’s do even a higher level of abstraction:
FSM FSM

FSM FSM

Switching matrixI/O I/O

Complex Programmable Logic Device - CPLD

Field Programmable Gate Array - FPGA
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Programmable wires
Specialized wiring structure for all routes



How programming has changed overtime
In early days (10-32 flip-flops):
I draw this:                      Software (EDA) will do this (a netlist):

…
    (cell top_shift_register (cellType GENERIC)
          (interface
          (port (identifier SI) (direction INPUT))
          (port (identifier CLK) (direction INPUT))
          (port (identifier RST) (direction INPUT))
          (port (identifier Q0) (direction OUTPUT))
          (port (identifier Q1) (direction OUTPUT))
          (port (identifier Q2) (direction OUTPUT))
          (port (identifier Q3) (direction OUTPUT))
        )
        (contents
          (instance i_dff0 (view netlist) (cell DFF) (library generic_gates))
          (instance i_dff1 (view netlist) (cell DFF) (library generic_gates))
          (instance i_dff2 (view netlist) (cell DFF) (library generic_gates))
          (instance i_dff3 (view netlist) (cell DFF) (library generic_gates))

…

Later I use Verilog: Then I use this design codes to “build”: 

Design files

Hardware 
specs

Pin and I/O 
specs

EDA tools
.sh file

.tcl file

Syn
the

sis

.bit file

This is the file 
to the FPGA



How programming has changed overtime
Verilog With higher level language, the 

codes are now more readable:



Higher language options:
System Verilog (RTL Verilog) VHDL



Higher language options:
System Verilog (RTL Verilog) VHDL



More HDL examples:



More HDL examples:



More modern FPGA dev:
https://www.pynq.io/

https://github.com/Xilinx/PYNQ_Workshop


