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Agenda

• System on Chip (SoC) Introduction

• Xilinx Zynq 7000 SoC and Zynq Ultrascale+ MPSoC 

• AXI4 Interface

• AXI4-Lite to internal shared bus bridge

• Serial Peripheral Interconnect (SPI)
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System on Chip (SoC)

Complete computer systems 

implemented in a single chip: CPU, 

memory controller and peripheral 

devices

Memory is typically external

Can be digital or mixed signal (typical 

RF SoCs)
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PCB Architecture
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PCB Architecture

Ca 2000

External memory 

controller

Discrete ICs

Parallel busses
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PCB Architecture

2005

Integrated memory 

controller

Fewer discrete ICs

High speed serial 

busses

Discrete GPU

System on Chip (SoC) 6



PCB Architecture

2013

Few discrete ICs

Integrated CPU/GPU

System on Chip (SoC) 7



FPGA Architecture
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System on Chip benefits

Designs with SoC have:

 Fewer discrete ICs (simpler logistics)

 Higher performance internal busses

 Lower power

 Simpler PCB design

--> Reduced time to market
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SoC with FPGA, software/hardware 

codesign

Profile applications to detect 

hotspots

Implement the hotspot as an IP 

module (VHDL or C with HLS    

tool from Xilinx)

Reduced latency and increased 

bandwidth compared to a two-chip 

solution (i.e. FPGA+SoC).
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SoC with FPGA from Xilinx

Xilinx Zynq 7000 announced in 2011; a SoC

with a dual core CPU

Many peripherals implemented; Memory 

controller, USB, Ethernet

Improved software (Vivado, SDK / VITIS)

Allows us to add custom modules (IP cores).

The custom IP modules can be developed 

by ourselves or bought.

Connect the custom IP modules to the 

internal SoC bus interconnect.
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Zynq 7000 SoC
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System on Chip (SoC)

Zedboard uses Zynq 7020
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Zynq 7000 
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Zynq Ultrascale+ Multiprocessor SoC (MPSoC)
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AXI4 Interface

 Defined in the AMBA3 specification from ARM

 Targeted at high performance, high clock frequency 

systems

 Not a bus, but a point-to-point interface
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Types

 AXI4-stream

 Supports single or multiple streams on same wires

 Supports multiple data widths within same interconnect

 Only contains a data channel:

 Typically Ready, Valid, Data, Last (+ clk)

 AXI4-lite

 Transaction length of one

 32/64 bit data access widths

 AXI4

 Supports burst length up to 256 beats
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AXI4-stream examples
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Types

 AXI4-stream

 Supports single or multiple streams on same wires

 Supports multiple data widths within same interconnect

 Only contains a data channel:

 Typically Ready, Valid, Data, Last (+ clk)

 AXI4-lite

 Transaction length of one

 32/64 bit data access widths

 AXI4

 Supports burst length up to 256 beats
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AXI4-lite Read

Address Channel
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 Two independent channels: Read and Write

 Response is always generated



AXI4-lite Read Data Channel
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AXI4-lite

Read Example
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AXI4-lite Write

Data Channel
(Address channel similar to 

Read; see Write example)
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AXI4-lite Write

Response Channel
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AXI4-lite

Write Example
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AXI4-lite use of Valid and Ready signals
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AXI4

 Like AXI4-lite, but with additional features

 Bursts of up to 256 beats

 Exclusive access 

(https://blogs.synopsys.com/vip-central/2016/08/24/amba-axi-

exclusive-access-de-mystified )

 Memory management / coherency

 Quality of service 

(https://community.arm.com/soc/b/blog/posts/quality-of-

service-in-arm-systems-an-overview )

 Can be translated into AXI4-lite by AXI interconnects 

modules
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AXI4Lite to internal shared bus bridge; 
Processor InterFace (PIF) shared bus signals

System on Chip (SoC) 28

• PIF is an in-house 

developed low

performance shared

bus.

• Register access with

acknowlede signal 

(ack_*) to support 

different clock domains.

• Separate register select

signals and memory

select signals.

• Memory (RAM and FIFO) 

access without

acknowledge signal due 

to known access time 

with same clock domain

(i.e. processor clock) to 

2-port BRAM/FIFO.



AXI4Lite to PIF bus bridge; Register write access example
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AXI4Lite to PIF bus bridge; Register read access example
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Serial Peripheral Interconnect (SPI)

• A serial protocol in embedded systems (proposed by Motorola)

• Four-wire communication protocol

– SCLK — Serial Clock 

– MOSI/SIMO — Master Output, Slave Input

– MISO/SOMI — Master Input, Slave Output 

– SS/CS — Slave Select/Chip Select

– May also come with bidirectional data in a 3 wire bus 

• Single master device and with one or more slave devices

• Higher throughput than I2C and can do “stream transfers”

• No arbitration required

• But; has no slave acknowledgment (master could be talking to 

thin air and not even know it)

• Used to communicate across small distances
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SPI Protocol

• Wires:

– Master Out Slave In (MOSI)

– Master In Slave Out (MISO)

– System Clock (SCLK)

– Slave Select 1…N

• Master Set Slave Select low

• Master Generates Clock

• Shift registers shift in and out data
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SPI Wires in Detail

• MOSI – Carries data out of Master to Slave

• MISO – Carries data from Slave to Master

– Both signals happen for every transmission

• SS_BAR – Unique line to select a slave

• SCLK – Master produced clock to synchronize data transfer
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SPI uses a “shift register” model of 

communications 

Master shifts out data to Slave, and shifts in data from Slave
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SPI communication; 3-wire 

Analog Devices AD9683 ADC
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Example Analog Devices SPI protocol: 
AN-877 Application Note; Interfacing to High Speed ADCs via SPI 
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