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What does a FPGA have?

• CLB (Configurable Logic Block): SliceLUTs, Flip-flops

• BRAM (Block RAM): Memory for logic

•Multipliers: Multiplication components

•Digital Clock Manager (DCM): Modifies clk. Doesn’t generate clk.

• Input/Output (I/O) interface pins: Pins logic is connected to
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Each FPGA has a link for information
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https://docs.amd.com/v/u/en-US/ds099


What do we need to provide to FPGAs?
•Power: FPGA needs power to work.

•Clock: Clock is needed for flip-flops.

•FPGA configuration method: 

ØFPGA configuration is erased when power turns off.

ØNeed to provide configuration to FPGA after turning on.

ØTwo general methods: Using external memory chip; Another 

device (ex: computer) sends configuration (via JTAG protocol)
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What FPGA pins are there?
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Link for FPGA information
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https://docs.amd.com/v/u/en-US/ds099


Boards that have FPGAs
•Board supports FPGA

ØPower

ØClock

ØMemory/Programming

ØConnectors for I/O

•How do I know this?
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Simple FPGA board. [Board ref]
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https://www2.hdl.co.jp/en/index.php?option=com_content&view=article&id=7&catid=5


Board schematic tells what is connected to what
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https://www.hdl.co.jp/en/spc/XCM/xcm-001/XCM001R4-SCH-H1.pdf


Clocks are generated with electric oscillators

•A crystal of piezoelectric material vibrating at resonance 

can be used to create a clock with precise frequency.
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Memory using EEPROM
•EEPROM: Electrically erasable 

programmable read-only memory.

ØNormally read-only.

ØBut can erase and program, if needed.
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•Retains data, even after power off.

•Provides configuration data to FPGA after power on board.

•FPGA can be used to program the EEPROM!
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JTAG protocol used for programming FPGA
• A communication protocol.

• Requires 4 wires (pins)

ØTCK: clock

ØTMS: mode select

ØTDI: data input

ØTDO: data output

• Can program FPGA and also EEPROM
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FPGA EEPROM

Com
puter
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To be able to use a FPGA

1. Need to know how to connect logic to FPGA pins.

ØEach FPGA have different pins.

ØFPGA manufacture provides datasheets about FPGA pins.

2. Need to know how FPGA pins are connected on board.

ØBoard developer/manufacture provides information on how 

FPGA pins are connected.
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AMD/Xilinx
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How are the board connectors linked to FPGA pins?
•Look at board schematic

•Connector 12 is 

connected to IOA5.

• IOA5 is connected to 

IO_L01P_7/VRN_7     

(Pin: P2)
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How to connect logic to FPGA pins?
•AMD provides “pin number” that 

can be used to connect to logic.
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HDL 
file

Constraint 
file

FPGA
Port F

Port G

A3

C4

set_property -dict { PACKAGE_PIN A3   IOSTANDARD LVCMOS18 } [get_ports F]

•Write constraint file to connect HDL ports to FPGA pins.
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Digital logic voltage levels and FPGA I/O pins
•What is the voltage of digital logic 1?

ØDepends on the ”standard” of digital logic.

•FPGA pins are flexible.

ØCan set them to use/be different standards. 
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Standard Logic 0 Logic 1
TTL 0 to 0.8 Volts 2.0 to 5.0 Volts
CMOS 0 to 1.5 Volts 3.0 to 1.8 Volts

TTL standard
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Digital logic voltage levels and FPGA I/O pins
•FPGA pins can connect to Input / Output buffers.

•Buffers can be set to use different voltages/standards.

•Use the constraint file to set standard of pin.

ØVivado will set buffer voltage accordingly.
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Input bufferOutput buffer

set_property -dict { PACKAGE_PIN A3   IOSTANDARD LVCMOS18 } [get_ports F]

FPGA pin
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FPGA clock pins
•The FPGA clock pin is special.

ØSynchronous logic uses many flip-flops.

ØClock has to connect to many flop-flops.

ØThere is a special switch matrix that is 

connected to many components.
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From AMD datasheet
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FPGA clock pins
•Only certain FPGA pins are 

connected to Global Clock Line.

•Check schematic to find what 

frequency clock connected.
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FPGA
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How to handle clock pins in code?

•We’ll use Vivado to synthesize HDL.
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•Vivado needs to tell us if synchronized logic can work 

with clock frequency.

ØIs 4ns long enough for AND2?

•Constraint file is used to tell Vivado clock frequency
create_clock -name clkin_group -period 20.833 [get_ports clkin]

Nanoseconds = 48 Mhz
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How to handle clock pins in code?
•We also need to tell Vivado to use 

the global clock line.

ØBecause pins (Ex: A7) can be used as 

clock pin and also as normal I/O.
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•This can be done with below module structure in HDL.
Top module

CLK
port IBUFG BUFG

Logic

CLK
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How are FPGA are programmed?
• FPGAs can be programmed via JTAG or EEPROM.

• For quick testing, normally use JTAG. Takes few seconds.

ØComputer write configuration data (firmware) to FPGA.

• For more permanent option, EEPROM are used. Done in steps.

1. Erase EEPROM and write firmware to EEPROM. Takes many minutes.

2. Turn off board power. This erases configuration on FPGA.

3. Turn on board power. FPGA automatically reads from EEPROM.
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FPGA manufacturers

•Xilinx → AMD: Well-known and well supported

•Altera → Intel: Well-known and well supported

•Microchip: Less support. But will be used in some CMS 

boards, due to radiation tolerant FPGA (Polarfire FPGA)

•Lattice : Less support
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AMD FPGAs

•Spartan FPGA

•Artix FPGA

•Kintex FPGA

•Vertex FPGA

Jaebak Kim (Korea University) 21

Generally cheaper
Less resources
Limited to slower clock

Generally expensive
More resources
Can use faster clock

•Each FPGAs also 

have “speed grade”. 

Determines how fast 

a clock one can use.

Ø-1: Slow

Ø-2: Middle

Ø-3: Fastest
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AMD Zynq FPGA

•FPGA combined with CPU

•FPGA and CPU can 

communicate through 

Advanced eXtensible 

Interface (AXI).
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Chip

FPGAARM
CPU

Connection with 
AXI protocol

Processing
System (PS)

Programmable
Logic (PL)
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Pynq-Z2 board FPGA
•Board has Zynq 

XC7Z020-1CLG400C

Ø020: Zynq series type

Ø-1: Speed grade

ØCLG: FPGA pin layout

Ø400 pins

ØC: Temperature limit
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Resources of XC7Z020-1CLG400C

•Programmable logic cells, LUTs, 

Flip-flops are closely related.

ØLogic cell is just a marketing term

ØCLBs has LUT and FF included.

•BRAM: 140 × 36Kb 

•DSP: 220
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Pynq-Z2 board FPGA
•Board

ØHDMI port

ØLAN port

ØProgramming / 

power port.

ØLEDs

ØButtons
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Pynq-Z2
•Some ports 

connected to CPU. 

•Some ports 

connected to FPGA.

•We will only use 

FPGA (PL).
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Chip

FPGAARM
CPU

AXI

Processing
System (PS)

Programmable
Logic (PL)

LAN HDMI
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Pynq-Z2 schematic: How is FPGA programed?

• Link to schematic

•MicroUSB USB 

converted to JTAG.

• JTAG to FPGA.
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FPGA

This provides 5V power
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https://dpoauwgwqsy2x.cloudfront.net/Download/TUL_PYNQ_Schematic_R12.pdf


Pynq-Z2 schematic: What pin to use for LED?
•Link to schematic

•LD0 is pin R14
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https://dpoauwgwqsy2x.cloudfront.net/Download/TUL_PYNQ_Schematic_R12.pdf


Pretty image for FPGA pins: Link
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https://discuss.pynq.io/t/pynq-z2-pinout/4256


Pynq-Z2 schematic: What clock can we use?

•Link to schematic

•50 MHz oscillator goes to Realtek IC

•Realtek IC (125MHz) goes to FPGA 

(H16)
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50 MHz

FPGA

50 MHz oscillator

Realtek link
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https://dpoauwgwqsy2x.cloudfront.net/Download/TUL_PYNQ_Schematic_R12.pdf
https://files.pine64.org/doc/datasheet/pine64/rtl8211e%28g%29-vb%28vl%29-cg_datasheet_1.6.pdf


•How much did you understand? www.kahoot.it
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